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Summary

Background Vaccine hesitancy continues to limit global efforts in combatting the COVID-19 pandemic. Emerging  eClinicalMedicine
research demonstrates the role of social media in disseminating information and potentially influencing people’s ~2022i48: 101454
attitudes towards public health campaigns. This systematic review sought to synthesize the current evidence regard- Z;;’;’Shed online 20 May
ing the potential role of social media in shaping COVID-19 vaccination attitudes, and to explore its potential for

. . . . . . . https://doi.org/10.1016/j.
shaping public health interventions to address the issue of vaccine hesitancy. edlinm.2022.101454

Methods We performed a systematic review of the studies published from inception to 13 of March2022 by search-
ing PubMed, Web of Science, Embase, PsychNET, Scopus, CINAHL, and MEDLINE. Studies that reported out-
comes related to coronavirus disease 2019 (COVID-19) vaccine (attitudes, opinion, etc.) gathered from the social
media platforms, and those analyzing the relationship between social media use and COVID-19 hesitancy/accep-
tance were included. Studies that reported no outcome of interest or analyzed data from sources other than
social media (websites, newspapers, etc.) will be excluded. The Newcastle Ottawa Scale (NOS) was used to assess the
quality of all cross-sectional studies included in this review. This study is registered with PROSPERO
(CRD42021283219).

Findings Of the 2539 records identified, a total of 156 articles fully met the inclusion criteria. Overall, the quality of
the cross-sectional studies was moderate — 2 studies received 10 stars, 5 studies received 9 stars, 9 studies were eval-
uated with 8, 12 studies with 7,16 studies with 6, 11 studies with 5, and 6 studies with 4 stars. The included studies
were categorized into four categories. Cross-sectional studies reporting the association between reliance on social
media and vaccine intentions mainly observed a negative relationship. Studies that performed thematic analyses of
extracted social media data, mainly observed a domination of vaccine hesitant topics. Studies that explored the
degree of polarization of specific social media contents related to COVID-19 vaccines observed a similar degree of
content for both positive and negative tone posted on different social media platforms. Finally, studies that explored
the fluctuations of vaccination attitudes/opinions gathered from social media identified specific events as significant
cofactors that affect and shape vaccination intentions of individuals.

Interpretation This thorough examination of the various roles social media can play in disseminating information
to the public, as well as how individuals behave on social media in the context of public health events, articulates the
potential of social media as a platform of public health intervention to address vaccine hesitancy.

Funding None.
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Introduction

In 2019, The World Health Organization (WHO) listed

*Corresponding author. vaccine hesitancy as one of the top 10 threats to world
E-mail address: fidelia.cascinit@unicatt.it (F. Cascini). health.” In the context of public health responses,
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Research in context

Evidence before this study

Prior to conducting our systematic review, we searched
PubMed and Web of Science without language restric-
tions and using keywords such as “social media”,
“COVID-19” and “vaccine” to identify previous evidence
in the form of a systematic review on our topic of inter-
est. Prior to and during the conduction of this system-
atic review, we identified several other systematic
reviews that have addressed the issue of social media
and attitudes towards a COVID-19 vaccination. Prior
research has demonstrated the role that social media
plays as a platform for mass media and information
transmission. Additionally, given that many patients
and individuals refer to social media as their source of
information, emerging research has been placing con-
siderable emphasis on how social media can influence
attitudes toward public health interventions and cam-
paigns. It has been shown that vaccine hesitancy plays
a major role in affecting vaccination rates, as well as the
potential in reaching herd immunity in the context of
the COVID-19 pandemic. Consequently, an abundance
of research has emerged in the literature studying the
potential role of social media in shaping attitudes
regarding COVID-19 vaccination, as well as social
media’s role as an intervention platform to address vac-
cine hesitancy. However, to date and to the best of our
knowledge, no systematic review has been published
synthesizing all the evidence relating social media and
vaccine attitudes. Upon those bases, and on March
13th, 2022, we conducted a systematic review of the lit-
erature using developed keywords. Studies that
reported outcomes related to coronavirus disease 2019
(COVID-19) vaccine (attitudes, opinion, etc.) gathered
from the social media platforms, and those analyzing
the relationship between social media use and COVID-
19 hesitancy/acceptance were included. Studies that
reported no outcome of interest or analyzed data from
sources other than social media (websites, newspapers,
etc) will be excluded. The Newcastle Ottawa Scale
(NOS) was used to assess the quality of all cross-sec-
tional studies included in this review.

Added value of this study

Our systematic review, carried out according to best
practices, included 156 peer-reviewed articles, most of
which have been published in the past year. Overall,
our review exemplified the association between social
media reliance for information and hesitant attitudes, as
well as a demonstrated strong potential for social media
as an intervention area to address vaccine hesitancy
and aid in reaching herd immunity globally.

Implications of all the available evidence

The evidence we found have important implications for
public health research and practice. Firstly, our findings
exemplify that understanding social media usage pat-
terns can provide an opportunity for targeted

intervention. Additionally, the findings of this review
demonstrate that there is a strong potential for polar-
ized views to be amplified using social media, which
presents an opportunity for targeting misinformation.
Furthermore, utilizing social media to understand pub-
lic's sentiment allows for tailored and targeted interven-
tion, specific to the current views held by the public.
Finally, given that specific events trigger people’s emo-
tions regarding vaccination, it is crucial for the govern-
ment to adjust vaccination policies promptly in
response to the public health events to promote mas-
sive vaccination via dynamic monitoring public
sentiments.

vaccination campaigns are considered to be one of the
most successful public health interventions and a cor-
nerstone for the prevention of communicable infectious
diseases. While vaccine hesitancy is perceived to be a
long-standing problem, it has recently assumed great
urgency in light of the coronavirus disease 2019
(COVID-19) pandemic.” Vaccine hesitancy, defined as
delay in acceptance or refusal of vaccination despite
availability of vaccination services, may be the product
of an array of factors and held views. Emerging
research in the literature has investigated such factors
in relation to COVID-19 vaccine hesitancy and demon-
strated that hesitancy may stem from concerns relating
to vaccine efficacy, safety, side effects, convenience,
price, beliefs that the vaccine is not necessary, the idea
that testing for the vaccine was insufficient and that the
pace of its development was too quick, as well as the
financial motivation of the authorities/pharmaceutical
companies.* Among the many barriers that contribute
to vaccine hesitancy and were identified globally, a
recurrent theme continues to be that hesitancy is due to
misinformation regarding the benefits and the adverse
effects of vaccines.

Given that people increasingly refer to the internet
and social media networks to seek information, emerg-
ing research in the literature has recently placed special
emphasis on investigating the association between social
media usage and attitudes towards public health interven-
tions, specifically COVID-1g vaccinations.”® The ongoing
mitigating efforts to control the spread of SARS-CoV-2,
including physical distancing, quarantine requirements,
and travel bans across the world, may intensify the use of
social media as individuals try to remain connected while
physically apart. This increased reliance on social media
networks may be concerning due to its ability to spread
misinformation and contribute to increased hesitancy,
especially among populations who may be vulnerable to
increased hesitancy rates (e.g., those in low socioeco-
nomic status groups).”’ Previous research has shown
that vaccine hesitant groups on social media have an
alarming footprint and report that anti-vaccination mes-
sages are large proportions of the content about vaccines
on popular social media sites,” "® which engenders more
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user engagement.”*°Another important point is the exis-
tence of echo chamber effect on social media platforms,
by gathering individuals and surrounding them by like-
minded people in terms of ideological orientation.*" For
example, such echo chambers existon Facebook, and it is
confirmed that pro- and anti-vaccination attitudes polarize
the users’ opinion.** Therefore, studying networked com-
munities can help in understanding online discussions/
public opinions on vaccine hesitancy and exploring how
they can impact society and science communities.”> On
the other hand, it is recognized that utilizing social media
data can offer advantages over traditional survey methods
in this critical times, by enabling timely monitoring of
public attitudes/opinions, which altogether supports the
notion of analyzing social media data with the aim to bet-
ter understand vaccination intentions and attitudes
regarding the ongoing immunization campaign.**

Although the latest updates derived from surveys/
polls conducted around the world indicate that vaccine
hesitancy shows a decreasing trend over time,* this
issue deserves further attention and deeper investiga-
tion in order to enhance the willingness to vaccinate
even more, and to prevent such phenomenon in case of
similar future scenarios. Upon these bases, this system-
atic review of the literature sought to summarize the
available data in the literature on the various associa-
tions between social media usage and attitudes toward
COVID-19 vaccination campaigns worldwide. To the
best of our knowledge, this is one of the first and most
extensive systematic review to be conducted on this
extremely important association.

Methods

Search strategy and selection criteria

This systematic review of the literature was performed
according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. Sev-
eral databases were selected for searching potential eli-
gible articles: PubMed, Embase, ISI (Web of Science),
Scopus, PsycNET, Medline and CINAHL. We also per-
formed a manual search of reference lists of included
articles. The initial systematic search was performed in
September 2021, and as part of the review process we
performed the updated systematic search of all data-
bases in March 2022. The protocol related to this
systematic review is registered with PROSPERO
(CRD42021283219).

The search criteria were defined by combining the
keywords related to the general exposure of interest
(social media), the outcome of interest (vaccination) and
was further focused by adding keywords related to the
specific disease (COVID-19). The detailed search strat-
egy is presented in Supplementary Table S1.

We included studies that reported any outcome
related to COVID-19 immunization campaigns
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gathered from social media (related to opinions, atti-
tudes, etc.). We also included studies that determined
the rate of vaccine hesitancy/acceptance in a population,
and reported the associations observed with social
media use. Studies that analyzed data from sources
other than social media (websites, newspapers, etc.)
were excluded. Only studies published in the English
language published before September 2021 were
included. The detailed definition of the inclusion/exclu-
sion criteria is given in Supplementary Table S2.

Data analysis

After performing the systematic search of all electronic
databases, we retrieved the articles, removed the dupli-
cates, and imported the references in Rayyan.>® As illus-
trated in Figure 1, titles and abstracts were screened by
two reviewers independently (AL and VP). All conflicts
were resolved by contacting the third reviewer (AP).
After this step, we performed the full-text assessment in
the same manner, thereby identifying the final list of eli-
gible articles.

The data extraction was performed by two reviewers
(A.P. and Y.A.A), and every disagreement was resolved
by discussion with the third reviewer (F.C.).The data
from the eligible studies were extracted in a pre-defined
Excel sheet, defined by the following columns: (1) the
name of the first author, (2) the geographical context,
(3) the aim, (4) the study design (5) the study period
when the assessment/analysis was performed, (6) the
study population or study content, (7) vaccination status
(where applicable), (8) the main results related to the
reported associations/correlations between social media
use and vaccine acceptance/hesitancy, (9) the main
results related to the content gathered from the social
media that were related to COVID-19 vaccination. After
summarizing all the data in the Excel sheet, we were
able to identify all studies that fulfilled the inclusion cri-
teria, and to remove those that initially passed the full
text screening but were deemed inadequate to be
included in the systematic review.

The data are presented in a tabulated form and were
either presenting associations between social media uti-
lization and vaccine hesitancy, reporting analyses of
public opinion on COVID-19 vaccines, analyzing the
sentiments of the population regarding the current
immunization campaigns and lastly, or reporting the
change and fluctuations in the vaccine-related discus-
sions caused by some driver/trigger events. Due to the
nature of the data, we were not able to perform any
visual presentations.

We evaluated the quality of only cross-sectional stud-
ies that reported the associations between vaccine inten-
tions and social media use. The quality of these studies
were evaluated with the Newcastle-Ottawa Scale (NOS)
for non-randomized studies.”” NOS uses a star system,
where a study can have a maximum of 9 stars after
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) study selection flow diagram for the system-
atic search performed in September 2021 and the Updated search performed in March 2022.

evaluating for 3 main categories: selection (for which a
study can have a maximum of 4 stars), comparability (a
maximum of 2 stars) and outcome (a maximum of 3
stars).

Results

Search results

The initial systematic search of electronic databases
identified a total of 4408 studies. Overall, a total of 155
studies were included as part of this updated systematic

search, and the full process for both searches is pre-
sented on a separate PRISMA flow-chart (Figure 1)

Summary characteristics of the included studies
The included studies were categorized into the follow-
ing four categories:

(1) cross-sectional studies reporting the association
between reliance on social media and vaccine hesi-
tancy and/or acceptance.

(2) studies that performed thematic analyses of
extracted social media data, thereby reporting
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discussions related to COVID-19 vaccine inten-
tions/opinions;

studies that explored the degree of polarization of
specific social media contents related to COVID-
19 vaccines (the degree of positive vs. negative sen-
timents);

studies that explored the fluctuations of vaccina-
tion attitudes/opinions gathered from social
media depending on specific events that were
identified as trigger events.

The studies from the first category were all cross-sec-
tional in nature (Table 1), and mainly employed anony-
mous online surveys for assessments. From a total of 61
studies (62 records), USA had the highest numbers of
studies per country (n = 11). Two studies were conducted
across multiple countries, while no studies were
reported from South America or Africa.

The other 3 categories of studies mainly focused on
some specific (or several specific) social networks. Nota-
bly, Twitter was the predominant site utilized in these
studies - 62 out of 94 studies that analyzed COVID-19
vaccination social media content used solely Twitter as
the main source of data. These studies also used tools
for data extraction (such as R libraries to assess the Twit-
ter premium application programming interface service
and collect the posts). Some of the studies focused on
posts obtained from a specific location, thereby explor-
ing the state of mind of one population, while others
did not focus their analysis on any geographical basis.
Almost all studies scraped posts published by the users,
some studies focused on organizations,*** while there
were several studies that analyzed users’ comments
posted on news media pages.

Quality of the included studies

Out of total of 155 studies, quality was evaluated only in
cross-sectional (n=061, Supplementary Table S3). It
should be noted that the study published by Luo et al,,
2021 and Mo et al., 2021 are separate records of the
same study, thus we reported only the quality of the
study reported by Luo and colleagues. Overall, the qual-
ity of the cross-sectional studies was moderate — 2 stud-
ies received 10 stars, 5 studies received 9 stars, 9 studies
were evaluated with 8, 12 studies with 7, 16 studies with
6, 11 studies with 5, and 6 studies with 4 stars.

The associations between social media use and vaccine
hesitancy/acceptance

The main results and characteristics of studies assess-
ing the relationship between vaccine intentions-atti-
tudes and utilization of social media are presented in
Table 1. The studies reported variable conclusions, how-
ever, the number of studies that observed a negative
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association between social media use and vaccine accep-
tance was higher.

One group of studies found a direct positive associa-
tion between the utilization of social media and vaccine
acceptance, with 2 of the reports referring to the same
study.>®3® These positive results were observed among
a young population divided into medical and non-medi-
cal personnel, with the majority of them being women
(mean age of 28 years), among nursing students aged
18—23 years, participants aged 12—18 years, among
older adults (older than G5 years), adult patients with
neurological disorders, adults who have been diagnosed
with HIV or AIDS, young nurses. Interestingly, parents
who were healthcare workers and were more reliant on
social media were also more inclined towards vaccinat-
ing their children against COVID-19.>° There were also
studies that reported a positive indirect association
between social media utilization and vaccine accep-
tance. For example, Zhang et al.,*° observed that the
association between social media usage and attitudes
toward vaccination depends on the type of content the
individuals are exposed to (positive content was posi-
tively associated with the intention to vaccinate and vice
versa), as observed in their sample of factory workers.
Another study highlighted the importance of doctors as
social media influencers, which was also positively asso-
ciated with higher vaccine acceptance, as observed in a
study conducted on women of reproductive age.*'

There was the group of studies that did not observe
any effect of social media exposure on the intention to
vaccinate against COVID-19 (n=_8). The rest and the
great majority of the studies (n = 41) reported that social
media imposed a negative impact on the participants’
intention to vaccinate. These negative associations were
confirmed among all age groups of people, originating
from different geographical locations from all conti-
nents (except Australia), and who were characterized as
either students (medical and non-medical), healthcare
workers, the general population, women of reproductive
age, pregnant women, Medicare beneficiaries. Finally,
Jennings and co-workers distinguished the different
types of social media and their relations with vaccine
acceptance. Compared with non-users, YouTube users
showed a lower willingness, while those relying on
Facebook and Twitter showed a higher intention to
receive the COVID-19 vaccine.*”

Themes emerging from discussions among social
media users

The summary characteristics and results from studies
that analyzed posts extracted from social media are pre-
sented in Table 2. The first category of studies reported
the most frequent topics relating to discussions about
vaccines, which were predominantly classified as hesi-
tant attitudes (n=29). The most frequently discussed
reasons against COVID-19 immunization on social
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Reference

Study design /location

Study period

Assessment Tool

Study population

Vaccination status

Main results

Wang et al., 2021 163

Xin et al, 2021°°

Zhang et al, 2020'%°

Zhang et al, 2021'%*

Cross-sectional study / China

Cross sectional study / China

Cross-sectional study / Shenzhen,
China

Cross-sectional study / Shenzhen
(China)

October to November
2020

9 October to 26
November 2020,

September 2020

September 2020

Online survey

Online survey

Online questionnaire

Online survey

1332 health workers who had at
least one child under the age
of 18 years

1902 nurses in which 96.7% were
females. The mean (standard
deviation (SD)) age of this
sample was 31.72 (6.74).

1052 factory workers who had at
least one child under the age
of 18 years

2053 full-time employees 18 years
or older who worked in facto-
ries in Shenzhen, over half of
the participants were younger
than 40 years (n = 1490,
72.6%), were female (n=1179,
57.4%), were married
(n=1455, 70.9%), had children
(n=1466, 71.4%)

NR

Non-vaccinated participants

Subjects have not taken the
vaccine yet (it was not
available)

NR

Higher frequency of information exposure
through social media (AOR: 1.08, 95% Cl: 1.04,
1.13, p <.001) and interpersonal communica-
tion (AOR: 1.24,95% Cl: 1.15 —1.34, p <.001)
related to COVID-19 vaccination were associ-
ated with higher parental acceptability of
COVID-19 vaccination.

Frequent social media exposure and interper-
sonal discussion were positively associated
with vaccination intentions (social media
exposure: = 0.88 to 0.89; interpersonal dis-
cussion: 8=0.80 to 0.82; p < 0.001).

Higher exposure to positive information related
to COVID-19 vaccination was associated with
higher parental acceptability of COVID-19 vac-
cination (AOR 1.35,95% Cl: 1.17—1.56). Higher
exposure to negative information related to
COVID-19 vaccination was negatively associ-
ated with the dependent variable (AOR 0.85,
95% Cls: 0.74—0.99).

Frequency of exposure to positive information
related to COVID-19 vaccinations on social
media was positively correlated with positive
attitudes (r=0.083; p<0.001), perceived sub-
jective norm (r=0.101; p<0.001), and per-
ceived behavioral control (r = 0.064; p = 0.004)
related to a COVID-19 vaccination. A negative
correlation was found between social media
exposure and negative attitudes toward a
COVID-19 vaccination (r=—0.090; p<0.001).

Table 1: Summary characteristics and main results of studies that reported the association between the reliance on social media and COVID-19 vaccination intentions.
Abbreviations: NR — not reported; OR — odds ratio; CI — confidence interval; SD — standard deviation; AOR — adjusted odds ratio; RR — risk ratio.
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Topics identified from pr discussions
Reference Location Study period Study content Social media utilized Main results
Jemielniak and NR From 1 January 2021 to 22 221,922 tweets containing The most retweeted (2656 retweets as of 26 March 2021) tweet overall from the first time period was
Krempovych, March 2021 ‘#AstraZeneca’, 50,080 one by Robert Kennedy Jr, a known anti-vaxxer advocate, whose account on Instagram was termi-
2021'% tweets in the English lan- nated in February 2020 because of COVID-19 disinformation. The tweet was discrediting AstraZe-
guage were analyzed neca vaccine as ‘controversial’, ‘heavily invested in by Bill Gates’ and ‘being rejected over
widespread concerns’. Tweet coordination analysis has revealed 10,728 instances in the coordina-
tion carried out by 1137 unique handles, of which 2278 instances and 616 unique handles are
related to automatic bot accounts, according to the Botometer Complete Automation Probability
score of >0.76.
Lee et al,, 2021%7 Korea December 2020 - February In total 8100 posts in NAVER NAVER and Instagram The findings revealed a negative perception of COVID-19 vaccines; of the words crawled, the propor-

Luo et al,, 2021'%*

Sattar and Arifuzza-
man, 2021%

Sharevski et al., 2022%°

Thelwall 2021%*

USA and China

USA

USA

8 countries

2021

December 1, 2020, to Febru-

ary 20, 2021

April—May 2021

The online survey was con-
ducted between January
and February 2021

December 2020 - March
2021

and 5291 posts in Insta-
gram were sampled
through web crawling.

Public posts

Public posts

This was a 319-participants
study with both verified
and misleading Tweets
covered or tagged with
the COVID-19 misinfor-
mation warnings to
investigate how Twitter
users perceive the accu-
racy of COVID-19 vaccine
content on Twitter.

Public posts

Twitter and Sina Weibo

tion of negative words for AstraZeneca was 71.0% (476/670) and for Pfizer was 56.3% (498/885).
Among words crawled with “vaccine,” “good” ranked first, with a frequency of 13.43% (312/2323).
Meanwhile, “side effect” ranked highest, with a frequency of 29.2% (163/559) for “AstraZeneca,” but
0.6% (4/673) for “Pfizer.” With “vaccine,” positive words were more frequently used, whereas with
“AstraZeneca” and “Pfizer” negative words were prevalent.

By implementing semantic network analysis, results demonstrate that the two countries' social media
users overlapped in themes concerning domestic vaccination policies, priority groups, challenges
from COVID-19 variants, and the global pandemic situation.

For all of the vaccines, positive sentiment is 20—25%, negative sentiment is around 10%, and the rest
is neutral. Negative sentiments: For both the Johnson & Johnson vaccine and the Oxford-AstraZe-
neca vaccine, “Blood Clot”. Around 30% of positive sentiment for wearing a mask and the negative
sentiment is half that of the positive one. Vaccinated people have become more open to travel and
social gatherings, as reflected by around 5% difference between positive and negative sentiments.
It is optimistic that negative sentiments do not override positive sentiments for any of the topics
related to maintaining a healthy lifestyle after vaccination. The tweets also revealed that many peo-
ple have fever and headache after taking the Moderna vaccine.

This study found that such “belief echoes” do exist among Twitter users in relation to the perceived
safety and efficacy of the COVID-19 vaccine as well as the vaccination hesitancy for themselves and
their children. These “belief echoes” manifested as skepticism of adequate COVID-19 immunization
particularly among Republicans and Independents as well as female Twitter users. Surprisingly, we
found that the belief echoes are strong enough to preclude adult Twitter users to receive the
COVID-19 vaccine regardless of their education level.

There was no independent health expert in the USA tweet terms examined. The study identified the
presence of non-scientific influencers from the business community in Ireland and South Africa
which could be a potential cause for concern on this sensitive topic, although mainstream news
sources may also be non-expert influential commentators.

Table 2: Summary characteristics of studies that reported public opinions/discussions generated on social media platforms.
Abbreviations: NR — not reported; NA — not applicable.
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media platforms include: concerns regarding the safety
of the vaccine, *" concerns regarding the efficacy of
the vaccines,**49™5" the fast pace of vaccine
approval,*>5" % the long-term health implications as
well as the side effects,”® % distrust in the efficacy of
the vaccines within the context of rapidly emerging
mutant viruses,**>* distrust in the production and
transport of the vaccines,*®5” and controversy around
the vaccines’ ingredients (toxins, mercury).** Topics cat-
egorized as misinformation’® and conspiracies were
also frequent and included population control via micro-
chips that was planned by Bill Gates,**5** adverse
effects of vaccination such as cancer and sterility, and
many more.>” A few studies reported themes such as
distrust in government and their activities in handling
the pandemic, as well as distrust in major health regula-
tory bodies (e.g., Food and Drug Administrationor Cen-
ters for Disease Control and Prevention).***957 Topics
that were discussed as providing justification against
vaccination and were related to COVID-19 specifically
included considerations that the severity of the disease
was not so high,’® comparisonswith other diseases
(such as Ebola or HiN1), as well as the opinion that one
does not belong to the category that is athigher risk of
more severe symptoms.*°’* Apart from vaccine-hesi-
tant topics, a few studies identified those that support
the current immunization campaign, and the reported
reasons are mainly trust in science and healthcare pro-
fessionals, trust in vaccine as a solution,*” the reliance
on peer-reviewed publications for making informed
decisions.”” Finally, there were several studies that were
not geo-located that explored vaccine-related topics in
general that reported noteworthy observations. Namely,
the peaks of the topics were affected by the events
reported by the media and posted on social media.®®
Further, vaccine-supportive tweets showed temporal
variations over time, while those related to barriers
remained mainly constant through time.®" After con-
ducting the updated search,we were able to locate new
studies that focused social data mining on specific
regions, thereby providing more insights into themes
that were specific to a certain location. However, the
topics identified as vaccine-hesitant were unique regard-
less of the location — such as mistrust into the
manufacturing process, science, and reliance on con-
spiracy theories in Turkey,®* distrust in the scientific
and manufacturing process in China,®* non-necessity of
the vaccine, concerns over safety and side effects, in
Canada.” These topics were mainly identified through
our initial search conducted up to September 2021, and
we could observe that themes that were discussed by
the public and were oriented against vaccination were
repetitive throughout different geographical locations
throughout different study periods. Furthermore, eight-
eenstudies reported different topics providing a differ-
ence between the anti- and pro-vaccination discussions.
One group of studies focused on describing the

www.thelancet.com Vol 48 Month June, 2022

discussions and reasons provided by the opposing par-
ties - vaccine refusers mainly focused on side effects
and safety coupled with conspiracy theories and misin-
formation.®#"°9  Alternatively, vaccine supporters
believed that the immunization would help return life
to normal and it gave them hope in ending the pan-
demic, as well as provided a sense of safety.”>”°"7* The
second group of studies focused on exploring the strate-
gies employed by these two opposing communities. The
anti-vaccination community was described as spreading
misinformation, spinning conspiracies andinstigating-
hysteria.”* It was also described as spreading a non-
focused discussion thereby appealing to a wider range
of groups (for example, by providing suggestions for
alternative remedies for those seeking them).”> Johnson
and co-workers observed that anti-vaccination clusters
are better connected with the undecided clusters in the
main online network, while pro-vaccination clusters
remain peripheral. Thus, theanti-vaccination clusters
predict their domination in a decade, as observed from
the analysis of posts obtained from Facebook pages.”®
On the other hand, pro-vaccination communities report-
edly act by trying to convince skeptics by touting prior
successes of immunizations and expressing concern
because of the rise of “anti-vax” movement on Facebook
and Twitter, however they also mock and make insults
of anti-vax communities in disrespectful and derogatory
tones.”*”7 Again, anti-vaccination communities were
regarded as being better connected than pro-vaccination
clusters, as suggested by the comparison of the social
features of their tweets.”* When one study analyzed the
2000 most active Twitter accounts in the vaccine dis-
course from 2019, it reported that up to 45% were iden-
tified as opposing vaccination, while only 24% were in
favor.”* Finally, one study provided an insight about
what type of actor is behind the anti-vaccination move-
ment.”® identified that it was primarily led by political
and non-medical Twitter users, with less than 10% of
these users being from the medical community. This
also points to that problem of health care professionals’
inactivity in addressing COVID-19 misinformation and
spreading scientific evidence in order to combat this
issue. Specifically in Turkey, an analysis of pre and post
COVID-19 tweets showed that the number of anti-vac-
cine supporters was 22 greater than of those who are
pro-vaccine, and the increase in the number of anti-vac-
cination supporters after COVID-19 has begun was
huge (from 1.7% to 26.51%).”° One study pointed to the
fact that Donald Trumpwas the main driver of vaccine
misinformation on Twitter, before his profile was sus-
pended.®® On the other hand, an analysis of tweets con-
taining #yomevacuno hashtag found that healthcare
professionals comprise only 11.38% of users, generating
only 6.35% of impressions, and that although the traffic
information produced by them is not significant com-
pared with institutions it is compared with regular

users.”!
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Ninestudies were classified as miscellaneous regard-
ing the thematic discussions obtained from social media
data. Lee and co-workers observed a high negative senti-
ment towards COVID-19 vaccines from posts obtained
from Korean Instagram and NAVER users - namely the
proportion of negative words for AstraZeneca vaccine
was 71%, while for Pfizer it was 56.3%.%* Another study
that analyzed public Twitter posts observed that the pos-
itive sentiment towards vaccines in general was 20
—25%, negative was around 10% and the rest was neu-
tral.®3 Interestingly, the USA tweets revealed no exis-
tence of an independent health expert, while non-
scientific influencers from the business community
were observed to be active in the Twitter community in
Ireland and South Africa.** Only one study conducted
an online survey on 319 participants to explore the phe-
nomena of belief echoes and it found that they can be
strong enough to affect adult Twitter users’ intention to
vaccinate regardless of their education level.*> Gawel and
co-workers explored did Pope Francis words have an effect
on Catholics’ decisions to accept or refuse the COVID-19
vaccination, and although it is estimated that it did reach
the public its’ effectiveness is quite questionable.*®

The degree of polarization of views / content regarding
COVID-19 vaccination on social networks

There were 28 studies that examined the degree of
polarization of social media content related to COVID-
19 vaccines (Table 3). The degree of polarization mainly
reflected the rate of positive versus negative views on
specific COVID-19 vaccine-related content, expressed as
either likes vs. dislikes or supporting vs. disapproving
content. Analysis of TikTok videos revealed a similar
distribution of videos both encouraging/discouraging
COVID-19 immunization,” and similar results were
obtained for YouTube as well.*® On the other hand, an
analysis of Tik-Tok videos revealed that the vaccine pro-
duced by Moderna gained considerably greater portion
of positive sentiments compared with the one produced
by Pfizer (56.8% vs 20.6%, respectively).® It is encour-
aging that videos produced by health experts obtained a
greater number of likes, compared with those posted by
media.*® Studies that analyzed the tone from Twitter
posts report that in December 2020, the rate of negative
sentiment towards COVID-19 immunization was 14%
(with 34% neutral and the rest positive),”® while
another study observed around 30% negative sentiment
in posts analyzed in December 2020, however, it
focused on posts published in the Spanish language
under the hashtag #yonomevacunoand only focused on
the movement against vaccination passports.’® Studies
that were geo-located observed that among the Indian
Twitter users, almost half of the posts were in a neutral
tone with only 17% being classified as negative,”" while
another study that focused on posts regarding vaccine-
related side effects identified around 20% were

negatively-oriented and more than 30% were positive,
implying that nearly 80% of the tweets were either posi-
tive or neutral.”* On the other hand, Indonesian Twitter
users seem to express mostly negative attitudes towards
the current immunization campaigns, with 5% of
posts being classified as having a negative opinion.”* In
Bangladesh, Facebook users mostly reacted to vaccine-
related posts positively.?* Interestingly, the Iranian
Twitter users reported similar rates of positive and nega-
tive emotions towards foreign and homegrown vaccines
explored between April and September 2021 (43 vs 40%
were positive and 45 vs 40% were negative, for foreign
and domestic vaccines, respectively).”> The USA general
public sentiment showed a decrease in negative senti-
ment during the first two months after starting the vac-
cination (after December 2020) with a total of one-third
negatively oriented tweets.”® Another study on USA
users found that they expressed similar rates of positive
and neutral sentiment towards COVID-19 vaccination
in February/March 2021 (the portion of those express-
ing negative sentiment was the lowest).°” Finally, in
July 2021 the UK Twitter users expressed similar rates
of negative and positive sentiments towards current
immunization campaign, as shown by the portion of
positive and negative tweets obtained from the study
period.?®

Studies reporting fluctuation trends of vaccine
sentiments on social networks caused by some driver
events
Nine studies reported how social media vaccine senti-
ments varied depending on some key events (Table 4).
Events that were identified as those that triggered an
increase in the positive emotions towards vaccination
were: the announcement about the vaccines’ effective-
ness,”?” "°* the arrival of the vaccines in UK hospitals,”?
the announcement of the first human vaccine trial (UK
Twitter and Facebook users) and Donald Trump’s
announcement regarding a vaccine being ready in a few
weeks (US Twitter and Facebook users),””° as well as
the decrease in number of positive COVID-19 cases in
Korea.”® Some of the events that were classified as stim-
ulating negative discussions surrounding COVID-19
vaccines were: popularity of conspiracy theories (related
to Bill Gates and microchips),” the authorization in
the UK of the Pfizer BioNTech COVID1g vaccine,”® the
UK opting out of the European Union vaccination
scheme and halting of the phase III vaccine trials at the
University of Oxford owing to safety concerns (docu-
mented among the UK and USA users), °° the growth
in the occurrence of “fake news” and “misinformation”
on social media,’*® the increase in the number of
COVID-19 infected cases in Korea (as observed among
Korean Twitter users).’”

Finally, Table 5 presents a synthetic summary the
main findings of each category of studies included in

www.thelancet.com Vol 48 Month June, 2022
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Reference Country Study period Study content Social media Main results

Alam et al., 202188 NR December 21,2020 to July21,2021 Public posts Twitter Initializing the polarities of the obtained sentiments into three
groups (positive, negative, and neutral) helped us visualize the
overall scenario; our findings included 33.96% positive, 17.55%
negative, and 48.49% neutral responses.

Ali et al, 2021'%° USA February to March of 2021 Public posts Twitter Among the February tweets, about 40% were mature positive,
21.15% were mature negative, and 33.15% were mature neutral
tweets. On the other hand, in March 2021, 35.30% were mature
positive, 22.09% were mature negative, and 36.40% were mature
neutral tweets. It can be observed that, both among February and
March tweets, positive sentiment was higher than negative senti-
ment among the mature users. Additionally, the percentage of
neutral sentiment increased among the mature users from Febru-

ary to March.

Al-Zaman et al., Bangladesh 8 March to 2 December 2020 10,000 most popular Face- Facebook The results show that Facebook users prioritize more vaccine-related
20217 book posts with the high- news links (71.22%) over other content. The declining interactions
est interactions on the on the issue suggest that interaction growth mainly depends on
vaccine issue positive news on the vaccine. Finally, users’ reaction to the vac-

cine issue is dominantly positive, though they may show a highly
negative attitude toward vaccine misinformation.

Ansari &han NR May 15, 2021, to June 25, 2021, Public posts Twitter Overall global findings of COVID-19 vaccination sentiment analysis

2021'° suggested 1.23% strong positive sentiments and 6.43% strong
negative sentiments. According to gender based COVID-19 senti-
ment analysis male very strong positive sentiment is 0.22% and
very strong negative sentiment is 0.33% while in case of female
gender the very strong positive sentiment is 0.00% and very
strong negative sentiment is 0.81%.

Basch et al,, 2021%7 NA NA Videos Tik-Tok The number of videos discouraging the vaccine was 38, while of
those encouraging the vaccine was 36. Videos encouraging a vac-
cine garnered over 50% of the total cumulative views and just
around 50% of the total likes, while the opposite accounted for
39.6% of the total cumulative views, 44.3% of likes, and 47.4% of

comments.

Table 3 (Continued)
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Reference Country Study period Study content Main results
Baumel et al., NR NR Videos using the search According to the comments, there were 20.6% positive sentiments
2022%° function under both towards Pfizer and 56.8% positive sentiments towards Moderna.
“#Pfizer” and “#Moderna,” 35.2% neutral sentiments towards Pfizer and 14.4% neutral senti-
the 100 “most liked” vid- ments towards Moderna. 44.2% negative sentiments towards
eos under each “hashtag” Pfizer and 28.8% negative sentiments towards Moderna
were chosen for analysis.
Biswas et al., Kingdom of Saudi 01 August 2009 to 31 December 2019 Public posts In T1, 48.05% of tweets were positive, and 16.47% of tweets were
2022'% Arabia, Egypt, (T1) and 01 January 2020 to 15 Febru- negative. In T2, 43.03% of tweets were positive, and 20.56% of

United Arab Emi-

rates, Jordan,

and Qatar
Carrasco-Polaino NR
etal, 2021
Gao et al, 2021'%? China

Table 3 (Continued)

ary 2021(T2). Users who posted at least
one tweet in both periods were
included in the study data

Data was obtained during the first four
days after efficacy data were
announced for each of the four vac-
cines that had made their results public
before November 30, 2020 (Pfizer,
November 9; Sputnik V, November 11;
Moderna, November 16; Oxford-Astra-

Zeneca, November 23)

December 25, 2020 to January 7, 2021

49,776 interactions by
25,692 Twitter users, of
which 2970 were original

tweets.

Weibo posts with the key
search word “COVID-19

vaccines”

tweets were negative. Among the Twitter users, the sentiment of
15.92% users shifted towards positive, and the sentiment of
17.90% users shifted towards negative. Public sentiment that have
shifted towards positive may be due to the hope of vaccine effi-
cacy, whereas public sentiment that have shifted towards nega-
tive may be due to the concerns related to vaccine side effects
and misinformation.

The polarity analysis tool used indicated that the average overall
sentiment towards all COVID-19 vaccines was moderately favor-
able or positive (M =0.11; SD=0.19). When polarity or sentiment
towards each vaccine was analyzed, the results showed that
polarity values could be grouped into three levels with Pfizer
(M =0.16; SD=0.198) and Moderna (M = 0.16; SD=0.19) as the vac-
cines with the highest positive values. A second group was found
within the set of three vaccines of Chinese origin (M =0.13;
SD=0.17) and the Oxford vaccine (M = 0.12; SD=0.18) with lower
mean relative positive sentiment values for the Russian Sputnik V
vaccine (M = 0.098; SD=0.19). The analysis revealed that these dif-
ferences were statistically significant (p<0.001).

Both positive and negative emotions increased among the public
after the official announcement. “Good” was the most increased
positive emotion and indicated great public appreciation for the
production capacity and free vaccination. “Fear” was the signifi-
cantly increased negative emotion and reflected the public con-

cern about the safety of the vaccines.




ZZ0T ‘3Un( YIuo 8 [OA WO 32dURBYY MMM

6T

Reference

Country

Study period

Study content Social media

Main results

Gao et al, 2021'%*

Gori et al,, 2021'*

Hernandez-Garcia
etal, 2021%

Herrera-Peco et al.,
2021°°

Huangfu et al,,
2022'%

Table 3 (Continued)

China

Italy

63.6% of the videos
originated from
Mexico and the
USA

NA

NR

23 to 26 July 2021

October 2020-January 2021

February 2021

December 2020

December 14, 2020, to April 30, 2021

Weibo posts with the Sina Weibo
hashtag #most of the
confirmed cases in Nanj-

ing had been vaccinated

Public posts Twitter

Videos YouTube

Public posts written in Span- Twitter
ish language, under the

hashtag #yonomevacuno

Public posts Twitter

45.14% of the Weibo posts (n = 1542) supported the COVID-19 vac-
cine, 12.97% were neutral, and 7.26% were doubtful, which indi-
cated that the public did not question the vaccine’s effectiveness
due to the breakthrough cases in Nanjing. There were 66.47%
posts that reflected significant negative emotions. Among these,
50.44% of posts with negative emotions were directed towards
the media, 25.07% towards the posting users, and 11.51% towards
the public, which indicated that the negative emotions were not
directed towards the COVID-19 vaccine.

Based on the annotated tweets, 29.6% of the 2538 unique users as
anti-Vax and 12.1% as pro-Vax were identified, with a strong dis-
agreement in annotation in 7.1% of the tweets.

A total of 118 videos were analyzed; the media created 57.6% of the
videos. Positive tone was observed in 53.4%. The most discussed
topics were target groups for vaccination (38.9%) and safety
(43.2%). A significantly smaller number of likes was obtained in
videos of media compared to those created by health professio-
nals (p = 0.004). Videos made by health professionals, compared
to those of media, showed a greater positive tone (OR = 3.09).
Hoaxes/conspiracy theories were identified in 1.7% of the videos.

The anti-COVID-19 vaccine stream accounted for a total of 31.05% of
the tweets, followed by the group of tweets that did not express
any specific opinion (28.85%), with conspiracy theory tweets
(16.97%) being the third main tendency. There is the existence of
a series of tweets from users in favor of the COVID-19 vaccine
(4.15%).

Overall, 398,661 (46.51%) were positive, 204,084 (23.81%) were neg-
ative, 245,976 (28.70%) were neutral, 6899 (0.80%) were highly
positive, and 1508 (0.18%) were highly negative sentiments. The
main topics of positive and highly positive tweets were planning
for getting vaccination (251,979/405,560, 62.13%), getting vacci-
nation (76,029/405,560, 18.75%), and vaccine information and
knowledge (21,127/405,560, 5.21%). The main concerns in nega-
tive and highly negative tweets were vaccine hesitancy (115,206/
205,592, 56.04%), extreme side effects of the vaccines (19,690/
205,592, 9.58%), and vaccine supply and rollout (17,154/205,592,
8.34%).
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Country

Study period

Study content

Main results

Jahanbin et al,,
2021%°

Jin et al,, 2020°*°

Karami et al.,
2021°°

Melton et al.,
2021'%

Mir and Gul
2021'%°

Table 3 (Continued)

NA

NA

USA

NR

NR

December 2020

January-July 2020

November 2020 and February 2021

Dec 1, 2020, to May 15, 2021

NR

Public posts

Public videos

Public posts

13 Reddit communities con-

sisted of 1401 posts and

10,240 comments (11,641
in total) focusing on the

COVID-19 vaccine

Tweets with hashtags “cov-

id19vaccine” and

“coronavirusvaccine”

The result of this study showed that 591,053 tweet (52%) were in
positive sentiment, 382,431 (34%) neutral sentiment and 152,653
(14%) negative sentiment about vaccine of COVID-19.

Coronavirus video content was divided into three subgroups of pub-
lic-health intervention-related videos: individual interventions,
government interventions, and medical interventions, as well as
seven video title narratives. Over time, engagement for the inter-
vention video subgroups has increased whereas the diffusion for
other non-intervention videos has decreased suggesting that
information about COVID-19 interventions has become more pop-
ular as the pandemic develops. Engagement is lowest overall on
medical intervention videos, which may be due to vaccine and
treatment development as a topic being downgraded quickly
from YouTube's search results.

The negative sentiment regarding the COVID-19 vaccine had a
decreasing trend between November 2020 and February 2021.
The vaccination in the U.S. was started on 14 December 2020. This
result indicates that U.S. public sentiment has become less nega-
tive during the two months after starting the vaccination. In total,
33.64% and 66.36% of tweets were negative and non-negative,
respectively.

The polarity analysis found that 56.68% of the posts measured posi-
tive, 27.69% were negative, and 15.63% neutral. The subjectivity
analysis reported 73.15% of the comments measured in between
[0.25, 0.75] and considered "neutrally subjective”, 18.13% were
reported to be minimally subjective (less than 0.25) while the
remaining 8.72% were highly subjective (greater than 0.75). Public
sentiment in Reddit communities is overall positive regarding dis-
cussions about the Covid-19 vaccine or experiences with taking
the vaccine, keywords and topics were detected that indicate
some hesitancy amongst these users.

Tweets expressing positive sentiments have the highest impact both
in terms of likes (mean = 10.48) and retweets (mean = 3.07) com-

pared to those that express neutral or negative sentiments.
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Reference Country Study period Study content Social media Main results
Nezhad and Iran April 1,2021 and September 30, 2021 Tweets, mentioning COVlran Twitter The positive sentiments towards foreign vaccines accounted for 43%
Deihimi 2021°° Barekat (the homegrown of tweets (n = 173,048), followed by the negative sentiments for
vaccine), Pfizer/BioNTech, 45% and the neutral sentiments for 12%, respectively. On the
AstraZeneca/Oxford, other hand, the positive sentiments towards the homegrown vac-
Moderna, and Sinopharm cine accounted for 40% of the tweets (n = 160,335), followed by
(imported vaccines) the negative sentiments for 40% and the neutral sentiments for
20%.
Pratama et al., Indonesia NR Public posts Twitter The results of this study imply that the sentiment in the form of neg-
20217 ative opinions is very large, namely 75%, positive opinions 20%

and neutral opinions 5%.
Praveen et al,, India Across different months of the year 2020 Public posts Twitter 47% of social media posts discussing vaccines were in a neutral
20217 tone, and nearly 17% of the social media posts discussing the
COVID-19 vaccine were in a negative tone. Fear of health and
allergic reactions towards the vaccine are the two prominent

issues that concern Indian citizens regarding the COVID-19

vaccine.

Roe et al,, 2021%° UK 1 July 2021 and 21 July 2021 137,781 tweets being specif- Twitter The majority of tweets were found to be negative in sentiment
ically related to COVID (53,899), followed by positive (53,071) and neutral (30,811). The
and Online questionnaire negative tweets displayed a higher intensity of sentiment than
distributed through email positive tweets. Through questionnaire analysis it has been found
and social media plat- that most of the participants (85.7%) had previously accepted all
forms of Twitter and vaccines they had been offered), 73.8% were not concerned about
Facebook receiving a COVID-19 vaccination, 17.1% were slightly concerned,

4.3% were very concerned and 4.3% stated that they were
impartial.

Sv etal, 2021 India March and April 2021 Public posts Twitter Tweets with positive sentiments about the side effects of the vac-
cine were 33.6% (n = 63,848 tweets). Tweets with negative senti-
ments recorded for 21.3% (n = 40,633 tweets). It is an encouraging
sign that, even while posting about the side effects of the COVID-
19 vaccine, nearly 78.5% of the tweets were with either neutral or
positive sentiments. It can also be concluded that the positive
sentiments towards the side effects of the COVID-19 vaccine
increased to a greater extent from the 2nd week of April (when

the total COVID-19 cases began to see a drastic increase).

Table 3 (Continued)
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Reference Country Study period Study content Social media Main results
Yoder et al., NR January 12, 2020- February 28, 2021 First fifty accounts with the Twitter and Sentiments toward the VAX were largely positive for all groups (Phy-
20217 following terms: fertility Instagram sician 90.3%, Individual 71.4%, Fertility Center 70%), or neutral
doctor, fertility, OBGYN, (Physician 9.7%, Individual 28.6%, Fertility Center 30%), with no
infertility, TTC, VAX and negative posts identified. Trends in mentions and sentiments
IVF. were similar on both Instagram and Twitter platforms.
Yousefinaghani NR January 2020 to January 2021 Public posts Twitter The neutral category accounted for the 41% of the tweets, followed
etal, 2021'%® by the positive category accounting for 34% and negative cate-
gory accounting for 25%. The negative sentiments were related to
a range of concerns, but the majority usually focused on vaccine
development being time-consuming, doubts in vaccine safety or
reaction to governments, political figures and manufacturers. On
the other hand, positive tweets were usually about scientific
breakthroughs, medical advice and spreading hope.
Zhang et al., China October 18, 2020, and May 15, 2021 Public posts Weibo The positivity toward COVID-19 vaccines in China tends to fluctuate
2021'%° over time in the range of 45.7% to 77.0% and is intuitively corre-
lated with public health events. In terms of gender, males were
more positive (70.0% of the time) than females.
Zhang et al., NR June 2020 to July 2021 Public posts Twitter The whole population’s attentiveness toward vaccines was strongly
2022'%7

correlated (Pearson r=0.9512) with official COVID-19 statistics,
including confirmed cases and deaths. The attentiveness ratios
toward vaccines of organizations were higher than that of individ-
uals at all the time points, with the OR ranging from 1.44 (95% CI
1.28—1.61) to 2.01 (95% Cl 1.70—2.39).

Table 3: Summary characteristics of studies that reported the degree of polarization of views / content regarding COVID-19 vaccination on social networks.
Abbreviations: NR — not reported; NA — not applicable; OR — odds ratio.




ZZ0T ‘3Un( YIuo 8 [OA WO 32dURBYY MMM

€€

Reference
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Social media
utilized

Study content

Main results

Chang et al., 2021%°'

Cotfas et al,, 2021%°

Fazel et al,, 2021%%?

Gerts et al, 202177

Hu et al,, 2021%*

Table 4 (Continued)

NA

NA

UK

NA

NA

March to June of 2020

November / December
2020

November 2020 to Jan-
uary 2021

Late January to early
May 2020

March 2020 - February
2021

Public posts Twitter

Public posts Twitter

Public posts Twitter

Public posts Twitter

Public posts Twitter

The theme on vaccines did not appear throughout the entire time period and was heavily driven by
news stories and updates about the progress made in developing vaccines and discovering various
treatment options for COVID-19. There are discussions of updates from the different vaccine trials
like the Oxford and AstraZeneca trial, but also discussions of conspiracy theories like tweets related
to Bill Gates and vaccines.

For both the neutral and in favor tweets it has been observed that some of the events in media have
entrained a series of spikes (the announcement about vaccines effectiveness, the arrival of the vac-
cines in the UK hospitals, etc.), which are not encountered in the case of against tweets, where the
major spike has been represented by the authorization in the UK of the Pfizer BioNTech COVID19
vaccine.

The percentage of negative sentiment tweets varied from 20.7% to 51.1% (excluding the reference
week). The percentage of negative sentiment dropped with every new announcement (e.g., 24.4%
with Phase 3 trial results from Pfizer/BioNTech, 20.9% with Phase 3 trial results from Oxford/Astra-
Zeneca, 21.5% with the UK starting its vaccine campaign), but then reverted to a higher level
(36.4%) after each news announcement. When the first trial results were released in November,
negative tweets had higher engagement rates than positive tweets, but negative engagement rates
declined after the release of Oxford/AstraZeneca Phase 3 results (week 3).

The vaccine data showed high weighting for the word bakker and a brief increase in the word micro-
chip in early April. The term bakker refers to the tele-evangelist Jim Bakker, who promoted myths
about possible COVID-19 cures, including the use of colloidal silver, on his show. A linguistic shift in
referring to the virus was also observable within the vaccine theory, with coronavirus highly
weighted until mid-March, when COVID became more frequently used.

This study identified 11 key dates as turning points in sentiment scores or in the number of geotweets
with a total of 33 topics. Some of the key dates that induced fluctuations in the sentiment related to
vaccine posts are: conspiracy theories related to Bill Gates, Phase 1 clinical trials by Moderna, Pfizer
and Moderna authorization for emergency use by the US Food and Drug Administration, Depart-
ment of Defense pausing a plan to give COVID-19 vaccines to detainees in the Guantanamo Bay

prison camp.
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Reference Location Study period Study content Social media Main results
utilized
Hussain et al., 2021'%° UK and USA March - November Public posts Facebook and Twitter UK - positive sentiments displayed the most prominent trend, showing a small peak at the end of April
2020 and July of 2020, the former related to the first human vaccine trial. The negative sentiment trend

on Twitter displayed peaks in July and October of 2020, simultaneously with the UK opting out of
the European Union vaccination scheme and halting of the phase Ill vaccine trials at the University
of Oxford owing to safety concerns. USA - positive sentiments displayed the most prominent trend,
showing major peaks from end-September to end-November of 2020, which was related to claims
by ex-President Donald Trump regarding a vaccine being ready in a few weeks. A small peak in the
negative trend graph in mid-September 2020 was related to halting of the phase Ill vaccine trial at
the University of Oxford. For both the UK and the USA, there was a marked increase in the positive
sentiment trend, since end-October 2020, which was related to recent breakthrough announce-
ments by Pfizer Inc and Moderna Inc. A notable peak in the negative sentiment trends for both
countries, in approximately mid-October 2020, was associated with the growing anti vaccination
movement and with concerns regarding “fake news” and “misinformation.”

Kumar et al,, 2022%°° NR January 1st 2020 - Public posts Reddit There was an association between a Pfizer press release reporting 90% efficacy and increased discus-

December 14 2020, sion on vaccine misinformation. We observed an association between Johnson and Johnson tem-
porarily halting its vaccine trials and reduced misinformation.

Lyi et al, 2021'%" NA March 2020 Public posts Twitter The most tweeted topic - opinions about vaccination (227,840/1499,421 tweets, 15.2%). August 11,
2020, when Russia approved the world’s first COVID-19 vaccine - vaccine progress around the world
became the most discussed topic around. With the advancement of vaccine administration, the
topic of instruction on getting vaccines gradually became more salient and became the most dis-
cussed topic after the first week of January 2021. Weekly mean sentiment scores showed that
despite fluctuations, the sentiment was increasingly positive in general. Emotion analysis further
showed that trust was the most predominant emotion, followed by anticipation, fear, sadness, etc.
The trust emotion reached its peak on November 9, 2020, when Pfizer announced that its vaccine is
90% effective.

Shim et al,, 2021°° Korea February - March 2020 Public posts Twitter The number of tweets with positive sentiment and tweets with negative sentiment tended to increase
before the commencement of vaccinations on 26 February, and both displayed a decreasing ten-
dency after vaccination. Then, from 1 March, as the number of confirmed cases of COVID-19
increased again, the number of negative tweets increased in comparison to the number of positive
tweets. From 13 to 15 March, the number of new COVID-19 cases decreased by about 23%. On 15
March, the number of positive tweets temporarily increased in comparison to other days. The

tweets posted on 15 March were related to keywords such as “relief” and “experience”.

Table 4: Summary characteristics of the studies reporting fluctuation trends of vaccine sentiments on social networks caused by some driver events.
Abbreviations: NA — not applicable.
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Characteristic of studies

findi

y of main

Implications for public health policy

(1) Cross-sectional studies reporting the association
between reliance on social media and vaccine hesi-

tancy and/or acceptance

(2) Studies that performed thematic-analyses of
extracted social media data, thereby reporting dis-
cussions related to COVID-19 vaccine intentions/

opinions

(3) Studies that explored the degree of polarization of
specific social media contents related to COVID-19
vaccines (the degree of positive vs negative
sentiments);

(4) Studies that explored the fluctuations of vaccination
attitudes/opinions gathered from social media
depending on specific events that were identified as

trigger events.

Overall, reliance on social media was associated with increased hesitancy.
Further research is warranted to explore the role age plays in this associa-
tion, given that two studies conducted among young adult populations

reporting an opposing association.

Overall, anti-vaccination discussions were more prevalent on various social
media platforms. Additionally, echo chambers phenomena were observed
relating to anti-vaccination campaigns. Discussions on social media pro-
vided valuable insights regarding reasons regarding vaccine hesitancy or
acceptance. Finally, there is a potential role for social media influencers,

especially doctors, to increase vaccine acceptance among the public.
In general, studies reported a similar degree of positive and negative toning

in terms of social media content relating to vaccination.

People’s sentiment regarding COVID-19 vaccination varies greatly with spe-

cific key events relating to vaccination, both positively and negatively.

Understanding social media usage patterns can provide an opportunity for
targeted intervention. Studies of this characteristic provide evidence that
users derive their information from social media. Hence, targeting appro-
priate public health communication and battling misinformation has the
potential to shape people’s attitudes regarding public health efforts.

Studies in this category demonstrated the potential for polarized views to be
amplified using social media. Understanding this notion has profound ben-
efits for targeting misinformation and combating false-news preaching
“bubbles” that can be formed on social media. When designing interven-
tion measures, it may be more beneficial to target specific anti-vaccine
campaigns and misinformation rather than solely increasing the number of
vaccine-encouraging content on social media

Social media provides an opportunity to evaluate and understand public sen-
timent about vaccinations in real-time, in a quick and efficient manner. Uti-
lizing social media to understand public’s sentiment allows for tailored and
targeted intervention, specific to the current views held by the public.

A thorough understanding of how specific events trigger people’s emotions
can be crucial for governments and public health officials to identify
appropriate times of intervention to maximize benefit and guarantee the
population’s cooperation and engagement. Findings from those studies
demonstrate that it is crucial for the government to adjust vaccination poli-
cies promptly in response to the public health events to promote massive

vaccination via dynamic monitoring public sentiments.

Table 5: Synthetic summary of the main findings of each category of studies included in this systematic review, in addition to their implications for public health policy.
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this systematic review, in addition to their implications
for public health policy, which is discussed further in
the discussion section below.

Discussion

This systematic review of the literature sought to
explore the diverse role social media can play in under-
standing, as well as shaping, attitudes toward COVID-
19 vaccination among a variety of populations. The data
from cross-sectional studies that explored the associa-
tions between social media use and vaccination inten-
tions were mainly driven from US-based populations,
followed by Chinese-based ones. Among the studies
that used different data mining approaches for investi-
gating public opinion related to COVID-19 vaccines,
less than half of them (40%) were geo-specific and ana-
lyzed posts from users across the world. The rest of
these studies did not limit their search to any geographi-
cal location. In our analysis, we identified that most eli-
gible studies used Twitter as the main social media
platform for gathering information about COVID-19
vaccine attitudes and opinions. Twitter has been recog-
nized as a social media platform that enables the captur-
ing of real-time data, as one study reported a similarity
between 2018 vaccine hesitancy survey data and data
obtained from Twitter."** The study even suggested that
it can be used as a substitute for surveys where such
purpose is justified."** Another study identified Twitter
as a “sentinel tool” which can be used for exploring vac-
cination public opinion specifically,””> which addition-
ally justifies its frequent use in the studies included in
our systematic review that are exploring the ongoing
COVID-19 immunization attitudes and opinions.

The studies that investigated the associations
between social media utilization and vaccine intentions
mainly observed a negative relationship. However, there
was also a group of studies reporting a positive associa-
tion. This positive relationship was confirmed among
the young population, which is inconsistent with previ-
ous literature that reported younger age groups were
more hesitant towards vaccination. Consequently, it
warrants future research to explore the potential differ-
ences in the pattern of social media usage among age
groups. Additionally, it illustrates the need to stratify
different age groups when studying the effect of social
media on public health practices. Another interesting
finding from our qualitative synthesis is that social
media is positively associated with vaccine acceptance
in some specific groups of people with chronic health
conditions (such as AIDS/HIV or neurological disor-
ders). This may be a noteworthy finding suggesting that
people with adverse health conditions may be less vac-
cine hesitant in general, and that this group of people is
more open to utilizing social media for deriving their
health-related decisions. Policy makers aiming at
increasing the vaccine uptake may consider this group

of people as a target group when designing their strate-
gies.

Furthermore, other studies confirming the positive
association enlisted doctors as influencers or the type of
content the participants have been exposed to, thus
these additional covariates may have shaped the results.
Only one study explored the impact of specific professio-
nals as influencers on people’s intentions to vaccinate,
and this issue deserves further investigation.”*® Emerg-
ing research has been documenting a clear role for the
"public physician" (e.g., a physician who is "outward-
facing" and is a face of medical authority on social
media). Social media is an obvious tool for this engage-
ment and can allow experts to debate topics openly and
visibly, potentially identifying false information in real
time."®” The research is still emerging regarding the
specific role of a public physician on social media in
regard to COVID-19 vaccination. However, this is an
important finding and is consistent with research dem-
onstrating the role of doctors on social media in signifi-
cantly promoting the flu vaccine, including among
hard-to-reach  populations.’°®'®®  Another important
point derived from this group of studies is the impact of
specific social media on vaccine acceptance/hesitancy.
Only one survey explored this issue and observed differ-
ent acceptance rates among YouTube, Facebook and
Twitter users.** The difference between such users may
stem from the different content they have been exposed
to on the specific social media platform, further imply-
ing that social media has a great challenge when it
comes to combating and addressing COVID-19 related
misinformation. Finally, it is important to note that
while the studies aid in exploring an association, infer-
ring causal relationships is difficult given the nature of
the studies and hence the findings must be interpreted
within such context.

In this systematic review, we identified one group of
studies that explored topics discussed on social media
related to views on vaccination. Overall, they reported
domination of vaccine hesitant topics, and this domina-
tion remained stable over time after analyzing the stud-
ies that analyzed the data posted in different time
points. This pattern was observed regardless of geo-
graphical context of participants. Even after performing
the updated search in March 2022 and including a large
number of recently published studies, we were able to
observe that vaccine-hesitant themes are largely univer-
sal and repetitive across different geographical locations
throughout different time-points. According to some
studies, vaccine-related topics fluctuate over time and
their popularity depends on the ongoing news pub-
lished by the media and on social media, and it is inter-
esting how topics that support immunization are
mainly time-dependent while those against are mainly
stable over time. Analyses of reasons relating to hesi-
tancy included concerns regarding side effects, distrust
in experts, and the vaccine development process and
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were intertwined with conspiracy theories and unreli-
able information without solid scientific evidence.
These reasons for hesitancy are in line with previous
research in the literature that did not utilize social
media to analyze reasons for hesitancy, which demon-
strates a consistency in hesitancy reasons despite
expression on social media or not. Furthermore, some
studies reported users expressing concern over vaccina-
tion price (China), vaccine supply (Mumbai, Sao Paulo,
and Beijing), as well as vaccine distribution and supply
(New York and London). These findings reiterate the
notion that not all limitations regarding vaccination are
merely related to hesitancy, and that lack of vaccination
across the globe is not a homogenous issue. Conse-
quently, public health policy targeting vaccination
should be tailored to the specific concerns of the geo-
graphical context, and social media has the potential to
demonstrate specific challenges that may be targeted
across different countries. These findings resemble a
strong call for addressing the social and cultural context
of the specific population that could be affected by inter-
vention measures. Tailoring intervention measures to
the specific context of the population, which is shown to
be unique for different geographical contexts, has the
potential to enhance the outcome desired from an inter-
vention.

The group of studies that focused on distinguishing
between anti- and pro-vaccination online communities
mainly suggests that the clusters against vaccination are
better positioned to spread information than those in
favor. Indeed, data derived from Turkish pro- and anti-
vaccine networks pointed to a considerable increase in
the anti-vaccination cluster after the pandemic began.
One of the proposed problems might be the lack of
activity of the medical community on social media in
combating the spread of misinformation and providing
sound scientific evidence surrounding current immuni-
zation programs. Another may include the strategies
employed by the opposing communities - the pro-vacci-
nation community are described as using mockery and
disrespectful tones against anti-vaxxers and trying to
attract new followers by pointing to the previous suc-
cesses of immunizations; the anti-vaccination commu-
nity was identified as spreading hysteria with the use of
misinformation and conspiracy theories, while they
simultaneously found ways to connect with a broader
group of people by attracting new followers with other
topics (such as alternative medical solutions). According
to the current available studies, this made anti-vax clus-
ters better positioned and connected not only among
their community, but also within the clusters that have
not yet decided which path to follow. With respect to
some specific influential figures, one study identified
Donald Trump as spreading the most vaccine misinfor-
mation on Twitter, while another study that explored
this question in pro-vaccine network found that health-
care professionals still comprise a very low portion of
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active users that are involved in disseminating informa-
tion related to COVID-19 immunizations. These obser-
vations point to the lack of online involvement of
medically trained personnel in pro-vaccine clusters.
Another speculated reason for why anti-vaccination
opinions is more prevalent is the "echo chambers" phe-
nomena, where individuals gather and are surrounded
by like-minded people in terms of political and ideologi-
cal orientation. In turn, this allows opinion-reinforcing
information and the creation of polarization on certain
health topics, such as vaccination in this case. Previous
research has demonstrated the role of such echo
chambers,**""°  where individuals aggregate and
amplify opinions in dispersing misinformation about
infectious disease.”"’ Indeed one study included in our
review, observed that belief echoes can actually be quite
strong and impact adult Twitter users’ vaccination
intention regardless of their education level.”> These
findings are critical for shaping public health policy,
especially in times of crises, to ensure there is proper
science communication that is perceived as authorita-
tive and to prevent misinformation on social media plat-
forms. These findings can significantly aid in directing
intervention measures to minimize misinformation
and utilize social media as a platform for understanding
behaviors and perceptions.

Studies included in this review attempted to analyze
the type and/or tone of the content present on social
media regarding vaccination. In general, studies
observed dissimilar degree of positive and negative emo-
tions expressed by social media users originating from
different locations, and their emotions were not con-
stant throughout time. One study points to the fact that
the public sentiment depend on the vaccine manufac-
turer as well.® These findings, combined with our anal-
yses of anti-vaccination discussions receiving far more
attention on social media, are essential for public health
intervention. Firstly, these findings highlight that the
issue is not merely an absence of promoting positive
public health content on social media. Rather, polarized
views against vaccination receive more attention from
users and are promoted by heated discussions and echo
chambers, as discussed earlier. Consequently, when
designing intervention measures, it may be more bene-
ficial to target specific anti-vaccine campaigns and mis-
information rather than solely increasing the number of
vaccine-encouraging content on social media.

The results of studies that investigated how the pub-
lic vaccine-related sentiment changed after some spe-
cific events provided valuable insights into this
significant cofactor that inevitably affects and shapes
the vaccination intentions of individuals. Specifically,
the positively stimulating events included those that
announced some significant positive milestones in the
vaccine development or distribution, while those that
increased the rate of negative sentiments were concen-
trated on the emerging occurrence of misinformation/
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conspiracy theories on the social networks, or reported
negative points related to vaccine development or
immunization schemes. These findings are crucial for
designing successful public health intervention for a
multitude of reasons. First, social media provides an
opportunity to evaluate and understand public senti-
ment about vaccinations in real-time, in a quick and effi-
cient manner. This is supported by the huge
dependence on social media across the globe, allowing
it to be a medium for people to express their emotions
and opinions. Consequently, this allows governments to
promote COVID-19 vaccinations in a rational and
orderly manner. A thorough understanding of how spe-
cific events trigger people’s emotions can be crucial for
governments and public health officials to identify
appropriate times of intervention to maximize benefit
and guarantee the population’s cooperation and engage-
ment. Similarly, it allows for an understanding of when
it may not be appropriate to implement specific inter-
ventions over others. These results constitute a strong
call for policy-makers to adjust vaccination policies rap-
idly in response to the public health events to promote
massive vaccination via dynamic monitoring of public
sentiment.""

Finally, in this systematic review we also observed
that data mining and natural language processing tech-
niques proved to be very useful and beneficial in analyz-
ing and understanding public perspectives regarding
this critical public health issue and thereby providing
meaningful and valuable insights. This is also in line
with more emerging research in the literature that was
not within the scope of this review, but nevertheless reit-
erating such notions.">"* The value of observations
gained from these studies further justifies its wide-
spread application in different fields including market-
ing, politics and, in this case, public opinion and public
health.”""® Overall, misinformation and the spread of
anti-vaccination communities on social media platforms
contributes to masking healthy behaviors and promotes
practices that contribute to negative health outcomes.
While restricting information spread on social media
continues to be a complex issue, the findings of this
review demonstrate the significant importance of build-
ing platforms for disseminating authentic public health
messages. This include intervention measures to facili-
tate communication by figures perceived to be authori-
tative for the said topic (e.g., doctors, health experts).

This review provides a high level of evidence by thor-
oughly and systematically summarizing the literature
regarding the associations between social media and
COVID-19 vaccination. Additionally, this review seeks
to exemplify the potential that social media has as a plat-
form for public health intervention and a source of
information that aids in directing policymaking to
address vaccine hesitancy and further promote vaccina-
tion uptake worldwide. These issues are exceedingly
important in the context of the COVID-19 pandemic,

where population-level efforts are extremely necessary
in reaching herd immunity and hence alleviating the
public health burden of COVID-19. We suggest future
studies to explore the impact of specific social media
sources (for example, YouTube vs. Facebook), explore
temporal trends in social media influence on vaccina-
tion attitudes (e.g., especially in relation to vaccine roll-
out), the role of specific types of professionals as
influencers (such as doctors, politicians, celebrities,
etc.), or the effects of different types of content on vacci-
nation attitudes in more depth. To the best of our
knowledge, this review is one of the first studies to
review the literature on a very emerging topic in a time
where interventions promoting vaccination uptake are
indispensable to our progress against the pandemic

Despite those strengths, this review is not without
limitations that must be acknowledged. Firstly, this
review included several cross-sectional studies. While
all cross-sectional studies were assessed for quality, the
inability to establish causation is a limitation with all
cross-sectional studies. Additionally, and given that
such studies utilized self-reported measures to collect
data, additional limitations include selection bias, social
desirability bias, as well as recall bias. Due to the wide
range of studies included in this review, no meta-analy-
sis was conducted, limiting this study with the inability
to provide a quantitative synthesis of results.

This review sought to capture the current evidence
present in the literature regarding the role social media
platforms can play in affecting attitudes and behaviors
relating to COVID-19 vaccination. This is done through
a variety of approaches, including misinformation as
well as establishment of communities and campaigns
to promote behaviors that are not in line with public
health recommendations globally. Given the high pub-
lic health burden of COVID-19 as well as the current
limitations in reaching herd immunity partially due to
vaccine hesitancy, public health interventions utilizing
social media can be effective in promoting vaccine
uptake.
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