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Abstract

Objective: Addressing gaps in COVID-19 vaccine-hesitancy research, the current study aimed to add depth and nuance to the
exploratory research examining vaccine-hesitant groups. Using a larger, but more focused conversation occurring on social
media, the results can be used by health communicators to frame emotionally resonant messaging to improve COVID-19
vaccine advocacy while also mitigating negative concerns for vaccine-hesitant individuals.

Methods: Social media mentions were collected using a social media listening software, Brandwatch, to examine topics and
sentiments in COVID-19 hesitancy discourse during a period of September 1, 2020, through December 31, 2020. The results
from this query included publicly available mentions on two popular social media sites, Twitter and Reddit. The dataset of
14,901 global, English language messages were analyzed using a computer-assisted process in SAS text-mining and
Brandwatch software. The data revealed eight unique topics before being analyzed by sentiment.

Results: Among the COVID-19 hesitancy data, trust-related topics emerged that included declining vaccine acceptance, a
parallel pandemic of distrust, and a call for politicians to let the scientific process work, among others. Positive sentiment
revealed interest in the sources which included healthcare professionals, doctors, and government organizations. Pfizer was
found to elicit both positive and negative emotions in the vaccine-hesitancy data. The negative sentiment tended to dominate
the hesitancy conversation, accelerating once vaccines hit the market.

Conclusions: Relevant topics were identified to help support targeted communication, strategically accelerate vaccine accept-
ance, and mitigate COVID-19 vaccine hesitancy among the public. Strategic methods of online and offline messaging tactics
are suggested to reach diverse, malleable populations of interest. Topics of personal anecdotes of safety, effectiveness, and
recommendations among families are identified as persuasive communication opportunities.
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Introduction
As COVID-19 continues to spread, public health experts
state that inoculations are imperative to help end the pan-
demic. Meanwhile, many people remain hesitant or
opposed to receiving the COVID-19 vaccine,1 with about
one-tenth of unvaccinated U.S. adults saying that they
“probably will not” or “definitely will not” get a vaccine.2
Among those who are unsure, distrust, and uncertainty
play a large role.3 Between a lack of trust and knowledge
about the vaccine, some hesitancy can be expected.4

However, despite the perceived reasons for not getting a
vaccine, research is also growing which shows that
COVID-19 vaccine hesitancy is malleable.5 This indicates
that among hesitant groups, some people may be more
easily persuaded. The heterogeneity of these groups
further suggests the need to address vaccine concerns stra-
tegically. Positive and negative emotions may be one way
to frame emotionally resonant messaging to either comple-
ment communication opportunities or on the other hand,
combat manipulation efforts by anti-vaxxers.6

Calls for more research to address the scope of
COVID-19 vaccine hesitancy1 include priorities for
digital health communication strategies and digital educa-
tion, which are considered key to much-needed industry
innovation.7 In particular, emotional appeals can be used
in health communication to drive behavior change.6,8,9 In
order to mitigate hesitancy, it is useful to not only under-
stand the type of information that is being shared but also
to examine people’s underlying opinions to improve
vaccine uptake among the public. Building upon previous
research, the current study extends the use of social media
discourse to provide communication guidance to public
health officials and understand frames of community
concern regarding COVID-19 vaccine hesitancy.

COVID-19-related research

The World Health Organization has identified vaccine hesi-
tancy as one of the biggest threats to global health.10

Previous social media analyses regarding COVID-19 have
investigated the evolution of public priorities,11 health dis-
parities,12 and general reactions, concerns, and sentiments
toward COVID-19.12,13 Other studies have looked
broadly at vaccine hesitancy, remaining focused on specific
social media platforms and countries,14 or on short time
periods before the vaccines were being rolled out to the
general population.15 For instance, one related study
relied on Twitter discourse to understand COVID-19
topics in Canada. In their analysis, Griffith et al. collected
an initial sample of 3915 tweets using the search query
“vaccine” AND “COVID” and then used content analysis
to identify the final, relevant sample of 605 tweets.14 The
researchers selected the time period between December
10 and 23, 2020, following the Pfizer-BioNTech vaccine

approval in Canada. Topics of mistrust identified concerns
for safety, politics, and economics, a lack of knowledge,
confusion in messaging or antivaccine messages from
authoritative figures, and a lack of legal liability on behalf
of the vaccine companies.

Interprofessional sources, such as healthcare practi-
tioners and office staff, can be useful for knowledge
sharing with one another.16 Thus, identifying similar
trusted sources online can be useful, as these sources may
have the power to influence other individuals whom they
work alongside and are still unsure about the vaccines.
With the aim of guiding strategic messaging for health pro-
viders, we are particularly interested in the attributes in
online conversations related to trust, mistrust, and trusted
sources, which are unique from previous studies. Thus,
when exploring the underlying topics of interest among
the online rhetoric regarding COVID-19 vaccine hesitancy,
special interest is given to topics that provide insight into
trust and trusted sources regarding vaccine hesitancy.
Hence, for public health experts to appropriately communi-
cate in a manner that may mitigate vaccine hesitancy,
understanding topics, trusted sources, and opinions can
yield insights to be employed in message-framing
strategies.

The present study aims to address several outstanding
research gaps from similar studies14,15 while adding a
unique perspective due to the time period of data collection.
First, the study addresses the limited information from
Griffith et al.14 on mistrust and authoritative figures as
sources of information. The present study further explores
the area of trust, mistrust, and distrust surrounding the
COVID-19 vaccine, as well as identifying specific trusted
sources for information about the vaccine. Second, the
present study includes a larger dataset than previous
studies and it captures posts over a longer period of time
(4 months, compared to Griffith et al.’s 2 months and
Hou et al.’s 2 weeks). As such, the present study addresses
these research gaps and raises the following questions:

RQ1: What general topics will arise in the COVID-19
vaccine-hesitancy conversation?
RQ2:What related topics of trust, mistrust, or distrust will be
identified in the COVID-19 vaccine-hesitancy conversation?
RQ3:Who, if any, are the trusted sources mentioned within
the topics?

Emotion as a frame

Framing theory suggests that message presentation, called
“the frame,” can affect how an audience accepts the
message, conceptualizes an issue, or reorients to a topic.17

Message framing has been used before to promote
vaccine acceptance18 and perceived effectiveness.19

Public health interventions, too, can benefit by being
grounded in framing, providing usefulness in the
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application of interpreting public discourse related to
vaccine hesitancy.

Moreover, framing theory shows that how an issue is
presented will influence how it is perceived which in turn
affects how opinions are shaped. In the framing literature,
message-induced emotion can act as a frame for how
people perceive an incoming message, mediating the
effects of the message on persuasion outcomes.8,20

Indeed, research continues to grow to show that frames
shape opinions.20–22

Positive and negative emotion

When emotion is framed within a message, it may arouse
feelings of positive or negative sentiment. Because positive
affect has been associated with feelings of freedom, safety,
and ease,23 the frames associated with positive affect may
be useful in guiding health communication language to
improve feelings24 about the COVID-19 vaccine while
also useful in mitigating COVID-19 hesitancy. On the
other hand, negative emotions are pervasive in vaccine
hesitancy and must be acknowledged alongside specific
predispositions of intended audiences.6 Contributing to
the heightened negative emotion surrounding vaccines is
the usage of emotional manipulation to promote negative
views by antivaccination groups.25,26 One strategy for
dealing with uncertain and uncontrollable situations is to
focus on negative emotion reduction as opposed to chan-
ging behaviors.27 Framing a concrete actionable strategy
for COVID-19 risk reduction could lead to increased feel-
ings of self-efficacy.6,28

As one of the more common approaches for measuring
emotion in text, sentiment analyses measure text on a
scale of emotion as either positive or negative and is
expressed with measures of associated sentiment scores.29

Sentiment analysis can be helpful in recognizing the emo-
tional tone behind a sequence of words,30 both positive
and negative. Therefore, while COVID-19 social media
analyses have examined overall sentiment and were able
to identify which social media mentions had positive or
negative sentiment,12,13,31 few studies have examined
COVID-19 hesitancy topics using an affective computing
method to measure sentiment.

Sharing behavior

Frames of emotion have been found to affect desired atti-
tudes and advocacy,32 which can lead to an uptick in
word of mouth (WOM), as well as additional positive sen-
timent being shared online. During the COVID-19 pan-
demic, people have used social media to share
information, news, stories, and reactions toward
COVID-19. Research shows sharing stories online can be
cathartic during a crisis33 and that emotional valence can
influence the online virality (e.g. sharing) of information

like news articles. For instance, news article-sharing behav-
ior that is associated with sad content leads to less sharing
behavior compared to news articles containing positive
emotions.34 Sharing can also represent brand loyalty, sug-
gesting that consumers who advocate on behalf of a
brand are more valuable. When consumers feel connected
with a brand, those feelings can be used to improve
loyalty or even drive increases in the information that is
shared with a brand.35 Additionally, a consumer’s per-
ceived brand attachment also suggests their future behavior
and purchase intention36 with every interaction acting as an
opportunity to build upon this momentum. Because people
share their thoughts and stories online, understanding
public conversations can enable public health experts to
tailor their strategies and interventions.13 Thus, the senti-
ment and underlying emotion of topics can lead to powerful
effects on the fight against COVID-19.

Moreover, gaps persist surrounding the nuance in
vaccine hesitancy, particularly related to the use of affective
computing. Previous COVID-19 social media analyses
using sentiment analysis12,13,31 did not explore the
COVID-19 vaccine or vaccine hesitancy, nor did they
utilize affective computing to determine sentiment. This
nuance can be explored using COVID-19 vaccine-hesitancy
conversation data to mine for topics and sentiment.
Additionally, the present study uniquely captures the time
period both before the vaccine was available to the public
(September–November 2020) and the first month of the
vaccine’s availability to the public (December 2020). This
allows the data to be analyzed over time, thus showing
how frames (positive and negative) may have changed as
the vaccine became available. Taken together, sentiment
and hesitancy toward the COVID-19 vaccine are measured
over time and by topic with the goal of answering the fol-
lowing proposed research questions:

RQ4: How have frames changed (e.g. more positive or
negative) since the vaccine has become available?
RQ5: How are topics framed (positive or negative) in the
COVID-19 vaccine-hesitancy discourse?

Methods

Data acquisition

In the present study, the research questions were explored
through a social media text analytic process used to identify
topics in the COVID-19 vaccine-hesitancy discourse on
social media. The text analytic process involves first captur-
ing the mentions, then using the corpus of mentions, or
dataset, to mine for topics. To guide public health commu-
nication and strategy, topics are identified as they emerge
from the data before determining how they relate to the
research goals. Thus, a text analytic process was used to
identify topics and extract meanings contained in
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unstructured textual data. Social media mentions were col-
lected using Brandwatch software.37 Brandwatch provides
full “firehose” data access to the Twitter and Reddit social
media application programming interface (API).38 As an
analytic tool, Brandwatch mitigates many of the issues
associated with low-quality text mining by removing dupli-
cates, spam, and promotional content. For sentiment ana-
lysis, a three-step hybrid approach was used to maximize
accuracy. The three-step process includes a combination
of manual and automated natural language processing
(NLP) using knowledge-based, machine learning, and rule-
based methods to measure sentiment.39

Because our focus was on conversations surrounding
COVID-19 and the vaccines, our analysis uses Boolean
queries consisting of simple terms to form a Boolean
expression based on social media mentions of the
COVID-19 vaccines and language relating to hesitancy
including the truncated terms of hesitate, hesitant, and
reluctant (see Appendix for Boolean code). The aim of
these queries is to mitigate erroneous noise in the data
while also capturing relevant discourse that may illuminate
new findings regarding vaccine-hesitant individuals. Our
process is designed to be comprehensive while also being
specific in the terms used in the query. Therefore, mentions
like, “I do not want to vaccinate because,” were purpose-
fully excluded because those conversations may instead
represent an individual whose opinions toward vaccines
are not malleable. On the other hand, the current study’s
query is searching to identify hesitant individuals with spe-
cific language (e.g. reluctant or hesitant) suggesting that
they are hesitant, and therefore persuadable because they
are not completely against receiving a vaccination.

Social media mentions were captured during a period of
September 1 through December 31, 2020, and included
14,901 global, English language messages from publicly
available sources. These dates were selected to provide a
holistic dataset including vaccine-hesitancy discourse
before and after the availability of the first COVID-19 vac-
cines occurred in the United States on December 10,
2020,40 with mass vaccinations beginning 4 days after.

As the biggest source for social media data, approxi-
mately 10,579 out of 14,901 messages (71%) were
sourced from Twitter followed by approximately 2980 out
of 14,901 messages (20%) sourced from news websites.
The other three sources included Reddit, forums, and
blogs which accounted for less than 894 mentions or
about 6% of the remaining source volume.

As tracked by the online location meta-data, approxi-
mately 9427 out of 14,901 of the mentions (63%) originated
in the United States, 1799 out of 14,901 of the mentions
(12%) originated in the United Kingdom, 1371 out of
14,901 of the mentions (8%) originated in Canada, 642
out of 14,901 of the mentions (4%) originated in India,
415 out of 14,901 of the mentions (2%) originated in
Australia, 238 out of 14,901 of the mentions (1%)

originated in the Republic of Ireland, 68 or fewer out of
8472 of the mentions (<1%) originated in all other global
locations.

Naturally, collecting and working with unstructured
data requires data cleaning as an important step in
social media analytics and is discussed in further detail
in the following paragraphs. To understand conversa-
tions taking place on the COVID vaccine topic, duplicate
(shares and retweets) and robotic (bots) messages were
removed prior to the text analysis. A Python script
written to remove duplicate and robotic messages was
used and resulted in a total of 5740 individual mentions
for the final dataset. Doing so allowed the researchers
to extract messages that may tend to amplify certain
viewpoints or distort public conversations. Mentions
were then analyzed using text-mining software, SAS
Text Miner 15.1.41 SAS employs a series of algorithms
that select words that are used together frequently to
build the topic groups that help to identify underlying
themes in the data. In this instance, the program identi-
fied eight topic groups (described in Table 1).

Text analytics

SAS Text Miner provides the ability to parse and extract
information from text, filter and store the information, and
assemble tweets into related topics for introspection and
insights from the unstructured data.41 After the unstructured
data was cleaned using the Python script, the initial step in
Text Miner was to extract and create a dictionary of words
using NLP. Using the Text Parsing node, each message
was divided into individual words. These words were
listed in a frequency matrix and words that contributed
little to the understanding of the topic such as auxiliary
verbs, conjunctions, determiners, interjections, participles,
prepositions, and pronouns, were excluded from the analysis.

Following, a Text Filter node was used to exclude words
that appeared in less than four messages, as a conservative
measure to reduce noise. A single author with knowledge of
the subject matter visually inspected and manually removed
irrelevant terms. The words initially included (and
excluded) in the analysis were visually inspected to
ensure accuracy and identify unrecognizable symbols and
letter groups for exclusion.41

With the inclusion criteria set, the Text Topic node was
used to combine terms into topic groups. This clustering
divided the document collection into groups based on the
presence of similar topics using expectation maximization
clustering. After visually examining each of the created
topics, an eight-topic solution most clearly illustrated the
main topics from the dataset. Lastly, the researchers
reviewed the individual messages of the final topic groups
to interpret the final groupings. This was accomplished by
individually reviewing the actual messages from each
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cluster or topic to arrive at the description that appears in
Table 1.

Results
The aim of this study was to examine topics in public
COVID-19 vaccine-hesitancy discourse to help mitigate
vaccine hesitancy and guide language in public health com-
munication. In recognition of the widespread benefit to
public health and considering the high risk associated
with those individuals who remain unvaccinated, the
results may be useful in accelerating vaccine acceptance.
Thus, our first research question sought to identify topics

in the COVID-19 hesitancy social media discourse. The
eight topics that were extracted are presented in Table 1
and discussed in the following section as they relate to
our research questions of interest.

Our second research question sought to understand if
topics related to trust, mistrust, and distrust would
emerge. As the most prominent topic identified in the
social media data, vaccine acceptance rate was discussed
in a Johns Hopkins study that reported declining acceptance
amidst a pandemic of distrust. Additionally, the results
show defeat as a topic term, and distrust is identified in
the second topic’s messaging when the International
Federation of Red Cross and Red Crescent Societies

Table 1. Hesitancy data by topic.

ID Topic description Topic
Number of
mentions Exemplary message

1 Declining acceptance +country, acceptance, +study,
vaccine acceptance, +decline

146 Johns Hopkins study finds declining acceptance rate,
describing a pandemic of distrust

2 Parallel pandemic of
distrust

pandemic, defeat, parallel
pandemic, parallel, societies

125 The International Federation of Red Cross and Red
Crescent Societies said that to beat the pandemic, we
also must defeat the parallel pandemic of distrust, a
growing hesitancy about vaccines in general and
about a COVID vaccine

3 Let science work +politician, +doctor, back,
primary care, primary

86 Dr William Schaffner, vaccine specialist at Vanderbilt
University says even primary care physicians have
questions, politicians should let the scientific process
work

4 Racial disparities +american, white, +compare,
ap-norc poll, ap-norc

74 AP-NORC poll finds that while Black Americans have
been especially hard-hit by COVID-19, just 22% say
they plan to get vaccinated compared with 48% of
white Americans

5 Need for global
communities of
trust

rocca, vaccinating people,
importance, francesco, critical
importance

68 Mr Rocca, the International Federation of Red Cross
president, says leaders need to start building trust in
communities globally about the importance of
vaccinating people

6 Myth busting +read, b.c., +reason, health,
+break

67 BC expert breaks down COVID-19 vaccine myths,
approved by Health Canada, and Northern Health
said the vaccines are safe

7 Russian interference jha, russian vaccine, russian,
+end,working

27 Concern about mixed signals if the Russian vaccine ends
up not working

8 Hesitancy is normal omenka, ogbonnaya,
+accompany, infectious,
infectious disease

23 Ogbonnaya Omenka, an associate professor and public
health specialist at Butler University says vaccine
hesitancy is normal when a country tries to contain an
infectious disease

Note. The ‘+’ symbol represents the inclusion of alternative forms of the word similar to the wildcard character in Boolean language such as plurals or active
or past tense, etc.
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describes the parallel pandemic. Issues of distrust can
further be interpreted from the fourth through seventh
topics which include concerns related to race, global rust,
myths, and Russian interference.

The third research question related to topics of
COVID-19 hesitancy and sought to reveal insight into
who, if anyone, was mentioned as a trusted resource.
These were slightly different from the third topic result,
which in contrast highlighted an individual source, Dr
William Schaffner. A vaccine specialist, Schaffner sug-
gested that even primary care physicians have questions,
but that politicians should trust in science. Other people
and organizations mentioned included John Hopkins, Mr
Rocca, the International Federation of Red Cross presi-
dent, and Ogbonnaya Omenka, an associate professor
and public health specialist. The third and fourth topics
differed from the first two, with the third topic more posi-
tively highlighting the importance of trust versus the nega-
tive valence of the word distrust. The fourth topic
identified in the discourse related to differences in hesi-
tancy between races in an AP-NORC poll. The results
reported that of Black Americans, only 22%, compared
to 48% of white Americans, planned to get a COVID-19
vaccine. This topic indirectly focused on variance in
trust across race. From both the personal and organiza-
tional voice, the fifth topic centered on building trust
through leadership. In this topic, Mr Rocca, president of
the International Federation of the Red Cross, states that
trust is important to get people vaccinated and suggests
community outreach as one tactic for building trust. In
the sixth topic, an expert from British Columbia debunked
perceived myths about the COVID-19 vaccines and said
that the vaccines are safe. The seventh topic covers interest
in the Russian COVID-19 vaccine and shows concern
relating to its efficacy. The final and eighth topic, as

mentioned previously, identified interest in a professor
and public health expert in infectious disease who
said vaccine hesitancy is normal during the time of
containment.

Topics in sentiment

Sentiment was the focus of the fourth and fifth research
questions which sought to understand the change in senti-
ment over time and to explore topic by sentiment.
Addressing RQ4, the volume of messages was found to
increase in both positive and negative sentiment during
the time period under investigation. Between September 1
and December 31, 2020, the number of posts captured on
COVID-19 vaccine hesitancy and related topics appears
to have increased (see Figure 1). This coincided with the
COVID-19 vaccine becoming available in the United
States when the Food and Drug Administration (FDA)
approved the Pfizer-BioNTech COVID-19 vaccine.42 A
two-way analysis of variance (ANOVA) was performed
to analyze the effect of time (e.g. before and after vaccine
availability) and sentiment (e.g. positive and negative) on
volume. The results confirmed that both time (p= 0.02)
and sentiment (p < 0.01) had a statistically significant
effect on mention volume. Looking at sentiment data by
volume and topic, the results show that while both positive
and negative sentiment volume increased between
November and December when the initial doses of the
vaccine became available in the United States, negative sen-
timent volume occurred at an accelerated rate when com-
pared to positive volume. The two-way ANOVA
confirmed that this interaction was statistically significant
(F(1, 93)= 11.31, p < 0.01).

The final research question, RQ5, sought to measure the
topics by sentiment (see Figure 2). Consistent with the RQ4

Figure 1. Hesitancy sentiment by time (September–December 2020).
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findings, negative sentiment dominated the results when
being delineated by topic. Because the last research ques-
tion sought to explore the topics by sentiment, a sentiment
analysis was employed. Thus, the topics by sentiment are
not identical to the topics in Table 1 because they are
using a sentiment analysis to identify the emotional under-
tone in topics whereas a topic analysis is based only on sub-
topics regardless of emotion or opinion.

Looking at the hesitancy topics by sentiment illustrated
how positive sentiment across topics were identified relat-
ing to vaccine recommendation among family, safety, and
effectiveness, Dr Fauci, the vaccine, vaccine hesitancy,
doctors, and medical terms. Interestingly, we see that
Pfizer trends as both a positive and negative topic of inter-
est in the hesitancy data. As shown in Figure 1, the
volume of negative sentiment is larger when compared
to the positive sentiment volume. The negative sentiment
topics included the public, the vaccine, side effects, lack
of trust, (Red) Cross, Federation, growing hesitancy, the
FDA, and Pfizer.

By examining examples of the mentions that were iden-
tified in the negative sentiment, the results provide an add-
itional lens to understand the voices, science, and opinions
contributing to the conversations behind COVID-19
vaccine hesitancy, topics, and sentiment trends (Table 2).
The results also illustrate how the Boolean query (see
Appendix) works to capture the conversations. One

example provides context into vaccine hesitancy in
general, tweeting that there is “growing hesitancy about
vaccines in general, and about a Covid vaccine in particu-
lar” which highlight two heterogenous groups of vaccine-
hesitant people who were likely vaccine hesitant prior to
the COVID-19 pandemic and those who are specifically
COVID-19 vaccine hesitant.

A qualitative review of another tweet where the individ-
ual shares, “oddly hesitant to let them inject me. Not sure
why but I am positive it has something to do with Trump.
I know Pfizer and Moderna refused to take part in
Operation Warp Speed, and that’s the only reason I will
let them blast the stuff into me” seems to support research
suggesting that issues of trust also relate to the govern-
ment.3 The user refers to being hesitant to let “them”
inject him or her and go on to mention “operation warp
speed” which suggests hesitancy related to the speed of
the science and FDA approval on the vaccine. Additional
narratives are illustrated with regard to African
Americans, the Red Cross, and the novelty of the vaccine.

Discussion

Principal findings

Topics and sentiments of consumer interest related to
vaccine hesitancy were identified using 14,901 social

Figure 2. Hesitancy topic by sentiment.
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media mentions collected from Reddit and Twitter using the
social media listening software, Brandwatch. SAS text
miner was then used to identify 626 social media mentions
that had an underlying relation to one another, particularly
in an overlapping interest identified in the text. After
exploring the data, specific attributes were identified in
the results before being analyzed for sentiment with the
aim of providing communication guidance to public
health officials and indicating relevant topics of community
concern regarding COVID-19 vaccine hesitancy. Positive
and negative emotions were considered because both are
important to understanding how to effectively counteract
unwanted negative attitudes while activating other positive
feelings.6

Based on framing theory, previous literature has shown
how positive and negative emotions can act as a frame for
how people interpret incoming messaging.43 Previous
studies examining emotion as a frame tend to conceptualize
emotion as an exogenous variable, treating emotion as a

consequence of the frame. The current study, instead,
argues for the usefulness of emotion within the frame
itself. The results contribute to the few studies that have
considered the role of emotion in text, aside from examin-
ing how terms may evoke an emotion using survey-based
methods. The results from this analysis can be used in
health communication to frame subtopics of interest along-
side emotionally resonant messaging to strategically dis-
seminate COVID-19 vaccine information.

Because of the potential for emotion to mediate out-
comes of message persuasion, behavior, and advocacy,3,8

specific topics were identified in the text. A topic like
Pfizer, which was uniquely identified as having both a posi-
tive and negative emotional undertone, can offer an oppor-
tunity for strategic communicators to reach people in an
emotionally resonant manner with both positive and nega-
tive framed messages. Because Pfizer was first-to-market
in the United States, the brand may have gained initial
loyalty among the eligible vaccine population. If the

Table 2. Negative topics by mentions.

Topic group Example mention

Pfizer “(I am) oddly hesitant to let them inject me. Not sure why but I am positive it has something to do
with Trump. I know Pfizer and Moderna refused to take part in Operation Warp Speed, and that’s
the only reason I will let them blast the stuff into me.”

FDA “I wasn’t going to hesitate taking the new COVID vaccine. But, now that I read the FDA must approve
it today under threat of the FDA chief being fired, I’m very much inclined to wait.”

Found vaccine “A PEW study found that 58% of African-Americans would not take the Covid vaccine. Local leaders
in these communities say a lack of trust is the reason.”

Growing hesitancy about vaccines
in general

“Mr Rocca said there was a growing hesitancy about vaccines in general, and about a Covid vaccine
in particular.”

Federation “Governments around the world need to combat ‘fake news’ around Covid-19 vaccines which has
become ‘a second pandemic’, the International Federation of Red Cross president said.”

Cross “Francesco Rocca, who works as president of the International Federation of Red Cross and Red
Crescent Societies, appeared before the United Nations Correspondents on Monday in a virtual
call where he endorsed Orwellian measures to prevent resistance to COVID-19 inoculations.”

Lack of trust “A new study finds a lack of trust in a #COVID19 vaccine among Black and Latino communities. This
sentiment isn’t surprising but reflects a long history of mistreatment by the health community.”

Side effects “I’m reluctant to get the covid vaccine cause it’s so new. They don’t even know if a booster would be
needed or what long term side effects might be. I would rather they didn’t learn all of that from
me.”

COVID-19 vaccine “Our effort is that everyone in our priority list takes COVID vaccine. We will address the issue of
#vaccine hesitancy. But if anyone decides not to take it, we can’t force them.”

Public “Many, if not most, doctors and nurses are thrilled to have a COVID vaccine. But just like the public at
large, some healthcare workers have doubts and fears.”
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positive sentiment was related to brand loyalty, the results
also suggest that those individuals who are least hesitant
may place more trust in the Pfizer brand for vaccination.
Positive sentiment may also be attributed to consumers
who had previously used a biopharma product that had
been produced by Pfizer and could have developed positive
sentiment toward Pfizer through that exposure. Because
Pfizer may play two roles, as both big pharma and a
potentially life-saving vaccine, the company may be
perceived as both positive and negative by different
groups of people.

Voices of trust, especially those that have said vaccine
hesitancy is normal during the time of pandemic contain-
ment, were identified as a topic of interest in the study.
Interest in the source of the information seems to validate
previous research that suggested sources to be important
to mitigating vaccine hesitancy. Positive topics also
emerged regarding the sources of information as being
emotionally relevant, namely healthcare professionals,
doctors, and government organizations. Broadly speaking,
professional sources of politicians and primary care physi-
cians were also relevant. Specific representatives included
people like Dr Anthony Fauci, Dr William Schaffner,
Professor Ogbonnaya Omenka, and Francesco Rocca, the
president of the International Federation of Red Cross and
Red Crescent. Taken together, the current study identified
a variety of topics in the vaccine-hesitant social media
conversation.

Practical implications

Recommending the vaccine to family members was identified
as a positive topic of interest and can be used by health com-
municators as an emotionally resonant frame to mitigate the
spread of negative sentiment and accelerate the rate of trust
in vaccines. Personal narratives such as this example can be
framed as an effective messaging tool to increase trust, mitigate
hesitancy, and accelerate the speed of vaccination. Thus, health
communicators can employ vaccine safety messaging in the
context of a family member. This finding is consistent with a
prepandemic study that found that among pediatricians, physi-
cians who share personal anecdotes about family members can
be effective in building vaccine-related trust in vaccine-hesitant
families.44 As concerns among the public can range from hesi-
tancy to refusal, healthcare staff and physicians can and do play
an important role in framing COVID-19 information to
educate people and change opinions.

In addition to distrust and skepticism, heterogeneous differ-
ences among vaccine-hesitant individuals have led to a dispro-
portionate impact on racial and ethnic minorities.45 Coupled
with the current study’s findings which identified a “lack of
trust” related to African Americans and Black Americans in
the conversation, health communicators have an opportunity
to build upon the momentum of public interest in the
COVID-19 vaccines while addressing specific problems

related to mistrust. Among underserved populations of inter-
est, efforts should not solely focus on the historical inequities
in the medical care of BIPOC (black, Indigenous, and people
of color) communities but also address the systemic racial bias
that exists in the current medical system.5 This suggestion
extends from framing research which has shown that how
information is presented not only affects how people interpret
the message20–22 but also how they share it online.46 A prac-
tical example of this occurred when vaccine selfies were being
shared by patients during and after their inoculation appoint-
ments. Thus, information can be positioned to appeal to
diverse communities in both clinical settings as well as
social media channels used by healthcare professionals.

Limitations and future research

Future research may employ Facebook as a research tool47

to accelerate the COVID-19 hesitancy literature and expand
upon the results in the current study. Building upon the
interests (e.g. family, Red Cross, etc.) and behaviors (e.g.
philanthropy, family-friendly events, etc.) that were identi-
fied, topics and emotion could be used to reach vaccine-
hesitant groups. Furthermore, as the current study suggests,
there is an opportunity for future research to examine the
relationship between sentiment and mention volume using
these topics. Predictive analysis may also be useful in sug-
gesting how the sentiment could amplify volume and
sharing behaviors among vaccine-hesitant individuals.

The use of social media for data collection does intro-
duce some limitations. A social media analysis can clarify
users’ reactions toward a topic, but it is important to note
that about 8-in-10 (80%) posts on Twitter come from
about 1-in10 (10%) users.48 While the study may capture
the opinions of a loud minority, this group of posters can
be useful when considering online opinion leaders who
influence other users. These other users may be especially
useful when they are still hesitant and forming opinions
about the COVID-19 vaccine. Additional limitations of
the study relate to the sampling bias that occurs when
querying English-speaking populations on social media.
This excludes other languages making the sample less rep-
resentative of the global population. Similarly, Facebook
was not included in the study because the platform does
not provide publicly available data. Thus, one should bear
in mind that some naturally occurring sampling biases
and errors can be introduced into the results. While we
hope that the study is representative, future research may
benefit from additional methods of study including inter-
national groups, self-report surveys, or qualitative research.

Conclusion
Topics of interest and emotional undertones were identified
in information regarding COVID-19 vaccine hesitancy
among a subset of online COVID-19-related hesitancy

Sussman et al. 9



discourse. The research findings from the current study can
be useful to improve message framing regarding vaccine
acceptance, increase the rate of positive sentiment, and
decrease hesitancy-related fear. Both negative and positive
sentiments offer unique strategic opportunities for public
health efforts. Because emotionally resonant frames tend
to help improve how a message is received, the results
can be used to improve advocacy and mitigate vaccine hesi-
tancy. Moreover, the topics can combat downstream misin-
formation by appealing through message-relevant
approaches to increase the overall share of voice in online
conversation. Of course, there are some people who are
strongly against the COVID-19 vaccine and no amount of
information or strategic communication will change their
minds. However, others are malleable and can be influenced
by social norms and strategic communication. Thus, efforts
can be used to effectively communicate with at-risk com-
munities and drive desired behavior in hesitant populations.
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Appendix
The Boolean query code for hesitancy data that was used to
source social media discourse relating to COVID-19 hesi-
tancy is included here. The aim is to include a comprehen-
sive query that collects relevant mentions but does not
include erroneous data or noise. The results from this
query were received at a 100% sample rate, meaning this
includes all publicly available mentions collected through
the Twitter and Reddit API captured through the defined
query during the time period under investigation.

(“Covid vaccine” NEAR/10 (hesitant OR hesitat* OR
hesitancy OR reluctant*)) OR (“corona vaccine” NEAR/10
(hesitant OR hesitate* OR hesitancy OR reluctant*)) OR
(“covid vaccination” NEAR/10 (hesitant OR hesitate* OR
hesitancy OR reluctant*)) OR (“rona vaccine” NEAR/10
(hesitant OR hesitate* OR hesitancy OR reluctant*)) OR
(“rona vaccination” NEAR/10 (hesitant OR hesitate* OR
hesitancy OR reluctant*)) OR (“#covid19 vaccine” NEAR/
10 (hesitant OR hesitate* OR hesitancy OR reluctant*))
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