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Abstract

Background: Vaccination is a cornerstone of the prevention of communicable infectious diseases; however, vaccines have
traditionally met with public fear and hesitancy, and COVID-19 vaccines are no exception. Social media use has been demonstrated
to play arolein the low acceptance of vaccines.

Objective: The aim of this study is to identify the topics and sentiments in the public COVID-19 vaccine—related discussion
on social media and discern the salient changes in topics and sentiments over time to better understand the public perceptions,
concerns, and emotions that may influence the achievement of herd immunity goals.

Methods: Tweets were downloaded from a large-scale COVID-19 Twitter chatter data set from March 11, 2020, the day the
World Health Organization declared COVID-19 a pandemic, to January 31, 2021. We used R software to clean the tweets and
retain tweets that contained the keywords vaccination, vaccinations, vaccine, vaccines, immunization, vaccinate, and vaccinated.
The final data set included in the analysis consisted of 1,499,421 unique tweets from 583,499 different users. We used R to
perform latent Dirichlet allocation for topic modeling as well as sentiment and emotion analysis using the National Research
Council of Canada Emotion Lexicon.

Results: Topic modeling of tweets related to COVID-19 vaccines yielded 16 topics, which were grouped into 5 overarching
themes. Opinions about vaccination (227,840/1,499,421 tweets, 15.2%) was the most tweeted topic and remained a highly
discussed topic during the majority of the period of our examination. VVaccine progress around the world became the most discussed
topic around August 11, 2020, when Russia approved the world's first COVID-19 vaccine. With the advancement of vaccine
administration, the topic of instruction on getting vaccines gradually became more salient and became the most discussed topic
after thefirst week of January 2021. Weekly mean sentiment scores showed that despite fluctuations, the sentiment wasincreasingly
positivein 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.

Conclusions: Public COVID-19 vaccine-related discussion on Twitter was largely driven by major events about COVID-19
vaccines and mirrored the active news topics in mainstream media. The discussion also demonstrated a global perspective. The
increasingly positive sentiment around COV 1D-19 vaccines and the dominant emotion of trust shown in the social mediadiscussion
may imply higher acceptance of COVID-19 vaccines compared with previous vaccines.

(J Med I nternet Res 2021;23(6):€24435) doi: 10.2196/24435
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Introduction

As the COVID-19 pandemic spread globaly, COVID-19
vaccine-related issues received increasing public attention.
Multiple research teams in major pharmaceutical companies
and research ingtitutions across various nations have been
developing vaccines[1,2]. Although vaccination isacornerstone
of the prevention of communicable infectious diseases [3], the
practice hastraditionally faced public fears, hesitancy, and even
opposition [4,5]. During the COVID-19 pandemic, it isestimated
that 55% to 85% of the population, depending on the country
and the infection rate, needs to receive the COVID-19 vaccine
to provide herd immunity [6,7]. However, a survey about
COVID-19 vaccine intentions in September 2020 suggested
that 21% of the public in the United Stateswould definitely get
vaccinated and 24% would definitely not get vaccinated [8].
One factor leading to the low acceptance of vaccines is poor
health literacy, whichissignificantly influenced by social media
use [9]. Therefore, there is a pressing need to understand how
COVID-19 vaccines have been discussed on social media to
better understand the public perceptions, concerns, and
sentimentsthat may influence the achievement of herd immunity
goals.

Although social mediadataanaysis has been widely performed
for both health-rel ated issues and emerging public health crises
[10-14], analysis of big data of social media discussion on
COVID-19 vaccines is limited [15,16]. To the best of our
knowledge, in the most recently published work about
COVID-19 vaccine—related social media discussion, the study
period ended in November 2020 [16]. However, many
significant events related to COV1D-19 vaccines have occurred
since that date, such as the confirmation of more COVID-19
variant cases in North America by the US Centers for Disease
Control and Prevention (CDC), rollout of vaccines, and
increased numbers of vaccines showing high efficacy. Previous
studies found that changes in social media discussion about
vaccine-rel ated topics correspond to the changing reality [15,17].
Thus, research involving recent social media data is needed to
fully understand the public discussion on COVID-19 vaccines
during the pandemic. In addition, knowledge of the content of
COVID-19 vaccine discussion on socia media will provide a
possible explanation for users attitudes toward COVID-19
vaccines and COVID-19 vaccine acceptance or hesitancy.
However, previous research on COVID-19 vaccines did not
touch on these topics [16,18-21]. To fill this gap, in this study,
wewill examinethe public discourse about COVID-19 vaccines
on Twitter since the World Health Organization announced it
to be agloba pandemic on March 11, 2020, up to January 31,
2021, to identify the topics, overarching themes, and sentiments
around COVID-19 vaccines and vaccination. This is the first
study to include data from almost one year of the pandemic.
This long time span will alow us not only to observe a bigger
picture of the public discussion and concerns regarding
COVID-19 vaccines but also discern the salient changes in
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major topics and sentiments during the course of the pandemic
and further inform public health education and campaigns for
increasing COVID-19 vaccine acceptance. Also, our results
may provideinsight that will be useful in the promotion of other
vaccines.

Methods

Data Extraction and Preprocessing

The IDs from a total of 1,499,421 tweets, without retweets,
from March 11, 2020, through January 31, 2021, were obtained
using the data set maintained by Georgia State University’s
Panacea Lab [22]. These tweets were collected by the Panacea

Lab using the following 13 keywords. COVID19,
CoronavirusPandemic, COVID-19, 2019nCoV,
CoronaOutbreak, coronavirus, WuhanVirus, covid19,

coronaviruspandemic, covid-19, 2019ncov, coronaoutbreak,
and wuhanvirus. The Panacea Lab can only provide the tweet
IDs [23], which need to be hydrated to recover the full tweet
data

During the tokenizing stage, we used the gsub functionin R (R
Foundation for Statistical Computing) to extract the tweets
whose language field in the tweets' metadata was specified as
English. All text mining was performed using RStudio Version
1.4.1103 on a Mac computer (Apple Inc) running Big Sur,
version 11.2.2. We converted the text of al the tweets to
lowercase. We further filtered the tweets by the following
keywords. vaccination, vaccinations, vaccine, vaccines,
immuni zation, vaccinate, and vaccinated. We prepared 2 batches
of tweets, 1 for text mining and 1 for sentiment/emotion
analysis. The data processing procedures for the 2 batches are
almost the same except at the beginning: for sentiment analysis,
we converted all the emojisto words, whereas for text mining,
we removed all the emojis. Next, we created a script to remove
the URLSs, mentioned names, non—American Standard Codefor
Information Interchange (ASCII) characters, and anything other
than English letters or spaces (eg, “1" and “?'). Using the R
packagedplyr, version 1.0.2, we cleaned the tweets by removing
duplicates. To filter tweets created by fake or bot accounts, we
used the document-term matrix (DTM), which contains rows
corresponding to the tweets and columns corresponding to the
terms. Each entry in the DTM denotes the number of times a
term appears in a tweet. The similarity matrix S=[§;], which
measures how similar the i-th tweet is to the j-th tweet, is
obtained by computing the dot product between the i-th row
vector and the j-th row vector R in the DTM, which
geometrically represents the cosine of the angle between the
row vectors R;, R;:

|R;R;|
S =—1_
YRR

Therefore, if thei-th and thej-th tweets areidentical, then §;=1;
if they are completely different (ie, the angle between the
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corresponding row vectors is 90°), then §;=0. For tweets that
were 80% similar, we retained the most representative one
(measured by the magnitude of the row vector in the DTM).
Furthermore, we used the tweetornot package [24], version
0.1.0, to remove users that were identified as bots with a 95%
probability or higher.

Thefinal cleaned data set consisted of 1,499,421 unique tweets
from 583,499 different users. We further cleaned the tweets by
removing words and charactersthat were of little or no anaytical
value (eg, “the’, “very”, “&"). We performed this task by
creating our own list of stop words by appending the 13

Lyuetad

keywords related to COVID-19 and the 7 keywords related to
vaccine to the English stop words list from the R package
tidytext, version 0.2.6; this step was performed because we
already knew that every tweet would contain one or more of
those keywords, and retaining them in the tweets would not
further our understanding of the main content of the tweets.
Finally, we stemmed and lemmatized the words to their root
forms using the R package textstem, version 0.1.4 (eg,
vaccinating, vaccinates, and vaccinated were changed to
vaccinate). Figure 1 showsasummary of our data preprocessing
procedure.

Figure 1. Data preprocessing procedure. ASCII: American Standard Code for Information Interchange.

Topic Modeling

Topic modeling can help organize a large collection of
documents by grouping documentsinto different themes. Topic
modeling is often referred to as a probabilistic clustering. It is
more robust and usually provides more redlistic results than
hard clustering (eg, k-mean clustering) [25]. A typical clustering
algorithm assumes a distance measure between topics and
assigns one topic to each document, whereas topic modeling
assigns a document to a collection of topics with different
weightsor probabilities without any assumption of the distance
measured between topics. Many topic models are available, of
which the most widely used is the latent Dirichlet allocation
(LDA) model [25], developed by David Blei, Andrew Ng, and
Michael | Jordan in 2002 [26].

To extract common topics from thisvery high number of tweets,
we used the LDA agorithm for topic modeling. We performed
the LDA agorithm on the data using the R textmineR package,
version 3.0.4. The LDA agorithm requires manual input of the
number of expected topics. We ran the LDA agorithm on the
data by varying the topic number from 2 through 40. For each
topic number, we calculated the coherence score using the
textmineR package. We chose 16 as the topic number for our
final topic model, based on two considerations: first, the topic
number 16 corresponded to the highest coherence score (see
Multimedia Appendix 1); second, in comparison with topics
that appeared in the other topic models, the topic model with
16 topics strikes a balance between one too narrow that the
model would risk excluding important topics and one so broad
that it would dilute the main focus.
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Thetop 8 terms from each of the 16 topics were generated. We
also used the geo_fregpoly function in the R package ggplot2,
version 3.3.2, to generate the frequency polygons (see Figure
2) to visualize the weekly frequency of the 16 topicsfrom March
11, 2020, to January 31, 2021. For each tweet, the LDA assigned
a probability to each of the 16 topics. We assigned the topic
with the highest probability to each tweet, and we grouped the
tweets according to the most prevalent topics. To obtain
representative tweets for each topic, we randomly sampled 100
tweets from each topic; two of the authors then independently
examined the sampled tweets, followed by a group discussion
to select the most representative ones. If one of the authors
thought that no conspicuous topics had emerged from the first
100 sampled tweets, another 100 tweets would be sampled and
further reviewed; the authors continued this process until they
judged that there was a clear common topic and they reached a
consensus (see our previous paper [27] for more details). We
used the textmineR package's topic label function to generate
aninitial labeling for the topics. After carefully reading through
the sampled tweets from each topic, the two authorsrefined the
machine-generated |abeling to give each topic the most accurate,
concise, and coherent description (see Table 1 in the Results
section). Through discussions, the authors further grouped the
topicsinto 5 overarching themes. Specifically, two of the authors
first independently grouped the topicsinto the number of themes
that made the most sense to them and resolved conflicting views
through discussion. Thethird author wasinvolved by providing
additional comments on both the agreements and disagreements
between the two authors. The final decision of the grouping
was made together by all three authors. For example, whether
thetopic of “vaccination drivein India” should be grouped into

JMed Internet Res 2021 | vol. 23 | iss. 6| €24435 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

the theme of “vaccine administration” or “vaccines as a global
issue” was unresolved after the two-author discussion. By

rereading tweets and discussing among the three authors, we
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finally placed the topic under the theme of vaccines as aglobal
issue.

Figure 2. Weekly frequency of each topic on Twitter from March 11, 2020, to January 31, 2021.
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Sentiment and Emotion Analyses

Sentiment analysis can be used to classify the polarity of agiven
document; it can assign a score to a document to indicate
whether the expressed opinion is positive, negative, or neutral.
Emotion analysis goes beyond simple polarity and can give
scores to different emotions, such as anger, fear, anticipation,
trust, surprise, sadness, joy, and disgust (the so-called Plutchik
wheel of emotions) [28]. The syuzhet package (Jockers, 2017)
[29] is the most popular and efficient R package for
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RenderX

Nov 20

Topics
—— Topic 1: Opinions about vaccination
—— Topic 2: Global cooperation and support
= Topic 3: Instruction on getting vaccines
—— Topic 4: Clinical trials
— Topic 5: Educating communities
— Topic 6: Positive emotion around vaccination
= Topic 7: Measures to control community spread
— Topic 8: American president
—— Topic 9: Immunity and mutation
= Topic 10: Vaccine rollout
— Topic 11: Vaccine progress around the world
— Topic 12: Functioning of vaccines
Topic 13: Progress on vaccine administration
—— Topic 14: Economic impact
— Topic 15: Use authorization

— Topic 16: Vaccination drive in India

Dec 20 .Jem‘ 21 Ff.‘"Jl 21

sentiment/emotion analysis. To perform the emotion analysis,
we used the National Research Council of Canada Emotion
L exicon devel oped by Turney and Mohammad in 2010 [30]. It
isthe most comprehensive dictionary for thistask [31]. In Figure
3, we show the weekly average polarity (sentiment) scoresfrom
March 11, 2020, to January 31, 2021; we fitted the data points
with the best linear fit and obtained a slope of 0.003764 with a
P value <.001 and an intercept of 0.1653927 with a P value
<.001. In Figure 4, we plot the weekly percentage of emotions.
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Figure 3. Weekly average polarity (sentiment) scores from March 11, 2020, to January 31, 2021. The slope of the best fit is 0.003764.
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Figure 4. Weekly percentages of emotions from March 11, 2020, to January 31, 2021.
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Results

Number s of Tweets

We downloaded 144,332,894 tweets posted from March 11,
2020, through January 31, 2021 (for atotal of 327 days) using
the Panacea L ab database. After cleaning, atotal of 1,499,421
tweets from 583,499 different users were included in the
analysis. As shown in Figure 5, the number of daily tweets
continually increased; the daily average for the month of January
2021 was 22,202 tweets. Before November 9, 2020, the number
of daily tweets was around or below 5000, with only one
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RenderX

Emotions

' - I — anger
. anticipation
— disgust
— fear
Joy
— sadness
A~~~ surprise
. e /\\/_ - trust
— Y

NS

Oct20  Nov20 Dec20  Jan21
exception, on August 11, 2020 (n=7486), when Russiaapproved
the world's first COVID-19 vaccine [32]. The first wave of an
exponential increase in the number of daily tweets started on
November 9, 2020 (n=12,720), when Pfizer stated that its
vaccine is 90% effective [33]. The second wave of a surge in
the number of daily tweets started around January 3, 2021, when
more COVID-19 variant caseswere confirmed in North America
by the CDC, and the highest number of tweets in a single day
(n=31,197) occurred on January 29, 2021, when Johnson &
Johnson’s and Novavax’s vaccines showed 85% and 89.3%

efficacy, respectively [34].
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Figure5. Daily numbers of COVID-19-related tweets from March 11, 2020, to January 31, 2021.

Johnson & Johnson and Novavax
vaccines show 85% and §9.3%

efficacy, respectively
30000 -

Mare
COVID-19

. variant cases

5 are confirmed

o by the CDC

5 20000 - The first doses of

o Pfizer states  the Pfizer vaccine

o its vaccine are administered in

B . ; .

B Russia :ﬁ:’;)oo the United States

E approves the fve

3 waorld's first

= | 000 - COVID-19

o Oxford/AstraZeneca  Vactine
vaccine shows
promising data
0-
' ' . ' ' ' ' ! ' . ! '
Mar 20 Apr 20 May 20 Jun 20 Jul 20 Aug 20 Sep 20 Oct 20 Nov 20 Dec 20 Jan 21 Feb 21
Date

Topic Modeling of COVID-19 Vaccine-Related Tweets

Analysis of the tweets yielded 16 topics, which were grouped
into 5 overarching themes. In descending order of quantity of
tweets (N=1,499,421), the themes are opinions and emotions
around vaccines and vaccination (405,397 tweets, 27.04%),
knowledge around vaccines and vaccination (355,305 twests,
23.7%), vaccines as a global issue (311,251 twesets, 20.76%),

https://www.jmir.org/2021/6/e24435
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vaccine administration (266,744 tweets, 17.79%), and progress
on vaccine development and authorization (160,724 tweets,
10.72%). Table 1 summarizes the 16 topics, top terms in the
topics, and the number and percentage of each topic; it also
provides atweet example for each topic. More details about the
themes and topics, including the salient temporal variance of
topics (see Figure 2), are elaborated in the following subsections.
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Table 1. Numbers and percentages of tweets related to each COVID-19 vaccine topic (N=1,499,421).

Theme and topics Top terms contributing to
the topic model

Total tweets, n (%)

Example paraphrased tweet® (date posted)

Theme 1: Opinions and emotions around vaccines and vaccination

Opinions about vaccination people, get, take, go, want,
make, like, think

Positive emotion around get, good, first, day, today,
vaccination work, one, feel

American president Trump, Biden, American,
president, gate, bill, plan,
administration

Theme 2: Knowledge about vaccines

Educating communities guestion, read, answer, ex-
pert, article, community,
immunity, black

Measuresto control commu-  mask, get, need, go, still,

nity spread available, end, life
Immunity and mutation flu, year, new, may,
variant, work,

effective, strain

Functioning of vaccines people, effect, test, risk, side,
side effect, immune, death

Theme 3: Vaccines as a global issue

Global cooperationand sup-  world, country, global, pan-
port demic, access, need, devel-
op, effort

Vaccine progressaround the UK, China, EU, Russia,
world first, country, approve, news

Economic impact new, case, death, news, roll-
out, rate, high, report

Vaccination driveinIndia  India, drive, minister, Indi-
an, speed, warp, health,
warp speed

Theme 4: Vaccine administration

Instruction on getting vac-  county, health, state, appoint-
cines ment, update, plan, site, dis-
tribution

227,840 (15.20)

89,117 (5.94)

88,440 (5.90)

96,532 (6.44)

89,008 (5.94)

88,327 (5.89)

81,438 (5.43)

108,366 (7.23)

83,156 (5.55)

61,360 (4.09)

58,369 (3.89)

106,544 (7.11)

“It is pathetic to seethelow trust in science and the govern-
ment. People need to see leaders and politicianson TV to
receive the vaccine to convince them that the vaccine is
safe” (December 18, 2020)

“After getting the first dose of the covid-19 vaccine today,
| can finally breath some fresh air and feel thereishopein
life” (January 23, 2021)

“There are more lies than usual in today’s press. Biden is
being portraited asanti-vaccine. Thisisnot correct. Infact,
he said on Wednesday he trusted the vaccines and the sci-
entists, while accusing President Trump of playing politics
with a potential covid-19 vaccine.” (September 16, 2020)

“You can learn more about the covid-19 vaccinesin our
upcoming town hall meeting. Wewill address any questions
and concerns on January 13, 2021, 2-3:30 PM (EST).”
(January 7, 2021)

“Even though covid-19 vaccines are an important step in
slowing down the spread of the virus, people still need to
continue taking all precautions: wear a mask, maintain
physical distance from others, and keep your hands clean.”
(January 19, 2021)

“They say that coronavirus resembles the flu virus. Aswe
know, the flu virus mutates. Therefore, they need to create
different flu shot every year into order to fight off thevirus,
but there hasn’t been aflu vaccine that is 100% effective.
So good luck with making the covid-19 vaccine” (May
11, 2020)

“Both vaccines use mRNA technology which containsin-
structions that tell our cells how to make a protein that
triggersanimmune responseinside our bodies.” (December
21, 2020)

“On Thursday, WHO [the World Health Organization]
warns against ‘ vaccine nationalism.” No one country is safe
if poor countriescan’t get accessto thevaccines.” (August,
9, 2020)

“On Tuesday, German health minister Jens Spahn joined
EU [the European Union] to place restriction on exporting
covid-19 vaccines. This came amid discontent over the
delay in rolling out the AstraZeneca vaccine to member
countries” (January 26, 2021)

“A risein new covid-19 cases outweigh positive vaccine
news. Shutdown fearssink global markets. US coronavirus
deaths are above 250,000.” (November 9, 2020)

“India clears covid-19 vaccine makers Serum Institute of
India (SIl) and Bharat Biotech to start the world’s largest
immunization drive” (January 3, 2021)

“Health departments will each announce their vaccine
availability and locations. Eligibleindividuals at the feder-
ally qualified health center will be contacted regarding ac-
cess to acovid-19 vaccine” (December 30, 2020)
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Theme and topics Top terms contributing to

Total tweets, n (%)

Example paraphrased tweet® (date posted)

the topic model
Vaccine rollout worker, care, health, first, 85,623 (5.71) “We have many sites delivering the covid-19 vaccines to
receive, healthcare, hospi- the top priority group. Please be patient and if you arein
tal, staff thetop priority group, you will be contacted.” (January 17,
2021)
Progress on vaccine admin-  dose, million, first, receive, 74,577 (4.97) “Since Tuesday’s update, Louisiana has administered

istration week, Pfizer, people, first

dose

Theme5: Progress on vaccine development and authorization

Clinical trids
na, phase, effective, clinical
trial, oxford

Use authorization use, FDA, approve, emergen-
cy, approval, Pfizer, emer-

gencyuse, health

trial, clinical, Pfizer, Moder- 99,754 (6.65)

60,970 (4.07)

25,133 additional covid-19 vaccines. The second doses
started being administered this week. 7,068 people have
been fully vaccinated. In total, since mid-December, 81,585
doses have been administered.” (January 7, 2021)

“Thereare 70 covid-vaccines under development. Moderna
isone of thefirst to test their covid-19 vaccine on humans.
If thetrial is successful, Moderna could reach the fina
stage of testing by Fall 2020.“ (April 26, 2020)

“The FDA's[US Food and Drug Administration’s] vaccine
advisory committee has unanimously approved an emergen-
cy use of the covid-19 vaccine made by Pfizer and by
Moderna” (January 19, 2021)

8The tweets are paraphrased to protect users’ privacy.

Theme 1: Opinionsand Emotions Around Vaccines
and Vaccination

This theme contained 3 topics, among which the topic of
opinions about vaccination (227,840/1,499,421 tweets, 15.2%)
wasthe most tweeted of all the 16 topicsand remained the most
discussed topic in the majority of the period of our examination
(see Figure 2). This theme reflected the mixed opinions of
Twitter users about vaccination, including their doubt, hesitancy,
trust, and advocacy. Some Twitter users also asked for freedom
about vaccination. The second topic, positive emotion around
vaccination, featured happiness, hope, relief and other positive
emotionsthat the public showed in their tweets. Many emotions
were based on their direct or indirect experiences with
vaccination. The third topic was named “American president.”
The public’s opinions and emotions were expressed through
their comments on US President Trump and President Biden's
vaccine-related words and actions.

Theme 2: Knowledge Around Vaccines and
Vaccination

Thistheme consisted of 4 topicsfocusing on understanding and
facilitating understanding of COVID-19 vaccines and
vaccination. The most frequently discussed topic under this
theme was educating communities, with aconsiderable number
of tweets spreading information about the live webinars where
health professionalswould provideimportant i nformation about
COVID-19 vaccines and answer questions. The topic of
measures to control community spread featured the
recommendation of taking measures such as wearing a mask,
washing hands, and social distancing both before and after
getting vaccinated. The topics of immunity and mutation
centered around the immunity of vaccines and mutation of the
coronavirus, which was frequently discussed in comparison
with flu virus. Functioning of vaccines, as a topic, introduced
how vaccines work and the subsequent symptoms and side
effects after vaccination.

https://www.jmir.org/2021/6/e24435

Theme 3: Vaccines as a Global |ssue

The theme of vaccines as a global issue consisted of 4 topics
related to the globality of SARS-CoV-2 and the COVID-19
vaccines, therefore, the topics under this theme were not
centered on the United States. These topics involved active
news about vaccine progress and updates around the world,
such asinternational vaccine supplies, delivery, and purchases
in many countries (ie, the topic of vaccine progress around the
world), the impact of vaccines on the global economy (ie, the
topic of economic impact), and the world’s largest inoculation
drive (ie, the topic of the vaccination drive in India). The topic
of vaccine progress around the world became the most discussed
topic around August 11, 2020, because Russia approved the
world'sfirst COVID-19 vaccine (see Figure 2). Themost salient
topic under this theme was global cooperation and support,
which called for global cooperation to accelerate the vaccine
devel opment and equitabl e access and advocated no vaccination
nationalism. This was also the second most tweeted topic
(108,366/1,499,421 tweets, 7.23%) among the 16 topics, only
after the topic of opinions about vaccination.

Theme 4: Vaccine Administration

This theme consisted of 3 topics covering several aspects of
vaccine administration. The topic of vaccine rollout mainly
centered around vaccination to thetop priority groups, including
health care providersbeing thefirstin line. After thefirst doses
of Pfizer vaccine were administered in the United States on
December 14, this topic remained one of the 3 most discussed
topics for approximately 5 weeks (see Figure 2). The second
topic focused on the progress of the vaccine administration,
including the shipment and supply of vaccines that directly
relate to the progression of vaccine administration. The third
topic under this theme was instruction on abtaining vaccines,
which included spreading of information from health authorities
at variouslevelsto guide the public to obtain their vaccine shots.
More detailed information was mentioned in the tweets in this
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topic, such as”If anyoneis 75 and older, does not have internet
access, and needs help to schedul e an appointment, please call
the central appointment desk for help at 1-866-960-0633" (a
tweet posted on January 20, 2021). With the advancement of
vaccine administration, thistopic gradually became more salient
and leaped to the rank of most discussed topic, surpassing the
topic of opinions about vaccination, after the first week of
January; it then remained at the top rank until the end of January
(see Figure 2).

Theme5: Progress on Vaccine Development and
Authorization

There are 2 topics under this theme, which focused on the
development of COVID-19 vaccines and authorization by the
US Food and Drug Administration (FDA). Thetopic of clinical
trials centered around the plan and process of clinical trials,
mainly from Pfizer and Moderna, and the updated results of the
clinical trials. Thistopic remained the most discussed topic for
a week around July 20, when the first human trial of the
Oxford/AstraZeneca coronavirus vaccine showed promise[35],
and became 1 of the 2 most discussed topics, together with the
topic of opinions about vaccination, for 3 weeks after Pfizer
stated its vaccine is 90% effective on November 9, 2020 (see
Figure 2). The topic of use authorization centered on FDA
approval of an emergency use authorization for COVID-19
vaccines.

Sentiment and Emotion Analysesof COVID-19 Vaccine
Tweets

Weekly mean sentiment scores showed that despite fluctuations,
in general, the sentiment was increasingly positive from March
11, 2020, to January 31, 2021, with the linear best fit slope of
0.003764 (with a P value <.001, which indicates that it is
statistically significant) (see Figure 3). Moreover, the positive
emotion reached its peak around November 9, 2020, when Pfizer
announced that its vaccine is 90% effective; on the same day,
the number of daily tweets became historically high before
January, as mentioned above. Emotion analysis further showed
that trust was the most predominant emotion, accounting for
22.78% of the 8 emotions (anger, anticipation, disgust, fear,
joy, sadness, surprise, and trust), followed by anticipation
(18.34%), fear (16.29%), sadness (10.97%), joy (9.76%), anger
(8.63%), surprise (7.60%), and disgust (5.63%). Noticeably,
themost dominant emotion shown in COVID-19 vaccine tweets
before April was fear; however, it changed to trust from the
week of April 1, 2020 (Figure 4). Trust remained the most
dominant emotion after that, and the number of tweets
expressing trust continued to grow. In addition, it was observed
that when the emotion of trust increased, the emotion of fear
decreased. The trust emotion reached its peak on November 9,
2020, when Pfizer announced that its vaccine is 90% effective;
on the same day, the fear emotion was expressed the least
throughout the time period of our examination. It was a so noted
that apart from the obvious changesin the emotions of trust and
fear over time, the other emotions were relatively stable in the
period of March 11, 2020, to January 31, 2021 (see Figure 4).
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Discussion

Principal Findings

In this study, we examined sentiments and topics over a long
time span, covering the discussions about COVID-19 vaccines
from when COVID-19 became a global pandemic (March 11,
2020) to January 31, 2021, when multiple vaccines become
available and mass vaccination had begun in the United States
and many other countries. This study addsto the latest research
about the social impact of the COVID-19 vaccine. For example,
there are surveys addressing sociodemographic social media
user characteristics and the social determinants of vaccine
acceptance[18,36]. Our research supplements studieslike these
by providing the discourse patterns on social media, that is, how
people actually talked about their vaccination intentions and
other related issues. Researchers have taken a similar approach
to studying very specific vaccine-related topics, such as side
effects and the type of vaccines in the context of China. This
study could provide acomparison in different cultural contexts,
as the corpus was pulled from a globa data set and English
tweetswere analyzed. The specific topics and public sentiments
identified could be used for further studies about specific
vaccine-related topics among English language social media
users. Many of the current studies about COVID-19 vaccination
focus on vaccine hesitancy and antivaccine messages [19], and
some used survey methods to gather data[37]. Asthe vaccines
for COVID-19 are still very new, and they were developed in
a very short period of time due to the urgent need, we would
expect the expression of vaccine hesitancy in the public media
channels. This study would help contextuaize the major
concerns about vaccine efficacy and safety.

This study has found some changing patterns of the discussion
on Twitter along with the progress. Similar patterns of
sentiments and topics found in another research using natural
language processing and deep learning techniques on Facebook
and Twitter posts [16]. The results of this research show that
the patterns are valid across platforms. The number of tweets
regarding COVID-19 vaccination is largely driven by major
events—mainly the milestonesin vaccine development and the
new variants of thevirus. Mg or spikesin the number of tweets
correspond closely to these events. The analysis of each topic
also shows such patterns. For example, from the weekly
distribution of topics, a sudden overall increase is noticeable
starting from early November, also right at the time of the Pfizer
announcement. Scholars have studied how information flows
from social media to mainstream news. In today’s media
ecology, the boundary between social and mainstream media
is no longer clear; however, here we can see that social media
discourse is largely mirroring what is happening in the news.
Future studies could detect to what extent the social media
discussion is shaped by mainstream media.

The sentiment analysis showsthat the general sentiment toward
COVID-19 vaccination is becoming more positive over time.
The overall sentiment score reached the maximum in early
November 2020, which a so corresponded to the report of the
high efficacy of the Pfizer vaccine. As for the emotions, trust
continually dominated the discussion; it reached the highest
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point around early November, following Pfizer’s announcement
about the efficacy of its vaccine. The percentage of tweets
increased overall, showing that more people were expressing
their trust in the discussion of COVID-19 vaccine. The change
of the percentage of tweets expressing fear mirrorsthat of tweets
expressing trust. The overall percentage is decreasing, showing
that asthe vaccine devel opment progressed, peopl €' sfear about
the pandemic decreased. The highest point was in mid-March
2020, after the declaration of the global pandemic, and the
lowest point was in early November, at the time of Pfizer's
announcement. As vaccine research and testing moved closer
to a promising result, the expression of fear declined. Other
emotions, in terms of their percentages of the overall tweets,
remained more or less stable over time. Trust is the dominant
emotion, which can be understood as a reflection of the
vaccination as the only option. Unlike other types of vaccines,
which people can choose to take or not, vaccination has been
increasingly viewed as the only promising way to end the
pandemic given the prevalence of COVID-19, the speed of its
community spread, the disruption of normal life, and the lack
of other options proved to be efficient.

The topics related to opinions and emotions were the most
common, and among the 3 topics in this theme, the topic on
opinions about vaccination represented the largest proportion.
The development of COVID-19 vaccines has progressed along
with the spread of the virus and the appearance of variants,
together with our increasing knowledge about the disease, all
of which have become active topics in public discourse. With
many uncertainties remaining about vaccines and other options,
we would expect mixed opinions to surface on the platform.
This mixed opinion about vaccination should also be situated
inthe larger context of the antivaccine movement in the United
Statesand other countriesaswell. Our results show that doubts,
vaccine hesitancy, conspiracy theories, and the argument that
vaccination is an individual freedom are all common themesin
the antivaccine discourse. However, as mentioned earlier, as
COVID-19 has affected people's day-to-day life, a vaccine is
crucial for returning to normal life; people still have much hope
invaccines, leading to the sharing of positive emotions. Finally,
with the political climate and the ongoing presidential election,
both candidatesincluded vaccination on their agenda; thus, the
discussion about the vaccine was very politicized.

As COVID-19 is an ongoing crisis with a global scale, the
discussion about the vaccine is also global. The pandemic has
revealed how much the world is now connected, and thus
vaccination has become a global issue—if a country cannot
reach a certain level of vaccination of its population, it has a
high risk of contagion and virus mutation; thus, it is difficult
for the country to return to its role in the global economy, and
global cooperation is needed to defeat the disease. Therefore,
the economic impact of the pandemic and the development of
vaccines are salient issues.

The currently available vaccines are also results of cross-national
collaboration, whichiswhy “vaccine nationalism” isfrequently
mentioned in tweets as an issue that would impede the progress
of fighting the pandemic. Inaglobal crisis, information-seeking
needs increase, particularly as vaccines become available and
people need instructive information regarding the vaccine
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rollout, obtaining vaccines, and the vaccine administration. As
COVID-19 isanew disease that is still being studied, and the
vaccines a so became available after a short period of research
and devel opment, there are numerous uncertaintiesfacing public
acceptance of these vaccines. For laypeople, the science behind
the vaccines is till not well understood, particularly because
COVID-19 is such a new disease and many things are till
unknown. These uncertainties have provoked people to seek
and share information about the vaccines, which isreflected in
the topic of knowledge around vaccines, such as the science
behind the vaccines (immunity and mutation), the techniques
used, and results of clinical trials. These uncertainties have also
provoked people to seek information about the vaccine rollout
and administration because these topics are are closely
connected to when and how people will be vaccinated.

The results of this study show that the discussions about
COVID-19 vaccines are multifaceted, and the public are actively
seeking and sharing information about them. It isimportant for
public health agencies to understand the major public interests
and concerns regarding vaccination, that is, the major factors
that would affect vaccine acceptance and hesitancy. In thisway,
they could establish appropriate strategies to facilitate public
communication. Our study shows that the major spikes in
vaccinediscussions corresponded to reports of the breakthroughs
of vaccine development as they appeared in the news. Public
health agencies need to pay attention to this pattern and monitor
the discussions on the web on dayswhen major newsisreported
about vaccine development or other significant events, such as
a report of severe adverse events from a particular vaccine.
These agencies could develop immediate responses based on
identifying the instant reactions—and the dominant emotions
and topics—on social media. In this study, we found that trust
is the predominant emotion regarding vaccines, which is
promising and reassuring for the public health agencies
promoting vaccination. For individual themesand topics, public
health agencies should pay close attention to the discussions
about vaccine knowledge and administration to close the
information gap between the needs of the public and the
information the agencies have provided.

Limitations

By examining how topics and sentiments evolve along the
timeline of the pandemic and vaccine development, one can see
the correspondence of the volume of tweets and major research
breakthroughsin the news. Although it is clear that the number
of tweets shows a major spike at the news of Pfizer reporting
its high vaccine efficacy in early November, astatistical analysis
may provide more details about whether there are significant
differences. Although it is not the focus of this study, close
examination of Twitter users may provide more meaningful
information, such as how the contents shared by different kinds
of usersvary and whether certain types of usersare more likely
to post or comment on certain topics. In addition, this study
may have geographic biasin the examined tweets, asis observed
in many other studies of unstructured textual data [38]. As a
result, a given data set could overrepresent some geographic
areas. Last but not least, because Twitter users are not
representative of the US population [39], our data set could be
overly representing a subset of the population with specific
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characteristics. Therefore, the findings of this study should be
generalized with great caution.

Conclusion

This study identifies the major topics and sentiments about
COVID-19 vaccine—related issues discussed on socia media
It al so examines the changesin these topics and sentiments over
timeto better understand the larger trend. Among the 16 distinct
topics, opinions about vaccination was the most common and
remained so over time. As vaccine development progressed
around the world, the dominant topics al so shifted. Instructions
on getting the vaccine became the most discussed topic around
early January 2021. The discussion of COVID-19 vaccination
on socia mediawaslargely driven by major news events about

Lyuetad

mainstream media. Also, the discussion hasaglobal perspective.
The overall sentiment was increasingly positive over time, and
trust was the predominant emotion, which shows that social
media discussions may imply higher acceptance of COVID-19
vaccines compared with previous vaccines. Dueto the timeline
of our data set, in this study, we did not further examine the
sentiments about specific brands of vaccines. We would expect
the discussionsto be different when using different brand names
to search for tweets and conduct sentiment analysis. Particularly,
after administration of the Johnson & Johnson vaccine was
paused by the CDC, there could be a surge of related
discussions, and a topic about the side effects of the vaccines
could emerge. Therefore, further study in this line is highly
recommended.

COVID-19 vaccines and mirrored the active new topics in

Acknowledgments
This research was supported by National Cancer Institute Grant T32 CA 113710 (JL).

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Coherence scores of the different numbers of topics.
[DOCX File, 1098 KB-Multimedia Appendix 1]

References

1. LeTT, Cramer JP, Chen R, Mayhew S. Evolution of the COVID-19 vaccine development landscape. Nat Rev Drug Discov
2020 Oct 04;19(10):667-668. [doi: 10.1038/d41573-020-00151-8] [Medline: 32887942]

2. Gottlieb S. America needs to win the coronavirus vaccine race. The Wall Street Journal. 2020 Apr 26. URL : https.//www.
wsj.com/arti cles/america-needs-to-win-the-coronavirus-vaccine-race-11587924258 [accessed 2021-04-09]

3. AndreFE, Booy R, Bock HL, Clemens J, Datta SK, John TJ, et al. Vaccination greatly reduces disease, disability, death
and inequity worldwide. Bull World Health Organ 2008 Feb;86(2):140-146 [ FREE Full text] [doi: 10.2471/blt.07.040089]
[Medline: 18297169]

4.  Abbas J. COVID-19 conspiracies and beyond: how physicians can deal with patients misinformation. JAMA 2021 Jan
19;325(3):208-210. [doi: 10.1001/jama.2020.22018] [Medline: 33377900]

5. Bal P. Anti-vaccine movement could undermine efforts to end coronavirus pandemic, researchers warn. Nature 2020 May
13;581(7808):251-251. [doi: 10.1038/d41586-020-01423-4] [Medline: 32405043]

6. Kwok KO, Lai F, Wei WI, Wong SY 'S, Tang JW. Herd immunity - estimating the level required to halt the COVID-19
epidemicsin affected countries. JInfect 2020 Jun;80(6):e€32-e33 [FREE Full text] [doi: 10.1016/j.jinf.2020.03.027] [Medline:
32209383]

7. SancheS Lin YT, Xu C, Romero-Severson E, Hengartner N, Ke R. High contagiousness and rapid spread of severe acute
respiratory syndrome coronavirus 2. Emerg Infect Dis 2020 Jul;26(7):1470-1477 [FREE Full text] [doi:
10.3201/eid2607.200282] [Medline: 32255761]

8. TysonA, Johnson C, Funk C. U.S. public now divided over whether to get COVID-19 vaccine. Pew Research Center. 2020
Sep 17. URL: https.//www.pewresearch.org/science/2020/09/17/
u-s-public-now-divided-over-whether-to-get-covid-19-vaccine/ [accessed 2021-04-15]

9.  Ashkenazi S, Livni G, Klein A, Kremer N, Havlin A, Berkowitz O. Therelationship between parental source of information
and knowledge about measles / measles vaccine and vaccine hesitancy. Vaccine 2020 Oct 27;38(46):7292-7298. [doi:
10.1016/j.vaccine.2020.09.044] [Medline: 32981777]

10. Cole-LewisH, Pugatch J, Sanders A, Varghese A, Posada S, Yun C, et a. Social listening: a content analysis of e-cigarette
discussions on Twitter. JMed Internet Res 2015 Oct 27;17(10):e243. [doi: 10.2196/jmir.4969] [Medline: 26508089]

11. Scanfeld D, Scanfeld V, Larson EL. Dissemination of health information through social networks: Twitter and antibiotics.
Am JInfect Control 2010 Apr;38(3):182-188 [FREE Full text] [doi: 10.1016/j.ajic.2009.11.004] [Medline: 20347636]

12. Lazard AJ, Scheinfeld E, Bernhardt JM, Wilcox GB, Suran M. Detecting themes of public concern: atext mining analysis
of the Centersfor Disease Control and Prevention's Ebola live Twitter chat. Am J Infect Control 2015 Oct
01,;43(10):1109-1111. [doi: 10.1016/j.8jic.2015.05.025] [Medline: 26138998]

https://www.jmir.org/2021/6/e24435 JMed Internet Res 2021 | vol. 23 | iss. 6 | €24435 | p. 11

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v23i6e24435_app1.docx&filename=ef17ad98625a8f595115b155cc505ce7.docx
https://jmir.org/api/download?alt_name=jmir_v23i6e24435_app1.docx&filename=ef17ad98625a8f595115b155cc505ce7.docx
http://dx.doi.org/10.1038/d41573-020-00151-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32887942&dopt=Abstract
https://www.wsj.com/articles/america-needs-to-win-the-coronavirus-vaccine-race-11587924258
https://www.wsj.com/articles/america-needs-to-win-the-coronavirus-vaccine-race-11587924258
http://europepmc.org/abstract/MED/18297169
http://dx.doi.org/10.2471/blt.07.040089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18297169&dopt=Abstract
http://dx.doi.org/10.1001/jama.2020.22018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33377900&dopt=Abstract
http://dx.doi.org/10.1038/d41586-020-01423-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32405043&dopt=Abstract
http://europepmc.org/abstract/MED/32209383
http://dx.doi.org/10.1016/j.jinf.2020.03.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32209383&dopt=Abstract
https://doi.org/10.3201/eid2607.200282
http://dx.doi.org/10.3201/eid2607.200282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32255761&dopt=Abstract
https://www.pewresearch.org/science/2020/09/17/u-s-public-now-divided-over-whether-to-get-covid-19-vaccine/
https://www.pewresearch.org/science/2020/09/17/u-s-public-now-divided-over-whether-to-get-covid-19-vaccine/
http://dx.doi.org/10.1016/j.vaccine.2020.09.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32981777&dopt=Abstract
http://dx.doi.org/10.2196/jmir.4969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26508089&dopt=Abstract
http://europepmc.org/abstract/MED/20347636
http://dx.doi.org/10.1016/j.ajic.2009.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20347636&dopt=Abstract
http://dx.doi.org/10.1016/j.ajic.2015.05.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26138998&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lyuetal

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24,
25.
26.
27.
28.
29.

30.

31.

32.

33.

35.

36.

37.

Masri S, JiaJ, Li C, Zhou G, Lee M, Yan G, et al. Use of Twitter datato improve Zika virus surveillance in the United
States during the 2016 epidemic. BMC Public Health 2019 Jun 14;19(1):761 [FREE Full text] [doi:
10.1186/s12889-019-7103-8] [Medline: 31200692]

Signorini A, Segre A, Polgreen PM. The use of Twitter to track levels of disease activity and public concernin the U.S.
during the influenza A HIN1 pandemic. PLoS One 2011 May 04;6(5):€19467 [FREE Full text] [doi:

10.1371/journal .pone.0019467] [Medline: 21573238]

Bonnevie E, Gallegos-Jeffrey A, Goldbarg J, Byrd B, Smyser J. Quantifying the rise of vaccine opposition on Twitter
during the COVID-19 pandemic. J Commun Healthc 2020 Dec 15;14(1):12-19. [doi: 10.1080/17538068.2020.1858222]
Hussain A, Tahir A, Hussain Z, Sheikh Z, Gogate M, Dashtipour K, et al. Artificial intelligence-enabled analysis of public
attitudes on Facebook and Twitter toward COVI1D-19 vaccinesin the United Kingdom and the United States: observational
study. JMed Internet Res 2021 Apr 05;23(4):€26627 [FREE Full text] [doi: 10.2196/26627] [Medline: 33724919]

Deiner MS, Fathy C, Kim J, Niemeyer K, Ramirez D, Ackley SF, et al. Facebook and Twitter vaccine sentiment in response
to meadles outbreaks. Health Informatics J2019 Sep 17;25(3):1116-1132 [FREE Full text] [doi: 10.1177/1460458217740723]
[Medline: 29148313]

BenisA, Seidmann A, Ashkenazi S. Reasons for taking the COVID-19 vaccine by US social media users. Vaccines (Basel)
2021 Mar 29;9(4):315 [FREE Full text] [doi: 10.3390/vaccines9040315] [Medline: 33805283]

Puri N, CoomesEA, Haghbayan H, Gunaratne K. Social mediaand vaccine hesitancy: new updatesfor the eraof COVID-19
and globalized infectious diseases. Hum Vaccin Immunother 2020 Nov 01;16(11):2586-2593. [doi:
10.1080/21645515.2020.1780846] [Medline: 32693678]

Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of COVID-19 vaccine acceptance in the US.
EClinicalMedicine 2020 Sep;26:100495 [FREE Full text] [doi: 10.1016/j.eclinm.2020.100495] [Medline: 32838242]
LoombasS, de Figueiredo A, Piatek SJ, de Graaf K, Larson HJ. Measuring theimpact of COVID-19 vaccine misinformation
on vaccination intent in the UK and USA. Nat Hum Behav 2021 Mar 05;5(3):337-348. [doi: 10.1038/s41562-021-01056-1]
[Medline: 33547453]

Banda J, TekumallaR, Wang G, Yu J, Liu T, Ding Y. A large-scale COVID-19 Twitter chatter dataset for open scientific
research - an international collaboration (Version 32) Data set. Zenodo. 2020 Oct 18. URL: http://doi.org/10.5281/zenodo.
4104587 [accessed 2021-01-31]

The Panaceal ab: COVID-19 Twitter. GitHub. URL: https://github.com/thepanaceal ab/covid19 _twitter [accessed 2021-02-02)
tweetbotornot. GitHub. URL : https://github.com/mkearney/tweetbotornot [accessed 2021-06-22]

Blum A, Hopcroft J, Kannan R. Foundations of Data Science. Cambridge, UK: Cambridge University Press; 2020.

Blei D, Ng A, Jordan M. Latent Dirichlet allocation. JMach Learn Res 2003 Mar:993-1022 [FREE Full text]

Lyu JC, Luli GK. Understanding the public discussion about the Centers for Disease Control and Prevention during the
COVID-19 pandemic using Twitter data: text mining analysis study. JMed Internet Res 2021 Feb 09;23(2):€25108 [FREE
Full text] [doi: 10.2196/25108] [Medline: 33497351]

Plutchik R. A general psychoevolutionary theory of emation. In: Robert P, Henry K, editors. Theories of Emotion. Cambridge,
MA: Academic Press; 1980:3-33.

MisuracaM, AlessiaF, Germana S, Maria S. Sentiment Analysis for Education with R: packages, methods and practical
applications. ArXiv. Preprint posted online on May 08, 2020 [FREE Full text]

Turney B, Mohammad S. Emotions evoked by common words and phrases: using Mechanical Turk to create an emotion
lexicon. In: Proceedings of the NAACL HLT 2010 Workshop on Computational Approachesto Analysis and Generation
of Emotion in Text. 2010 Jun Presented at: NAACL HLT 2010 Workshop on Computational Approachesto Analysisand
Generation of Emotion in Text; June 2010; Los Angeles, CA p. 26-34 URL: https.//www.aclweb.org/anthol ogy/\W10-0204
Naldi M. A review of sentiment computation methods with R packages. ArXiv. Preprint posted online on January 24, 2019
[EREE Full text]

Akst J. Russiaapprovesworld’sfirst coronavirusvaccine. The Scientist. 2020 Aug 11. URL : https://www.the-scientist.com/
news-opinion/russia-approves-worlds-first-coronavirus-vaccine-67810 [accessed 2021-06-22]

Pfizer and Biontech announce vaccine candidate against COV1D-19 achieved successin first interim analysis from phase
3 study. Pfizer. 2020 Nov 09. URL : https.//www.pfizer.com/news/press-rel ease/press-rel ease-detail/

pfizer-and-bi ontech-announce-vaccine-candidate-against [accessed 2022-06-22]

Callaway E, Mallapaty S. Novavax offersfirst evidence that COVID vaccines protect people against variants. Nature 2021
Jan 29;590(7844):17. [doi: 10.1038/d41586-021-00268-9] [Medline: 33510489]

First human trial of Oxford coronavirus vaccine shows promise. Reuters. 2020 Jul 20. URL: https.//www.reuters.com/
article/us-health-coronavirus-oxford-vaccine-idU SK CN24L 1M P [accessed 2020-06-22]

Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of COVID-19 vaccine acceptance in the US.
EClinicalMedicine 2020 Sep;26:100495 [FREE Full text] [doi: 10.1016/j.eclinm.2020.100495] [Medline: 32838242]
Alley S, Stanton R, Browne M, To Q, Khalesi S, Williams S, et al. Asthe pandemic progresses, how does willingness to
vaccinate against COV1D-19 evolve? Int J Environ Res Public Health 2021 Jan 19;18(2) [FREE Full text] [doi:
10.3390/ijerph18020797] [Medline; 33477825]

https://www.jmir.org/2021/6/e24435 JMed Internet Res 2021 | vol. 23 | iss. 6 | €24435 | p. 12

(page number not for citation purposes)


https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-7103-8
http://dx.doi.org/10.1186/s12889-019-7103-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31200692&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0019467
http://dx.doi.org/10.1371/journal.pone.0019467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21573238&dopt=Abstract
http://dx.doi.org/10.1080/17538068.2020.1858222
https://www.jmir.org/2021/4/e26627/
http://dx.doi.org/10.2196/26627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33724919&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458217740723?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1460458217740723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29148313&dopt=Abstract
https://www.mdpi.com/resolver?pii=vaccines9040315
http://dx.doi.org/10.3390/vaccines9040315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33805283&dopt=Abstract
http://dx.doi.org/10.1080/21645515.2020.1780846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32693678&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/100495
http://dx.doi.org/10.1016/j.eclinm.2020.100495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32838242&dopt=Abstract
http://dx.doi.org/10.1038/s41562-021-01056-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33547453&dopt=Abstract
http://doi.org/10.5281/zenodo.4104587
http://doi.org/10.5281/zenodo.4104587
https://github.com/thepanacealab/covid19_twitter
https://github.com/mkearney/tweetbotornot
https://www.jmlr.org/papers/volume3/blei03a/blei03a.pdf
https://www.jmir.org/2021/2/e25108/
https://www.jmir.org/2021/2/e25108/
http://dx.doi.org/10.2196/25108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33497351&dopt=Abstract
https://arxiv.org/abs/2005.12840
https://www.aclweb.org/anthology/W10-0204
https://arxiv.org/abs/1901.08319
https://www.the-scientist.com/news-opinion/russia-approves-worlds-first-coronavirus-vaccine-67810
https://www.the-scientist.com/news-opinion/russia-approves-worlds-first-coronavirus-vaccine-67810
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-announce-vaccine-candidate-against
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-announce-vaccine-candidate-against
http://dx.doi.org/10.1038/d41586-021-00268-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33510489&dopt=Abstract
https://www.reuters.com/article/us-health-coronavirus-oxford-vaccine-idUSKCN24L1MP
https://www.reuters.com/article/us-health-coronavirus-oxford-vaccine-idUSKCN24L1MP
https://linkinghub.elsevier.com/retrieve/pii/100495
http://dx.doi.org/10.1016/j.eclinm.2020.100495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32838242&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18020797
http://dx.doi.org/10.3390/ijerph18020797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33477825&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lyuetal

38. GoreRJ, Didlo S, PadillaJ. You are what you tweet: connecting the geographic variation in America's obesity rate to
Twitter content. PLoS One 2015;10(9):e0133505 [FREE Full text] [doi: 10.1371/journal.pone.0133505] [Medline: 26332588]

39. Wojcik S, Hughes A. Sizing up Twitter users. Pew Research Center. 2019 Apr 24. URL: https.//www.pewresearch.org/
internet/2019/04/24/si zing-up-twitter-users/ [accessed 2021-06-22]

Abbreviations

ASCII: American Standard Code for Information Interchange
CDC: US Centersfor Disease Control and Prevention

DTM: document-term matrix

FDA: US Food and Drug Administration

JSON: JavaScript Object Notation

LDA: latent Dirichlet allocation

Edited by C Basch; submitted 18.04.21; peer-reviewed by J Turner, A Dormanesh, R Gore; comments to author 22.05.21; revised
version received 10.06.21; accepted 10.06.21; published 29.06.21

Please cite as:

Lyu JC, Han EL, Luli GK

COVID-19 Vaccine-Related Discussion on Twitter: Topic Modeling and Sentiment Analysis
J Med Internet Res 2021;23(6): 24435

URL: https://mww.jmir.org/2021/6/€24435

doi: 10.2196/24435

PMID: 34115608

©Joanne Chen Lyu, Eileen Le Han, Garving K Luli. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 29.06.2021. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as this copyright and license
information must be included.

https://www.jmir.org/2021/6/e24435 JMed Internet Res 2021 | vol. 23 | iss. 6 | €24435 | p. 13
(page number not for citation purposes)

RenderX


https://dx.plos.org/10.1371/journal.pone.0133505
http://dx.doi.org/10.1371/journal.pone.0133505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26332588&dopt=Abstract
https://www.pewresearch.org/internet/2019/04/24/sizing-up-twitter-users/
https://www.pewresearch.org/internet/2019/04/24/sizing-up-twitter-users/
https://www.jmir.org/2021/6/e24435
http://dx.doi.org/10.2196/24435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34115608&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

