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Abstract: Digital technologies are being increasingly utilized in healthcare to provide pertinent
and timely information for primary prevention, such as vaccination. This study aimed to conduct
a systematic review to describe and assess current digital health interventions to promote HPV
vaccination among adolescents and parents of adolescents, and to recommend directions for future
interventions of this kind. Using appropriate medical subject headings and keywords, we searched
multiple databases to identify relevant studies published in English between 1 January 2017 and
31 July 2022. We screened and selected eligible studies for inclusion in the final analysis. We reviewed
a total of 24 studies, which included interventions using text messages (4), mobile apps (4), social
media and websites (8), digital games (4), and videos (4). The interventions generally improved
determinants of HPV vaccination, such as HPV-related knowledge, vaccine-related conversations,
and vaccination intentions. In particular, text message and social media interventions targeted
improved vaccine uptake behaviors, but little meaningful change was observed. In conclusion, digital
health interventions can cost-effectively provide education about HPV vaccination, offer interactive

environments to alleviate parental vaccine hesitancy, and ultimately help adolescents engage in HPV

check for

updates vaccine uptake.
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Vaccines 2023, 11, 249. https://
doi.org/10.3390/vaccines11020249 1. Introduction

The burgeoning field of digital health, which includes categories such as mobile health
(mHealth) and telemedicine, is at the forefront of healthcare transformations and public
health efficacy. The ubiquitous and evolving nature of digital tools, including mobile and
web-enabled devices, has led to a proliferation of technology-mediated interventions across
the healthcare continuum, from prevention to post-treatment surveillance [1]. To improve
health outcomes, these interventions facilitate access to real-time information, self-care
management that allows patient autonomy, and enhanced remote communication with

providers. Of particular significance is their impact on primary preventive services [2]
such as vaccination. While child and adolescent vaccinations can reduce, and in some
cases, eliminate many preventable diseases and provide additional health benefits (e.g.,
prevent costs associated with medical expenses), the success of any vaccination program
This article is an open access article  Ultimately depends on its ability to address parents” vaccine-related attributes, such as
distributed under the terms and  forgetfulness and lack of knowledge, and parental decision-making about their children’s
conditions of the Creative Commons ~ vaccine uptake [3,4]. In this regard, digital health interventions have demonstrated the
Attribution (CC BY) license (https://  potential to positively influence parental vaccination decisions and improve vaccine uptake
creativecommons.org/licenses /by / among children [5]. They can track vaccination schedules, send reminders [6], counter
40/). misinformation to allay vaccine hesitancy [7], and provide dynamic online environments
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coupled with social media platforms that allow to share information with other parents
and interact with vaccine experts [8].

Despite the growing number of digital health-based programs for child and ado-
lescent vaccinations [9-13], there are comparatively fewer digital health interventions
advocating for human papillomavirus (HPV) vaccination [14,15]. For example, among over
200 vaccination-related mobile smartphone applications (apps) currently available, only a
small proportion pertains to HPV [16,17]. While HPV is responsible for approximately 4.5%
(640,000 cases) of new cancer cases diagnosed worldwide [18], adolescent HPV vaccine
uptake remains suboptimal compared to other vaccines [19]. This is primarily due to
parents’ low awareness, vaccine safety apprehension, and unfunded concerns about HPV
vaccination leading to an increase in sexual activity [20-23]. As eradication of vaccine-
preventable diseases is a global public health priority [24], the promotion and uptake of the
prophylactic HPV vaccine should be maximized by technology-mediated interventions.
These interventions can efficiently educate parents with reliable information about HPV
vaccination and offer interactive environments in which parental vaccine hesitancy can
be alleviated [25]. [lozumba et al. (2021) systematically reviewed digital interventions for
HPV vaccination promotion for both adolescents and caregivers of adolescents, but the
review was limited to only mHealth interventions delivered via mobile phones [16]. To
broaden the scope, the present systematic review aimed to describe and assess the use of
various digital tools for HPV vaccination promotion among adolescents and parents of ado-
lescents and recommend directions for prospective digital health interventions to promote
HPYV vaccination.

2. Materials and Methods

A systematic review of the literature was conducted and reported using the guidelines
of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 checklist [26]. The detailed protocol of this review was registered a priori with
PROSPERO (CRD42022334244), an international database of prospectively registered
systematic reviews [27].

2.1. Search Strategy and Information Sources

Eligible articles about digital health interventions for HPV vaccination promotion
were reviewed extensively. The literature search was performed from the three major
bibliographic databases of Medline Ovid, Embase, and Cochrane. With the conjunction
“AND” and the disjunction “OR,” the following Medical Subject Heading (MeSH) terms and
relevant keywords were used in the search process: child, adolescent, teenager, teen, youth,
parent, guardian, Human Papillomavirus, HPV vaccination, HPV vaccine, intervention,
digital, e-health, smartphone, mobile health, mHealth, mobile app, game, social media,
text message, and web-based. Reference lists of selected articles from multiple journals
were manually checked for other potentially relevant articles and all “related to” or similar
articles of the identified articles were followed. In addition, a hand search of the grey
literature (e.g., unindexed journals and relevant conference proceedings) was conducted.
Titles, abstracts, and keywords were further screened for inclusion upon obtaining results
that adhered to the search criteria.

2.2. Eligibility Criteria

Peer-reviewed articles written in English were included in this systematic review.
Given the speed at which technology develops, the review aimed to explore the most recent
research trends in digital health interventions for HPV vaccination promotion. Accordingly,
the inclusion time period included articles that were published within the last 5 years,
between 1 January 2017 and 31 July 2022. The review included articles specifically about the
design, implementation, and evaluation of interventions that deliver information, increase
awareness, and promote the uptake of HPV vaccination using digital technology that
encompasses electronic tools, mobile devices, and web-enabled devices. Furthermore,
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the review included articles about digital health interventions that targeted exclusively
adolescents, parents of adolescents, and parent-adolescent dyads. Articles were excluded
from the review if they were observational studies, systematic reviews, meta-analyses, or
content and sentiment analyses.

2.3. Study Selection Process

Study selection involved a four-step process. First, we systematically searched the
databases using the MeSH terms and keywords. When selecting the studies, we indepen-
dently reviewed the titles and abstracts of all records identified as relevant to this systematic
review. Second, duplicate citations across the databases were identified using Endnote,
manually verified, and subsequently removed. Third, the remaining abstracts were checked
for eligibility. Fourth, the full-text articles of the included abstracts were screened according
to the inclusion and exclusion criteria. This iterative selection and screening process was
followed by a final synthesis of the eligible studies, which were qualitatively analyzed.
This qualitative analysis entailed categorizing the interventions according to the technology
used to deliver the interventions, the theoretical basis of the interventions, as well as the
content, outcome measures, and results of the interventions. The same steps were taken
with articles identified in the grey literature.

2.4. Quality Assessment for Risk of Bias

Quality assessments were performed to assess the methodological quality of included
studies. We independently used the Cochrane Collaboration tool [28], which is used to
make judgments about the extent of bias in randomized controlled trial (RCT) studies.
RCT studies were evaluated for five potential biases: selection, performance, detection,
attrition, and reporting. The component ratings were scored as low risk, high risk, or
unclear. Furthermore, we followed the National Institutes of Health quality assessment tool
for before-after (pre-post) studies with no control group (NIH) [29] to evaluate the quality
of nonrandomized quasi-experimental studies. This tool comprised a total of 12 items and
each item was rated as Yes, No or Not reported /Not able to determine/Not applicable.
The report of the risk of bias assessment is discussed in the results section, and a full
presentation is given in the Supplementary Materials (Tables S1 and S2).

3. Results
3.1. Search Results

The literature search and review process are shown in Figure 1. We first searched
Medline Ovid, PubMed, and Embase, retrieving a total of 1284 records. There were
692 records after duplicates were removed within and across databases. We further screened
the title or abstract to identify whether the key terms were present, and whether the content
fulfilled the inclusion criteria. We identified 65 records for full-text review and excluded
41 articles because they were not an intervention (n = 16), were not targeted to parents
or adolescents (1 = 11), were based on analyses of content or sentiment (1 = 4), were not
technology-based (1 = 8), or had abstracts only (n = 2). We identified a total of 24 studies
published between 1 January 2017 and 31 July 2022 as the final set of records for the review.
No additional eligible articles were identified.
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Figure 1. PRISMA flow diagram.

3.2. Study Characteristics

Among the 24 articles selected for analysis, four studies focused on text messaging [30-33],
four studies pertained to mobile apps [34-37], eight studies were social media and website-
based interventions [38—45], four studies were game-based interventions [46—49], and
four studies were video-based interventions [50-53]. Thirteen studies (54%) targeted
parents, seven studies (29%) targeted both parents and adolescents, and four studies
(17%) targeted only adolescents. Fifteen of the studies [30-33,36,37,41,43-46,51-53] were
RCTs and four studies [38,42,49,50] were non-randomized pre-post designs without a
control group. Selected studies did not represent various geographical settings as most
of the studies (18/24, 75%) were conducted in the United States. All but five studies
were theory-informed; being the Health Belief Model and the Theory of Planned Behavior
the most frequently employed theories. The main outcome measures examined in these
studies were categorized as knowledge about HPV and HPV vaccination, vaccination
intention, vaccine uptake, and qualitative feedback for those that tested a prototype of
their interventions. Knowledge about HPV and HPV vaccination was measured in ten
studies [31,36-40,46,47,49,51], vaccination intention in nine studies [36-38,42,44,50,51,53],
vaccine uptake in 13 studies [30-33,39-46,52], and eight studies focused on qualitative user
feedback of the interventions [34,35,39,42,46-49]. Common features across the interventions
were dissemination of HPV and HPV vaccine information, tailored feedback or personal
stories about vaccinating children against HPV, vaccine reminders, HPV discussion forums
or Frequently Asked Questions (FAQ), scheduling assistance or clinic locator, and guidance
on how to initiate conversations with children about HPV (Figure 2). Table 1 is an overview
of the interventions organized by type of technology. A summary of the interventions is
included in the Supplementary Materials (Table S3). We discuss the included interventions
in detail below.
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Figure 2. Features of the digital health interventions for adolescent HPV promotion by intervention type.
Table 1. Organization of the studies by intervention type.
Outcome Measures
Theoretical
Intervention Type Target F K Vaccination Vaccine Qualitative
ramewor Knowledge Intention Uptake Feedback
SMS Text message
Rand et al., 2017 [30] Parents NA X
Richman et al., 2019 [31] Parent-child dyads NA X X
Tull et al., 2019 [32] Parents HBM X
Wynn et al., 2021 [33] Parents TT™ X
Mobile app
Teitelman et al., 2020 [34] Parent-adolescent IBM; TAM X
dyads
Parents and
Woodall et al., 2021 [37] adolescents IDM, DIT X X
(daughters)
Kim et al., 2022 [35] Parents Information systems X

research framework

Shegog et al., 2022 [36] Parents HBM; SCT; TRA X X
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Table 1. Cont.

Outcome Measures

Intervention Type Target ;21223::11 K Vaccination Vaccine Qualitative
nowledge Intention Uptake Feedback
Social media/websites
Pot et al., 2017 [44] Parents (of daughters) ™M X X
Mohanty et al., 2018 [39] Adolescents HBM X
Ortiz et al., 2018 [40] Adolescents HBM X
Dempsey et al., 2019 [45] Parent NA X X
Chen et al., 2020 [42] Parents and children HBM; TPB X X
Buller et al., 2021 [41] Parents (of daughters) SCT; TT, DIT X
Chodick et al., 2021 [43] Parents (of daughters) Inoculation theory X
Sundstrom et al., 2021 [38] Parents HBM; TTM X
Game
Amresh et al,, 2019 [48] Pare“g;jglsescem SCT
Ruiz-Lopez et al., 2019 [47] Adolescents SCT
Cates et al., 2020 [46] Pare“g;‘;gfscem SDT X
Occa et al., 2022 [49] Adolescents TPB; SCT
Video
Dixon et al., 2019 [52] Parents TPB X
Chen et al., 2022 [50] Parents NA X
Marshall et al., 2022 [51] fg;i%;isr‘)ﬂg;fg TDF X
Panozzo et al., 2020 [53] Parents NA X

HBM: Health Belief Model, TTM: Transtheoretical Model, IBM: Integrated Behavioral Model, TAM: Technology
Acceptance Model, SCT: Social Cognitive Theory, TRA: Theory of Reasoned Action, IDM: Informed Decision
Making, DIT: Diffusions of Innovation Theory, TT: Transportation Theory, TPB: Theory of Planned Behavior, IM:
Intervention Mapping, SDT: Self-determination Theory, TDF: Theoretical Domains Framework.

3.3. SMS Text Message Interventions

Four studies in this review were SMS text message interventions [30-33]. Text message
reminders to parents of vaccine-eligible adolescents are generally reported as an effective
means for their timely uptake of the HPV vaccine, especially regarding vaccine series
completion [30-33]. In a study that assessed the effect of phone or text message reminders
to parents, adolescents of parents who received text message reminders completed the
series 71 days earlier compared to the control, with 18% more adolescents achieving full
vaccination [30]. Although the time to receipt of subsequent doses for adolescents of
participants in the phone reminder group was not different compared to the control, text
message reminders were significantly effective for those who had already initiated the
vaccine series. Another intervention found a contrasting result, where the benefits of
text message reminders were restricted to individuals who had missed an earlier dose
while those who were up to date with the vaccine almost always completed the three-dose
schedule without the intervention [32]. A study conducted among an uninsured population
also reported that adolescents of parents who received text message reminders returned for
the second dose of the HPV vaccine at a higher rate than the control group. However, this
finding was not statistically significant [31].

Text messages with tailored content in theory-informed interventions did not yield
drastic success as anticipated. While timely text message reminders helped shift parents
from the pre-contemplation and contemplation stages to preparation and fully vaccinated
stages, educational information in the messages tailored to their stage of decision-making
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had minimal impact on their adolescents’ vaccine series completion [33]. In addition, no
significant difference was observed in vaccination rates between motivational text messages
emphasizing one’s susceptibility to HPV and self-regulatory text messages highlighting im-
plementation intentions [32]. However, both types of messages elicited higher vaccination
rates compared to the control condition. Three of the four studies reported that no gender
differences were observed regarding the vaccine uptake of adolescents [30-32].

3.4. Mobile App Interventions

Four studies pertained to mobile apps developed to provide parents with information
regarding adolescent HPV vaccination and promote uptake and completion of the HPV vac-
cine series [34-37]. Two of the studies focused on the formative assessment of a prototype
HPV vaccine app, Vaccipack and Vax4HPV [34,35]. Distinct features of Vaccipack included
a vaccine checklist, inspirational stories about parents drawing on common parental beliefs,
and an active discussion forum about HPV vaccination. When the perceived usefulness of
Vaccipack was measured, 82% of parents and 85% of adolescents found the app beneficial
whereas a higher percentage of parents (88%) than adolescents (75%) showed intention to
use the app. This finding was associated with higher levels of app acceptability among
parents [34]. Users of Vax4HPV received personalized HPV recommendations tailored to
their willingness to vaccinate their children, and assistance to search the nearest clinics.
Users of this app were also provided an exemplar script to help them facilitate parent-child
communication about the vaccine. In addition to acknowledging that the app closed the
intention-behavior gap by offering scheduling appointments and locating clinics, parents
suggested that the app provide gender-neutral information to eliminate vaccine hesi-
tancy [35]. Education about adolescent vaccination and parent-adolescent communication
about the HPV vaccine were the most cited anticipated benefits for both apps.

Two studies evaluated HPV vaccination intention and vaccine initiation behavior
following the use of the apps [36,37]. HPV CancerFree (HPVCF) comprised various educa-
tional contents including debunking misinformation, functioned as a medium to facilitate
parent-provider communication, and operated as an assistant to schedule HPV vaccination
appointments. Although parents who used the app became significantly more knowledge-
able about HPV and the HPV vaccine and perceived the app to be effective compared
to those who did not use the app, HPV vaccination intention rates did not significantly
differ between the two groups [36]. Consequently, vaccine initiation was not found to be
significantly greater for parents who used the app compared to those who did not. Modules
of Vacteens.org were similar to features in other apps, as they addressed misinformation
about the HPV vaccine, provided a discussion forum between parents and providers, pre-
sented examples of parent-adolescent communication about the vaccine, provided clinic
locators, and scheduling assistance for HPV vaccination. In this study, the rates of HPV
vaccination initiation and series completion were 18.8% and 36.8% higher, respectively,
among parents who used the app compared to those in the usual and customary informa-
tion condition [37]. The app also bolstered parents” positive HPV vaccine beliefs, which
was a likely contributing factor for higher levels of vaccine initiation and series completion.

3.5. Social Media and Web-Based/Online Interventions

Eight interventions in this review were delivered via social media platforms and
websites alike. In two interventions, which were a Facebook campaign to cultivate mother
champions of HPV vaccination and a website providing mothers with tailored feedback
from virtual assistants, both groups of mothers had significantly increased knowledge about
HPV and HPV vaccine [38,39]. In the former study, mothers reported that the Facebook
campaign addressed important gaps in knowledge about men’s susceptibility to HPV,
as well as head and neck cancers and their link with HPV [38]. The majority of parents
(86.4%) in this study noted that they gained confidence in starting conversations after
their training as champions, which was consistent with the findings of another Facebook
campaign, 3forME, that generated awareness and conversations among adolescents [39].
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Likewise, adolescents who were notified every time a new message about HPV and vaccine-
related facts was posted to a Facebook page, About Your Health, were more likely to have
interpersonal discussions with others about what they learned and improved in knowledge
at 3-months post-intervention [40]. However, the analyses did not reveal any significant
differences by gender of adolescents for any of the outcomes.

Regarding vaccination behavior, a Facebook campaign, Health Chat, delivered to
mothers was effective, as mothers reported significantly higher initiation of their adoles-
cents’ HPV vaccination at 12- (71.3%) and 18-months (73.3%) posttest, compared to baseline
(63.4%). Completion of HPV vaccination was conveyed by 62.5% and 65.9% of mothers at
12 and 18 months, respectively, both of which represented a significant increase compared
to the baseline rate of 50.2% [41]. Another web-based intervention for parents accessed via a
tablet resulted in a significant positive change as all participants intended to vaccinate their
children and self-reported a high vaccination rate (95.8%) post-intervention [42]. Several
other interventions exerted negligible effects on vaccination behavior. In the 3forME cam-
paign, only two adolescents were vaccinated as a result of the intervention [39]. A different
Facebook campaign had little or no impact among mothers in the upper socioeconomic
status quartile and a negative effect among women in the lowest socioeconomic status
quartile in terms of initiating vaccine uptake for their adolescents [43]. In the website-
based intervention with the virtual assistants, no effects were found on HPV vaccination
uptake although mothers experienced positive changes in the determinants of vaccination,
such as knowledge, intention and perceived effectiveness of the vaccine [44]. Delivered
on an iPad, the CHICOS website based on the concept of tailored messaging conveyed
informational materials crafted to reflect parents’ HPV-related questions, experiences, and
perceptions; there were no statistically significant differences in the improvement of vacci-
nation intention or children’s vaccine completion between the intervention group and the
control group [45].

3.6. Game-Based Interventions

Four studies illuminated the feasibility of digital games to increase knowledge about
HPV and HPV vaccination and vaccine uptake among parents and adolescents [46-49]. For
maximal engagement and motivation, these games had features to attract youth primarily
by incorporating animated game characters with entertaining storylines. For example, the
Land of Secret Gardens created a story about a secret garden as a metaphor for a preteen’s
body and keeping it healthy [46]. FightHPV portrayed interactions between various char-
acters such as epithelial cells, warts, precancerous cells, low-risk HPV, high-risk HPV, and
HPV vaccine [47]. A common function of the included games was the communication of
tailored feedback addressing knowledge about HPV, HPV-related diseases, and benefits of
HPV vaccination via messages and episodes presented to players. A greater proportion of
adolescents who played the Land of Secret Gardens game initiated the vaccine and had
higher completion rates than their counterparts in the control group. However, these dif-
ferences were not statistically significant [46]. Adolescents in the multimedia intervention
noted higher intentions to discuss HPV vaccination with their parents after playing the
game [49]. Adolescents who played the We Care-Teen game commented that they would
like more interactions in the game to facilitate HPV-related discussions with parents and
suggested to include HPV-related illness for both males and females [48].

3.7. Video-Based Interventions

Four video-based interventions for parents to improve HPV and HPV vaccine knowl-
edge and intention to vaccinate their adolescents reported positive results [50-53]. In a
digital story-telling intervention, participants watched two 3-min long personal digital
stories about HPV vaccination from mothers of already vaccinated children. In this study,
74% of the participants intended to vaccinate their children, which significantly differed
from 53% preintervention, and mothers expressed slightly more positive attitudes towards
the need to vaccinate girls than boys after the intervention [50]. Is the HPV vaccine for me?
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Was a 6-min video mapping the adolescent HPV vaccine decision journey in Ireland with
evidence-based information and reminders that most girls in the country have received the
HPYV vaccine [51]. Participants in the intervention group scored significantly higher on the
knowledge assessment compared to the control group and 88% of participants indicated
that the video increased the HPV vaccine acceptance for their adolescents, compared to
49% at the outset being undecided [51]. In another intervention, when parents were shown
a video about the risks and benefits of the HPV vaccine or received reinforcement messages
on a mobile tablet in a clinic examination room, their vaccine-eligible adolescents had
up to 3-times greater odds of receiving a dose of the HPV vaccine [51,52]. Mothers in
another video-based intervention received tailored messages addressing one versus five
most common parental concerns about HPV vaccination. The adjusted mean scores for
vaccination intent post-intervention were 3.5/10, 3.9/10, and 4.2/10 among the control,
top-concern, and all-concerns groups, respectively. Compared to the control group, more
mothers in the all-concerns group and the top-concern group reported “very high intent”
to vaccinate (scores > 8) by 7.9% and 1.9%, respectively [53].

RCT studies included in this review were at relatively low risk for selection and
reporting biases, whereas detection bias was the most frequently occurring bias. Many
of the studies did not provide clear and thorough information regarding their risk for
performance and reporting biases. Regarding the single-group nonrandomized studies
included in this review, they fulfilled most of the items listed on the assessment tool.
However, none of the studies had a sufficiently large sample size to provide confidence in
their findings. Moreover, none of the studies reported the blinding of outcome assessment
or included outcome measures that were collected multiple times before and after the
intervention. A full report of the quality assessment for each study is included in the
Supplementary Materials.

4. Discussion
4.1. Principal Findings

Over the last five years, HPV promotion interventions have been developed and
delivered using various technologies: text messages, mobile apps, social media, digital
games, and videos. Text messaging, as an early basic feature of mHealth [54], continues
to be effective in reminding parents to initiate their adolescents” HPV vaccination and to
return for subsequent doses [55]. Mobile apps, which have advanced mHealth following
the advent of tablets and smartphones, allow for the relay of educational components
along with immediate feedback to increase parents” HPV vaccination knowledge and inten-
tions [56,57]. On social media platforms, important messages about HPV vaccination can
be shared and parents are empowered to engage in vaccine-related public discourse [58].
Interactive social media interventions (e.g., online discussion forums, chat rooms, and “ask
an expert” features [8]) can help build trust, combat vaccine bias, and ameliorate parents’
vaccine hesitancy [5,59]. However, a major caveat is that because the internet is a powerful
conduit of vast amounts of vaccine arguments, anti-vaccination beliefs, and misinformation
on social media may wield greater influence on vaccine-hesitant parents [60-62]. Recently,
the use of digital games in a non-game context has gained popularity in public health to
tackle vaccine acceptance [63,64]. Gamification features, such as audiovisual interfaces,
interactive quizzes, reward systems, and unique characters, can be used to debunk myths
about the vaccine in entertaining ways [65], and drive emotional engagement in play-
ers [66]. Game-based interventions may appeal to adolescents [67,68] and parents who are
adept with technology and accept games to advocate controversial health issues such as
HPV vaccination [69].

Our findings indicate that user perceptions and effects of the interventions were gener-
ally positive albeit with a few unexpected results. Contrary to the lack of theory-informed
mHealth interventions reported by a previous review [16], almost all the interventions in
this review were theory-based, which portrays an increasing trend of digital interventions
using a theoretical framework. This finding is promising as researchers have emphasized
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applying theory to the design and evaluation of health promotion interventions to achieve
desired health outcomes [70]. However, eight interventions in this review detected minimal
merit of theory-based approaches [32,33,36,38,39,43,44,46]. For example, no differential
effect was found between the messages incorporating a self-regulatory strategy and the
messages using a motivational strategy. It was speculated that receiving a “plain” message
without any theory basis may have been equally effective at increasing HPV vaccine up-
take [32]. Furthermore, educational text messages to target the stage of parental vaccine
decision-making referring to the Transtheoretical Model did not have added benefits [33].
In other interventions that employed theories, including the health belief model, social
cognitive theory, theory of reasoned action, and inoculation theory [36,38,39,43,44,46], the
interventions produced positive changes but not of statistical significance or they had only
modest effects. Although not in line with earlier research that argued for theory-based
interventions to increase effectiveness [71], our findings confirm the need to consistently
re-evaluate theory-based digital health interventions to promote HPV vaccination.

While digital technologies are not supplanting traditional in-person medical con-
sultations [72,73], several interventions in this review underscored their role as facili-
tators of effective provider-parent communication and education about HPV vaccina-
tion [35,37,46,48,52]. The interventions helped parents and adolescents become confident in
discussing vaccination with their providers [37,40,48,52]. Moreover, parents could browse
the apps to learn about HPV vaccination and make informed decisions, which lessened the
reliance on providers. Education offered by the apps prior to clinic visits helped providers
talk more comfortably with parents about HPV vaccination, knowing that many of their
concerns were already covered [34,35,37]. For maximal effectiveness and safe use of digital
interventions, providers” insights about the credibility of these tools are crucial before
dissemination to users. In fact, adolescents in Teitelman’s study were more willing to use
an app and trust its content when it was advised by a healthcare provider [34], which
elucidates that their acceptance of the app is conditional on the advice from their most
trusted source of health information.

Another interesting point raised by this review is that although the interventions,
particularly those delivered via apps, social media, and digital games, were well-received
and strengthened key determinants of HPV vaccination, little meaningful change was
observed in the actual vaccine uptake or vaccination rates [31,32,36,42-46]. The increase
in HPV and vaccination knowledge, vaccine-related conversations, as well as positive
vaccination beliefs and intentions are likely indications of the decision to vaccinate, but
they may not be sufficient to cause behavior change, resulting in an intention-behavior
gap [35,74]. Uncertainty may exist as to what psychosocial change is expected to turn
parental decisional balance toward a decision to vaccinate [36]. Future digital interventions
for HPV vaccination should reflect key differences between factors that influence intention
versus actual vaccination behavior [75]. We anticipate that carefully crafted but succinct,
resonating text messages can help parents and adolescents execute concrete action plans
that can optimally meet the behavioral goal of HPV vaccination [76]. Novel approaches,
such as digital games and social media platforms, have demonstrated great potential for
promotion and educational purposes despite their nascent stages of development [77], but
a more familiar and longstanding mHealth tool of text messaging is not to be underrated.

Except for five studies that targeted parents of daughters [37,41,43,44,51], the included
studies targeted adolescents of both genders, given that vaccination rates for boys remain
well below the Healthy People 2020 goals [52]. While no gender differences were observed
regarding adolescents’ vaccine uptake and vaccine knowledge post-intervention [30-32,40],
parents in one study were more likely to vaccinate girls than boys after the intervention [50].
Nonetheless, several studies in this review articulated the importance of gender-neutral
HPYV vaccination and providing information related to male susceptibility to HPV in the
digital interventions to nudge boys to adopt the vaccination behavior [35,38,47,48]. Digital
tools and social media platforms are increasingly exploited in the public health arena to
increase awareness and acceptance of vaccination [78]. As part of this transformation,
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developers of digital interventions for HPV vaccination should consider tailoring design
elements and content of the interventions to the gender of users to align with the recom-
mended universal HPV vaccination [42,48].

Finally, this review affirmed the recurrently mentioned challenge of population appro-
priateness for digital health interventions. Despite their cost-effectiveness and convenience,
digital interventions for vaccine adherence may not produce positive outcomes if they
are implemented for populations of low socioeconomic status [79]. For example, we ob-
served that an electronic reminder system with educational messaging about HPV and
HPYV vaccine did not significantly improve knowledge and vaccination rates among an
underserved population [31], and a social media campaign was not effective among women
of low socioeconomic status in initiating vaccine uptake for their adolescents [43]. These
findings reveal a digital divide and the need to consider sub-population circumstances
when implementing digital interventions for the controversial issue of HPV vaccination [16].
Trials of a prototype intervention and a subsequent evaluation are important for prospec-
tive parent users, given that users of technology tend to be younger [80]. For example,
parent participants in five of the included interventions provided constructive feedback
describing potential advantages and areas for improvement after their experience with
the interventions [34,35,42,46,48]. As these parents had adolescents between the ages of
9 and 17 years, incorporating their opinions and proposed changes can gradually reduce
the digital divide for older parents who may not readily accept such interventions.

4.2. Strengths and Limitations

There are several limitations in this systematic review. A limited number of databases
were searched, which may have led to selection and reporting biases, and included studies
were limited to distinct geographical settings, mainly in the US and European countries,
although unintended. Social media interventions were limited to Facebook campaigns. The
evidence in this review may also not be robust enough to represent all the current digital
interventions for HPV vaccination because we focused only on parents and adolescents
as the intervention recipients, without targeting providers. The strengths of this study
are its focus on an overarching collection of digital tools and technology-mediated HPV
promotion interventions, beyond mHealth. We were able to verify the advantages of using
digital interventions but also their overlooked weaknesses. This review can also serve as a
useful guide for countries with high digital technology penetration but low awareness of
HPYV vaccination to develop successful digital interventions for HPV vaccination, which
can pave the path to adopt gender-neutral vaccination in the near future.

5. Conclusions

In this systematic review, we examined 24 digital health interventions incorporating
text messages, mobile apps, social media and websites, games, and videos to promote
adolescent HPV vaccination. Digital health interventions hold tremendous potential as
a cost-effective and timely strategy to promote HPV vaccination; however, closing the
intention-behavior gap remains a difficult task. While mobile apps and digital games
facilitated education and active discussions around HPV thereby positively influencing
knowledge and vaccination intentions, text message and social media interventions aimed
to improve vaccine uptake behaviors, although the change was not always significant.
Nonetheless, the interventions were found to support informed decision-making of adoles-
cents and parents about HPV vaccination, expediting their communication with healthcare
providers. Finally, continual revision of the interventions based on user feedback and
considerations of parent characteristics is key to improving HPV vaccination outcomes
among adolescents.



Vaccines 2023, 11, 249 12 of 15

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/vaccines11020249 /s1, Table S1: Cochrane risk of bias assessment tool
for RCTs, Table S2: Risk of bias assessment for non-randomized studies: The National Institute of
Health (NIH) quality assessment tool for pre-post study with no control group, Table S3: Summary
of Findings.

Author Contributions: Conceptualization, J.C., .T.-M., P.C., SK. and C.M.; Methodology, ].C. and
LT.-M.; Formal analysis, J.C.; Writing—original draft preparation, J.C.; Writing—review & editing,
J.C,LT-M,, PC,, SK. and C.M,; Supervision, C.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Aapro, M.; Bossi, P.; Dasari, A.; Fallowfield, L.; Gascén, P.; Geller, M.; Jordan, K.; Kim, J.; Martin, K.; Porzig, S. Digital health for
optimal supportive care in oncology: Benefits, limits, and future perspectives. Support. Care Cancer 2020, 28, 4589-4612. [CrossRef]
[PubMed]

Gibson, D.G.; Kagucia, E.W.; Ochieng, B.; Hariharan, N.; Obor, D.; Moulton, L.H.; Winch, PJ.; Levine, O.S.; Odhiambo, F;
O’Brien, K.L.; et al. The Mobile Solutions for Immunization (M-SIMU) Trial: A Protocol for a Cluster Randomized Controlled
Trial That Assesses the Impact of Mobile Phone Delivered Reminders and Travel Subsidies to Improve Childhood Immunization
Coverage Rates and Timeliness in Western Kenya. JMIR Res. Protoc. 2016, 5, e72. [PubMed]

Mekonnen, Z.A.; Gelaye, K.A.; Were, M.C.; Tilahun, B. Mothers intention and preference to use mobile phone text message
reminders for child vaccination in Northwest Ethiopia. BM] Health Care Inform. 2021, 28, €100193. [CrossRef] [PubMed]
Marshall, S.; Fleming, A.; Moore, A.; Sahm, L. Acceptability of microneedle-patch vaccines: A qualitative analysis of the opinions
of parents. Vaccine 2017, 35, 4896-4904. [CrossRef]

Glanz, ] M.; Wagner, N.M.; Narwaney, K.J.; Kraus, C.R.; Shoup, ]J.A.; Xu, S.; O'Leary, S.T.; Omer, S.B.; Gleason, K.S.; Daley, M.E
Web-based Social Media Intervention to Increase Vaccine Acceptance: A Randomized Controlled Trial. Pediatrics 2017, 140, €20171117.
[CrossRef] [PubMed]

Wilson, K.; Atkinson, K.M.; Westeinde, J. Apps for immunization: Leveraging mobile devices to place the individual at the center
of care. Hum. Vaccines Immunother. 2015, 11, 2395-2399. [CrossRef]

Scott, R.E.; Mars, M. Behaviour change and e-health-Looking broadly: A scoping narrative review. Stud. Health Technol. Inform.
2020, 268, 123-138.

Shoup, J.A.; Wagner, N.M.; Kraus, C.R.; Narwaney, K.J.; Goddard, K.S.; Glanz, ] M. Development of an interactive social media
tool for parents with concerns about vaccines. Health Educ. Behav. 2015, 42, 302-312. [CrossRef]

Fadda, M.; Galimberti, E.; Fiordelli, M.; Romano, L.; Zanetti, A.; Schulz, P]. Effectiveness of a smartphone app to increase parents
knowledge and empowerment in the MMR vaccination decision: A randomized controlled trial. Hum. Vaccines Immunother. 2017,
13,2512-2521. [CrossRef]

Stockwell, M.S.; Kharbanda, E.O.; Martinez, R.A.; Vargas, C.Y.; Vawdrey, D.K,; Camargo, S. Effect of a text messaging intervention
on influenza vaccination in an urban, low-income pediatric and adolescent population: A randomized controlled trial. JAMA
2012, 307, 1702-1708.

Wagner, M.; Lampos, V.; Yom-Tov, E.; Pebody, R.; Cox, I.]. Estimating the population impact of a new pediatric influenza
vaccination program in England using social media content. J. Med. Internet Res. 2017, 19, e8184. [CrossRef]

Ismail, A.; Tabu, C.; Onuekwusi, L.; Otieno, S.K.; Ademba, P.; Kamau, P; Koki, B.; Ngatia, A.; Wainaina, A.; Davis, R. Micro-
planning in a wide age range measles rubella (MR) campaign using mobile phone app, a case of Kenya 2016. Pan Afr. Med. |.
2017, 27 (Suppl. S3), 16. [CrossRef] [PubMed]

Walsh, S.; Thomas, D.R.; Mason, B.W.; Evans, M.R. The impact of the media on the decision of parents in South Wales to accept
measles-mumps-rubella (MMR) immunization. Epidemiol. Infect. 2015, 143, 550-560. [CrossRef] [PubMed]

Johnson-Mallard, V.; Darville, G.; Mercado, R.; Anderson-Lewis, C.; Maclnnes, ]. How Health Care Providers Can Use Digital
Health Technologies to Inform Human Papillomavirus (HPV) Decision Making and Promote the HPV Vaccine Uptake among
Adolescents and Young Adults. Biores. Open Access 2019, 8, 84-93. [CrossRef] [PubMed]

’


https://www.mdpi.com/article/10.3390/vaccines11020249/s1
https://www.mdpi.com/article/10.3390/vaccines11020249/s1
http://doi.org/10.1007/s00520-020-05539-1
http://www.ncbi.nlm.nih.gov/pubmed/32533435
http://www.ncbi.nlm.nih.gov/pubmed/27189422
http://doi.org/10.1136/bmjhci-2020-100193
http://www.ncbi.nlm.nih.gov/pubmed/33608258
http://doi.org/10.1016/j.vaccine.2017.07.083
http://doi.org/10.1542/peds.2017-1117
http://www.ncbi.nlm.nih.gov/pubmed/29109107
http://doi.org/10.1080/21645515.2015.1057362
http://doi.org/10.1177/1090198114557129
http://doi.org/10.1080/21645515.2017.1360456
http://doi.org/10.2196/jmir.8184
http://doi.org/10.11604/pamj.supp.2017.27.3.11939
http://www.ncbi.nlm.nih.gov/pubmed/29296151
http://doi.org/10.1017/S0950268814000752
http://www.ncbi.nlm.nih.gov/pubmed/25600667
http://doi.org/10.1089/biores.2018.0051
http://www.ncbi.nlm.nih.gov/pubmed/31223517

Vaccines 2023, 11, 249 13 of 15

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Meites, E.; Szilagyi, P.G.; Chesson, H.W.; Unger, E.R.; Romero, ].R.; Markowitz, L.E. Human papillomavirus vaccination for
adults: Updated recommendations of the Advisory Committee on Immunization Practices. Am. J. Transplant. 2019, 19, 3202-3206.
[CrossRef]

Ilozumba, O.; Schmidt, P.; Ket, ].C.; Jaspers, M. Can mHealth interventions contribute to increased HPV vaccination uptake?
A systematic review. Prev. Med. Rep. 2021, 21, 101289. [CrossRef]

de Cock, C.; van Velthoven, M.; Milne-Ives, M.; Mooney, M.; Meinert, E. Use of Apps to Promote Childhood Vaccination:
Systematic Review. [MIR MHealth UHealth 2020, 8, €17371. [CrossRef]

Di Donato, V.; Caruso, G.; Bogani, G.; Cavallari, E.N.; Palaia, G.; Perniola, G.; Ralli, M.; Sorrenti, S.; Romeo, U.; Pernazza, A.; et al. HPV
Vaccination after Primary Treatment of HPV-Related Disease across Different Organ Sites: A Multidisciplinary Comprehensive Review
and Meta-Analysis. Vaccines 2022, 10, 239. [CrossRef]

Elam-Evans, L.D.; Yankey, D.; Singleton, J.A.; Sterrett, N.; Markowitz, L.E.; Williams, C.L.; Fredua, B.; McNamara, L.; Stokely, S.
National, regional, state, and selected local area vaccination coverage among adolescents aged 13-17 years—United States 2019.
Morb. Mortal. Wkly. Rep. 2020, 69, 1109. [CrossRef]

Warner, E.L.; Ding, Q.; Pappas, L.; Bodson, J.; Fowler, B.; Mooney, R.; Kirchhoff, A.C.; Kepka, D. Health care providers’ knowledge of
HPV vaccination, barriers, and strategies in a state with low HPV vaccine receipt: Mixed-methods study. JMIR Cancer 2017, 3, €7345.
[CrossRef]

Patty, N.J.S.; van Dijk, H.M.; Wallenburg, I.; Bal, R.; Helmerhorst, T.].M.; van Exel, ].; Cramm, ].M. To vaccinate or not to vaccinate?
Perspectives on HPV vaccination among girls, boys, and parents in the Netherlands: A Q-methodological study. BMC Public
Health 2017, 17, 872. [CrossRef] [PubMed]

McKeever, A E.; Bloch, J.; Marrell, M. Human papillomavirus vaccination uptake and completion as a preventive health measure
among female adolescents. Nurs. Outlook 2015, 63, 341-348. [CrossRef] [PubMed]

Dilley, S.E.; Peral, S.; Straughn, ].M.; Scarinci, I.C. The challenge of HPV vaccination uptake and opportunities for solutions:
Lessons learned from Alabama. Prev. Med. 2018, 113, 124-131. [CrossRef]

Ratzan, S.C.; Parker, R.M. Vaccine literacy—Helping everyone decide to accept vaccination. J. Health Commun. 2020, 25, 750-752.
[CrossRef] [PubMed]

Seeber, L.; Conrad, T.; Hoppe, C.; Obermeier, P.; Chen, X.; Karsch, K.; Muehlhans, S.; Tief, F.; Boettcher, S.; Diedrich, S.; et al.
Educating parents about the vaccination status of their children: A user-centered mobile application. Prev. Med. Rep. 2017, 5,
241-250. [CrossRef] [PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Int. J. Surg. 2021,
88, 105906. [CrossRef]

Booth, A.; Clarke, M.; Dooley, G.; Ghersi, D.; Moher, D.; Petticrew, M.; Stewart, L. The nuts and bolts of PROSPERO: An
international prospective register of systematic reviews. Syst. Rev. 2012, 1, 2. [CrossRef]

Higgins, ].P.T.; Altman, D.G.; Getzsche, P.C.; Jiini, P; Moher, D.; Oxman, A.D.; Savovi¢, ].; Schulz, K.E; Weeks, L.; Sterne, ].A.C.; et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ 2011, 343, d5928. [CrossRef]

National Heart, Lung, and Blood Institute. Quality assessment tool for before-after (pre-post) studies with no control group.
In Systematic Evidence Reviews and Clinical Practice Guidelines; National Institutes of Health: Washington, DC, USA, 2014.

Rand, C.M,; Vincelli, P; Goldstein, N.P.N.; Blumkin, A.; Szilagyi, P.G. Effects of Phone and Text Message Reminders on Completion
of the Human Papillomavirus Vaccine Series. |. Adolesc. Health 2017, 60, 113-119. [CrossRef]

Richman, A.R.; Torres, E.; Wu, Q.; Carlston, L.; O’Rorke, S.; Moreno, C.; Olsson, J. Text and Email Messaging for Increasing
Human Papillomavirus Vaccine Completion among Uninsured or Medicaid-insured Adolescents in Rural Eastern North Carolina.
J. Health Care Poor Underserved 2019, 30, 1499-1517. [CrossRef] [PubMed]

Tull, F; Borg, K.; Knott, C.; Beasley, M.; Halliday, J.; Faulkner, N.; Sutton, K.; Bragge, P. Short Message Service Reminders
to Parents for Increasing Adolescent Human Papillomavirus Vaccination Rates in a Secondary School Vaccine Program:
A Randomized Control Trial. J. Adolesc. Health 2019, 65, 116-123. [CrossRef] [PubMed]

Wynn, C.S.; Catallozzi, M.; Kolff, C.A.; Holleran, S.; Meyer, D.; Ramakrishnan, R.; Stockwell, M.S. Personalized Reminders for
Immunization Using Short Messaging Systems to Improve Human Papillomavirus Vaccination Series Completion: Parallel-Group
Randomized Trial. [MIR MHealth UHealth 2021, 9, €26356. [CrossRef] [PubMed]

Teitelman, A.M.; Gregory, E.F,; Jayasinghe, J.; Wermers, Z.; Koo, ] H.; Morone, ].E,; Leri, D.C.; Davis, A.; Feemster, K.A. Vaccipack,
A Mobile App to Promote Human Papillomavirus Vaccine Uptake Among Adolescents Aged 11 to 14 Years: Development and
Usability Study. JMIR Nurs. 2020, 3, e19503. [CrossRef] [PubMed]

Kim, K.; De Campos, A.P; Choi, S. A Vax4HPV Mobile Application for Parents of Human Papillomavirus Vaccine-Eligible
Children: Iterative Formative Assessments. Comput. Inform. Nurs. 2022, 40, 455-465. [CrossRef] [PubMed]

Shegog, R.; Savas, L.S.; Healy, C.M.; Frost, E.L.; Coan, S.P; Gabay, E.K.; Preston, S.M.; Spinner, S.W.; Wilbur, M.; Becker, E.; et al.
AVPCancerFree: Impact of a digital behavior change intervention on parental HPV vaccine -related perceptions and behaviors.
Hum. Vaccines Immunother. 2022, 18, 2087430. [CrossRef]

Woodall, W.G.; Zimet, G.; Kong, A.; Buller, D.; Reither, ].; Chilton, L.; Myers, V.; Starling, R. Vacteens.org: A Mobile Web app to
Improve HPV Vaccine Uptake. Front. Digit. Health 2021, 3, 693688. [CrossRef]


http://doi.org/10.1111/ajt.15633
http://doi.org/10.1016/j.pmedr.2020.101289
http://doi.org/10.2196/17371
http://doi.org/10.3390/vaccines10020239
http://doi.org/10.15585/mmwr.mm6933a1
http://doi.org/10.2196/cancer.7345
http://doi.org/10.1186/s12889-017-4879-2
http://www.ncbi.nlm.nih.gov/pubmed/29115958
http://doi.org/10.1016/j.outlook.2014.08.011
http://www.ncbi.nlm.nih.gov/pubmed/25982773
http://doi.org/10.1016/j.ypmed.2018.05.021
http://doi.org/10.1080/10810730.2021.1875083
http://www.ncbi.nlm.nih.gov/pubmed/33719880
http://doi.org/10.1016/j.pmedr.2017.01.002
http://www.ncbi.nlm.nih.gov/pubmed/28127527
http://doi.org/10.1016/j.ijsu.2021.105906
http://doi.org/10.1186/2046-4053-1-2
http://doi.org/10.1136/bmj.d5928
http://doi.org/10.1016/j.jadohealth.2016.09.011
http://doi.org/10.1353/hpu.2019.0090
http://www.ncbi.nlm.nih.gov/pubmed/31680111
http://doi.org/10.1016/j.jadohealth.2018.12.026
http://www.ncbi.nlm.nih.gov/pubmed/30879881
http://doi.org/10.2196/26356
http://www.ncbi.nlm.nih.gov/pubmed/34958306
http://doi.org/10.2196/19503
http://www.ncbi.nlm.nih.gov/pubmed/34345789
http://doi.org/10.1097/CIN.0000000000000832
http://www.ncbi.nlm.nih.gov/pubmed/35797614
http://doi.org/10.1080/21645515.2022.2087430
http://doi.org/10.3389/fdgth.2021.693688

Vaccines 2023, 11, 249 14 of 15

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

Sundstrom, B.; Cartmell, K.B.; White, A.A.; Russo, N.; Well, H.; Pierce, ].Y.; Brandt, H.M.; Roberts, ].R.; Ford, M.E. HPV Vaccination
Champions: Evaluating a Technology-Mediated Intervention for Parents. Front. Digit. Health 2021, 3, 636161. [CrossRef]
Mohanty, S.; Leader, A.E.; Gibeau, E.; Johnson, C. Using Facebook to reach adolescents for human papillomavirus (HPV)
vaccination. Vaccine 2018, 36, 5955-5961. [CrossRef]

Ortiz, R.R.; Shafer, A.; Cates, J.; Coyne-Beasley, T. Development and evaluation of a social media health intervention to improve
adolescents’ knowledge about and vaccination against the human papillomavirus. Glob. Pediatr. Health 2018, 5, 2333794X18777918.
[CrossRef]

Buller, D.B.; Pagoto, S.; Henry, K.; Berteletti, J.; Walkosz, B.J.; Bibeau, J.; Baker, K.; Hillhouse, J.; Arroyo, K.M. Human papillo-
mavirus vaccination and social media: Results in a trial with mothers of daughters aged 14-17. Front. Digit. Health 2021, 3, 115.
[CrossRef]

Chen, A.C.-C. Tailored intervention for parents to promote their adolescents’ vaccination against HPV. GSTF ]. Nurs. Health Care
2020, 4.

Chodick, G.; Teper, G.R.; Levi, S.; Kopel, H.; Kleinbort, A.; Khen, E.; Schejter, E.; Shalev, V.; Stein, M.; Lewis, N. The impact of a
Facebook campaign among mothers on HPV vaccine uptake among their daughters: A randomized field study. Gynecol. Oncol.
2021, 160, 106-111. [CrossRef] [PubMed]

Pot, M.; Paulussen, T.G.; Ruiter, R.A.; Eekhout, I.; De Melker, H.E.; Spoelstra, M.E.; Van Keulen, H.M.; Grandahl, M.; Glanz, J.;
Bragazzi, N. Effectiveness of a Web-Based Tailored Intervention with Virtual Assistants Promoting the Acceptability of HPV
Vaccination among Mothers of Invited Girls: Randomized Controlled Trial. |. Med. Internet Res. 2017, 19, e312. [CrossRef]
[PubMed]

Dempsey, A.F.; Maertens, ].; Sevick, C.; Jimenez-Zambrano, A.; Juarez-Colunga, E. A randomized, controlled, pragmatic trial of
an iPad-based, tailored messaging intervention to increase human papillomavirus vaccination among Latinos. Hum. Vaccines
Immunother. 2019, 15, 1577-1584. [CrossRef] [PubMed]

Cates, ].R.; Fuemmeler, B.F,; Stockton, L.L.; Diehl, S.J.; Crandell, ].L.; Coyne-Beasley, T. Evaluation of a Serious Video Game to
Facilitate Conversations about Human Papillomavirus Vaccination for Preteens: Pilot Randomized Controlled Trial. JMIR Serious
Games 2020, 8, e16883. [CrossRef]

Ruiz-Lépez, T.; Sen, S.; Jakobsen, E.; Tropé, A.; Castle, P.E.; Hansen, B.T.; Nygard, M.; Coleman, M.; Hieftje, K.; Linde, D.; et al.
FightHPV: Design and evaluation of a mobile game to raise awareness about human papillomavirus and nudge people to take
action against cervical cancer. JMIR Serious Games 2019, 7, e8540. [CrossRef]

Amresh, A.; Chia-Chen, A.; Baron, C. A game based intervention to promote HPV vaccination among adolescents. In Proceedings
of the 2019 IEEE 7th International Conference on Serious Games and Applications for Health (SeGAH), Kyoto, Japan, 5-7 August
2019; IEEE: Piscataway, NJ, USA, 2019.

Occa, A.; Stahl, HM.; Julien-Bell, S. Helping Children to Participate in Human Papillomavirus—Related Discussions: Mixed
Methods Study of Multimedia Messages. [MIR Form. Res. 2022, 6, €28676. [CrossRef]

Chen, A.C.-C; Kim, W.S.; Todd, M.; Larkey, L. A Digital Storytelling Intervention for Vietnamese American Mothers to Promote
Their Children’s HPV Vaccination. Cancer Prev. Res. 2022, 15, 465-472. [CrossRef]

Marshall, S.; Moore, A.C.; Fleming, A.; Sahm, L.J. A Video-Based Behavioral Intervention Associated with Improved HPV
Knowledge and Intention to Vaccinate. Vaccines 2022, 10, 562. [CrossRef]

Dixon, B.E.; Zimet, G.D.; Xiao, S.; Tu, W,; Lindsay, B.; Church, A.; Downs, S.M. An Educational Intervention to Improve HPV
Vaccination: A Cluster Randomized Trial. Pediatrics 2019, 143, €20181457. [CrossRef]

Panozzo, C.A.; Head, K.J.; Kornides, M.L.; Feemster, K.A.; Zimet, G.D. Tailored messages addressing human papillomavirus
vaccination concerns improves behavioral intent among mothers: A randomized controlled trial. J. Adolesc. Health 2020, 67,
253-261. [CrossRef] [PubMed]

Fiordelli, M.; Diviani, N.; Schulz, P.J. Mapping mHealth research: A decade of evolution. |. Med. Internet Res. 2013, 15, e2430.
[CrossRef] [PubMed]

Mekonnen, Z.A.; Gelaye, K.A.; Were, M.C.; Gashu, K.D.; Tilahun, B.C. Effect of mobile text message reminders on routine
childhood vaccination: A systematic review and meta-analysis. Syst. Rev. 2019, 8, 154. [CrossRef] [PubMed]

Koh, A.; Swanepoel, D.W,; Ling, A.; Ho, B.L.; Tan, S.Y.; Lim, J. Digital health promotion: Promise and peril. Health Promot. Int.
2021, 36 (Suppl. S1), i70-i80. [CrossRef]

Stephens, A.B.; Wynn, C.S.; Stockwell, M.S. Understanding the use of digital technology to promote human papillomavirus
vaccination-a RE-AIM framework approach. Hum. Vaccines Immunother. 2019, 15, 1549-1561. [CrossRef]

Daley, M.E,; Glanz, ].M. Using social media to increase vaccine acceptance. Acad. Pediatr. 2021, 21, S32-533. [CrossRef]

Daley, M.F,; Narwaney, K.J.; Shoup, ].A.; Wagner, N.M.; Glanz, ] M. Addressing parents’ vaccine concerns: A randomized trial of
a social media intervention. Am. J. Prev. Med. 2018, 55, 44-54. [CrossRef]

Kata, A. Anti-vaccine activists, Web 2.0, and the postmodern paradigm—-An overview of tactics and tropes used online by the
anti-vaccination movement. Vaccine 2012, 30, 3778-3789. [CrossRef]

Dredze, M.; Broniatowski, D.A.; Smith, M.C.; Hilyard, K.M. Understanding vaccine refusal: Why we need social media now. Am.
J. Prev. Med. 2016, 50, 550-552. [CrossRef]

Dunn, A.G.; Leask, J.; Zhou, X.; Mandl, K.D.; Coiera, E. Associations between exposure to and expression of negative opinions
about human papillomavirus vaccines on social media: An observational study. J. Med. Internet Res. 2015, 17, e4343. [CrossRef]


http://doi.org/10.3389/fdgth.2021.636161
http://doi.org/10.1016/j.vaccine.2018.08.060
http://doi.org/10.1177/2333794X18777918
http://doi.org/10.3389/fdgth.2021.683034
http://doi.org/10.1016/j.ygyno.2020.10.037
http://www.ncbi.nlm.nih.gov/pubmed/33162176
http://doi.org/10.2196/jmir.7449
http://www.ncbi.nlm.nih.gov/pubmed/28877862
http://doi.org/10.1080/21645515.2018.1559685
http://www.ncbi.nlm.nih.gov/pubmed/30689494
http://doi.org/10.2196/16883
http://doi.org/10.2196/games.8540
http://doi.org/10.2196/28676
http://doi.org/10.1158/1940-6207.CAPR-21-0618
http://doi.org/10.3390/vaccines10040562
http://doi.org/10.1542/peds.2018-1457
http://doi.org/10.1016/j.jadohealth.2020.01.024
http://www.ncbi.nlm.nih.gov/pubmed/32199723
http://doi.org/10.2196/jmir.2430
http://www.ncbi.nlm.nih.gov/pubmed/23697600
http://doi.org/10.1186/s13643-019-1054-0
http://www.ncbi.nlm.nih.gov/pubmed/31253186
http://doi.org/10.1093/heapro/daab134
http://doi.org/10.1080/21645515.2019.1611158
http://doi.org/10.1016/j.acap.2020.10.018
http://doi.org/10.1016/j.amepre.2018.04.010
http://doi.org/10.1016/j.vaccine.2011.11.112
http://doi.org/10.1016/j.amepre.2015.10.002
http://doi.org/10.2196/jmir.4343

Vaccines 2023, 11, 249 15 of 15

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Groh, F. Gamification: State of the art definition and utilization. Inst. Media Inform. Ulm Univ. 2012, 39, 31.

Mitchell, G.; Leonard, L.; Carter, G.; Santin, O.; Brown Wilson, C. Evaluation of a ‘serious game’on nursing student knowledge
and uptake of influenza vaccination. PLoS ONE 2021, 16, €0245389. [CrossRef] [PubMed]

Wilson, K.; Atkinson, K.; Crowcroft, N. Teaching children about immunization in a digital age. Hum. Vaccines Immunother. 2017,
13, 1155-1157. [CrossRef]

Montagni, I.; Mabchour, I.; Tzourio, C. Digital gamification to enhance vaccine knowledge and uptake: Scoping review. JMIR
Serious Games 2020, 8, €16983. [CrossRef]

Darville, G.; Lewis, C.A,; Stellefson, M.; Lee, Y.-H.; Maclnnes, J.; Pigg, R.M.; Gilbert, J.E.; Thomas, S. Customization of avatars in a
hpv digital gaming intervention for college-age males: An experimental study. Simul. Gaming 2018, 49, 515-537. [CrossRef]
Darville, G.; Burns, J.; Chavanduka, T.; Anderson-Lewis, C. Utilizing theories and evaluation in digital gaming interventions
to increase human papillomavirus vaccination among young males: Qualitative study. JMIR Serious Games 2021, 9, e21303.
[CrossRef] [PubMed]

Cates, ].R.; Fuemmeler, B.F,; Diehl, S.J.; Stockton, L.L.; Porter, J.; Thekweazu, C.; Gurbani, A.S.; Coyne-Beasley, T. Developing a
serious videogame for preteens to motivate HPV vaccination decision making: Land of Secret Gardens. Garmes Health |. 2018, 7,
51-66. [CrossRef] [PubMed]

Fernandez, M.E.; Ruiter, R.A.C.; Markham, C.M.; Kok, G. Intervention mapping: Theory-and evidence-based health promotion
program planning: Perspective and examples. Front. Public Health 2019, 7, 209. [CrossRef]

Glanz, K,; Bishop, D. The role of behavioral science theory in development and implementation of public health interventions.
Annu. Rev. Public Health 2010, 31, 399—418. [CrossRef]

Mohammadzadeh, N.; Safdari, R.; Rahimi, A. Cancer care management through a mobile phone health approach: Key considera-
tions. Asian Pac. ]. Cancer Prev. 2013, 14, 4961-4964. [CrossRef]

Speedie, S.M.; Ferguson, A.S.; Sanders, J.; Doarn, C.R. Telehealth: The promise of new care delivery models. Telemed. e-Health
2008, 14, 964-967. [CrossRef] [PubMed]

Reno, ].E.; Dempsey, A.F. Promoting HPV vaccination among Latinx: An application of the extended parallel processing model.
J. Behav. Med. 2022, 18, 18. [CrossRef] [PubMed]

Sonawane, K.; Zhu, Y.; Montealegre, ].R.; Lairson, D.R; Bauer, C.; McGee, L.U.; Giuliano, A.R.; Deshmukh, A.A. Parental intent to
initiate and complete the human papillomavirus vaccine series in the USA: A nationwide, cross-sectional survey. Lancet Public
Health 2020, 5, e484—e492. [CrossRef] [PubMed]

Fontenot, H.B.; White, B.P.; Rosenberger, ].G.; Lacasse, H.; Rutirasiri, C.; Mayer, K.H.; Zimet, G. Mobile App Strategy to Facilitate
Human Papillomavirus Vaccination among Young Men Who Have Sex with Men: Pilot Intervention Study. . Med. Internet Res.
2020, 22, €22878. [CrossRef] [PubMed]

Li, L.; Wood, C.; Kostkova, P. Vaccine hesitancy and behavior change theory-based social media interventions: A systematic
review. Transl. Behav. Med. 2022, 12, 243-272. [CrossRef] [PubMed]

Giannone, G.; Giuliano, A.R.; Bandini, M.; Marandino, L.; Raggi, D.; Earle, W.; Ayres, B.; Pettaway, C.A.; McNeish, I.A ; Spiess,
PE,; et al. HPV vaccination and HPV-related malignancies: Impact, strategies and optimizations toward global immunization
coverage. Cancer Treat. Rev. 2022, 111, 102467. [CrossRef]

Gordon, W].; Landman, A.; Zhang, H.; Bates, D.W. Beyond validation: Getting health apps into clinical practice. NP] Digit. Med.
2020, 3, 14. [CrossRef] [PubMed]

Bol, N.; Helberger, N.; Weert, J. Differences in mobile health app use: A source of new digital inequalities? Inf. Soc. 2018, 34,
183-193. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1371/journal.pone.0245389
http://www.ncbi.nlm.nih.gov/pubmed/33444348
http://doi.org/10.1080/21645515.2016.1271519
http://doi.org/10.2196/16983
http://doi.org/10.1177/1046878118799472
http://doi.org/10.2196/21303
http://www.ncbi.nlm.nih.gov/pubmed/33480856
http://doi.org/10.1089/g4h.2017.0002
http://www.ncbi.nlm.nih.gov/pubmed/29161529
http://doi.org/10.3389/fpubh.2019.00209
http://doi.org/10.1146/annurev.publhealth.012809.103604
http://doi.org/10.7314/APJCP.2013.14.9.4961
http://doi.org/10.1089/tmj.2008.0114
http://www.ncbi.nlm.nih.gov/pubmed/19035808
http://doi.org/10.1007/s10865-022-00293-7
http://www.ncbi.nlm.nih.gov/pubmed/35178652
http://doi.org/10.1016/S2468-2667(20)30139-0
http://www.ncbi.nlm.nih.gov/pubmed/32707126
http://doi.org/10.2196/22878
http://www.ncbi.nlm.nih.gov/pubmed/33146621
http://doi.org/10.1093/tbm/ibab148
http://www.ncbi.nlm.nih.gov/pubmed/34850217
http://doi.org/10.1016/j.ctrv.2022.102467
http://doi.org/10.1038/s41746-019-0212-z
http://www.ncbi.nlm.nih.gov/pubmed/32047860
http://doi.org/10.1080/01972243.2018.1438550

	Introduction 
	Materials and Methods 
	Search Strategy and Information Sources 
	Eligibility Criteria 
	Study Selection Process 
	Quality Assessment for Risk of Bias 

	Results 
	Search Results 
	Study Characteristics 
	SMS Text Message Interventions 
	Mobile App Interventions 
	Social Media and Web-Based/Online Interventions 
	Game-Based Interventions 
	Video-Based Interventions 

	Discussion 
	Principal Findings 
	Strengths and Limitations 

	Conclusions 
	References

