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Abstract

Background: The ongoing COVID-19 pandemic has brought unprecedented challenges to every country worldwide. A call for
global vaccination for COVID-19 playsapivotal rolein the fight against thisvirus. With the devel opment of COVI1D-19 vaccines,
public willingness to get vaccinated has become an important public health concern, considering the vaccine hesitancy observed
worldwide. Social mediais powerful in monitoring public attitudes and assess the dissemination, which would provide valuable
information for policy makers.

Objective: Thisstudy aimed to investigate the responses of vaccine positivity on social mediawhen major public events (major
outbreaks) or major adverse events related to vaccination (COVID-19 or other similar vaccines) were reported.

Methods: A total of 340,783 vaccine-related posts were captured with the poster’s information on Weibo, the largest social
platform in China. After data cleaning, 156,223 posts were included in the subsequent analysis. Using pandas and SnowNLP
Python libraries, posts were classified into 2 categories, positive and negative. After model training and sentiment analysis, the
proportion of positive posts was computed to measure the public positivity toward the COVID-19 vaccine.

Results: The positivity toward COVID-19 vaccines in China tends to fluctuate over time in the range of 45.7% to 77.0% and
isintuitively correlated with public health events. In terms of gender, males were more positive (70.0% of the time) than females.
In terms of region, when regional epidemics arose, not only the region with the epidemic and surrounding regions but a so the
whole country showed more positive attitudes to varying degrees. When the epidemic subsided temporarily, positivity decreased
with varying degrees in each region.

Conclusions: In China, public positivity toward COVID-19 vaccines fluctuates over time and a regional epidemic or news on
social mediamay cause significant variations in willingnessto accept avaccine. Furthermore, public attitudes toward COVID-19
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vaccination vary from gender and region. It iscrucial for policy makersto adjust their policiesthrough the use of positiveincentives
with prompt responses to pandemic-related news to promote vaccination acceptance.

(JMIR Public Health Surveill 2021;7(11):€32936) doi: 10.2196/32936
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Introduction

At the end of 2019, thefirst case of COVID-19 wasreported in
Wuhan, China. The disease spread rapidly throughout China,
after which it soon evolved into aglobal pandemic. By the end
of May 2021, the total number of confirmed cases globally
exceeded 100 million, and the cumulative number of deaths
was >3 million with a mortality rate of approximately 2.07%
[1]. Although the rate was lower than that of severe acute
respiratory syndrome coronavirus 1 and Middle Eastern
respiratory coronavirus (9.5% and 34.4%, respectively), it cannot
be ruled out that COVID-19 has stronger transmissibility than
either one of those viruses[2,3]. Therapid spread of COVID-19
has brought unprecedented challenges to each country
worldwide in terms of social, economic, cultural, and political

aspects.

Vaccination is considered the most effective and safest way to
provide immunity against new infectious diseases. According
to statistics, the current kinds of vaccines worldwide can save
morethan 3 million livesrelated to >20 diseases every year [4].
To control theworldwide spread of COVID-19, acall for global
vaccination against COVID-19 is required [5]. In mid-March
2020, China's recombinant COVID-19 vaccine was approved,
and clinicdl trialswereinitiated [6]. Thusfar, at least 13 different
COVID-19 vaccines have been put into use throughout the
world, including the Sinopharm COVID-19 vaccine [7].
However, with the continuous development of the internet
worldwide, the antivaccine campaign is also spreading rapidly
through social mediaplatforms, thus causing athreat to optimal
global vaccine delivery [8-10].

Socia mediahas played akey roleininformation dissemination
during the COVID-19 pandemic. Through socia media,
important epidemic-related information can be easily
disseminated, and people across the world can quickly obtain
relevant disease-related information, participate in the
discussions, and express their own views about COVID-19
[11,12]. Inthe meantime, misinformation, defined as erroneous
or incorrect information, has also been widely spreading during
the pandemic [13]. Although misinformation about COVID-19
isposted more than evidence-based information on social media
[14], scientific information has had more reposts than the false
information [14], and the platforms have responded to much
misinformation identified by fact-checkers[15].

Weibo is one of the representative social media platforms with
most users in China, which has more than 500 million active
users and morethan 700 billion views[12,16-19]. It hasbecome
one of the primary social platforms for Chinese internet users
to disseminate and acquire health information [20]. Up to June
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2020, China had nearly 1000 million netizens, accounting for
67% of all Chinese citizens [21,22]. According to the 2020
annual report released by Weibo, users checked
COVID-19~elated information 16.1 billion times every day
during the outbreak [23]. Particularly regarding the COVID-19
vaccine, more than 100,000 Weibo users participated in the
discussion with acumulative reading of more than 500 million
times [24]. Given its popularity and the massive information
contained within the site, Weibo can be considered an
appropriate data source to investigate the public attitudes toward
the COVID-19 vaccine.

For sentiment analysis during public health emergencies, many
studies have used web crawlers, text-mining, and other
technol ogiesto collect information regarding avariety of public
opinions from theinternet [25]. In addition, some studies have
used the web text data in accordance with different phases,
classified these data on the basis of the theme and emotion
[26,27], and adopted various visualization tools to investigate
the public sentiment, thus proving that the social media can be
applied to measure the public attention toward public health
emergencies [27]. With the ongoing COVID-19 pandemic
worldwide and successful entry of its related vaccines on the
market, some studies have begun to focus on the information
on social media to analyze the acceptance of vaccines by the
public, emphasizing that the public’s attitude on health issues
are strongly influenced by social media [28].

However, many studies have not yet analyzed the sentiments
of the Chinese population nationwide through their statements
on domestic social media sites such as Weibo. While a number
of studies have been conducted abroad on social media
platforms, such as Twitter and Facebook [9,29-31], we do not
yet clearly know the current sentiments and attitudes of the
population toward COVID-19 vaccination in China
Furthermore, only a few studies have investigated the
relationship between the social media context and public
sentiment toward vaccination [32]. Clear and conci se sentiment
analysis of textual information on Weibo will not only improve
the monitoring of public opinions on the internet but also
effectively allow for the application of the results of emotional
psychology studies to provide early warnings of unusual
occurrences. The study of such psychological indicators is a
very important guide for government policies at this particular
stage [33-37] and would enable national governmental
departmentsto better understand the attitude of the public toward
vaccination, thus advancing collaboration with multiple parties
more effectively to increase the vaccination rate of COVID-19.

This study aimed to investigate the public sentiment of
COVID-19 vaccines and to evaluate gender and regional
variations in this sentiment. The feasibility of social sentiment

JMIR Public Health Surveill 2021 | vol. 7 |iss. 11 | €32936 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/32936
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

analysis on the basis of web-based data of hot-spot events and
whether the same approach can be used in the future to keep
track of public opinions on the internet during the vaccination
period was assessed. The aim of this process was to provide a
realistic grasp of the dynamic psychology of the public and
highlight the leading role of the national government
departments. The study also highlights the essential role of
national governmental departments in moderating public
sentiment through social media.

Methods

M ethods Overview

Based on the public nature of the Weibo platform, this study
used Python for data mining and sentiment analysis of the
resulting text to crawl and analyze public comments published
by Weibo users on the issue of COVID-19 vaccination, thus
allowing the identification of the sentiment tendencies of the
resulting text.

Data Collection

Processing

Python 3.9.2 (Python Software Foundation) [38] and related
libraries were utilized to simulate logging and then capture the
required data. The data obtained containing the identifier (1D)
of the post, the context of the post, the post time, the repost
times, the number of “likes,” the gender of the person posting,
the location of this person, and the posting person’s birthday
were saved as multiple csv files. Owing to the anticrawler
mechanism of Weibo, outliers beyond the setting date or
keyword ranges were excluded.

Inclusion Criteria

Data were captured from the search results of Weibo with the
keyword “COVID-19 Vaccine (#i7&E 7 #)” between October
18, 2020, and May 15, 2021 (inclusive of both dates). As the
general search criteria, the captured posts could refer to any
approved COVID-19 vaccines globally. However, the search
results may tend to the vaccine that is available in China. Since
the availability of the vaccine to the Chinese public can be dated
back to mid-October 2020 [39], the chosen time period is
believed to cover the process from vaccine devel opment to the
mass vaccination scheme.

Exclusion Criteria

Given that the study focused on the public opinion in China,
any texts written in languages other than Chinese and those
from users whose | ocations were outside China were excluded.
Any posts consisting of only symbols or numbers were also
excluded.

Data Cleaning

Text Cleaning

First, the text contains no Chinese characters, namely posts
written in other languages, or posts consisting of only symbols
or numbers were removed. Then, posts with missing
information, such aslocation or date, duplicated posts and those
from public accounts were al so removed [40].
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Relevance-Based Cleaning

Because of the specific writing style of socia media, the
relevance between the context and study topic is a vital issue
to beconsidered [41]. Inthispart, a“basetext” isset to describe
the proven determinants of COVID-19 vaccine acceptance in
China[42] and compared with each crawled post to obtain their
similarity. Cosine similarity, which is conceived as a powerful
approach in natural language processing (NLP), was performed
to measure the similarity between the crawled post and base
text as formulated in the following model:

Tit AxBi
[Zata0?x [Siy (802

similarity = cos(8) = (D)

inwhich A, and B; aretheith item of the word frequency vector
of the extracted keyword list via term frequency—inverse
document frequency (TF-IDF) from the base text and crawled
posts, respectively. After atrail contained 1000 randomly chosen
posts, athreshold of 0.025 was set to distinguish the relevant
post from the irrelevant ones, which attained an accuracy rate
of 94.1% (941/1000). The model was then applied to the data
set, and irrelevant posts were excluded.

Sentiment Analysis

Sentiment analysis is an NLP-based method to detect
subjectivity in text, extracting and classifying opinions and
sentiments[43]. SnowNLP [44], which is a speciaized Python
library for Chinese language processing and has been used in
social media text mining for medical studies, especialy
COVID-19—+elated studies, given its feasibility and accuracy
[21,45-47], was used to perform sentiment analysis.

Intotal, 15,000 randomly chosen postswere annotated manually,
each of them was coded by 2 researchers, one of whom
annotated independently and the other double-checked, of which
12,000 and 3000 postswere randomly split into the training and
test sets. The training set included 9084 positive and 2916
negative posts (“neutral” was not used as a category owing to
its limited research significance [45]).

The process of SnowNLP includes word segmentation, stop
word removal, and naive Bayes classification. The key model
is shown below:

P(T|ci)P(ci)

P(gIT) = 2

(2)

where:

P(T) = P(Tley) - P(cy) + P(Tlcy) - P(cy)

inwhich T isthe eigenvector of thetext, and ¢; istheith emotion
category, in this case, positive and negative. The posts are
divided into those with probabilities higher than the threshold
(positive category) or negative otherwise. Given the unbalanced
distribution of labels in the training set, a receiver operating
characteristics (ROC) curvewasintroduced [48] to evaluate the
model (Figure 1). The area under the ROC curve (AUC) was
then computed to measure the outcome of the classifier. After
training, the threshold was set as 0.5889, for which the AUC
yielded 0.81.
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Figure 1. Receiver operating characteristic curve of the fitted SnowNLP model. AUC: area under the receiver operating characteristic curve; ROC:

receiver operating characteristic.
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After training the model, the emotions in the posts were
computed. The sentiment score, S was calculated using the
following equation:

. #Pos
o #Pos+#Neg

(3)

in which #Pos and #Neg are the number of positive and negative
posts, respectively. A sentiment score ranged from 0 to 1,
indicating the most negative to the most positive.

Table 1. Descriptive statistics of total posts.

Results

A total of 340,783 posts, including both original and reposted
posts, and user-related information were retrieved. After
cleaning, 156,223 postswereincluded inthe analysis. According
to the statistics, more femal e than male posters were noted, and
more positive than negative postswere identified. Table 1 shows
the number of posts and users.

Topics

Posts or users, n (%)

User s (n=98,600)
Male users
Female users

Total posts (n=156,223)
Posts from male users
Posts from female users
Positive posts
Negative posts

45,812 (46.5)
52,788 (53.5)

84,353 (54.0)
71,870 (46.0)
93,660 (60.0)
62,563 (40.0)
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As shown in Figure 2, the overall public positivity tends to
fluctuate over time. The decline in positivity was consistent
with the reported information about the side effects of the
COVID-19 vaccine or other vaccines in general. In the week
after October 18, 2020, atotal of 59 peoplein South Koreawere
reported to have died after receiving the influenza vaccine, and
at the sametime, arapid declinein the overall user’s positivity
for the COVID-19 vaccine occurred ashort time after that report.
In terms of gender, both men and women presented positive
attitudes about the COVID-19 vaccine across most of the study
periods, and the fluctuation patterns of the emotional score
between mae and female users is generally similar.
Interestingly, although the trend of male and female emotional
fluctuations was generally consistent, the overall positivity was
weaker among femal e users than among male users most of the
time. During the period from February 21 to March 21, 2021,
ChinaCentral Television (CCTV) announced that pregnant and
lactating women should postpone vaccination. Unlike male
users, female user positivity for the COVID-19 vaccine

Zhang et a

decreased rapidly during this week (February 21-27, 2021) but
began to rise again in the week.

Considering the 2 outbreaks in Shenyang, Liaoning Province,
in January 2021 and Ruili, Yunnan Province, in March 2021,
we present the heat map of the normalized sentiment score
across al regions and provinces of China in heat maps by
focusing on the period from 2 weeks before the outbreak to 4
weeks after the outbreak (Figure 3). Since the outbreak in these
2 regions, the sentiment about vaccination in thisregion and its
surrounding regions had increased significantly, whereby
vaccination positivity gradualy declined 2 weeks after the
outbreak was reported. In terms of the outbreak in Shenyang
(upper panelsin Figure 3), vaccination positivity increased not
only in its own province but also in Northeast China and even
throughout the country. Similarly, after the outbreak was
reported in Ruili, Yunnan Province, the sentiment toward
vaccination in Guizhou Province, a neighbor of Yunnan, also
increased significantly.

Figure 2. Thevariation in public sentiment toward COVID-19 vaccines over time between male and female users (a higher sentiment score indicates

higher positivity toward COVID-19 vaccines).
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Figure 3. Variation in public positivity toward COVID-19 vaccines before and after the outbreak period in Ruili and Shenyang (the boundaries of

provinces with the outbreak are highlighted in bold blacked lines).
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Discussion

Principal Findings

COVID-19 vaccine hesitancy is aworldwide phenomenon and
isacrucial issueto be solved in the fight against the pandemic.
In China, we found that gender-specific emotional responses
to vaccines could be influenced by various major public events
over time, and the degree of influence varied by gender with
women asthe more vaccine-hesitant group. Furthermore, public
positivity changed significantly in the weeks before and after
the COVID-19 outbreak. A fairly substantial body of previous
research demonstrating that women experience and express
more intense emotion than men with regard to both positive and
negative emotions can be found [49-51]. Recent media studies
further indicate that female users are more likely to seek
emotional support from web-based communities, while male
users tend to provide information-related help [52,53].
Moreover, the difference in vaccine acceptance between genders
has been reported in some previous studies focusing on flu
vaccines, for which vaccine acceptance is greater in men than
in women [54-56]; these findings a so support our results. This
study confirmed the emotional tendency of male and female
users toward COVID-19 vaccines on social media, thus
extending the literature on gender differences to the specific
context of public health events. Thefindings a so inspire policy
makersfor refined strategiesin negative sentiment management.
Interestingly, although previous studies show that women are
more vaccine-hesitant [54-56], some studies have reported that
vaccine coverage may be higher in women than in men [54].
Thereason for thisdifference could result from women visiting
preventive health care services and physicians more frequently
[57]. Therefore, the policy maker should pay more attention to
female communities’ sentiments concerning major public health

https://publichealth.jmir.org/2021/11/e32936
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events and at the same time monitor the vaccination coverage
to provide the in-time responses.

We found that the emotiona tendencies of the pubic are
dynamic, and positive and negative tendencies exist with respect
to expressed emotional tendencies by the public. Every time a
vaccine-related adverse event occurs, it may cause adeclinein
positive sentiment among Chinese internet users on Weibo,
which is highly contagious on socia media. Meanwhile,
spreading false and appal ling information on Weibo, which may
bring about feelings of depression and anxiety for certain groups
of people [58,59]. Therefore, when a COVID-19 emergency
occurred in their particular region, people's sense of fear and
self-protection led to increased positive emotions toward
vaccination. Interestingly, during the outbreak in Shenyang,
Liaoning, the positivity increased in this epidemic region and
throughout the whole country. Even though the scenario could
have resulted from the outbreak in other provincesin that period,
we cannot rule out the possibility that regional outbreaks may
affect national positivity. Furthermore, after the outbreak of the
epidemic in Shenyang, Liaoning Province, Yunnan Province
was the province with one of the most significant increases in
vaccination positivity. Therefore, the public positivity of
COVID-19 vaccines in previous epidemic regions may have a
retrospective effect on vaccination positivity. As the situation
of the outbreak improved, people began to gradually decrease
the release of positive emotions again owing to decreased
vigilance. Future studies should consider the use of socia media
to guide the public sentiment after the epidemic outbreak is
over.

Although other emerging studies have investigated theintention
toward COVID-19 vaccination using methods such as
guestionnaires, limitations such as the existence of some bias
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by inferring the perceptions and attitudes of the group with only
a small sample still exist [60-64]. Sentiment analysis through
the use of big data offers a more direct way to monitor the
emotion of the citizens. Further studies should focus on the
relationship between the positivity and the case rate growth or
death rate.

With the popularity of the internet and economic development,
social media has become a medium for people to express their
emotions and opinions. For government officials and public
health professionals, understanding public sentiment is critical
to develop policiesfor infectious disease prevention and control
and health care resource allocation. In the context of a global
COVID-19 outbreak, the vaccine is an important measure to
establish herd immunity against COVID-19 in an open border
setting [65]. Therefore, understanding public sentiment about
vaccines is an effective way for the government to promote
COVID-19 vaccination in a rationa and orderly manner.
Exploring the factors and behaviors that influence positivity
between different genders and different regionsthrough the use
of internet-based data can provide relevant information for
government departments that are trying to assist in
decision-making and providing health services. It also reminds
relevant departments to establish public opinion and sentiment
monitoring networks to understand the dynamics of public
attitudes toward vaccines, predict changes in sentiment, and
plan vaccine production and resource allocation rationally. This
processiscrucial for the government to better understand public
sentiment through social media and to convey information
accurately and timely, which will also answer vaccine-related
gueries and increase vaccination motivation.

Sentiment analysis can revea differences between cities and
regions, and when combined with current COVID-19 vaccine
postings on social mediaand dynamic microblog postings based
on geol ocation data, can be used as a decision support point for
government agencies. This type of analysis can also provide

Zhang et a

effective and real-time recommendations to government
agencies that are based on the average number of microblogs
per city and region and emotional tendencies; if this number is
well above a significant peak, the information can be quickly
reported to official agencies. Our text sentiment analysis tool
can be an extension of this research, capturing the relevant
information needed in real-time.

Limitations

This study has some limitations. First, our data collection was
conducted only on one socia media platform, Weibo. The
opinions of those who did not use Weibo were not included.
Second, the coding process was not completely independent,
which may cause biasin the training process. Third, the gender
and location informati on were self-reported by the users, which
is a common issue in studies based on social media such as
twitter [66]. Fourth, owing to the anticrawler mechanism of
Weibo, asmall proportion postsrandomly lost during crawling.
Fifth, sentiment may not bethe only factor affecting vaccination
acceptance. Local governments may take advantage of social
media in promoting vaccination, but other challenges such as
misinformation and the allocation of vaccines still exist.

Conclusions

The public opinion is closely related to public health eventsin
China. When positive news about COV I D-19 vaccines occurs,
the public will be more positively sentimental about the vaccine
and vice versa. This sentimental reaction appears to be
gender-specific, by which men tend to be more open-minded
than women. In terms of regional differences, the positivity of
aprovince and its surrounding (and even the whole country) in
which a pandemic occurs, was shown to increase and then
decrease back to normal after 2-4 weeks. It is crucial for the
government to adjust vaccination policies promptly in response
to the public health events to promote massive vaccination via
dynamic monitoring public sentiments.
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