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Abstract

Objective: The present study aims to examine the threshold of coronavirus disease 2019 (COVID-19) vaccine hesitancy over
time and public discourse around COVID-19 vaccination hesitancy.

Methods: We collected 3,952 questions and 66,820 answers regarding COVID-19 vaccination posted on the social question-
and-answer website Quora between June 2020 and June 2021 and employed Word2Vec and Sentiment Analysis to analyze
the data. To examine changes in the perceptions and hesitancy about the COVID-19 vaccine, we segmented the data into 25
bi-weekly sections.

Results: As positive sentiment about vaccination increased, the number of new vaccinations in the United States also
increased until it reached a ceiling point. The vaccine hesitancy phase was identified by the decrease in positive sentiment
from its highest peak. Words that occurred only when the positive answer rate peaked (e.g., safe, plan, best, able, help)
helped explain factors associated with positive perceptions toward vaccines, and the words that occurred only when the
negative answer rate peaked (e.g., early, variant, scientists, mutations, effectiveness) suggested factors associated with vac-
cine hesitancy. We also identified a period of vaccine resistance, where people who decided not to be vaccinated were
unlikely to be vaccinated without further enforcement or incentive.

Conclusions: Findings suggest that vaccine hesitancy occurred because concerns about vaccine safety were high due to a
perceived lack of scientific evidence and public trust in healthcare authorities has been seriously undermined.
Considering that vaccine-related conspiracy theories and fake news prevailed in the absence of reliable information sources,
restoring public trust in healthcare leaders will be critical for future vaccination efforts.
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Introduction
Since its identification in December 2019, coronavirus
disease-19 (COVID-19) has had a detrimental effect on
various aspects of human lives all around the world.
More than 6 million people have died of the disease, and
the number of confirmed cases is more than 540 million
as of June 2022.1 The healthcare system has been over-
loaded,2,3 and many people have experienced financial
hardship4,5 and depression.6

Thirteen COVID-19 vaccines have been developed,7

and some (i.e., those manufactured by Pfizer-BioNTech,
Moderna, and Janssen) have been approved by the U.S.
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Food and Drug Administration (FDA) as safe and highly
effective in preventing serious illness and death from severe
acute respiratory syndrome coronavirus 2.8 Enough
COVID-19 vaccine has been produced to provide adequate
distribution in most developed countries. Although the
COVID-19 vaccination rate has been gradually increasing
globally,9 more than one-quarter of American adults
(26.3%),10 and about one-fifth of people in France and
Germany11 report COVID-19 vaccine hesitancy. A cross-
country comparison study revealed that slightly more than
one-third of people in India, Bangladesh, Nigeria, and
Sudan reported COVID-19 vaccine hesitancy.12

Women,11,12 people with lower incomes and less educa-
tion11–13 and individuals who identify as racial/ethnic minor-
ities10,14,15 report higher COVID-19 vaccine hesitancy than
their counterparts who are male, have higher incomes and
education, and do not identify as racial/ethnic minorities.
Additionally, those whomistrust the medical system and gov-
ernment, and have insufficient information are more likely to
be hesitant about receiving the COVID-19 vaccine.16–19

As such, most previous studies on COVID-19 vaccination
have focused on explaining differences in vaccine hesitancy
based on individual characteristics, including socioeconomic
status, race/ethnicity, and perception of the medical system.
However, it could also be helpful to compare public sentiment
toward COVID-19 vaccination with the actual vaccination
rate to better understand uptake of the COVID-19 vaccine.
This knowledge could be used to help guide attempts to
increase COVID-19 vaccination rates.

Social media can be an appropriate source for identify-
ing the public’s perceptions and attitudes about
COVID-19 vaccines.20,21 Therefore, by analyzing big
data from Quora, one of the most frequently used global
social media platforms,22 we aimed to (a) discern the evo-
lution of COVID-19 vaccine hesitancy over time and (b)
examine discourse around COVID-19 vaccination hesi-
tancy in terms of public attention.

Methods
The present study attempted to identify points in time at
which public sentiment toward COVID-19 vaccine
switched from more negative to more positive (or vice
versa) and what kind of issues influenced those changes
of public sentiment. We employed Word2Vec, a machine
learning technique, and sentiment analysis (SA), an artifi-
cial intelligence technique for natural language processing
(NLP), to analyze big data generated by online discourse
among the public.

Data

We collected data from Quora, a community-driven
question-and-answer (Q&A) website launched in 2010,
which provides an excellent outlet for self-expression and

sharing “the wisdom of crowds”.23 To compare user senti-
ments 6 months before and after the first COVID-19
vaccine became available on 11 December 2020, we col-
lected all data regarding the COVID-19 vaccine posted
between June 2020 and June 2021. We used the automated
testing framework in Selenium WebDriver to crawl desired
data24 by using the query term “vaccine”. For the data
crawled, we conducted pre-processing, where the data are
split (referred to as tokenization) and organized into man-
ageable units through lemmatization and lower-casing.
Questions and answers that did not contain “COVID” or
“COVID-19” were removed. After pre-processing, we col-
lected a total of 3952 questions and 66,820 answers. To
examine changes in Quora user perceptions and hesitancy
about the COVID-19 vaccine, we segmented the data into
25 bi-weekly sections.

To compare trends in vaccine sentiment with COVID-19
vaccination uptake, we retrieved COVID-19 vaccination
data from Our World in Data (https://ourworldindata.org/).
Rates of COVID-19 vaccination, defined as people who
received at least one COVID-19 vaccine dose in the
United States and worldwide, were obtained for the dates
of 11 December 2020, to 27 June 2021.

Analysis

The analysis involved two major approaches. First, we used
the Word2Vec model to find words semantically close to
the keyword “vaccine” in the collected data using Python
version 3.8.5. This model provides an efficient method
for analyzing word associations and semantic meanings
from a large amount of unstructured text.25 To identify tem-
poral changes in the patterns of words semantically similar
to the keyword (i.e., vaccine), we adopted the skip-gram
model for Word2Vec because it is useful to predict words
that surround a keyword in diverse contexts.25

Additionally, we employed negative sampling. Negative
sampling has the advantage of understanding words in
context, which creates annotations. Words that share a lot
of contexts have similar annotations. That is, using negative
sampling is effective in accurately representing the similar-
ity between words.26

Second, we used SA, which allows big data analysis of
people’s attitudes, opinions, and emotions toward events,
individuals, or topics on social media.27 Through SA, we
measured people’s perceptions and emotions regarding
COVID-19 vaccine and vaccination from the big data pro-
vided by Quora. The transformer-based model is employed
for SA as a state-of-the-art NLP methodology for classifica-
tion and generation tasks.28 The present study used BERT
(Pre-training of Deep Bidirectional Transformers for
Language Understanding). The model’s performance can
vary depending on the pre-trained data because embedding
in vector spaces is sensitive to the trained data. Therefore,
the pre-trained data should change along with the purpose
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and area of research. Because our data are from Quora, a
social Q&A platform, we needed to pre-train a model
using social media-related data. Since “Bert-tweet” used
Twitter data and outperformed several previous models,29

we pre-trained our model with “Bert-tweet.”

Results
This section reports our findings as follows: (a) proportion
of positive, negative, and neutral answers regarding
COVID-19 vaccine questions posted on Quora before and
after vaccine availability, (b) vaccine hesitancy and accept-
ance phases (i.e., peaks and troughs in positive sentiment
toward COVID-19 vaccination) during the 1-year observa-
tion period and how these phases correspond with vaccine
uptake, and (c) results from the sentiment analysis that iden-
tified words associated with the two phases of vaccine hesi-
tancy and acceptance.

Figure 1 presents the positivity, negativity, and neutral-
ity of the 66,820 answers to questions about the COVID-19
vaccine posted on Quora from June 2020 to June 2021.
Before the availability of a COVID-19 vaccine (indicated
by the vertical yellow line), the proportions of positive
and negative answers fluctuated. However, after the

vaccine release, the overall rate of negative answers
decreased, while the rate of positive answers increased.
Rates of neutral answers remained stable throughout the
period. Note that positive sentiment outweighed negative
sentiment after 23 April 2021.

Figure 2 depicts trends in positive sentiment toward
COVID-19 vaccination over the same 1-year period and
how such trends related to COVID-19 vaccination rates
both in the United States and globally. Positive percent
represents the rate of positive sentiment expressed in
Quora answers as a percentage. The US new vaccination
rate indicates the number of new COVID-19 vaccinations
administered every two weeks (per million Americans).
The US vaccination rate depicts the cumulative total US
vaccination rate as a percentage. The world new vaccination
rate indicates the number of new COVID-19 vaccinations
administered every 2 weeks (per million people world-
wide). Plotting these rates overtime highlights several
peaks and troughs in vaccine sentiment that directly corres-
pond with the rate of new COVID-19 vaccination in the
United States. As seen in Figure 2, there were four positive
peak points, which indicate an increase in the public’s posi-
tive perception of the vaccine, and four troughs, which indi-
cate a decrease in the public’s positive perception of the

Figure 1. Prevalence of positive, negative, and neutral answers about coronavirus disease 2019 (COVID-19) vaccine (June 2020 to June
2021).
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vaccine, before the new US COVID-19 vaccination rate
reached its initial ceiling point.

Additionally, we were able to demarcate a vaccine hesi-
tancy phase and a vaccine resistance phase in the United
States. The vaccine hesitancy phase ran from 11
December 2020, to 23 April 2021, and can be identified
by the decrease in positive sentiment from its highest
peak. Once reaching the peak in new vaccinations, this
trend is referred to as vaccine resistance rather than
vaccine hesitancy, because those who have not been vacci-
nated by the ceiling point likely reflect those who have
decided not to be vaccinated and are unlikely to be vacci-
nated without further enforcement or incentive. The
vaccine resistance phase began once reaching the ceiling
point of new US vaccinations on April 24, 2021 (i.e., the
point at which the number of new vaccinations per
million stopped increasing). Note that the ceiling point of
new COVID-19 vaccinations occurred when 27.46% of
the US population had been vaccinated. Interestingly, the
hesitancy threshold, the point at which positive sentiment
outweighed negative sentiment (23 April 2021), preceded
the ceiling point of new vaccination (9397.9 per million).
In other words, as positive sentiment about vaccination
increased, the number of new vaccinations also increased
until it reached the ceiling point.

Table 1 presents the results of the Word2Vec analysis.
These are the top 15 semantically close words with
“vaccine” only at the peaks or troughs of positive

answers. In other words, the present study has excluded
words that appeared in both peaks and troughs. The rank
of words is determined by cosine similarity, which repre-
sents semantic closeness to the word “vaccine”.

The top 15 most semantically close words with
“vaccine” (e.g., safe, plan, able, choice, death, new) that
occurred only when the positive answer rate peaked are pre-
sented in column one of Table 1. Representative “quotes”
(that have been paraphrased due to copyright protection)
that clarify how these 15 individual words were used in
context are provided in Table 2.

These comments expressing positive sentiment dispel
distrust of the vaccines and argue that vaccination is safe,
without serious side effects, helpful, and the best choice
to defeat COVID-19. They emphasize that, if the vaccin-
ation process is successful and herd immunity is achieved,
COVID-related deaths can be greatly reduced, and people
can return to normal daily life. In contrast, the top 15
most semantically close words with “vaccine” (e.g., early,
variant, scientists, booster, cost, information, evidence)
that occurred only during the troughs are presented in
column two of Table 1. Representative “quotes” (para-
phrased due to copyright protection) that clarify how
these 15 individual words were used in the context provided
in Table 3.

These comments expressing negative sentiment high-
light the confusion and concerns caused by less reliable
and early data on COVID-19 vaccination. Some comments

Figure 2. Trends of positive sentiment and coronavirus disease 2019 (COVID-19) vaccination rates (June 2020 to June 2021).
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revealed their information needs, acknowledgment of fake
news, and recognition of the need to stop the spread of
fake news. They also shed light on doubts about whether
vaccination can defeat the variants, distrust of vaccine
experts, concerns about the side effects of vaccination,
and the negative consequences of former President
Trump’s COVID-19 vaccine policy.

Discussion
The present study attempts to identify what influenced
COVID-19 vaccine hesitancy and acceptance by analyzing
public sentiment toward COVID-19 vaccination on social
media.

By analyzing 66,820 answers to questions about the
COVID-19 vaccine asked between June 2020 and June
2021 on Quora, we have found that positive sentiments
increased, and negative sentiments decreased after the
availability of COVID-19 vaccination. As public opinion
toward vaccination grew more positive, the number of
people (per million) who were newly vaccinated increased
as well until the ceiling was reached. The fall in positive

sentiment from its high point marks the start of the vaccin-
ation hesitancy phase. Continued negative sentiments found
in discourse about the COVID-19 vaccine even after the
vaccine was widely available suggest that additional
support or policy by governments is needed to promote
continued uptake of COVID-19 vaccination.

Compared with previous studies of social media data
that dealt with short texts in microblogs such as Twitter,
we were able to observe more specific and detailed public
perceptions regarding vaccination by analyzing long argu-
ments and discourse data on Quora. Positive sentiment
adjectives such as safe, best, able, plan, and clear indicate
that people who accepted the vaccines’ safety desired to
improve their daily lives through immunization. However,
the words associated with negative sentiments (e.g.,
variant, mutations) imply that one of the main concerns
contributing to vaccine hesitancy is the lack of efficacy
against variants. Further, the ceiling point of new
COVID-19 vaccinations, which was 27.46% of the US
population, offers practical insights for increasing the vac-
cination rate. The ceiling point indicates that the number
of people willing to be vaccinated voluntarily has been
reached and suggests that governments should use new
strategies, such as that financial reward programs,30 condi-
tional cash transfer31 or the conditional cash lottery
program,32,33 to increase the vaccination rate, rather than
just recommending that people get vaccinated as previous
studies. Prior research has demonstrated that the
COVID-19 vaccination incentive programs are especially
beneficial for racial/ethnic minorities or those with lower
levels of education, who are more likely to exhibit vaccine
hesitancy.10,14,15,30,31

We observed the public’s perceptions and attitudes about
the COVID-19 vaccine and vaccination as they were shared
in a social Q&A community and documented changes in
those perceptions and attitudes. Analyzing the discourse
around vaccine hesitancy could help to identify the
public’s major concerns about vaccination. The division
between positive and negative sentiments is largely based
on vaccine safety and effectiveness. Positive sentiment
increased when people were optimistic about the safety of
the vaccines, COVID-related mortality was lowered, other
nations approved the vaccines, and no apparent causal rela-
tionship could be drawn between vaccination and serious
health problems. Conversely, negative sentiment reflected
a belief that reliable data on the safety of vaccines were
lacking, doubts about the effectiveness of vaccines, particu-
larly with respect to new variants, an unwillingness to trust
healthcare authorities or experts to provide credible guide-
lines for vaccines, and skepticism due to negative results
(e.g., increased side effects during the second vaccination,
vaccination rate that did not reach herd immunity).

Unlike previous studies,34 our analysis excluded words
that appeared in both peaks and troughs. We extracted
semantically close words to the keyword, COVID-19

Table 1. Top 15 semantically close words with “vaccine” in peaks
and troughs of positive answers.

Peaks of positive answers Troughs of positive answers

1 Safe Early

2 Plan Variant

3 State Scientists

4 Choice Booster

5 Best Cost

6 Death Mutations

7 New Second

8 Able Type

9 Canada Information

10 Majority Issue

11 Force Research

12 Nations Evidence

13 Clear Trump

14 USA News

15 Help Effectiveness
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Table 2. Example “quotes” containing words observed at peaks of positive answers.

Keyword Example quotes

Safe … It is a safe vaccine. Anti-vaxxers are doing everything they can to inflate claims that it is unsafe, but it has been used on
over 200,000 people with no significant adverse effects. …
… so that I can travel again. It’s free (or nearly so), near-perfectly safe for those without allergies, adequately researched,
highly effective (amazingly so), widely available (or soon will be), and developed in record time during a terrifying
pandemic. …

Plan … Vaccinated people, on the other hand, can start making plans for 2021 and look forward to resuming aspects of the old
normal as more people get vaccinated…
… They can also be created and manufactured very quickly. It took Moderna six weeks to create one medicine, and the
production can be ramped up to where they plan on producing over a billion doses next year …

State … By the time we have vaccinated about 20% of the population, we will have likely eliminated about 80% of the deaths and
serious illnesses, which will make a significant difference. To return to normalcy, we would need to achieve herd
immunity, which is a state in which the virus cannot spread and, as a result, sporadic outbreaks will fade on their own…
… It requires two doses, and not everyone follows the recommended protocols for virus containment, with or without the
vaccine. We will be in a state of pandemic for AT LEAST another 6 months, although those who get vaccinated will be able
to resume something closer to normal IF they continue to mask up, maintain ALL social distancing protcols, and wash their
hands frequently…

Choice … Given the choice dying from a vaccine with very treatable side effects (where were the doctors?) or COVID-19 with difficult
symptoms—pneumonia, hyper coagulopathy, poor tissue perfusion, and subsequent acidosis—what would you prefer your
elderly and frail relative do?…
… Also, vaccines are distributed according to the government’s wishes, and there is no choice, so why risk your life waiting
for the one you mistakenly believe is the best? All vaccines on the western market have been approved by independent
regulators. Over 2,000,0000 people have received the vaccine, with approximately 11 or 12 experiencing anaphylactic
reactions and only one permanently disfigured. So I have faith in them all…

Best … Having had the vaccine your body knows the best course of action to take. …
… The best vaccines provide 95% protection, while others provide 90% or lower percentages of protection. Using 95%
protection as an example, 5% of those who receive the vaccine may become infected with the virus. 95% protection is
significantly better than the flu vaccine currently available, so yes, the COVID-19 vaccine provides significantly better
protection than not having the vaccine…

Death … The vaccine protects against disease, and thus death from COVID-19. It almost certainly reduces transmission because it
slows disease progression….
… In the United States, the risk of death from COVID-19 is 0.17/0.0015 = 113, compared to the risk of death from the
vaccine. COVID-19 is more than a hundred times more likely to kill you than the vaccine…

New …If this is the case, the mRNA vaccines can be quickly updated to include the new strain.
Understanding COVID-19 vaccine nanotechnology Lipid nanoparticles are an essential component of the new Pfizer/
BioNTech and Moderna mRNA COVID-19 vaccines, effectively protecting and transporting the mRNA to the correct location
in cells…

Able … Personally, I would advise everyone to get the vaccine as soon as they’re able to, although it’s ultimately your decision…
… The vaccine will ease restrictions. Moving forward, we will continue to be able to reduce COVID-19 to a completely
manageable illness…

Canada …The United States has some chaos and disparities in numbers that should have been resolved sooner. That issue does not
exist in Canada, where provinces are primarily responsible for health…
There are numerous vaccines. The Pfizer and Moderna vaccines approved in the United States and Canada contain no
viruses, making COVID-19 transmission impossible…

Majority …My reasons, which reflect my personal views, range from trial data showing that the vaccine is safe for the vast majority of

(continued)
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vaccine or vaccination that appeared only in peaks and
those that occurred only in troughs. The words only in
peaks helped explain the factors that are associated with
positive perceptions and attitudes toward vaccines, and
the words that appeared only in troughs suggested the
factors are associated with vaccine hesitancy. The factors
that influence positive perceptions or attitudes have prac-
tical implications for vaccination promotion. Likewise,
addressing the specific concerns driving negative percep-
tions could be an effective way to deal with vaccine hesi-
tancy. For example, the use of words such as “variant”
and “mutation” implies that the public is skeptical about
booster shots not only because people fear variants, but
also because they doubt the efficacy of the vaccines
against variants. Furthermore, vaccine hesitancy occurred
because uncertainty about vaccine safety was high due to
a perceived lack of scientific evidence or data. Above all,
as indicated in previous studies35,36 and this study, public
trust in healthcare authorities and experts, such as the
World Health Organization (WHO) and scientists, has
been seriously undermined by the COVID-19 pandemic.
The WHO’s erroneous instructions on wearing masks and
issues over its political neutrality during the fight over the
epicenter of the pandemic have brought about international
disappointment and damaged its authority,37 which left

people in a state of panic about who to trust. Considering
that vaccine-related conspiracy theories and fake news pre-
vailed in the absence of reliable information sources, future
policy efforts should be aimed at reducing the spread of
misinformation about COVID-19 vaccination and limiting
anti-vaccine public advertising.38 It will also be important
to restore public trust in authorities, health care profes-
sionals, and the healthcare system.39–42 To further build
and maintain positive public perception of COVID-19 vac-
cines, it is important for governments and healthcare
authorities to provide continuously updated, evidence-
based information through popular social and traditional
media sources. Such an approach should also help reduce
people’s reliance on unverified information, which can
cause confusion and anxiety about vaccines and vaccin-
ation. Given that vaccine safety is of utmost concern to
the public, providing up-to-date safety information will
facilitate effective health communication. Additionally,
rather than reporting the daily number of confirmed cases
and deaths caused by the coronavirus, the media should
focus on timely updates on the number of confirmed
cases, severe cases, and deaths according to vaccination
status. It may also be useful to provide information about
how to alleviate the side effects of the COVID-19

Table 2. Continued.

Keyword Example quotes

trial volunteers…
… I believe that the vast majority of health-care workers will receive the COVID-19 vaccine…

Force …As long as they have proof of vaccination, and they follow the national or local regulations which might be in force in the
places they visit, such as social distancing and the wearing of masks where required, I have no objections…
… A separate additive (an adjuvant) is used in a modern vaccine to force an immune response…

Nations …Many countries that do not have their own vaccines can use vaccines developed in India, China, Russia, the United
Kingdom, the United States, and other countries. They benefit from having a vaccine that has been approved for use in
other nations. And with many of those new vaccines, we now have more experience…
… Many developed nations have agreed to supply vaccines to less developed nations …

Clear …The reason for this is that people are affected by widespread skepticism and misinformation, so they mistakenly believe all
of this. It is obvious that there is no clear cut causality to the vaccine that has so far been proven…
… There are standard reactions to the vaccine that are similar to any vaccine and clear up within a few days. However, they
are regarded as mild…

USA …It wasn’t overproduction. It was suitable production for USA citizens. They (unused vaccines) should be sent to third-world
countries to do their best to prevent strains, variants, and mutations from evolving and biting us all in the butt…
… The key difference is that vaccines approved by the FDA in the USA have been tested according to strict protocols,
including the use of placebos, and allowed a committee of experts, peers of the scientists who developed the vaccines, to
review the test results to ensure the vaccines are safe and effective…

Help … Vaccination helps you to fight Coronavirus more effectively than someone who has not been vaccinated…
… Vaccines are one of the great modern triumphs of public health. They have helped to increase human life expectancy by
several decades and are one of the most effective tools for disease prevention…

COVID-19: coronavirus disease 2019; FDA: Food and Drug Administration.
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Table 3. Example “quotes” containing words observed at troughs of positive answers.

Keyword Example quotes

Early … However, nobody knows the best honest answer to your question yet. It is far too early to provide a scientific answer to
your question. Because the clinical trials were relatively short, the data are not yet conclusive…
… The issue right now is that those people may not have received their second shot yet, or they may have become
infected before being vaccinated. It’s too early to get any reliable data; in a year, we won’t even have enough data to
know if they worked …

Variant … This is why, despite vaccinating 97 million people, vaccination is plagued by shortages, a lack of evidence against new
variants for which bridge trials are underway, and a scarcity of vaccine makers willing to join Covax, a global vaccine
alliance…
… With new variants on the way, huge logistical and manufacturing capacity issues, a rampant, clearly out of control
virus, and an obviously incompetent government that has, by far, completely messed up in every single aspect of
dealing with this pandemic…

Scientists …People should think for themselves and weigh the evidence. I used to believe the scientists, but they’ve waffled too much
for me to trust them anymore. Would I do it again knowing what I know now? You bet your bottom dollar I would…
… Do you know what it is? It’s the result of hard work by a group of scientists no one will ever meet who created
something that will prevent more people from receiving the Darwin award…

Booster … Their logic is that this is equivalent to receiving an initial dose of the vaccine, so when vaccine supplies are limited,
using the vaccine as if it were a second booster shot helps to stretch the vaccine supply…
… There is also the question of whether new variants emerge that reduce the effectiveness of the vaccination program
and may necessitate booster shots of some kind. Another issue is whether or not people continue to use proper
restraint measures after being vaccinated …

Cost
…While this benefits poorer countries because the rich cannot buy up the stocks, it has likely slowed the overall global
vaccination effort and will cost lives …
… Did they purchase enough vaccine? No, Trump refused to order sooner, and the delay cost us MONTHS and lives.
Trump was a failure because HE DID NOT CARE…

Mutation …Each new infection provides another opportunity for viral mutation, and if the virus mutates to the point where vaccines
no longer recognize it, it could become a cat and mouse game between variants versus vaccine boosters/
modifications…
… The question is whether we can cover all potentially dangerous mutations of this virus with a small number of
vaccines, or whether it will be a never-ending battle between virus and vaccines for the rest of our lives…

Second … Because some facilities are saving some for second doses, which have already begun, and there have been distribution
issues due to a lack of coordination between the states and federal controls, some doses aren’t arriving on time…
… My arm was sore after the first and second Pfizer vaccines, just like it is after a Tetanus shot…

Type … This strand of mRNA takes control and reprograms the cell to construct and produce more Y protein spikes. This type of
technology is being seriously considered for changing a person’s DNA in a selfless manner, saving people’s health,
repairing damage within the body, and so on…
… There are some vulnerable people who are unable to receive the shot. They could be allergic to some part of the
vaccine or how it was prepared, or they may have the type of immune deficiency where the shot would not confer
immunity since it requires an immune response to do so…

Information …vaccines have a success rate of about 95%, but the Chinese did not release the data. Instead, they shipped their vaccines
to Brazil, where they conducted a study and found it to be 52% effective, so you draw your own conclusions! I don’t
have enough information to make that determination…
… The entire issue of COVID-19 and the vaccine has become so politicized that it takes time and sifting through various
sources of information for the average person to arrive at a reasonable understanding…

Issue …Because some vaccines have had issues for various reasons, having a pool of potential candidates means that if one

(continued)
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vaccinations. That type of communication could help the
public make better decisions about vaccination.

The current study has several limitations that provide
useful opportunities for future research. First, despite the
fact that slightly more than one-third of Americans use
Quora,43 we were unable to determine whether the Q&A
included in this study came from users in the United
States. Second, we were unable to identify Quora user char-
acteristics such as age or chronic illness status. Research
has shown that people with chronic ailments are more vul-
nerable to COVID-19 than others, which could affect their
receptivity to vaccination.44 Also, younger people tend to
have higher COVID-19 vaccine hesitancy than older
people,45,46 thus future research should investigate
whether perceptions of the vaccines differ by age. Third,
as previously mentioned, Quora is one of the most fre-
quently used social Q&A websites, but such websites gen-
erally have a young user base.47 The perceptions of Quora

users might, thus, overrepresent the attitudes of younger
people toward COVID-19 vaccines. Finally, we used
“vaccine” as a keyword to retrieve the relevant questions.
Although we attempted to collect as many questions
about the COVID-19 vaccine as possible, our sample is
not necessarily complete.

Conclusion
The current findings have important implications for future
communication interventions aimed at promoting
COVID-19 vaccine uptake. Before the ceiling point, the
new vaccination rate per million continued to increase
despite ups and downs in positive sentiments; after the
ceiling point, new vaccination decreased drastically
despite the increase in positive sentiment, indicating the
presence of a vaccine-resistant population. Vaccine resist-
ance must be mitigated to increase the COVID-19

Table 3. Continued.

Keyword Example quotes

vaccine needs to be withdrawn, others can be substituted…
… There is one issue with Astra Zeneca: it was designed and manufactured for COVID-19. Meanwhile, a new [virus] has
emerged. Because there have been so many cases, every infected body, even asymptomatic, has been and continues to
be a laboratory for virus mutations…

Research …According to research data Trusted Source submitted to the FDA, 7% of people aged 18 to 55 who received the first dose
of the Pfizer vaccine reported fever, compared to 31% who reported fever after the second dose…
… There have been no deaths directly linked to any of the approved COVID-19 vaccines. Do us all a favor and stop
spreading misinformation. Instead, conduct your own research. You could have answered the question yourself in the
time it took you to write it…

Evidence …The virus affects far fewer than one percent of children. They are investigating the problem of passing on the virus if you
have been vaccinated, which appears to be based on little evidence…
…While the vaccine may not be any more dangerous, there is substantial evidence that it is dangerous in and of itself.
Consider this statistic: in the last 4 months, the COVID-19 vaccine has killed more people than any other vaccine in the
last 15 years in the United States alone…

Trump …Last year, the US government was less enthusiastic about vaccines than it is now. Trump’s secret vaccination is one
example. He could have served as an example to others…
… COVID-19 and perceived mismanagement are arguably the reasons Trump is no longer President of the United
States. During the crisis, many government departments were also changed…

News …It is the only way to reestablish trust in the vaccine and her leadership and begin to improve Germany’s dismal record.
85% of the 1.5 million doses available in Germany are unopened. Why? Nobody wants the doses, so they go unused.
Why? Because of fake news and scaremongering by immature politicians who care only about saving their own skin….
… It could be just this, and the prospect of other restrictions being imposed would be the ideal tool to motivate people
to get the vaccine; after all, with all of the fake news, half-truths, and pseudo-science that anti-vaxxers preach…

Effectiveness … Although several vaccines for the new coronavirus are in late-stage trials, they will not be able to answer all questions
about a vaccine’s effectiveness, particularly whether it can prevent serious illness or death from COVID-19…
… However, there are some concerns about the variants (it appears that the vaccine effectiveness drops to as low as
60% with some virus strains). Furthermore, it appears that even if you’ve had the vaccine, you can still spread
COVID-19 …

COVID-19: coronavirus disease 2019; FDA: Food and Drug Administration.
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vaccination rate and achieve herd immunity. Thus, one dir-
ection for future study is to identify the characteristics and
major concerns of those who have not been vaccinated and
provide tailored information to counter vaccine hesitancy
and resistance.
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