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ABSTRACT

Despite major advances in vaccination over the past century, resurgence of vaccine-preventable illnesses
has led the World Health Organization to identify vaccine hesitancy as a major threat to global health.
Vaccine hesitancy may be fueled by health information obtained from a variety of sources, including new
media such as the Internet and social media platforms. As access to technology has improved, social
media has attained global penetrance. In contrast to traditional media, social media allow individuals to
rapidly create and share content globally without editorial oversight. Users may self-select content
streams, contributing to ideological isolation. As such, there are considerable public health concerns
raised by anti-vaccination messaging on such platforms and the consequent potential for downstream
vaccine hesitancy, including the compromise of public confidence in future vaccine development for
novel pathogens, such as SARS-CoV-2 for the prevention of COVID-19. In this review, we discuss the
current position of social media platforms in propagating vaccine hesitancy and explore next steps in how
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social media may be used to improve health literacy and foster public trust in vaccination.

Background

Vaccination is one of the most successful public health inter-
ventions and a cornerstone for the prevention of communic-
able infectious diseases.' Notwithstanding vaccine progress,
ongoing public acceptance is required to maintain herd immu-
nity, prevent outbreaks of vaccine preventable illnesses, and
ensure adoption of novel vaccines.”

Unfortunately, uptake of many vaccines continues to be
suboptimal. The ongoing resurgence of vaccine-preventable
illnesses has led the World Health Organization (WHO) to
name vaccine hesitancy as one of the top ten threats to global
health in 2019.” Vaccine hesitancy, defined as patient-level
reluctance to receive vaccines, may be fueled by a spectrum
of held views regarding vaccination spanning from cautious
acceptors to outright deniers.”*> Amongst the barriers to uni-
versal vaccination, misinformation regarding the benefits,
medicinal composition, and adverse effects of vaccination lim-
its patient understanding and overall buy-in.®

As patients increasingly consult the Internet and peer net-
works, such as those generated on social media, for health
information, growing interest has emerged in the role of inter-
active social media in public health promotion.”'° However,
there is also substantial potential for harmful misinformation
to spread across networks which may be propagated via the
contemporary anti-vaccination movement, fueling vaccine
hesitancy.11 In response to these concerns, Dr. James Madara,
the chief executive officer of the American Medical

Association, published a public letter urging leading technol-
ogy companies to ensure access to accurate information on the
safety and efficacy of vaccinations on their platforms.'?

These worries may be magnified in the face of the current
COVID-19 pandemic, as the ongoing development and subse-
quent deployment of a vaccine is expected to play a critical role
in downstream global control efforts.>'? Further, intensive
global efforts for physical distancing and isolation to curb the
spread of SARS-CoV-2 may intensify the use of social media as
individuals try to remain connected while apart."*
Concerningly, misinformation and unsubstantiated rumors
regarding COVID-19 and potential vaccination against SARS-
CoV-2 have already begun emerging on social media plat-
forms, threatening to erode public confidence well before the
release of an effective vaccine.'>'® We thus sought we sought to
review the state of anti-vaccination messaging on social media
platforms, examine their role in propagating vaccine hesitancy,
and to explore next steps in how social media may be used to
improve health literacy and build public trust in vaccination.

Social media

Social media platforms are internet-based applications that
enable communities of users to create, interact, and share with
others, with multiple platforms for different content-types (Table
1).""?* They allow for real-time communication amongst quasi-
peer networks, allowing users to actively participate in public
discourse.*"** In contrast to traditional media, content posted
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Table 1. Social media platforms and their characteristics.
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Social Media  Yearof % of U.S. adults who use this  # of monthly active users

Platform Inception'® platform in 2019"” world-wide in 2018 Unique Characteristics®

Facebook 2004 69 2.26 billion Platform that allows users to upload, share and like various images,
videos, live-videos, stories and specific pages

Reddit 2005 11 355.00 million Platform that allows users to submit and discuss questions, links, and
images

Twitter 2006 22 329.5 million Platform that allows real real-time sharing of Tweets (i.e. short
messages) which can be accompanied with images

Instagram 2010 37 1.00 billion Image-sharing platform that allows users to upload, share and like
images and short videos

Pinterest 2010 28 246.50 million Platform that aims to foster inspiration through allowing users to
browse different images organized into categories

Snapchat 2011 24 255.00 million Platform that allows real-time sharing of short videos or images
between contacts

YouTube 2005 73 1.90 billion Video-sharing platform that allows users to upload, favorite and share
videos

LinkedIn 2002 27 294.00 million Career focused platform where industry specialists can share content,

network, and build their personal brand

need not undergo editorial curation nor scientific vetting, and
may represent a more complex mixture of evidence and personal
opinion.”** Further, users frequently maintain anonymity,
allowing individuals to express their views unadulterated.”®
Social media is also characterized by its potential to reach large
audiences and propagate information very rapidly.*"*

Social media allow users to “follow” or “like” other users or
groups to keep updated with their postings and self-select
streams of content relevant to their interests, whilst simulta-
neously rejecting content with which they do not agree.”®** As
a result, each user develops a unique network of content and
interactions within the broader network. Such self-selection
may allow individuals to aggregate and cluster within ideolo-
gically distinct sub-communities commonly known as “echo-

chambers”.?%3!

Vaccine content on social media

Vaccine content is widely present across social media plat-
forms, with several studies characterizing how vaccine content
is portrayed on these platforms and, more broadly, the
Internet.**™’

Basch et al. examined 87 videos from YouTube in 2017
using the keywords “vaccine safety” and “vaccines and
children”.”® Amongst these, 65% of them expressed an anti-
vaccine sentiment; however, only 5.6% were produced by gov-
ernment professionals and 36.8% provided no scientific
evidence.”® Further, amongst the top YouTube videos identi-
fied via search of “COVID-19” and “coronavirus”, 27.5% of
videos contained non-factual information and had already
accrued over 60 million views.>

This is possibly self-reinforcing as studies indicate that anti-
vaccine content engenders more user engagement;
Blankenship et al., for instance, analyzed tweets with the “vac-
cine” hashtag (#vaccine) between 2010 to 2016, finding that
anti-vaccine tweets were 4.13-fold more likely to be re-tweeted
than neutral tweets.”” Similarly, Basch et al. analyzed 150
Instagram posts with the #HPV and found that anti-vaccine
posts had a significantly higher average number of likes.*

Vaccine discourse on social media has evolved over time,
with trends often linked to real-world events.”* Gunaratne et al.

demonstrated that anti-vaccine discourse on Twitter experi-
enced a large surge in 2015, coinciding with the 2014-2015
measles outbreak, publication of the anti-vaccine book Vaccine
Whistleblower (#cdcwhistleblower), and release of the film
Vaxxed (#vaxxed).>* This study further demonstrated that
pro- and anti-vaccine content may also naturally segregate
into distinct communities, possibly due to self-selection on
social media amalgamating like-minded communities.** Anti-
vaccine content on Twitter largely coalesced into a community
centered around #cdcwhistleblower and #vaxxed proponents,
while pro-vaccine content primarily centered around the hash-
tag #vaccineswork.'”** Content appears to transfer between
users who share similar sentiments regarding vaccination but
rarely across those with differing opinions, suggesting the
structure of such platforms may give the illusion of debate,
but in practice mainly serves to reinforce previously-held opi-
nions rather than the consideration of new ones.*’ Such ideo-
logic isolation may limit public health penetration to promote
vaccination on social media.*’

More recently, the rapid spread of COVID-19 and resultant
global pandemic have become a focus of intense social media
discourse, with Twitter reporting a COVID-19 related tweet
every 45 milliseconds and the hashtag #coronavirus rapidly
becoming the 2@ most used in 2020.**> Unfortunately, false
and misleading information about COVID-19, potentially dan-
gerous treatments, and eventual vaccination continues to grow
on social media platforms.*>** Cinelli et al. examined this
“infodemic” in the early stages of COVID-19, applying epi-
demic modeling to the dissemination of information on var-
ious social media platforms to calculate basic reproduction
numbers for the “transmissibility” of posts on each
platform.** Trrespective of platform, there were no significant
differences between the spreading patterns of information con-
sidered questionable compared with that deemed reliable.**

Additionally, increasing concern has arisen that vaccine-
related discourse may not be limited to genuine human-run
accounts. Broniatowski et al. studied the role of such non-
human accounts on the Twitter, describing the role of two
types of inorganic users; “bots”, accounts which generate auto-
mated content, and “trolls”, accounts which misrepresent their
identity and attempt to purposefully instigate conflict.*’
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Content-polluting bots were most likely to amplify anti-
vaccination content whereas troll accounts tended to amplify
both pro- and anti-vaccine content, thereby creating a false
sense of equipoise regarding the safety and benefits of
vaccination.*” The use of bot accounts is also widespread in
the dissemination of information regarding COVID-19 on
social media, in particular Twitter. Using a combination of
machine learning and manual validation, Ferrara analyzed
the content and dissemination patterns of over 62 million
tweets.*® They determined that Twitter accounts ranked at
high likelihood of being automated bots posted significantly
more COVID-19-related tweets than non-bot accounts; con-
tent analysis of these tweets showed that they heavily promote
political conspiracies and divisive hashtags in conjunction with
the posted COVID-19 content.*® The spread of such conspira-
cies can have severe consequences, including the dissemination
of theories linking 5 G cellular networks to the spread of
COVID-19, which has led to vandalism of cellular towers.*”
Overall, these studies have demonstrated that the relative
amount of pro- and anti-vaccine content varies by platform,
but that anti-vaccine content frequently generates greater user
engagement than its pro-vaccine counterparts and that such
engagement may be related to the occurrence of relevant cur-
rent events and the activity of non-human accounts.

Social media and vaccine hesitancy

Extensive anti-vaccine content is frequently shared across
social media.***®* Although preliminary, the existing evi-
dence suggests that exposure to such content may directly
influence vaccination opinions and drive downstream vaccine
hesitancy. Betsch et al. and Nan et al. have demonstrated that
exposure to vaccine-critical websites and blogs negatively
impacts intention to vaccinate.’®' In comparing users’ per-
ceptions of vaccine risks amongst those exposed to control
websites versus vaccine-critical websites, Betsch et al. found
that even brief exposure - as little as five-to-ten minutes - to
vaccine-critical websites increased the overall perception of
vaccine risk in comparison to exposure to control websites.>
Similarly, Ahmed et al. demonstrated that the use of Twitter
and Facebook as sources of health information and influenza
knowledge has a significant inverse association with influenza
vaccine uptake.’® Bhattacharyya et al. generated a social net-
work simulation model in which the introduction of
a perceived small vaccine adverse event had pronounced
impact on vaccine uptake.” Their simulated epidemic models
indicated that social media dissemination of vaccine adverse
events results in outbreaks of vaccine-preventable illnesses
with a more protracted course, lasting 150% longer.”

It is not readily evident why social media is so disproportio-
nately successful in promoting vaccine hesitancy as opposed to
uptake. Social media users may represent a skewed population
sample with baseline misperceptions regarding the benefits and
side effects of vaccination whilst simultaneously lacking famil-
iarity with the consequences of vaccine-preventable disease.*’
Moreover, when evaluating the risks and benefits of vaccina-
tion in general, the risks may be overestimated and may seem
more immediate and tangible as compared to the more abstract
potential benefits of disease prevention.>*">*>*

Furthermore, social media may propagate misinformation
by employing vivid narratives and powerful imagery.”®® The
success of such methods may be explained through the “fuzz-
trace theory” whereby individuals integrate information in two
methods; through verbatim memories which includes all pre-
cise details and through gist memories which contain the
bottom-line basic meaning.”' Decisions are usually made
based on gist memories.”’ Social media posts expressing gist
are more likely to be shared.” In contrast, quantitative infor-
mation offered by evidence-based medical literature on pro-
vaccine platforms may be less evoking than personal anecdotes
offered by social media.>

Certain users have been demonstrated to be more vulner-
able to these narrative emotional appeals of social media,
including those with cognitive impairment, older age, lower
literacy, and less digital literacy.>*' Users’ baseline personal
values and biases prior to their exposure to social media con-
tent, such as ethno-cultural, religious, or political beliefs, may
modulate their response to such posts.”>°>®" Helge et al. con-
ducted an study in which 400 participants with differing opi-
nions regarding the flu vaccination were organized into 3-link
experimental diffusion chains.®” This study assessed how infor-
mation is conveyed, perceived, and altered between links and
found that participants would largely alter messages to align
with their baseline attitude.’? Furthermore, messages were
perceived to be more convincing if they aligned with the
individual’s attitudes.®”

Moreover, individuals may find it challenging to adjudicate
the credibility of the multiple information sources on social
media.”* In a case-control study by Salmon et al., parents of
both vaccine-exempt and fully vaccinated children identified
an anti-vaccination organization as a reliable source of
information.>* Similarly, when students were exposed to vac-
cine-related websites, 59% were unable to identify misinforma-
tion and over 50% of students reported inaccurate statements
regarding vaccinations after such exposure.®®

Digital health strategies to overcome vaccine
misinformation on social media

While still an evolving field, research into evidence-based
social media interventions are crucial to ensure uptake of
new vaccines and provide accurate information to users.
Potential strategies include developing public health cam-
paigns specifically tailored to the platforms and their users,
increasing the use of emotive language and imagery common
to social media, and advocating for increased moderation and
fact-checking on the part of the social media companies them-
selves to tighten content standards.

Leveraging social media platforms

Healthcare providers are amongst the most trusted informa-
tion sources, with the caveat that vaccine hesitant parents may
harbor anti-physician and anti-establishment
sentiments.”*®"*%>  Nevertheless, direct communication
between healthcare providers and patients is known to reduce
vaccine concerns and improve overall uptake.””®' Healthcare
providers should become acquainted with social media



platforms to increase communication between themselves and
their patients.”>**°® Health agencies and government websites
should also improve their overall social media presence, and
fostering partnerships with social media platforms may be
a tool for accelerated promotion of evidence-based public
health strategies.***”"*

Several strategies have been explored to improve the social
media presence of health providers and agencies. Ortiz et al.
designed a three-month social media health intervention on
Facebook which resulted in increased interpersonal discussions
between users and their doctors.”® Shoup et al. found that the
most effective interactive social media interventions are those
that contain balanced information, acknowledge parental con-
cerns and avoid scientific jargon.”' Furthermore, interactive
components are most effective when they are carefully mon-
itored by topic area experts who respond to questions and
comments in a timely fashion.”*

Although designing a robust intervention can be resource-
and time-consuming, individual healthcare providers can
easily begin disseminating messages on personal social media
platforms such as Twitter.”' However, in light of the presence
of social media echo-chambers, healthcare providers working
alone on Twitter may not readily reach isolated anti-vaccine
communities.””

Structural change to social media networks

In response to heightened concerns surrounding the negative
impact of online anti-vaccine messaging, several social media
networks have committed to counteract anti-vaccination con-
tent as part of broader efforts to curtail misinformation.'>”>7*
It is essential for social media agencies to identify and flag
potentially harmful misinformation, and consider active pro-
motion of content from public health agencies.' Pinterest, for
example, has redirected vaccine-related searches to a small set
of handpicked results from public health organizations, includ-
ing the WHO and CDC.”” They have further disabled adver-
tisements and comments on these topics to prevent user-driven
contribution to vaccine misinformation or the influence of
external, nonscientific entities.”?

Other platforms have also proposed strategies, albeit with
lesser extents of moderation. Facebook is attempting to “tackle
vaccine misinformation (...) by reducing its distribution and
providing people with authoritative information the topic”.””
This will be achieved by algorithmically reducing the ranking
of anti-vaccine pages, excluding such pages from search
recommendations, and rejecting advertisements with frank
anti-vaccine messaging.”> This will extend to their partner
networks, including Instagram, where anti-vaccination content
will not be included on hashtag search pages. These networks
also report that they will identify mechanisms to provide more
accurate information from reputable organizations regarding
vaccinations to be including as leading results for vaccine-
related searches.”” In the US, Twitter has partnered with the
Department of Health & Human Services to link vaccine-
associated keywords to Vaccines.gov, as a pinned Tweet.”®

Further, in response to COVID-19 misinformation, an array
of social media companies have again produced joint
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statements to combat “misinformation about the virus.”
Twitter is implementing tools to label tweets as containing
misleading information, provide linkage to validated sources
of information, and to remove such tweets with a high pro-
pensity for harm.”” In addition to combating misinformation,
platforms such as YouTube, are working with high-profile
content-producers to widely disseminate videos in support of
physical distancing and quarantine measures for COVID-19
control directly to users as advertisements.”®

Promoting information accuracy

Networks may not only introduce structural changes but may
support end-users to share accurate information.”” This is
demonstrated in a social psychology study on the posting
habits of 1600 social media users sharing COVID-19-related
information.”” Pennycook et al. found that members of the lay
public share misinformation about COVID-19 in part because
they failed to reflect sufficiently on whether or not content was
accurate when deciding what to share; further, this phenom-
enon could be countered by a simple accuracy reminder prior
to confirmation of the social media post, resulting in a more
than doubling of the truth discernment in participants’ sharing
intentions.”® In addition, First Draft has produced guidance on
how the public and journalists can handle misinformation as it
pertains to COVID-19.%°

Framing messages

Understanding how messages are perceived by healthcare con-
sumers is essential to successfully communicating pro-vaccine
messages. Gain-framed messages are those that emphasize the
benefits of adopting a recommended behavior.*" Conversely,
loss-framed messages emphasize the losses from not adopting
a recommended behavior.®’ While similar, patient perception
may be varied based on method of delivery. Lee et al. analyzed
142 college students’ perceptions of gain-framed versus loss-
framed messages on social media about HPV vaccination and
found that the loss-framed messages created a higher level of
behavioral intention and a higher perceived severity of the
disease.®’ These findings suggest that the method of delivery
is crucial to optimizing behavioral change.

Using narratives and leveraging celebrities

Sharing narratives is a popular and effective method to disse-
minate anti-vaccine content on social media; given its demon-
strated efficacy, use of narratives to support vaccine uptake
should be also promoted.”® Popular celebrities and politicians
are known to be instrumental in spreading both pro and anti-
vaccination news, and often do so via narrative appeals. It is
also known that on social media, elite users have the greatest
user following.®*

The cross-sectional questionnaire study by Zhang et al.
examined the impact of parental attitudes toward vaccination
after viewing pro- and anti-vaccine messaging from prominent
medical and political figures.*> Exposure to vaccine-content
from popular figures impacts willingness to vaccinate, albeit
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exposure to anti-vaccine content appears to have the most
significant impact on downstream vaccine hesitancy amongst
susceptible parents.*’

During the COVID-19 pandemic, world leaders have taken
to twitter to disseminate medical information to the public,
which is known to incite interest in both social and traditional
media spheres.***> While a study of viral tweets produced by
G7 country leaders suggest that the majority of tweets are
informative, concerns have also been raised regarding the dis-
semination of false information by world leaders.**® It is thus
important for public figures to recognize the importance of
disseminating accurate, evidence-based, health information on
social media.*’

Targeting parents and youth

Parents play a significant role in decisions regarding
vaccination.””*® Kagashe et al., demonstrated that teenagers
were more likely to get their influenza vaccine because of the
persuasion of their parents.*” There are well-described social
media anti-vaccine campaigns targeting parents and specifi-
cally mothers.”*”!

Further, in addition to promoting vaccine buy-in amongst
parents, youth are heavy consumers of social media. Therefore,
equipping youth with the skills to discern between evidence-
based and reliable and misleading or evidence-poor informa-
tion is a major priority.®’

Recruiting research participants

Beyond direct engagement of the public to promote vaccine
uptake, social media may serve as unique venue for epidemio-
logical research into vaccine misinformation, vaccine hesi-
tancy, communicable disease incidence and prevalence, and
recruitment of participants for studies.

In the former cases, social media platforms can be used
to monitor real-time public confidence in vaccination and
undertake surveillance via virtual monitoring of vaccine-
related discussion trends.*>°> By recognizing public con-
cerns, healthcare providers and health agencies can enlist
strategies listed above to combat misinformation early. As
an example of the latter, Reiter et al. used paid Facebook
advertisements between July 2016 and September 2016 to
recruit men who have sex with men to study HPV vaccina-
tion. Their advertisement reached over 35,000 users.”” In
another study, Tustin et al., designed a Facebook advertise-
ment linked to a survey about vaccination beliefs aimed to
reach Canadian parents.”* Their advertisement resulted in
over 4500 clicks with over 1000 completed survey results.”*
In light of this, Twitter is now being used to help identify
participants for clinical trials for COVID-19.”

Conclusions

The ongoing resurgence of vaccine-preventable illnesses has led
the WHO to identify vaccine hesitancy as a major threat to global
health. In the digital era, patients have access to health informa-
tion from a variety of sources including the Internet and social
media platforms. As social media platforms gain increasing

popularity globally, there has been growing public health con-
cerns regarding the impact of anti-vaccination content on down-
stream vaccine denial. This further threatens the uptake of
emerging vaccines, such as ongoing efforts to develop an effective
vaccine against SARS-CoV-2. Future work in this field should
focus on developing and analyzing effective strategies to foster
vaccine uptake and promote evidence-based health literacy.
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