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ABSTRACT
The human papillomavirus virus (HPV) vaccine is effective at preventing various cancers, but coverage
falls short of targets that are needed for community protection. Here, we use the RE-AIM implementa-
tion framework (Reach, Effectiveness, Adoption, Implementation, Maintenance) to understand how text,
email, and electronic health record (EHR) reminders and social media campaigns can be used as part of
policy and practice interventions to increase HPV vaccination. These technology-based interventions
could be used together and mainstreamed into clinical and system-based practice to have the greatest
impact. Of the interventions explored, text-based, email-based, and EHR reminders have the most
evidence behind them to support their effectiveness. While there are several studies of promotion of
the HPV vaccine on social media, more studies are needed to demonstrate their effects and better
methods are needed to be able to attribute results to these interventions.
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Introduction

Human papillomavirus virus (HPV) vaccination has great
potential to decrease the burden of not only cervical cancer
but a number of associated oncologic diseases, such as oro-
pharyngeal cancer and other anogenital cancers of the vulva,
vagina, penis, and anus. Yet, both in the U.S. and abroad,
HPV vaccination rates fall below the coverage needed to enact
their full prevention potential.1,2 Furthermore, disparities in
vaccination coverage exist geographically and are also driven
by socioeconomic factors.1

In recent years, technology has been highlighted as an
impactful tool for improving vaccination rates for many dis-
eases, including HPV.3 However, an important next step is to
identify not only where technology could be effective but also
what is needed for its implementation into sustainable prac-
tice. In this commentary, we use an implementation frame-
work to explore how technology-based interventions can be
used to improve HPV vaccination rates, with a greater focus
on the United States (U.S.), where the majority of studies to
date have taken place.

Evaluation using RE-AIM

For nearly 20 years, the RE-AIM model has been applied
through multiple stages of evaluative research.4 The theory
is made up of five components: Reach (number, proportion,
and representativeness of the people who would be able to or
want to participate in an intervention); Effectiveness (impact
a given intervention has on outcomes including negative

effects); Adoption (number, proportion, and representative-
ness of the organizations and settings who are willing to adopt
it); Implementation (fidelity and consistency to the interven-
tion’s protocol); and Maintenance (long-term effects of
a program on the individual level and institutionalization of
the intervention at the organizational level)(Figure 1).4,5 The
RE-AIM framework can be used to understand how technol-
ogy can be utilized to increase HPV vaccine coverage by
identifying at what stage of the implementation process var-
ious digital technologies are currently. It can also be used to
highlight areas where either more research may be needed or
processes put into place to move from research to
implementation.

RE-AIM component 1: REACH

Text message, email, and app-based reminders

Increasing cell phone access and health technology use pre-
sents unique opportunities to employ different methods of
reminder-recalls than traditional forms. In the U.S., 95% of
adults own a cellphone with high levels of ownership among
diverse populations differing by race/ethnicity, education,
income, age, and community type.6 Rates are nearly 100%
among 30–49 year olds, the age of many parents of adoles-
cents. Cell phone ownership rates are also high globally and
will reach an estimated 4.68 billion cell phone users world-
wide by 2019.7 Smartphone use is also increasing with 77% of
U.S. adults owning a smartphone.6 However, in the U.S.,
disparities exist as there are moderately lower rates of
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smartphone ownership for those living in rural areas, with the
lowest income strata, with less than a high school education,
and/or in older age groups.6 In terms of communication uses,
most cell phone owners use text messaging. In one survey,
a reported 97% of smartphone owners used text messaging at
least once in the past week.8 Email use is also high, with >90%
of internet users under the age of 65 in the U.S. using email.9

Almost 90% of smartphone users access email on their
phone,8 and more than half of adults with cell phones have
also downloaded a health-related app.10 Text messages are
also useful across populations with various levels of literacy
since each text message can only be 160 characters, which
facilitates the use of a minimal number of short, simple words.
While text messages that are longer can be split into two or
more messages, care must be taken to make sure that split
happens in a place that is not confusing to the recipient. In
addition, depending on the service, recipients may pay per
message received.

Electronic health records

The Health Information Technology for Economic and
Clinical Health (HITECH) Act of 2009 was implemented in
the U.S. to foster an electronic health information infrastruc-
ture and to spearhead the use of electronic health record
(EHR) systems for providers.11 Though uptake was initially
slow, EHR utilization has become mainstream in health sys-
tems across the country. By 2016, more than 60% of the
outpatient U.S. physicians achieved meaningful use of an
accredited EHR, and more than 95% of the hospitals eligible
for the incentive program achieved meaningful use.12 Many
eligible professionals also report electronically to immuniza-
tion information systems (IIS) often directly from their EHR
as a part of meaningful use criteria,13 which improves effi-
ciency and timeliness of reporting.14 IIS are population-based
registries that consolidate vaccination information across

a city or state. All 50 states have an IIS, as do some major
cities and territories.15 In addition, some IIS now have bidir-
ectional exchange of vaccine information, allowing vaccines
administered elsewhere to be available within the EHR allow-
ing more complete vaccination information.16 Most countries
do not currently have IIS; implementation is highly variable
for those that have one.17 Australia has a specific HPV vaccine
registry.18

Though this article primarily focuses on the evaluation of
EHR implementation in the U.S., it is by no means the only
country making investments in these sorts of information
technologies. In the mid-1990s, Israel became the first country
in the world to introduce health information exchange sys-
tems and currently, nearly 100% of its primary care physicians
use EHR systems.19,20 In Europe, 19 countries have begun
development on EHR systems; notable EHR systems have
also been studied in Canada, New Zealand, and South
Korea, with some implementation initiatives pre-dating that
of the U.S.20 The acceptance and nascent implementation of
EHR have also begun in developing countries, with notable
efforts in highly populated countries such as India,
Bangladesh, and China.21–23 The potential health information
technology has to improve efficiency, reduce costs, and
increase access in health-care systems has incentivized and
spurred countries worldwide to develop integrated EHR
systems.24

Social media

There were almost 3.2 billion social media users worldwide in
2018, and social media usage continues to grow with an
annual increase of 13% worldwide between 2017 and 2018.25

Facebook and YouTube are also the most widely used plat-
forms worldwide with around 2.3 billion Facebook users and
1.9 billion YouTube users.26 Social media use is ubiquitous
among U.S. adults with approximately 70% of adults reporting

Figure 1. RE-AIM framework.5
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using at least one social media site.27 The most commonly
used social media sites in the U.S. are YouTube, used by 73%
of adults, followed by Facebook which is used by 68% of
adults.27 Social media usage is even higher in younger age
groups. Almost 90% of U.S. adults aged 18 to 29 report using
one or more types of social media; similar to the overall adult
population, young adults most frequently use YouTube and
Facebook.28 However, in the youngest adults aged 18–24,
there is high uptake of multiple social media sites including
YouTube (94%), Facebook (80%), Snapchat (78%), Instagram
(71%), and Twitter (45%).28

Adults in the U.S. also frequently use the internet to seek
out health information. More than 70% of U.S. adults said
that they have gone online for health information with 80%
starting with a search engine and 1% turning to a social net-
work as the first resource.29 Given their widespread use, these
technologies all have great potential to be used by health-care
professionals as a delivery method for health promotion
messages.

RE-AIM component 2: EFFECTIVENESS

Text message, email, and app-based reminders

Recommendations encouraging the use of vaccination remin-
ders and recall messages to notify families when vaccines are
due or overdue are widespread.30–35 The U.S. Task Force on
Community Preventive Services found strong evidence that
such reminders improve vaccination rates35 and recently cal-
culated that reminder-recalls result in a median 6 percentage
point increase (interquartile interval: 3–13 percentage points;
14 studies) in vaccination rates with client reminder and recall
interventions used alone.36 Similarly, a meta-analysis of over
50 studies with more than 138,000 combined participants
found that reminders (telephone and autodialer calls, letters,
postcards, text messages) were associated with an increased
relative rate of vaccine uptake of 1.28 (95% CI 1.23–1.35).37

However, traditional reminder formats, such as via mail or
by phone call, have historically had a more limited effect on
vaccination uptake in adolescent, low-income, and rural
populations in the U.S. as compared to reminders that employ
more advanced technology.38–43 These blunted effects could
be due to mailings not reaching low-income patients who may
move frequently. Potential message recipients may also react
negatively or ignore intrusive, impersonal automated phone
calls.

Text message vaccine reminders have several characteris-
tics that make them an attractive technology for vaccine
reminders. First, the widespread use of text messaging
makes them a prime candidate for reaching diverse popula-
tions. Text messages also act as a cue to action; they have the
potential to draw more attention than mailed reminders, and
they are often perceived as less intrusive than a phone call.44

In addition, they remain on a person’s phone as a persistent
reminder making them particularly useful for interventions
with a clear, desired behavioral outcome. Text messaging is
scalable yet able to be personalized. It allows interaction with
thousands of patients simultaneously, thereby enabling an
impact not only on an individual patient’s health but also

on the health of the public through increasing population-
level vaccination coverage. Yet, text messages allow persona-
lization based on individual characteristics such as age, gen-
der, language, and desired content. Text message reminders
are a flexible platform that can be used either for simple
prompts or reminders that inform a patient or family when
a vaccine is needed, or for more complex interactions includ-
ing the embedding of educational information and interactive
responses. Finally, text messages are delivered outside the
office setting, which is important for reaching patients not
accessing care regularly. As such, text messaging is becoming
a more common method for disseminating reminder
messages.

As for its specific applicability for increasing HPV vaccine
uptake, text messaging has been shown to be successful
amongst various populations. In a number of studies, both
practice-based, IIS, or health authority generated text remin-
ders have helped promote HPV vaccination series completion
for adolescents.45–53 While HPV vaccine text message remin-
ders have clear impact in the adolescent population, they have
generally had mixed success in older targeted groups.54–56

Few, if any, studies assessing effectiveness of text message
vaccine reminders for HPV vaccine outside the U.S. have
been published. Text message vaccine reminders have been
used for pediatric vaccination studies in some low-middle-
income countries57-63 which is promising for adolescent vac-
cines as well.

Email vaccine reminders have also had demonstrated
effects for HPV vaccination as part of studies in which
families can select their modality of choice.49,51 Reminders
linked to a personal health record or patient portal have also
begun to be used in a limited way clinically. Likewise, the
interest in the use of mobile apps is also growing, and descrip-
tive studies of their use have been published.64–66

Interventions documenting their effectiveness for HPV or
other adolescent vaccinations have not yet published.

Electronic health records

Many studies have shown that provider recommendation
proves to be one of the most strongly associated factors in
receipt of vaccinations including the HPV vaccine.67–80 This
pattern holds true among minority populations despite
greater reported mistrust in the health-care system.81,82 EHR
vaccination prompts are an ideal method to cue provider
vaccine recommendations to parents and adolescents and
help promote vaccine uptake. According to the Task Force
on Community Preventive services, provider reminder/recall
interventions are strongly supported by scientific evidence in
improving vaccination rates.35 Many physicians, at least in the
U.S., report that they do not always recommend the HPV
vaccine during office visits. In a study of pediatricians, family
medicine physicians, and OB/GYNs, only 34% reported
recommending the HPV vaccine at least 75% of the time to
young adolescent patients aged 11–12.83 Without reminder or
prompting, providers may inadvertently fail to speak with
adolescents and their parents about the HPV vaccine resulting
in the adolescents leaving unvaccinated. Regular use of EHR
vaccine prompts in primary care settings should prove to
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decrease missed vaccination opportunities and increase
receipt of the HPV vaccine.

Several studies have shown that implementation of EHR-
based tools improves vaccine uptake in the U.S.84–90

Effectiveness studies on HPV vaccination and EHR reminders
outside the U.S. have not yet been published. Though there
are limited studies examining the impact of EHR on HPV
vaccine uptake, most studies do show improvement.87,89,90

Fiks et al. conducted a randomized control trial that, in part,
examined the impact of EHR vaccination reminder alerts
during office visits on the receipt of the HPV vaccine.87 The
intervention was measured alongside other strategies such as
patient phone calls and provider training, so its individual
contribution cannot be isolated. However still, the overall
intervention led to an 8% increase in the initiation of the
HPV vaccination as compared to the control arm.87 Ruffin
et al. used a retrospective cohort study design to compare the
uptake of the HPV vaccine in five academic community-based
family health practices with EHR prompts versus the uptake
in four academic community-based family practices which did
not have vaccine-alert systems.89 More vaccine-eligible female
patients aged 9–18-y-old initiated the HPV vaccine series in
the health system with EHR vaccine prompts, and the EHR
reminder systems also contributed to more timely completion
of the vaccine series. The benefits of EHR prompts on HPV
vaccine receipt were also observed in young male populations
as well. Adolescent males are less likely than their female
counterparts to receive the HPV vaccine, but there are evi-
dence EHR systems that can help decrease this disparity.90

Using National Ambulatory Medical Care Survey data span-
ning from 2007 to 2012, Bae et al. were able to demonstrate
that EHR reminders were associated with an overall HPV
vaccine rate increase, with a particularly steep increase in
the adolescent male population.90 However, not all studies of
EHR vaccine prompts found improvement in vaccine uptake.
Szilagyi et al. found no significant difference in adolescent
immunization rates in 22 practices when comparing EHR-
prompt intervention groups to control groups.91

Social media

Social media can be an effective, low-cost way of disseminat-
ing health information and motivating health behavior
change.92 In promoting the HPV vaccine on social media,
one must consider two distinct audiences: both the parents
of adolescent children and the adolescents and young adults
themselves. In some U.S. states, such as California,
Pennsylvania, and New York, adolescents can confidentially
consent to HPV vaccination themselves as a part of compre-
hensive preventive care for sexually transmitted infections.93–
95 However, in other states and countries, parents must also
provide consent for their child to receive the HPV vaccine, so
messaging should target both groups so that a joint decision
can be made about vaccination.96

Several groups have used social media as a platform to
disseminate information about HPV and the HPV
vaccine.95,97–103 One of the most widespread campaigns to
date is the #ProtectOurFuture campaign sponsored by
Ireland’s Health Service Executive (HSE), its national health

program.100 The campaign aimed to combat declining HPV
vaccine uptake in 2016–2017 when the rate of HPV vaccina-
tion uptake fell to 50% from 90% in 2014–2015.104 The
campaign used a combination of personal stories and facts
distributed through Facebook, Twitter, and YouTube target-
ing parents and their daughters.100 The campaign reached
1 million Facebook users with 8.7 million impressions, and
lead to an increase in Tweets including the terms HSE and
HPV from 500,000 in 2016 to 3.2 million in 2017.100 The
campaign also had measurable impact on HPV initiation
increasing from an estimated 50% in 2016–2017 to 62% in
2017–2018 countrywide.104 Denmark similarly developed
a Facebook page and YouTube videos promoting HPV vacci-
nation after HPV vaccine initiation fell to 42% for the 2004
birth cohort from a high of 92% for the 1993–2000 birth
cohorts after increased public concern media coverage in the
country.105 Denmark’s campaign entitled “Stop HPV – Stop
Cervical Cancer” was launched in spring 2017 and is a series
of videos on YouTube targeting parents of adolescent girls.102

Although results cannot solely be attributed to the social
media campaign, HPV vaccine uptake doubled in 2017.106

Italy also developed a website and social media presence on
Facebook, Twitter, and YouTube called “VaccinarSi” – a site
with comprehensive information about vaccines to combat
widespread antivaccination information in the country.103

The site has been visited more than 1 million times, but
study of the effects of the campaign has not yet been
studied.103 The U.S. Centers for Disease Control (CDC)
have also targeted parents of adolescents through ads on
websites and social media platforms such as YouTube to
CDC webpages and videos about the HPV vaccine leading
to 153 million impressions and 137,000 clicks on ads that
redirected users to a website about HPV.107 The CDC also
has a YouTube channel with several videos about HPV and
the HPV vaccine, although many of these videos are targeted
at physicians’ recommendation of the HPV vaccine with only
a few videos targeting parents or teenagers directly.108 Results
from these campaigns have yet to be published.

Others have developed social media campaigns to
improve HPV vaccine uptake on a smaller scale with some
effects on knowledge but limited to no effect on vaccination.
Mohanty et al. employed Facebook ads for sharing HPV-
related health messages and directly targeted adolescents in
Philadelphia.95 They found that messages that included
short-term consequences of HPV, such as genital warts,
resulted in significantly higher views and likes than adver-
tisements that included long-term outcomes, such as cancer.
Through this, they were able to demonstrate that adolescents
may desire information campaigns focused on immediate
risks. Other groups have demonstrated the effectiveness of
this loss-framing in HPV intention to vaccinate studies.99,109

By focusing on acute risks of HPV, loss-framing can increase
individuals’ perceived susceptibility and severity of the
disease.99 While the results of the HPV Facebook ad cam-
paign conducted by Mohanty et al. led to only a small
increase in uptake of the vaccine of those who were targeted,
they were able to reach over 150,000 adolescents and
engaged more than 2,000 adolescents in the campaign
demonstrating a broad reach. However, the true study
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impact on HPV vaccine uptake was difficult to measure as
they were limited to city health clinic setting for their study
results.95 Ortiz et al. developed a Facebook-centered social
media campaign targeting around 100 adolescents with mes-
sages about HPV and other health topics via group pages
and the adolescent’s news feeds.97 The content and frame-
work of the 3-month campaign incorporated input from
adolescents who participated in focus groups and youth
advisory board meetings. Though their intervention did
increase knowledge in intervention versus control groups,
it did not lead to increased HPV vaccination rates. Lyson
et al. used Twitter to host a 5-day-long social media cam-
paign for more than 750 adolescents that featured messages
about HPV.98 Results showed only a slightly increased
awareness about HPV, and there was no change in HPV-
related knowledge or increase in HPV vaccine uptake.
However, they had recruited a group of individuals who
already had high baseline knowledge, awareness, and posi-
tive health behaviors relating to HPV therefore not leaving
much room for improvement.98

While most of the social media campaigns described did
lead to increased knowledge of HPV and the HPV vaccine,
few were able to demonstrate increased vaccine uptake.95,104

This is partly due to issues of confidentiality; participants in
social media campaigns can remain anonymous, and even
those who do identify themselves cannot be linked to their
vaccine information records without explicit consent. It may
also be hard to know if the intended population saw the
intervention. In addition, even when vaccine uptake was
improved as was the case in Ireland’s #ProtectOurFuture
campaign, the social media campaign was used in combina-
tion with other educational efforts, so it is difficult to attribute
their results solely to the social media intervention. Therefore,
further research is needed on how to better quantify and
analyze the effectiveness of social media campaigns on HPV
vaccine uptake.

RE-AIM component 3: ADOPTION

Text message, email, and app-based reminders

The main facilitators and barriers to text message vaccine
reminders lie in the willingness of parents and providers to
use them. The majority of families has unlimited text messa-
ging plans,110,111 reducing concerns about costs to patients/
consumers of text-messaging interventions. Parents overall
seem open to the use of text message reminders, although
some parents remain unwilling. The majority of parents in the
U.S. is also open to having text messages delivered directly to
their adolescent child about the HPV vaccine.112,113 Little has
been published on parents’ interest in mobile apps or personal
health records. However, the greatest effects for adolescent
vaccinations may be for interventions where parents can
choose their reminder type.49,51 Preferences may also differ
by population. In one study assessing parental preference for
vaccine reminders, being a younger parent was associated
with preferring text message vaccine reminders, and being
a suburban parent was associated with preferring e-mail
reminders. In addition, those who were younger and

suburban were most likely to be interested in general use of
a personal health record.113 Research into attitudes towards
text message adolescent vaccine reminders outside the
U.S. still needs to be assessed.

Electronic health records

Introduction of new EHR systems can be burdensome due to
the need for additional provider training, cost, and informa-
tion technology support needed for implementation and
acceptability. However, without careful consideration given
to these aspects, EHR adoption can fail even though the
quality of the system is high. Ludwick and Doucette con-
ducted a seven-country systematic review of the adoption of
EHR systems and found that providers with reservations
about the overall effectiveness of EHR systems are more will-
ing to adopt when provided “leadership training, project
management, and product training services” to help facilitate
the transition to a new system.114

In settings where there have been demonstrated benefits to
EHR use, preference has grown as providers are now more
familiar with the benefits such a system provides. Several EHR
systems currently on the market automatically incorporate
a health maintenance section which alerts providers on vac-
cines which are due.115 A U.S.-based study conducted by
Humiston et al. showed that although half of the practices
in the research networks of the study examined did not
currently use EHR prompts, it was one of the most commonly
chosen strategies providers wished to implement to increase
adolescent immunization rates in the primary care setting.116

Social media

Wider adoption of the use of social media to promote HPV
vaccination may be needed by organizations at multiple levels.
More advocacy through social media may be needed from inter-
national organizations such as the World Health Organization
(WHO) and other international public health entities. To date, the
WHO only has three videos on YouTube relating to HPV or
cervical cancer on their channel.117 The WHO has numerous
posts on Facebook about vaccines and the outbreak of vaccine-
preventable illnesses frequently using the hashtag #vaccineswork,
but these posts and infographics often do not have links to vaccine
information or the WHO website which may be helpful.118

Similarly, WHO uses Instagram to provide short posts and info-
graphics about vaccines, but do not often link to resources for
further information.119 Vaccine-hesitant parents often cite
a desire for more information about vaccines as a reason for
hesitancy,120 so links to additional resources should be built into
social media posts.

As discussed above, several countries including Ireland,
Denmark, Italy, and the U.S. have developed vaccination infor-
mation campaigns using social media sites.100,102,103,107,108

These country-level campaigns can tailor vaccine information
to address country-specific gaps in knowledge, false beliefs, and
other information. Similarly, campaigns could be drilled down
to even more local levels such as individual cities or local health
systems, with vaccine information delivered through social
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media by local-level health systems. In this way, provider
recommendation could be augmented by a social media com-
ponent with references to evidence-based health information.
For example, Glanz et al. developed a randomized control trial
to test a social media component which provided a forum to
disseminate vaccine information and allow pregnant women to
ask questions to providers at a health system in Colorado.121

Compared to general care and vaccine counseling in the office,
the social media intervention did lead to improved pediatric
vaccination rates,121 and this model could be adapted to pro-
vide information about the HPV vaccine to both parents and
adolescents.

Several studies have shown that parents trust their child’s
doctor the most for vaccine information67-80 and trust govern-
ment vaccine experts or officials much less.78 This suggests that
some parents may not be interested in viewing or participating in
social media campaigns sponsored by government or public
health entities. Providers themselves could share culturally com-
petent, tailored information over social media sites which would
more likely resonate with their patients.122 Several groups have
made guides and toolkits for providers to use social media to
spread information both about HPV and health information in
general to help address these barriers.123–127 However, barriers for
providers include lack of skills and inefficiency as well as time
constraints.128

RE-AIM component 4: IMPLEMENTATION

Text message, email, and app-based reminders

The implementation of text message, email, or apps depends in
part on the stability of the modality, the fidelity of receipt, and
the ease of implementing a system. For any of these modalities,
the key is collecting up-to-date cell phone numbers or emails
and signing up families for text message reminders or email. Of
note, cell phone numbers appear to be more stable than home
address or home phone numbers in the U.S.;72 even when
families move, they typically keep the same cell phone number.
Reminders linked to a patient portal can also be used by prac-
tices whose EHR supports a portal, thereby aiding in imple-
mentation. While app-based reminders may be helpful, they are
likely most helpful when linked to the patient’s medical record
such that families are reminded about vaccine or care that their
specific adolescent needs.

There are two main types of implementation of text message
or email reminder/recall. The first is centralized through an IIS
or a public health entity. The second is practice-based messages.
Each have their pros and cons. While centralized recalls may be
more cost effective since can be implemented for large popula-
tions as well as take the burden off the individual sites, they may
lack the personal connection of the practice. On the practice
level, reminder/recall may be more costly and time-consuming
for the practice to implement. However, as more traditional
phone reminder services offer text messaging or possibly email,
implementation will be easier, and cost will be reduced. Some
IIS, like the CIR in New York City (NYC), allow providers to
send the text messages themselves for free from the CIR
website.129 Other public health entities in the U.S. and abroad
could consider doing the same.

Electronic health records

EHR prompts have been shown to improve HPV vaccine
uptake, however there are concerns about alert fatigue.
During a 36-week period, Embi and Leonard recorded
response patterns for 178 physicians who were randomized
to receive clinical trial alerts and found that response rates
alerts followed a significant downward trend with time, falling
2.7% every 2 weeks.130 Provider alert fatigue could also lead to
diminishing returns for EHR’s benefit for HPV vaccination
uptake.

Though there is evidence that active interaction with EHR
reminders may decrease with time, findings from a study
conducted by Dixon et al. demonstrate the passive benefits
of EHR clinical decision support (CDS) reminders that go
beyond provider perception.131 During an EHR CDS inter-
vention, providers randomized to receive the alerts were
interviewed about whether they saw the alerts and whether
they responded to the prompts. Most providers recalled seeing
the alerts but reported that the reminder did not impact their
behavior in recommending vaccines. Despite this perception,
the intervention arm did experience a significant increase in
HPV vaccination coverage, demonstrating that the CDS
prompts work though providers feel may feel that they do
not.132 Many EHRs do offer vaccine decision support sup-
porting ease of implementation.

Social media

Social media campaigns promoting the HPV vaccine should
focus on communicating clear, concise, and factually correct
information to large numbers of individuals at a low cost. The
campaigns should be targeted, and the messaging could be
tailored to the audience with particular emphasis on appealing
to the various areas of the Health Belief Model (susceptibility,
severity, benefits, barriers, cues to action, and self-efficacy)
which has been applied effectively to interventions aimed to
improve health behaviors.133 For example, the Mohanty study
used a campaign through Facebook advertisements and posts
which targeted adolescent girls and boys directly and
addressed each element of the Health Belief Model. Risks of
HPV were presented which address the susceptibility and
severity of disease and the benefits of the HPV vaccine.95 It
is important that images used in social media campaigns such
as these represent the diverse populations who are affected by
HPV so they better understand their susceptibility.134

Additional posts aimed to improve cues to action and self-
efficacy. They included information about the availability of
the vaccine at local health centers at no cost and information
about the laws that allow minors to consent to the vaccine
themselves. Larger campaigns could be designed in this way
not only by local health authorities, but also international
public health organizations such as the WHO, ministries of
health, and other large public health organizations which can
pool resources and broaden access.

Anti-vaccination campaigns have threatened successful
HPV vaccination campaigns in many countries.135 Web 2.0
(which includes social media and other user-generated con-
tent online) is a major facilitator of anti-vaccination
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information with themes of concerns about vaccine safety and
effectiveness, alternative medicine, civil liberties, conspiracy
theories, and misinformation136 often by using tactics such as
skewing scientific evidence, shifting hypotheses, censoring
dissent, and attacking critics.137 Posts on social media are
uncensored, and misinformation stands side-by-side with fac-
tually correct posts receiving equal weight. Vaccine informa-
tion found on Facebook, for example, is highly polarized and
creates “echo chambers” where individuals are generally
exposed to information either for or against vaccines with
little crossover.138 Even more concerning is a recent study
about false news articles on Twitter demonstrated that false
information spread significantly farther, faster, deeper, and
more broadly than truthful information.139 Exposure to anti-
vaccination information has also been shown to reduce inten-
tion to vaccinate.104,105,140,141 One effective strategy for HPV
vaccine social media campaigns could be to target individuals
who are particularly vulnerable to finding and using unreli-
able and misleading information142 or targeting those com-
munities that are found to be most vaccine hesitant.143

The analysis of sentiment towards vaccines on social media
can be used to understand attitudes about the HPV vaccine,
identify themes in the pro-vaccine and anti-vaccine commu-
nities, measure spikes in anti-vaccination sentiment, and
develop interventions to address negative perceptions about
vaccines, among other uses. Several groups have evaluated the
tone and content of HPV messaging on social media,144–157

and this information can be used to map central concepts of
antivaccine information found on social media. Kang et al.
analyzed articles shared on Twitter about vaccine information
and developed semantic networks, which are images that
represent concepts and their interrelatedness in order to dis-
play clusters of content that was favorable towards vaccines
versus against them.144 The group found that negative vaccine
sentiment tended to focus on distrust and skepticism of insti-
tutions that promote vaccines and vaccine research and that
positive articles promoted trust in vaccinations and scientific
evidence.144 Analysis of Tweets can also be used to map
digital antivaccination “communities” as well as identify
those who are most at risk of exposure to negative vaccine
sentiment.150 In addition, Dunn et al. analyzed differential
exposure to Tweets based on geographic location and found
that HPV vaccine uptake was lower in states where higher
levels of misinformation, conspiracy theories, and safety con-
cerns were more common.155

Addressing vaccine hesitancy is complicated, and best
practices on using social media to this end are not well
defined. One proposed way to reduce vaccine hesitancy is to
respond to vocal vaccine deniers in a public forum which can
be applied to interactions on social media platforms; the
intention is not to change the belief of the refuser but to
engage the audience of onlookers who may have questions
about vaccines.158 In this way, one can identify the technique
being used by the vaccine denier to spread misinformation
and respond to the concerns with evidence-based informa-
tion. While correcting misinformation may be helpful in some
cases, one study, not on social media, demonstrated that
correcting misinformation can actually be counterproductive
and can reduce intention to vaccinate in the most vaccine-

hesitant parents.159 Another way to reduce exposure to anti-
vaccination information on social media would be to moder-
ate content, remove false information, and prevent its spread.
Content moderation is currently being discussed by platforms
such as Facebook, YouTube, and Pinterest.160–162 More
research is needed to study initiatives that reduce vaccine
hesitancy in a coordinated manner given the complex land-
scape of information available to parents and patients on
social media.

RE-AIM component 5: MAINTENANCE

Text message, email, and app-based reminders

Most text message and other interventions have been as
stand-alone studies. The key to maintenance will be integrat-
ing these technologies into the usual practice in clinical set-
tings in the U.S. the way that auto-dialer or mailed reminders
have previously. Many companies that had previously used
auto-dialer reminders now offer text messaging as do some
EHR systems – this will be key to its long-term use.

Electronic health records

As a part of HITECH’s meaningful use program, billions of
dollars have been distributed to physicians across America to
incentivize the adoption and implementation of EHR systems
in order to improve health-care outcomes.163 However, many
providers feel that EHR systems may reduce productivity and
lack key data sharing and interoperability features.163 Even so,
as discussed earlier, EHR vaccination reminder use in health
centers has been associated with an increase in HPV vaccina-
tion uptake in multiple observed settings. Also, providers have
been shown to prefer EHR use when framed in terms of its
utility as a clinical decision aid.116 As we focus on EHR’s role
in improving rates of HPV vaccine receipt, increased func-
tionality and CDS could be emphasized as a selling point for
providers and as an aspect of informing policy and would be
an important aspect of maintenance.

Social media

The key to maintenance will be investing in social media
divisions at public health and governmental organizations
who maintain and disseminate factual, up-to-date informa-
tion about the HPV vaccine. International public health orga-
nizations such as the World Health Organization could lead
the charge in promoting accurate information about the safety
and efficacy of vaccines through social media outlets. These
organizations should also take an active role in moderating
the vaccine debate. They can use tools to monitor for spikes in
antivaccination discourse on social media and launch cam-
paigns through social media and provide commentary on
widely viewed antivaccination posts with links back to evi-
dence-based information about the HPV vaccine and other
vaccines in general. Country health ministries should con-
tinue to promote information about HPV vaccination as dis-
cussed above in the cases of Ireland, Denmark, and the U.S.
However, more countries must join the charge as
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antivaccination movements are present worldwide, and coun-
tries can develop culturally competent and relevant messaging
for their citizens. Providers and health organizations should
also be given tools and time to Tweet, blog, or disseminate
information via various social media sites. Finally, training
and social media guides or Toolkits would be helpful to
providers and public health entities who would like to engage
via social media but lack sufficient training.

New arenas – more research

Using the RE-AIM framework, one can begin to see at what
stage various digital technologies that can be utilized to
increase HPV vaccine coverage currently are (Figure 2) as
well as what next steps may be. The effectiveness of at least
text message reminders and EHR alerts has been estab-
lished. Therefore, the next steps are for wider spread adop-
tion, implementation, and maintenance in the U.S. Next
steps in increasing use of mobile and other media for
reminder-recalls could be to facilitate the enrollment of
patients and families and for organizations to send the
reminders. This would likely be best through linking with
EHRs whose immunization data are synchronized with its
local IIS. In that way, organizations can seamlessly identify
those who are not up to date for vaccination, using the
most complete data possible, and send families reminders
in their preferred form. This should be paired with immu-
nization Clinical Decision Support (CDS), such that provi-
ders do not miss opportunities to vaccinate when patients
present for a visit, both for well and acute care. Outside the
U.S., more research may be needed to assess the interest in
and effectiveness of HPV reminders.

For social media, the next steps could be to develop
better measures to evaluate the impact of these campaigns

and conduct more rigorous studies such as randomized
control trials. Once measurable effects of these social
media campaigns on vaccination have been demonstrated,
resources could be pooled, distinct messaging could be
developed for various groups including adolescents, their
parents, and physicians who recommend the vaccine to
their patients, and interventions could be scaled up to
reach large groups. Better evidence of the efficacy of social
media could also motivate providers and organizations to
continue to use these platforms. Additional training may
also be needed for doctors, public health entities, and
health-care organizations to effectively use social media.

In addition, the greatest impact may be realized if
these technology-based interventions are combined rather
than used individually. For example, in a potentially ideal
scenario, an adolescent patient or their parent was
informed of his or her risk and the severity of HPV by
a post on Facebook or video on YouTube. The family
then scheduled an appointment where the clinician was
prompted to give the HPV vaccine by an EHR prompt.
Then, 6 months later, that patient was reminded via text
message, email, or app to return to the clinic for
the second dose of the HPV vaccine and the patient has
completed the vaccine series.

These digital technologies will continue to advance, and
new technologies and uses of older ones will likely emerge
holding great promise. Overall, in the coming years, integra-
tion of these technologies could become the mainstays of
interventions to promote vaccination.
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Figure 2. RE-AIM framework applied to health information technology approaches to improving HPV vaccination uptake.
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