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Abstract

Background: Monitoring public responses is crucial to inform policy measures to prepare for COVID-19 resurgence around the
world.

Objective: To assess and compare public responses towards containment measures during the initial outbreak and resurgence of
COVID-19 epidemic in China.

Methods: We collected all COVID-19 related posts from Sina Weibo (China’s Twitter) during the initial outbreak in China and
resurgence in Beijing. With a Python script, we constructed subsets of Weibo posts focusing on three containment measures:
lockdown, test-trace-isolate, and suspension of gatherings. Baidu’s open source sentiment analysis model, and Latent Dirichlet
Allocation model, a widely-used machine learning algorithm, were used to assess public’s attention, sentiment, and frequently
discussed topics on each containment measure.

Results: During the initial outbreak, the amount of Weibo posts escalated dramatically following Wuhan lockdown, a high
proportion of posts showed negative sentiment towards all three containment measures, and discrimination-related topics arose.
Compared to the initial outbreak, the public expressed less attention and less negative sentiment on containment measures, and
were more supportive towards containment measures during the COVID-19 resurgence. The public shifted their focus to the
impacts of containment measures on their daily lives or work.

Conclusions: As China’s response strategy switched from lockdown to a targeted response in the COVID-19 resurgence, public
responses became more rational. When COVID-19 resurges, more targeted test-trace-isolate strategies for high-risk population
should be promoted to balance epidemic control and its impacts on daily lives and the economy.
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Comparison  of  public  response  to  containment  measures
during  the  initial  outbreak  and  resurgence  of  COVID-19
epidemic in China: an infodemiology study

Abstract 
Background: The COVID-19 cases resurged around the world in the second half of 2020. Not much is known about the
change of public responses to containment measures from the initial outbreak to resurgence. Monitoring public responses
is crucial to inform policy measures to prepare for COVID-19 resurgence.
Objectives: To assess  and compare public  responses  towards containment  measures  during the initial  outbreak and
resurgence of COVID-19 epidemic in China.
Methods:  We collected all COVID-19 related posts from Sina Weibo (China’s Twitter) during the initial outbreak in
China  and  resurgence  in  Beijing.  With  a  Python  script,  we  constructed  subsets  of  Weibo  posts  focusing  on  three
containment  measures:  lockdown,  test-trace-isolate,  and  suspension  of  gatherings.  Baidu’s  open  source  sentiment
analysis model, and Latent Dirichlet Allocation topic modeling, a widely-used machine learning algorithm, were used to
assess the public’s engagement, sentiment, and frequently discussed topics on each containment measure.
Results:  A total of 8,985,221 Weibo posts were collected.  In China, the containment measures evolved from the fully
lockdown for general population during the initial outbreak, to a more targeted response strategy for high-risk population
during COVID-19 resurgence. Between the initial outbreak and resurgence, average daily proportion of Weibo posts with
negative sentiments decreased from 57% to 47% for lockdown, from 56% to 51% for test-trace-isolate, and from 55% to
48% for suspension of gathering. Among the top 3 frequently discussed topics on lockdown measure, discussions on
containment measures accounting for around 32% in both periods, but the second top topic  shifted from expressing
negative emotions (11%) to its impacts on daily lives or work (26%). The public expressed the high level of panic (21%)
in the initial outbreak but virtually zero panic (1%) in the resurgence. The more targeted test-trace-isolation measure got
the greatest support (60%) among all three containment measures in the initial outbreak, and its supporting rate reached
90% during the resurgence.
Conclusions: Compared to the initial outbreak, the public expressed less engagement and less negative sentiment on
containment measures, and were more supportive towards containment measures during the resurgence.  The targeted
test-trace-isolate strategies were more acceptable for the public. When COVID-19 resurges, more targeted test-trace-
isolate strategies for high-risk population should be promoted to balance epidemic control and its impacts on daily lives
and the economy.

Keywords: COVID-19, social media, public response, engagement, sentiment, topic modeling, LDA.
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Introduction
In December 2019, Coronavirus disease 2019 (COVID-19) emerged in Wuhan, and propagated rapidly across China and
the world [1]. In response, many countries implemented stringent large-scale containment measures such as lockdowns,
quarantines, and suspension of mass gatherings. Following these containment measures, the number of new COVID-19
cases decreased significantly from its peak in the first half of 2020  [2-6].  In China, the government adopted  a swift
national-wide lockdown in late January 2020 when is Chinese New Year holiday, which included: stay-at-home orders,
transportation block, closure of shops and schools, suspension of gatherings, and suspension of work after the national
Spring Festival holiday (the Chinese New Year), when most Chinese would travel across cities or provinces for family
gathering.  The  lockdown  measure  aimed  to  prevent  population  movement  and  mass  gatherings  in  order  to  limit
community transmission. As the epidemic went under the control, many provinces lifted containment measures starting
from late February 2020 [7].

Although very few COVID-19 cases were thereafter reported in China [7], smaller scale resurgences occurred. On June
11th, a confirmed case, not linked to international travel, was found in Beijing, ending the city’s almost two-month span
of zero incidence of locally infected cases  [8-10].  During the resurgence, Beijing adopted a more targeted response
strategy,  instead of the city-level lockdown during the initial outbreak. This targeted response strategy, namely “test-
trace-isolate”, principally consisted of nucleic acid testing for people who had contacts with known cases, tracing close
contacts of confirmed or suspected cases, and isolating vendors and customers of Xinfadi market (the epicenter of the
Beijing resurgence). By quickly identifying Xinfadi Market as the epicenter, most businesses and schools in Beijing were
allowed to maintain operations.  Also,  instead  of  suspending all  modes of  transportation,  restrictions were  promptly
applied to passengers/goods entering or leaving Beijing, which prevented the virus from spreading outside Beijing. The
health code system was also widely used to identify the exposure risk of population [11]. One month later, there were no
new cases identified with total 335 confirmed cases, and on July 19 th, Beijing lifted its response strategy. Around the
world, there has also been a resurgence of COVID-19 cases since August 2020, and evidence-based response strategies
are thus needed to fully prepare for the situation [6, 12-15]. 

Public response may change from the initial outbreak to COVID-19 resurgence, and needs to be monitored. Previous
studies showed that the public frequently discussed the containment measures on social media, including lockdown, test-
trace-isolate, suspension of gatherings, personal protection, social distancing, travel restrictions, and workplace closures
[16-18].  At  the  early  stage  of  the  COVID-19  epidemic,  the  public  in  many  countries  complied  with  containment
measures, but their compliance gradually weakened as the epidemic progressed [19]. Studies also found that both Weibo
and Twitter users expressed more negative sentiments  in the early stage of  COVID-19 epidemic [20-22]. In late 2020,
many countries  faced resurgences of  COVID-19 and restarted containment  measures.  In  India,  Twitter  users  held a
positive approach to the second lockdown, but the majority became a negative approach to the third lockdown [23]. In
the Philippines,  the negative sentiments increased due to food shortage and helplessness during the lockdown  [24].
Prolonged containment measures may lead to decreasing risk perception, increasing negative sentiment, and fatigue with
sustaining containment measures  [25-27]. Therefore, it  is necessary to continuously monitor the public’s response to
containment measures, and design effective public communication strategies.  Previous studies have  shown that public
risk perception and negative sentiments (such as depression, anxiety, and frustration) were highly correlated with the
implementation of containment measures [16, 26, 28, 29]. However, to our knowledge, none of these studies has assessed
public responses to containment measures during COVID-19 resurgences, and compared them across different stages of
the epidemic. 

With the protraction of epidemics, containment measures need to be adjusted accordingly, and it is imperative to gain
timely feedbacks on containment measures from the public. Social media has been increasingly recognized as a platform
for social surveillance [7, 30]. Compared to surveys, social media not only allows for the monitoring of fluctuations in
public  sentiment  and response over a  longer period,  but  also suffers  from less  recall  bias.  Using  machine learning
approach based on social media data, this study aims to assess and compare public responses to containment measures
during the initial outbreak and resurgence of the COVID-19 epidemic in China, including the level of public engagement,
sentiments expressed, and frequently discussed topics. This study presents first-hand data of the evolution of public
responses as the COVID-19 epidemic progresses, thus helps inform adjustment on containment measures. Understanding
the shifts of public responses could be essential for policymakers to prepare for future resurgence of COVID-19 globally.
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Methods

Study design
This is a comparative study based on social media data. With over 500 million users, Sina Weibo (China’s Twitter) is the
most influential social media platform in China [31]. Weibo allows users to share information and/or opinions in real-
time by sending Weibo posts, and has been widely used to identify public concerns during the COVID-19 epidemic. We
compared public  response on containment measures  between the initial  outbreak and COVID-19 resurgence by the
following indicators: 1) the number of relevant Weibo posts, 2) the prevalence of negative sentiment in Weibo posts, and
3) the proportion frequently discussed topics on Weibo. All data in this study is publicly available, and this study is
exempt from ethics approval.

Data collection
Weibo posts that contain specific words can be retrieved by Sina Weibo’s keyword search function. We programmed a
crawler  in  Python (https://www.python.org/)  to  collect  publicly available  Weibo posts  using keyword  search.  Since
COVID-19 spread across China in the initial outbreak and only propagated in Beijing during the resurgence, we retrieved
all COVID-19 related Weibo posts in China for the initial outbreak and posts in Beijing for the resurgence, respectively.
For both surges of the epidemic, we collected Weibo posts sent from one week before the outbreak to when epidemic
areas began to lift their responses (January 13th - February 28th for the initial outbreak and June 4th - July 20th for the
resurgence).  Totally  we  collected  8,985,221  Weibo  posts,  and  the  dataset  can  be  downloaded  at
https://github.com/xinyuuzhou/weibo_covid-19_dataset. 

Data Preprocessing
The initial pool of Weibo posts was preprocessed using a Python script to drop duplicates, and then to remove hashtags,
links, uniform resource locators, and @usernames from each post to clean the text [32, 33]. We extracted the last user’s
comment if it was a repost, and we also removed Weibo posts that were irrelevant to the public’s response by matching
patterns with Python [34]. Finally, keyword matching was used from all COVID-19 related Weibo posts to extract Weibo
posts targeting three primary containment measures: lockdown, test-trace-isolate, and suspension of gatherings (Table 1).
The flowchart for data collection and preprocessing is shown in Multimedia Appendix 1.

Table 1: Keywords on containment measures of COVID-19 epidemic
Containment measures Keywords

Lockdown “封城”(city lockdown), “封村”(village lockdown), “封路”(block road), “封闭”(close), “响应”(public 
health response), “停运”(stop traffic), “暂时关闭”(temporarily closed)

Test-trace-isolate “体温监测”/“测温”(body temperature monitoring), “检测”(test), “排查”(trace), “隔离”(isolate), “强
制”(enforce/enforcement), “控制”(control)

Suspension of gathering “暂停”(suspension of gathering), “停止”(call off), “取消”(cancel), “推迟”(put off school opening or 
returning to work), “延期”(postpone), “延长”(prolong vacation)

Data analysis
We analyzed public  engagement,  sentiment,  and frequently discussed  topics  towards each  of  the three  containment
measures,  and compared those from the COVID-19 resurgence with the initial  outbreak. Public engagement  toward
containment measures was assessed using the daily number of related Weibo posts, which was compared with the daily
number of locally new COVID-19 cases, according to the National Health Commission of China and Beijing Municipal
Health Commission. Public sentiment toward containment measures was analyzed by the Baidu open-source Sentiment
Analysis  Application Programming Interface,  and  measured  by proportion  of  Weibo  posts  with  negative  sentiment.
Frequently discussed topics about containment measures on social media were identified by Latent Dirichlet Allocation
(LDA) topic modeling combined with manual annotation. 

Topic modeling is an unsupervised machine learning technique that  can automatically  identify underlying topics  or
clusters by identifying groups of words that often co-occur in a textual data set (i.e. Weibo posts) [9, 17, 35]. LDA is a
widely-used  topic  modeling  algorithm to  identify  the  most  common topics  in  social  media[35,  36].  In  LDA,  each
document (i.e. a Weibo post) is assumed to contain a mixture of topics, and each topic can be captured by a mixture of
words. It aims to map the given documents to the set of topics so that the words in each document can be mostly captured
by those topics. We applied the LDA topic modeling by separating all documents into 30 machine-generated topics, and
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every Weibo post was assigned to a topic that it most likely belonged to according to the LDA model. LDA outputs
provide  keywords  of  the  30  LDA-generated  topics  for  each  containment  measure  during  the  initial  outbreak  and
resurgence (Multimedia Appendix 2).

Since LDA is  an unsupervised text  classification algorithm based on the “bag-of-words model”,  sometimes it  may
misclassify  documents  or  misidentify  topics  [37-39];  therefore,  it  is  important  to  manually  assess  representative
documents  (in  our case,  Weibo posts).  In  this  study,  LDA outputs  was  verified  and  improved by  two independent
researchers to analyze key words generated by the LDA model and manually review sample posts for each topic. If the
Weibo posts in one of the machine-generated 30 topics were found to contain several exclusive subtopics, this topic
needed to be manually reviewed.  Finally,  a  random sample of  Weibo posts  (>10%) and their  assigned topics  were
reviewed by two independent researchers for quality control.

Results
We compared the containment measures during the initial COVID-19 outbreak in China and the resurgence in Beijing,
China (Figure 1). They included lockdown, test-trace-isolation, and suspension of gathering measures. Generally, these
measures evolved from the fully lockdown for general population during the initial outbreak, to a more targeted response
strategy for high-risk population during its resurgence.

Public engagement on containment measures
The  COVID-19  epidemic  received  much  engagement  from the  public  nationally.  During  both  initial  outbreak  and
resurgence  in  China,  test-trace-isolate  measures  received  most  engagements  from  the  public,  and  suspension  of
gatherings received  relatively  low engagement;  one  difference  between the  two periods is  that  lockdown measures
captured high engagement during the initial outbreak but the lowest engagement during resurgence (Figure 2).  In both
periods, the number of Weibo posts on containment measures increased dramatically after outbreak announcement and
implementation of containment measures, remained high for around 1-2 weeks, and then fell to a low level. From one
week before to one week after the confirmation of human-to-human transmission (January 20 th, 2020) in China, average
daily number of Weibo posts increased from 14 to 4168 for lockdown measure,  from 69 to 2003 for suspension of
gathering measure, from 340 to 6298 for test-trace-isolation measure, respectively. Similarly, average daily number of
Weibo posts during the week before the COVID-19 resurgence (June 11th, 2020) were 41 for lockdown measure, 118 for
suspension of gathering measure, and 179 for test-trace-isolation measure, respectively. As a comparison, it reached 256
for lockdown measure, 321 for suspension of gathering measure, and 803 for test-trace-isolation measure in the week
after  the  resurgence.  And Weibo activity  reached the  peak around 1-2 weeks  before the peak of  COVID-19 cases,
indicating Weibo seemed to track policy changes (e.g. lockdown) rather than actual case numbers.

Public sentiment on containment measures
Negative sentiment towards all three containment measures during the COVID-19 resurgence (average daily proportion
of Weibo posts with negative sentiment: 47% for lockdown, 51% for test-trace-isolate, 48% for suspension of gathering)
was lower than the initial outbreak (average daily proportion: 57% for lockdown, 56% for test-trace-isolate, 55% for
suspension of gathering) (Figure 3). During the initial outbreak, nearly 80% of the public immediately expressed negative
sentiments towards lockdown and suspension of gathering measures following the Wuhan lockdown, and around 60%
expressed negative sentiments towards test-trace-isolation measure. Then, negative sentiments quickly started to decrease
for  around  one  week,  and  oscillated  at  a  lower  level.  However,  for  test-trace-isolate,  the  proportion  of  negative
sentiments varied in a smaller range than other two containment measures did. One exception is the spike in negative
sentiment about lockdown on February 6th, 2020, which might relate to concerns about lacking medications or treatments
for patients with other diseases; this accounted for a large proportion of posts with negative sentiment on that day. During
the COVID-19 resurgence in Beijing, negative sentiment towards containment measures was relatively lower and less
variant than initial outbreak.

Frequently discussed topics on containment measures
Topics related to lockdown measure:  For the initial outbreak, the top 3 topics on lockdown were attitudes towards
Wuhan lockdown (16.42%,  5915/36027),  discussions on other  containment  measures  excluding  lockdown (14.21%,
5120/36027),  and expressing  negative  emotions caused  by the epidemic,  such as  fear,  worry,  depression and  panic
(11.35%, 4090/36027) (Figure 4). Among posts of attitudes towards Wuhan lockdown, 42% (2473/5915) of posts showed
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support for the policy, while 4% (220/5915) opposed the policy, along with 12% (720/5915) who thought the lockdown
action should have been implemented earlier. For COVID-19 resurgence in Beijing, the leading three topics were public
containment measures (33.10%, 867/2619), impacts on daily life (26.00%, 681/2619), and nucleic acid tests for COVID-
19 (8.40%, 220/2619). Since more targeted responses had been employed during the resurgence, containment measures
excluding lockdown became the main focus of Weibo posts, whereas posts about lockdown shrunk from 16.42% to
5.88%. After the resumption of work, people paid greater engagement to how containment measures would affect their
daily lives or work, and thus the proportion of relevant posts increased from 10.88% to 26.00%. Consequently, there
were discussions about the impact of containment measures on the economy and industry. Noticeably, people expressed
more biases by ascribing the emergence and spread of the epidemic to Wuhan residents during the initial outbreak; in
contrast, this was barely mentioned during the COVID-19 resurgence in Beijing. Other topics during the initial outbreak
included appealing for personal protection (10.36%), lockdowns outside Wuhan (6.68%), people leaving Wuhan (6.51%);
shortages in the supply of medical  equipment,  including masks,  were not widely discussed (3.11%). Topics such as
vaccines and nucleic acid tests only emerged during the resurgence.

Topics related to test-trace-isolate measure:  For the initial outbreak, 48.44% (30826/63644) of posts on test-trace-
isolate measure were opinions about epidemic control, which expressed hope or trust in swiftly controlling the epidemic
and contained suggestions about specific containment measures and descriptions of spreading status (Figure 5). During
the resurgence, the percentage of posts expressing opinions on epidemic control  decreased to 27.13% due to public
confidence in effective response measures. The second popular topic during the initial  outbreak was quarantine and
protection measures, which were only mentioned in 1.62% of posts during the resurgence. In the initial outbreak, 7.8% of
posts expressed attitudes about test-trace-isolate, while in the resurgence, 46.39% of users expressed their attitudes. This
further  illustrates  how  the  discussion’s  focus  shifted  from  epidemic  control  status  to  targeted  response  measures.
Interestingly, public attitudes towards test-trace-isolate measure differed between these two periods of the epidemic in
China.  In  the  initial  nation-wide  outbreak,  only  60% (3921/6506)  of  posts  supported  the  test-trace-isolate  strategy.
However, during the resurgence in Beijing, posts supporting the test-trace-isolate policies increased to 90% (3853/4292).
Posts  displaying  panic  fell  from 21% to  1%,  and  posts  related  to  queries  also  decreased  from 15% to  5%.  Users
expressing reluctance to be tested or quarantined accounted for 4% in the two periods. Additionally, different topics
emerged during the two periods. During the initial outbreak, some posts (2.86%) discussed medical equipment and health
professionals, while during the resurgence, people discussed the impact of test-trace-isolate on schooling, work, daily
lives, and the status of the epidemic worldwide.

Topics  related to suspension of  gatherings measure:  Among posts  on suspension of  gatherings measure,  38.46%
(7487/19466) and 23.92% (834/3487) mentioned cancellation of travel plans and small-scale gatherings during the initial
outbreak and resurgence, respectively (Figure 6). The proportion of posts describing suspension of mass gathering events
increased dramatically from 3.07% in the initial outbreak to 31.09% in the resurgence, which indicates that the public
response was much more sensitive to the suspension of massive gathering events, such as sports and concerts, during the
resurgence. Other common topics during these two epidemic periods included travel restrictions, closing public places,
and eliminating unnecessary daily outings. In addition, 14.05% (2735/19466) of posts discussed extending the Spring
Festival vacation and postponing returning to work during the initial outbreak, among which, 55% of users supported the
extension of vacation. In the resurgence, discussions surrounding population movement issues emerged, such as visas
and immigration.

Discussion

Principal Findings
Through social media surveillance, we analyzed and compared the level of public engagement, sentiment expressed, and
frequently discussed topics around three primary containment measures during the initial outbreak and the resurgence of
COVID-19 epidemic in China. As the epidemic control strategy switched from lockdown to a targeted response during
the COVID-19 resurgence, public responses became more rational. During the initial outbreak, the amount of Weibo
posts escalated dramatically following Wuhan lockdown, a high proportion of posts showed negative sentiment towards
all three primary containment measures, and discrimination-related topics arose. During the resurgence, however, the
public showed less engagement and less negative sentiment, were more supportive towards containment measures, and
shifted their focus to the impacts of containment measures on their daily lives or work.

Monitoring  public  responses  to  epidemic  control  strategies is  crucial  to  obtain  rapid  feedback and  inform strategy
adjustments during an epidemic. Previous studies showed that  social mobilization and community engagement were
central to the Ebola response in West Africa  [40-42]. During the COVID-19 epidemic, especially the initial outbreak,
Chinese Weibo users raised questions about the epidemic’s source, shortages of medical equipment, and discrimination
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against Wuhan residents. A considerable number of Weibo posts expressed panic or had queries regarding containment
measures.  This  is  worth  noting,  since  studies  showed  that  panic  and  queries  around  containment  measures  and
discrimination  may inhibit  community  engagement  and  dampen  epidemic  control  [19].  When COVID-19 resurged,
public concerns on containment measures changed to focus on impacts on daily life. Policymakers should pay close
attention to these changes in public response to track the most vital needs of the population during the different epidemic
stages, as well as to address public concerns through timely effective communication [43, 44]. This can improve public
compliance and engagement with containment measures and facilitate their implementation [45, 46]. 

During COVID-19 resurgence in Beijing, a more targeted response strategy was applied to the high-risk population, and
the general population was less impacted. Frequently discussed topics on Weibo during the resurgence reflected that the
lives of the public were returning to normal; there were no longer topics regarding discrimination and the shortage of
supplies, and negative sentiment towards all containment measures were lower during the resurgence than the initial
outbreak. The shifts in discussed topics and public sentiment might also be related to the reduced stringency of these
containment measures. As shown in previous studies, stricter measures were followed by higher negative sentiment [16].
The public may become fatigued to containment measures when the epidemic resurges. In our study, public responses
were  more  sensitive to  the suspension of  massive gathering events  during the resurgence than the  initial  outbreak.
Therefore, governments should balance containment strategies’ benefits to their impacts on daily lives and the economy
to formulate tailored response strategies during COVID-19 resurgence.

As more  information about  COVID-19 and its  control  has  become available,  governments  have gained  options for
tailoring their response strategies to its resurgence. Using the test-trace-isolate for high-risk populations strategy, Beijing
flattened the case curve and put the epidemic under control within one month. Our study indicates that this targeted
response strategy better matches public concerns. With the normalization of the epidemic, people cared more about their
life and economics under the epidemic, such as going back to school or work, going to concerts, traveling, immigration,
and sports events. The targeted response strategy focuses on high risk populations and has less restrictions on most
people's  lives,  which  might  help  reduce  the  negative sentiment  among the  public  during COVID-19  resurgence.  A
modeling study predicted that, compared with the community-wide lockdown strategy, the targeted response strategy
would be less costly[47], and could help revive industries and the economy. China's economy data showed that its GDP
shrank 6.8% in Q1 with a full lockdown, but grew by 3.2% in Q2 and by 4.9% in Q3 of 2020 with test-trace-isolate
targeting high-risk populations [48]. Therefore, more targeted response strategies should be promoted during COVID-19
resurgence.

Overall, the public reaction to initial outbreak showed a dramatic escalation in public engagement with more negative
sentiments following the lockdown policy, and as a comparison, targeted containment measures during the COVID-19
resurgence got more rational responses and greater support. The public expressed the high level of panic (21%) in the
initial outbreak but virtually zero panic (1%) in the resurgence. Only 4% of the public expressed reluctance to be tested
or quarantined in both initial outbreak and the resurgence, which would be an important floor on public health efforts to
achieve  universal  compliance.  The  targeted  test-trace-isolation  measure  got  the  greatest  support  among  all  three
containment measures in the initial outbreak, and its supporting rate reached around 90% during the resurgence. The
evolution of public responses towards containment measures indicated that  targeted test-trace-isolate strategies were
more acceptable for the public. Governments should take public responses on social media into consideration, and take
more targeted test-trace-isolate strategies to prepare for the future resurgence of COVID-19.

Limitations
This study has several limitations. First, Weibo is more widely used by younger people, and some users simply read
Weibo posts but do not post their own content. Therefore, caution should be used when interpreting the study findings in
the context of the general public. Python was used to collect all relevant Weibo posts for analysis and therefore, the data
used in this study are valid to reflect the opinions and responses of the Weibo users. Second, as an unsupervised text
classification  algorithm  based  on  the  “bag-of-words  model,”  LDA may  lead  to  misclassification  of  Weibo  posts.
However, such misclassification is random - it doesn’t lean towards any direction (positive or negative) in particular [49].
Therefore, it does not cause bias in interpretation in a comparative study. To control for this potential bias, we randomly
sampled and manually classified Weibo posts to correct misclassification and improve accuracy. Future research should
explore real-time social media surveillance with more advanced machine learning techniques (e.g. Bidirectional Encoder
Representations  from  Transformers),  and  conduct  long-term,  multilingual,  and  multi-platform  public  response
surveillance towards the COVID-19 epidemic.
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Conclusions 
Compared  to  the  initial  outbreak,  the  public  became  more  rational  during  the  COVID-19  resurgence.  The  public
expressed  less  engagement  and  less  negative  sentiment  on  containment  measures,  were  more  supportive  towards
containment measures, and shifted their focus to the impacts of containment measures on their daily life or work during
the resurgence. The targeted test-trace-isolate strategies were more acceptable for the public. This study highlighted that
epidemic  control  strategies  should  be  more  targeted  when  COVID-19  resurges,  such  as  test-trace-isolate  strategies
targeting high-risk populations, to balance epidemic control and its impacts on daily life and economy.
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Figure legend 

Figure 1. Timeline of containment measures during the initial outbreak and the resurgence of COVID-19 epidemic
in China. Containment measures relevant to lockdown, test-trace-isolate, and suspension of gathering are shown in time
order.

Figure 2. Numbers of Weibo posts on containment measures and new COVID-19 cases during the initial outbreak
and the resurgence of COVID-19 epidemic in China.  The lines show the daily number of Weibo posts regarding
lockdown, test-trace-isolate, and suspension of gathering. The bars show the daily number of new COVID-19 confirmed
cases in China and Beijing.

Figure 3. Percentage of Weibo posts with negative sentiment on containment measures during the initial outbreak
and the resurgence of COVID-19 epidemic in China. 

Figure 4. Percentage of posts on frequently discussed topics on lockdown measure during the initial outbreak and
the resurgence of COVID-19 epidemic in China. The columns show the percentage of posts on each topic among all
posts related to lockdown measure. Pie charts show the proportion of various attitudes towards some topics during the
initial outbreak.

Figure  5.  Percentage  of  posts  on  frequently  discussed  topics  on  test-trace-isolate  measure  during  the  initial
outbreak and the resurgence of COVID-19 epidemic in China.  The columns show the percentage of posts on each
topic among all posts related to test-trace-isolate measure. Pie charts show the proportion of various attitudes towards
test-trace-isolate between initial outbreak and resurgence.

Figure 6. Percentage of posts on frequently discussed topics on suspension of gatherings measure during the initial
outbreak and the resurgence of COVID-19 epidemic in China.  The columns show the percentage of posts on each
topic among all posts related to suspension of gatherings measure. Pie charts show the proportion of various attitudes
towards some topics during the initial outbreak.

Multimedia Appendix
Multimedia Appendix 1. Flowchart of data collection and preprocessing

Multimedia Appendix 2: LDA outputs for each containment measure

https://preprints.jmir.org/preprint/26518 [unpublished, peer-reviewed preprint]



JMIR Preprints Zhou et al

Reference
1. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical characteristics of 99 cases 
of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet 2020;395(10223):507-13. PMID: 
32007143. doi: 10.1016/s0140-6736(20)30211-7.
2. Lee VJ, Chiew CJ, Khong WX. Interrupting transmission of COVID-19: lessons from containment efforts in 
Singapore. J Travel Med 2020;27(3):taaa039.
3. Iacobucci G. Covid-19: UK lockdown is "crucial" to saving lives, say doctors and scientists. BMJ 
2020;368:m1204. PMID: 32209548. doi: 10.1136/bmj.m1204.
4. Chinazzi M, Davis JT, Ajelli M, Gioannini C, Litvinova M, Merler S, et al. The effect of travel restrictions on 
the spread of the 2019 novel coronavirus (COVID-19) outbreak. Science 2020;368(6489):395-400. doi: 
10.1126/science.aba9757.
5. Sjödin H, Wilder-Smith A, Osman S, Farooq Z, Rocklöv J. Only strict quarantine measures can curb the 
coronavirus disease (COVID-19) outbreak in Italy, 2020. Eurosurveillance 2020;25(13):2000280. doi: 10.2807/1560-
7917.
6. Wise J. Covid-19: Risk of second wave is very real, say researchers. BMJ 2020;369:m2294. doi: 
10.1136/bmj.m2294. PMID: 32518177.
7. Hou Z, Du F, Zhou X, Jiang H, Martin S, Larson H, et al. Cross-Country Comparison of Public Awareness, 
Rumors, and Behavioral Responses to the COVID-19 Epidemic: Infodemiology Study. J Med Internet Res 
2020;22(8):e21143. PMID: 32701460. doi: 10.2196/21143.
8. Wu Z, Wang Q, Zhao J, Yang P, McGoogan JM, Feng Z, et al. Time Course of a Second Outbreak of COVID-19
in Beijing, China, June-July 2020. JAMA 2020: e2015894. PMID: 32852518. doi: 10.1001/jama.2020.15894.
9. Han X, Wang J, Zhang M, Wang XJIJoER, Health P. Using Social Media to Mine and Analyze Public Opinion 
Related to COVID-19 in China. Int. J. Environ. Res. Public Health 2020; 17(8): 2788. doi: 10.3390/ijerph17082788.
10. Owen J. Covid-19: WHO raises concerns about new cases in Beijing. BMJ 2020;369:m2415. PMID: 32546470. 
doi: 10.1136/bmj.m2415.
11. (ECDC) ECfDPaC. Increased transmission of COVID-19 in the EU/EEA and the UK - twelfth update.  [updated
24 September 2020]; Available from: https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-risk-
assessment-increased-transmission-12th-update-september-2020.pdf.
12. Cacciapaglia G, Cot C, Sannino F. Second wave COVID-19 pandemics in Europe: a temporal playbook. Sci Rep
2020;10(1) :15514. doi: 10.1038/s41598-020-72611-5.
13. Mahase E. Covid-19: Medical leaders call for rapid review to prepare for second wave. BMJ 2020;369:m2529. 
doi: 10.1136/bmj.m2529.
14. Murillo-Llorente MT, Perez-Bermejo M. Covid-19: Social irresponsibility of teenagers towards the second wave
in Spain. J Epidemiol 2020;30(10):483. doi: 10.2188/jea.JE20200360.
15. Hsu LY, Chia PY, Vasoo S. A midpoint perspective on the COVID-19 pandemic. Singapore Med J 
2020;61(7):381-3.
16. Doogan C, Buntine W, Linger H, Brunt S. Public Perceptions and Attitudes Toward COVID-19 
Nonpharmaceutical Interventions Across Six Countries: A Topic Modeling Analysis of Twitter Data. J Med Internet Res 
2020;22(9):e21419. PMID: 32784190. doi: 10.2196/21419.
17. Abd-Alrazaq A, Alhuwail D, Househ M, Hamdi M, Shah ZJJomIr. Top concerns of tweeters during the COVID-
19 pandemic: infoveillance study. J Med Internet Res 2020;22(4):e19016. PMID: 32287039. doi: 10.2196/19016.
18. Xue J, Chen J, Hu R, Chen C, Zheng C, Su Y, et al. Twitter Discussions and Emotions About the COVID-19 
Pandemic: Machine Learning Approach. J Med Internet Res 2020;22(11):e20550.
19. Seale H, Dyer CEF, Abdi I, Rahman KM, Sun Y, Qureshi MO, et al. Improving the impact of non-
pharmaceutical interventions during COVID-19: examining the factors that influence engagement and the impact on 
individuals. BMC Infect Dis 2020;20(1):607. PMID: 32807087. doi: 10.1186/s12879-020-05340-9.
20. Li S, Wang Y, Xue J, Zhao N, Zhu T. The Impact of COVID-19 Epidemic Declaration on Psychological 
Consequences: A Study on Active Weibo Users. Int J Environ Res Public Health. 2020;17(6):2032. PMID: 32204411. 
doi: 10.3390/ijerph17062032. 
21. Boon-Itt S, Skunkan Y. Public Perception of the COVID-19 Pandemic on Twitter: Sentiment Analysis and Topic 
Modeling Study. JMIR Public Health and Surveillance 2020;6(4):e21978.
22. Zhao Y, Cheng S, Yu X, Xu HJJoMIR. Chinese public's attention to the COVID-19 epidemic on social media: 
observational descriptive study. J Med Internet Res 2020;22(5):e18825. PMID: 32314976. doi: 10.2196/18825.
23. Chehal D, Gupta P, Gulati P. COVID-19 pandemic lockdown: An emotional health perspective of Indians on 
Twitter. Int J Soc Psychiatry 2020:20764020940741. PMID: 32633185. doi: 10.1177/0020764020940741.
24. Pastor CK. Sentiment analysis of Filipinos and effects of extreme community quarantine due to coronavirus 
(Covid-19) pandemic. SSRN. 2020.
25. Europe WROf. Pandemic fatigue: Reinvigorating the public to prevent COVID-19.  [cited 2020 8 October]; 

https://preprints.jmir.org/preprint/26518 [unpublished, peer-reviewed preprint]



JMIR Preprints Zhou et al

Available from: https://apps.who.int/iris/bitstream/handle/10665/335820/WHO-EURO-2020-1160-40906-55390-eng.pdf.
26. Hou Z, Du F, Jiang H, Zhou X, Lin L. Assessment of public attention, risk perception, emotional and 
behavioural responses to the COVID-19 outbreak: social media surveillance in China. medRxiv. 2020.
27. Tsao S-F, Chen H, Tisseverasinghe T, Yang Y, Li L, Butt ZA. What social media told us in the time of COVID-
19: a scoping review. The Lancet Digital Health 2021;3(3):e175-e94.
28. Barkur G, Vibha, Kamath GB. Sentiment analysis of nationwide lockdown due to COVID 19 outbreak: 
Evidence from India. Asian J Psychiatr 2020;51:102089. doi: 10.1016/j.ajp.2020.102089.
29. Đogaš Z, Lušić Kalcina L, Pavlinac Dodig I, Demirović S, Madirazza K, Valić M, et al. The effect of COVID-19
lockdown on lifestyle and mood in Croatian general population: a cross-sectional study. Croat Med J 2020;61(4):309-18. 
PMID: 32881428. doi: 10.3325/cmj.2020.61.309.
30. Graham MW, Avery EJ, Park S. The role of social media in local government crisis communications. Public 
Relations Review 2015;41(3):386-94. doi: 10.1016/j.pubrev.2015.02.001.
31. Weibo Reports Third Quarter 2020 Unaudited Financial Results. 2020 [cited 2021 March 6]; Available from: 
https://weibocorporation.gcs-web.com/news-releases/news-release-details/weibo-reports-third-quarter-2020-unaudited-
financial-results.
32. Angiani G, Ferrari L, Fontanini T, Fornacciari P, Iotti E, Magliani F, et al., editors. A Comparison between 
Preprocessing Techniques for Sentiment Analysis in Twitter. KDWeb; 2016.
33. Gupta I, Joshi N, editors. Tweet normalization: A knowledge based approach. 2017 International Conference on 
Infocom Technologies and Unmanned Systems (Trends and Future Directions)(ICTUS); 2017: IEEE.
34. To H, Agrawal S, Kim SH, Shahabi C, editors. On identifying disaster-related tweets: Matching-based or 
learning-based? 2017 IEEE Third International Conference on Multimedia Big Data (BigMM); 2017: IEEE.
35. Blei DM, Ng AY, Jordan MI. Latent dirichlet allocation. Journal of Machine Learning Research 2003;3:993-
1022.
36. Luo R, Xu J, Zhang Y, Ren X, Sun XJ. PKUSEG: A Toolkit for multi-domain Chinese word segmentation. 2019.
https://arxiv.org/abs/1906.11455.
37. Debortoli S, Müller O, Junglas I, vom Brocke J. Text mining for information systems researchers: An annotated 
topic modeling tutorial. Communications of the Association for Information Systems 2016;39(1):7.
38. Hall D, Jurafsky D, Manning CD, editors. Studying the history of ideas using topic models. Proceedings of the 
2008 conference on empirical methods in natural language processing; 2008.
39. Pablo ZC, Oco N, Roldan MDG, Cheng C, Roxas RE. Toward an enriched understanding of factors influencing 
Filipino behavior during elections through the analysis of Twitter data. Philippine Political Science Journal 
2014;35(2):203-24.
40. World Health Organization. Regional Office for the Western P. Role of community engagement in situations of 
extensive community transmission of COVID-19. Manila: WHO Regional Office for the Western Pacific; 2020.
41. Marston C, Renedo A, Miles S. Community participation is crucial in a pandemic. Lancet 
2020;395(10238):1676-8. PMID: 32380042. doi: 10.1016/s0140-6736(20)31054-0.
42. Gillespie AM, Obregon R, El Asawi R, Richey C, Manoncourt E, Joshi K, et al. Social Mobilization and 
Community Engagement Central to the Ebola Response in West Africa: Lessons for Future Public Health Emergencies. 
Glob Health Sci Pract 2016;4(4):626-46. PMID: 28031301. doi: 10.9745/ghsp-d-16-00226.
43. Ngai CSB, Singh RG, Lu W, Koon AC. Grappling With the COVID-19 Health Crisis: Content Analysis of 
Communication Strategies and Their Effects on Public Engagement on Social Media. J Med Internet Res 
2020;22(8):e21360. PMID: 32750013. doi: 10.2196/21360.
44. Liao Q, Yuan J, Dong M, Yang L, Fielding R, Lam WWT. Public Engagement and Government Responsiveness 
in the Communications About COVID-19 During the Early Epidemic Stage in China: Infodemiology Study on Social 
Media Data. J Med Internet Res 2020;22(5):e18796. PMID: 32412414. doi: 10.2196/18796.
45. Hu G, Qiu W. From guidance to practice: Promoting risk communication and community engagement for 
prevention and control of coronavirus disease (COVID-19) outbreak in China. J Evid Based Med 2020;13(2):168-72. 
PMID: 32445287. doi: 10.1111/jebm.12387.
46. Gan Y, Ma J, Wu J, Chen Y, Zhu H, Hall BJ. Immediate and delayed psychological effects of province-wide 
lockdown and personal quarantine during the COVID-19 outbreak in China. Psychol Med 2020 Aug 13:1-12. PMID: 
32787981. doi: 10.1017/s0033291720003116.
47. Colbourn T, Waites W, Panovska-Griffiths J, Manheim D, Sturniolo S, Colbourn G, et al. Modelling the Health 
and Economic Impacts of Population-Wide Testing, Contact Tracing and Isolation (PTTI) Strategies for COVID-19 in the
UK. 2020.
48. National Bureau of Statistics of China. China's GDP, Q1-Q3, 2020. [cited 2020 26 October]; Available from: 
http://www.stats.gov.cn/tjsj/zxfb/202010/t20201020_1794939.html.
49. Wang A, Zhang J, editors. Topic discovery method based on topic model combined with hierarchical clustering. 
2020 IEEE 5th Information Technology and Mechatronics Engineering Conference (ITOEC); 2020: IEEE.

https://preprints.jmir.org/preprint/26518 [unpublished, peer-reviewed preprint]



JMIR Preprints Zhou et al

Supplementary Files

https://preprints.jmir.org/preprint/26518 [unpublished, peer-reviewed preprint]



JMIR Preprints Zhou et al

Figures

https://preprints.jmir.org/preprint/26518 [unpublished, peer-reviewed preprint]



JMIR Preprints Zhou et al

Timeline of containment measures during the initial outbreak and the resurgence of COVID-19 epidemic in China.
Containment measures relevant to lockdown, test-trace-isolate, and suspension of gathering are shown in time order. *NAT:
nucleic acid testing.
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Numbers of Weibo posts on containment measures and new COVID-19 cases during the initial outbreak and the resurgence of
COVID-19 epidemic in China. The lines show the daily number of Weibo posts regarding lockdown, test-trace-isolate, and
suspension of gathering. The bars show the daily number of new COVID-19 confirmed cases in China and Beijing.
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Percentage of Weibo posts with negative sentiment on containment measures during the initial outbreak and the resurgence of
COVID-19 epidemic in China.
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Percentage of posts on frequently discussed topics on lockdown measure during the initial outbreak and the resurgence of
COVID-19 epidemic in China. The columns show the percentage of posts on each topic among all posts related to lockdown
measure. Pie charts show the proportion of various attitudes towards some topics during the initial outbreak.
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Percentage of posts on frequently discussed topics on test-trace-isolate measure during the initial outbreak and the resurgence
of COVID-19 epidemic in China. The columns show the percentage of posts on each topic among all posts related to test-trace-
isolate measure. Pie charts show the proportion of various attitudes towards test-trace-isolate between initial outbreak and
resurgence.
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Percentage of posts on frequently discussed topics on suspension of gatherings measure during the initial outbreak and the
resurgence of COVID-19 epidemic in China. The columns show the percentage of posts on each topic among all posts related
to suspension of gatherings measure. Pie charts show the proportion of various attitudes towards some topics during the initial
outbreak.
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Flowchart of data collection and preprocessing.
URL: http://asset.jmir.pub/assets/a5d6e6796beb46bcc6efc6d1011a1200.png

LDA outputs for each containment measure.
URL: http://asset.jmir.pub/assets/5dfdb24aca341b50cec0dfaaca464291.docx
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