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Abstract
Background: Massive community-wide testing has become the cornerstone of management strategies for the COVID-19
pandemic.
Objective: This study was a comparative analysis between the United Kingdom and China, which aimed to assess public
attitudes and uptake regarding COVID-19 testing, with a focus on factors of COVID-19 testing hesitancy, including effectiveness,
access, risk perception, and communication.
Methods: We collected and manually coded 3856 UK tweets and 9299 Chinese Sina Weibo posts mentioning COVID-19 testing
from June 1 to July 15, 2020. Adapted from the World Health Organization’s 3C Model of Vaccine Hesitancy, we employed
social listening analysis examining key factors of COVID-19 testing hesitancy (confidence, complacency, convenience, and
communication). Descriptive analysis, time trends, geographical mapping, and chi-squared tests were performed to assess the
temporal, spatial, and sociodemographic characteristics that determine the difference in attitudes or uptake of COVID-19 tests.
Results: The UK tweets demonstrated a higher percentage of support toward COVID-19 testing than the posts from China.
There were much wider reports of public uptake of COVID-19 tests in mainland China than in the United Kingdom; however,
uncomfortable experiences and logistical barriers to testing were more expressed in China. The driving forces for undergoing
COVID-19 testing were personal health needs, community-wide testing, and mandatory testing policies for travel, with major
differences in the ranking order between the two countries. Rumors and information inquiries about COVID-19 testing were also
identified.
Conclusions: Public attitudes and acceptance toward COVID-19 testing constantly evolve with local epidemic situations.
Policies and information campaigns that emphasize the importance of timely testing and rapid communication responses to
inquiries and rumors, and provide a supportive environment for accessing tests are key to tackling COVID-19 testing hesitancy
and increasing uptake.
(JMIR Infodemiology 2021;1(1):e26895) doi: 10.2196/26895
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Introduction
As the number of COVID-19 cases accelerated globally in early
2020, many public health experts advocated for widespread
rapid testing that could complement other containment
strategies, such as hand washing, contact tracing, and quarantine,
and that should be viewed as important as face covering, social
distancing, and vaccines [1,2]. There are two widely accepted
types of tests as follows: (1) a nucleic acid test, which is a
polymerase chain reaction test that detects RNA (or genetic
material) specific to the virus, and (2) an antigen test, which is
a rapid turnaround virus test from a lateral flow device that can
process COVID-19 samples on site without the need for
laboratory equipment. Community-wide COVID-19 testing
helped public health investigators understand the prevalence,
contagiousness, and mortality of the disease [3], and has made
it possible for communities to exit lockdowns and rapidly control
potential resurgences while awaiting a safe vaccine. China,
Singapore, Germany, and South Korea have been among the
most early and aggressive countries in utilizing widespread
frequent rapid tests (offered freely to residents) as a central
pillar of their multipronged epidemic control strategies. In
China, mass testing has been employed as a standard procedure
in places where new outbreaks of COVID-19 surged [4]. During
the resurgence in Beijing in June 2020, 3.56 million individuals
at risk were tracked and tested [5], and the outbreak was quickly
brought under control. In contrast, countries, such as the United
Kingdom and Japan, had delays in rolling out mass testing [6],
and asymptomatic individuals and high-risk populations (ie,
health care workers) were not able to access testing in the
pandemic’s early stage due to limited capacity [7]. Two and a
half months after nationwide lockdown, on May 28, 2020, the
United Kingdom eventually launched the National Health
System (NHS) Test and Trace program, a “world-beating
system” that the Prime Minister had pledged to deliver as a
central part of the government’s COVID-19 recovery strategy.
By July, people with COVID-19 symptoms could receive a test
from the NHS without charge, and those engaged in high-risk
jobs were promised regular testing by the UK government [8,9].
However, since it was introduced, the program has been
repeatedly criticized for not meeting expectations. As the
pandemic response progresses, the challenge of conducting
COVID-19 mass testing will transition from inadequate testing
capacity to inadequate uptake [10] due to pandemic fatigue, test
anxiety, stigmatization, rumors, misinformation, fear of isolation
and quarantine, and other disincentives.
Infodemiology, first introduced by Dr Gunther Eysenbach in
early 2000 as the epidemiology of (mis)information [11], is an
emerging field of research on the distribution and determinants
of user-contributed health information and misinformation
across the internet or in a population, with the ultimate aim of
improving public health and public policy [12]. The COVID-19
pandemic created a paradigm shift in communication and
infodemiology, as widespread negative health and
socioeconomical impacts were observed to be caused by two
concurrent pandemics (the novel coronavirus and
misinformation). Social listening in the context of public health
has been found to be an effective tool that offers real-time big
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data on public sentiment and opinions for informing and
assessing governments’ risk communication strategies and
public reactions, especially during acute epidemic outbreaks,
such as the 2009/2010 H1N1 [13], 2013/2014 Middle East
respiratory syndrome (MERS) [14], and 2014 Ebola [13]
epidemics. Unlike traditional research methods (eg, surveys or
in-depth interviews), where opinion gathering is limited to
interactions between researchers and participants, social listening
allows for a rapid and thorough scanning of a multilevel
dynamic information environment for digital opinions derived
from public contributions, interactions, and interinfluences
without researcher involvement. Social listening investigates
public understanding and experiences of an event (ie, risks and
countermeasures), which, as depicted in Stuart Hall’s audience
reception theory [15], are shaped by their individual
sociocultural backgrounds and life experiences.
At-risk individuals refusing or avoiding testing could undermine
a community’s epidemic control and reopening strategies. Public
health experts and decision makers must monitor public
sentiment and acceptance toward testing and understand the
root causes of testing hesitancy. To date, research has mainly
focused on COVID-19 vaccines [16] and other
nonpharmaceutical measures, such as lockdowns, social
distancing, and mask wearing [17-20], leaving COVID-19
testing hesitancy and avoidance underinvestigated. The United
Kingdom and China have highly active microblog users and
have experienced initial COVID-19 outbreaks, lockdowns, and
resurgence, yet mass testing was introduced in these two
countries at different stages of response. As such, this
infodemiology study aimed to assess public attitudes and uptakes
of COVID-19 testing in the United Kingdom and China, with
a focus on the factors of testing hesitancy, including
effectiveness, access, risk perception, and communication.

Methods
Data Collection
We collected microblog posts from popular social media
platforms in the United Kingdom and China. We assessed
Twitter tweets (the United Kingdom) and Sina Weibo posts
(mainland China) mentioning COVID-19 testing from June 1
to July 15, 2020, after the launch of the NHS Test and Trace
system in the United Kingdom and the mass testing campaign
in Beijing, China, during COVID-19’s resurgence and before
another resurgence in Xinjiang Autonomous Region, China.
We used the Meltwater platform [21] to collect Twitter tweets
and Weibo posts. The keywords used for collecting tweets or
Weibo posts were “covid test,” “covid19 test,” “covid-19 test,”
“coronavirus test,” “test for covid,” and “test for coronavirus”
(“核酸检测” in Chinese). Overall, 59,919 tweets from the
United Kingdom (including 11,249 tweets from London) and
313,092 Weibo posts from China (including 82,743 Weibo posts
from Beijing) were collected with the location and time they
were sent. Weibo posts were downloaded daily so as to minimize
possible bias resulting from posts being removed by authorities.
We also downloaded the account profile of each Weibo post,
from which we extracted gender, age, and education for analysis.
Only human-contributed opinions/conversations on Twitter and
JMIR Infodemiology 2021 | vol. 1 | iss. 1 | e26895 | p. 2
(page number not for citation purposes)

JMIR INFODEMIOLOGY
Weibo were included for analysis. Tweets or Weibo posts from
news and organizational accounts, and tweets/posts generated
by bots were identified by keyword matching, and then
examined and removed by researchers. Duplicate tweets/posts,
tweets/posts with identical text but from different accounts,
retweets, and quotes without comments were removed. After
removing posts that did not meet the inclusion criteria, we
randomly sampled 10% of the tweets and posts by day for
coding. In total, 3856 tweets from the United Kingdom,
including 794 tweets from London, and 9299 Weibo posts from
mainland China, including 3155 posts from Beijing, were
included for formal analysis. Multimedia Appendix 1 shows
the workflow of the inclusion and exclusion processes of the
tweets and Weibo posts.
Analyses of accounts of social media users (Multimedia
Appendix 2) suggested that our data of social media posts were
well-representative of the entire social media user base. We
found that 92.8% (3581/3856) of tweets in the United Kingdom
and 97.5% (9067/9299) of Weibo posts in China were single
posts sent by unique users.
To assess data representativeness, we compared Weibo users’
demographic data in our study with the “Weibo 2020 User
Development Report” [22]. This report showed that active
female users accounted for 54.6% of the user base and that the
user base is skewed toward young users; 78% of Weibo users
are under 30 years old. Not all Weibo users’ profiles were
available, and in our data set with users’ profiles, 67.6%
(5940/8784) of users were female and 70.6% (2705/3830) were
under 30 years old. Our results showed that our demographic
profiles were comparable to the overall user base profile reported
by Weibo.

Data Analysis
This study employed content analysis of social media data in
relation to COVID-19 testing [23-25], complemented by
contextual epidemic data. COVID-19 epidemic data from the
United Kingdom and mainland China were derived for trend
analysis [26,27]. We plotted the trends of daily new COVID-19
case numbers in the United Kingdom and China to describe the
epidemic context where mass testing programs were introduced.
We identified and classified social media posts that expressed
personal opinions/discussions on COVID-19 testing. Public
attitudes toward COVID-19 testing were manually screened
and coded based on the three different positions one might take
as follows: dominant (understanding and accepting the
objectives of the test), negotiated (reacting with a mixture of
acceptance and rejection), and oppositional (opposite to the
dominant position and completely rejecting the test) [15]. To
investigate the determinants of public attitudes toward
COVID-19 testing, we employed a deductive approach with a
coding framework that was adapted from the World Health
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Organization’s “3Cs” model of hesitancy toward vaccination
[28], and this “3Cs” model was also applied for other public
health behaviors, such as COVID-19 testing. The coding
framework, presented in Multimedia Appendix 3, covers major
factors of COVID-19 testing hesitancy, including
confidence (degree of trust in the effectiveness and safety of
the test), complacency (perceptions of personal risk associated
with the disease and test), and convenience (influencers of the
decision to get the test, eg, availability, affordability, and
geographical accessibility), as well as communication
(information inquiries and rumors about COVID-19 testing)
[29].
In execution, we first developed a codebook with code
definitions. Then, two researchers (YS and QW) coded a
subsample of 500 posts independently, and when appropriate,
refined the codebook. When necessary, SentiWordNet [30] was
referenced. Using the final codebook, another subsample of 200
posts was independently coded to check the intercoder
reliability. Cohen κ [31] was used to measure intercoder
reliability, which reached κ=0.825 after the final revision.
Lastly, during the formal coding phase, four coders were trained
and divided into two pairs of coders (YS and JP, and QW and
YZ). Each pair independently coded a subset of tweets/posts,
with a third coder (QW or YS) checking and resolving any
disagreements.
A descriptive analysis was performed to show the percentage
of topics for both Twitter and Weibo data. The time trends were
plotted for percentages of tweets or Weibo posts with various
attitudes toward general COVID-19 tests by week. Geographical
distributions of post numbers and percentages of oppositional
attitudes across the United Kingdom and mainland China were
plotted by regions or provinces. The chi-square test was used
to determine differences in attitudes or behaviors toward
COVID-19 by gender, age, and education.

Results
Epidemic Context: Daily New COVID-19 Case
Numbers in the United Kingdom and China
From June 1 to July 15, 2020, daily new COVID-19 confirmed
cases demonstrated a decreasing trend in the United Kingdom,
stabilizing at around 50 in London (Figure 1). With the decrease
in new cases, the COVID-19 Alert Level in the United Kingdom
was downgraded from level 4 to level 3 on June 19, representing
that the COVID-19 epidemic was in general circulation with a
demonstrable reduction in the number of cases and deaths [32].
On June 29, Leicester became the first city in the United
Kingdom to undergo a local lockdown after a resurgence of
cases. Concurrently, daily new cases in China fluctuated under
60, with the majority being in Beijing. There were no more local
confirmed cases in Beijing after July 6.
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Figure 1. Numbers of daily new COVID-19 cases in the United Kingdom (UK), London, mainland China, and Beijing from June 1 to July 15, 2020
[26,27].

Social Listening: Public Attitudes Toward COVID-19
Testing
Overall Analysis
In the United Kingdom, 64.6% (2390/3700) of tweets across
the country and 69.2% (520/751) from London showed dominant
views on individual COVID-19 tests in general. Moreover,
30.7% (1136/3700) of tweets from the United Kingdom and
22.6% (170/751) from London showed negotiated views on
individual tests, while 4.7% (174/3700) across the country and
8.1% (61/751) from London opposed it (Figure 2). In China,
about 30% of posts (country wide: 2649/8879, 29.8%; Beijing:
848/2991, 28.3%) showed dominant views on COVID-19 tests
in general. Moreover, over 60% of posts (country wide:
5454/8879, 61.4%; Beijing: 1839/2991, 61.5%) showed
negotiated views, and 10% or less (country wide: 776/8879,
8.7%; Beijing: 304/2991, 10.2%) opposed it. For example,
https://infodemiology.jmir.org/2021/1/e26895
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tweets/posts with dominant views on individual COVID-19
tests included “need larger testing capacity and faster results,”
negotiated tweets/posts included “does one need to have a
covid-19 test before travelling to the US,” and oppositional
tweets/posts included “30% of negative coronavirus tests are
wrong.” Individuals in the United Kingdom (23/2075, 1.1%)
and London (6/530, 1.1%) showed less opposition to
government-led community-wide mass COVID-19 testing than
did those in mainland China (76/1594, 4.8%) and Beijing
(58/661, 8.8%). For example, tweets/posts with dominant views
on community-wide mass COVID-19 testing included “support
NHS and care workers routine weekly COVID-19 tests” and
oppositional tweets/posts included “why would people with no
symptoms take a test that tells them they're sick.” A total of
2487 tweets from the United Kingdom expressed discontent
with governmental COVID-19 testing practices, including taxing
tests, voting against routine testing for front-line workers,
publishing wrong or untimely data, and other complaints. In
JMIR Infodemiology 2021 | vol. 1 | iss. 1 | e26895 | p. 4
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obtain test results before travelling, visiting doctors, etc.

Figure 2. Percentage of tweets or Weibo posts with attitudes toward individual COVID-19 tests and community-wide tests from June 1 to July 15,
2020. UK: United Kingdom.

Time Trend Analysis and Geographical Mapping
Time trend analysis (Figure 3) showed that, in the United
Kingdom, posts with dominant attitudes toward individual
COVID-19 tests first increased from 54.5% (533/978) to 86.5%
(1066/1233) and then dropped to 38.6% (180/466) after the
enactment of The Health Protection (Coronavirus) Regulations
in July 2020 [33], while tweets with oppositional attitudes
increased from 1.9% (19/978) to 16.3% (76/466). In China,
Weibo posts with dominant attitudes reduced from 54.1%
(380/703) to 7.3% (30/412) during this period, while those with
negotiated attitudes increased from 33.9% (238/703) to 85.7%
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(353/412) and posts with oppositional attitudes slightly dropped
from 12.1% (85/703) to 7.0% (29/412). Regional analyses
(Figure 4) showed that the percentage of tweets/posts in
opposition to testing generally corresponded with low cases in
their respective regions, with the exceptions of London (64/852,
7.5%) and the East Midlands (8/157, 5.1%). Oppositional tweets
mostly worried about false negative testing results and that
someone could get infected after testing negative, leading to
more cases. Weibo posts from Beijing showed a slightly higher
level of oppositional attitudes than London (304/3155, 9.6%),
mostly questioning the cost-effectiveness of implementing mass
testing when daily new cases in China fluctuated under 60.
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Figure 3. Percentage of tweets or Weibo posts with attitudes toward COVID-19 testing by week and daily new cases from June 1 to July 15, 2020.
UK: United Kingdom.
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Figure 4. Percentage of tweets/Weibo posts with oppositional attitude toward COVID-19 testing and number of cases by geographical distribution in
the United Kingdom (UK) and mainland China from June 1 to July 15, 2020 (regions with less than 50 tweets/posts are not shown).

Self-Reported Uptake of COVID-19 Tests
Overall, 4.6% (178/3856) of tweets across the United Kingdom
and 4.9% (39/794) from London reported intending to undergo
or having undergone COVID-19 tests (Table 1). In the United
Kingdom, driving forces for undergoing testing included
personal health needs due to possible exposure, symptoms, or
worry (37/86, 43%), mandatory testing policies for travel (30/86,
https://infodemiology.jmir.org/2021/1/e26895
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35%), and mass community-wide testing led by the government
(19/86, 22%). Comparatively, more Weibo users reported having
undergone COVID-19 testing in China (3318/9299, 35.7%) and
Beijing (1462/3155, 46.3%). A total of 1600 Weibo posts
(1600/9299, 17.2%) from China reported driving forces for
undergoing testing, including community-wide testing led by
the government (784/1600, 49.0%), mandatory testing policies
for travel (659/1600, 41.2%), and personal health needs
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(163/1600, 10.2%). Government-led community-wide testing
was reported to be the main driving force for undergoing testing

in Beijing (543/824, 65.9%).

Table 1. Uptake of COVID-19 tests in the United Kingdom and mainland China.
Uptake and driving forces

United Kingdom
(N=3856), n (%)

London (N=794),
n (%)

China (N=9299), Beijing (N=3155),
n (%)
n (%)

Self-reported uptake of COVID-19 tests

178 (4.6)

39 (4.9)

3318 (35.7)

1462 (46.3)

Plan to take a test

35 (0.9)

7 (0.9)

811 (8.7)

417 (13.2)

Have taken a test

143 (3.7)

32 (4.0)

2507 (27.0)

1045 (33.1)

86 (2.2)

25 (3.2)

1600 (17.2)

824 (26.1)

Personal health needs

37 (1.0)

14 (1.8)

163 (1.8)

64 (2.0)

Mandatory testing policies for travel

30 (0.8)

9 (1.1)

659 (7.1)

223 (7.1)

Community-wide testing by governments

19 (0.5)

2 (0.3)

784 (8.4)

543 (17.2)

86 (2.2)

16 (2.0)

277 (3.0)

102 (3.2)

Driving force for taking a COVID-19 test

Others taking COVID-19 tests

Major Factors of COVID-19 Testing Hesitancy
Convenience: Access to and Experience With COVID-19
Tests
In the United Kingdom, 1.1% (43/3856) of tweets shared their
experiences of undergoing COVID-19 tests, of which, 69.8%
(30/43) reported being uncomfortable, 16.3% (7/43) reported
being nervous, and 14.0% (6/43) reported no discomfort (Table
2). Comparatively, more Weibo posts shared the overall
experience of taking a COVID-19 test from China (753/9299,
8.1%) and Beijing (221/3155, 7.0%). Furthermore, 9.2%
(356/3856) of tweets in the United Kingdom and 16.6%
(132/794) of tweets in London discussed the logistical process
of obtaining a test, including access to an appointment, wait
time to undergo testing, including queues and heatstroke while
waiting, wait time for test results, and others. Discussions about
the logistical process of obtaining a test in China (2005/9299,
21.6%) and Beijing (754/3155, 23.9%) mostly about the wait
time to undergo testing received significant attention (China:
1579/2005, 78.8%; Beijing: 557/754, 73.9%).

The price of COVID-19 tests was mostly mentioned in London
(53/794, 6.7%) across the United Kingdom (96/3856, 2.5%).
These discussions included calls for free testing and
dissatisfaction with high expenses, complaints about self-paying
without reimbursement by medical insurance, and satisfaction
with free-of-charge testing when available. In China, 6.4%
(598/9299) of posts across the country and 6.2% (196/3155)
from Beijing discussed the price of COVID-19 tests. The
discussions included satisfaction with free-of-charge
community-wide testing by governments and different attitudes
toward self-paying prices, being either reasonable or
burdensome. Regarding priority groups for COVID-19 testing,
tweeters in the United Kingdom mentioned support for weekly
testing for NHS staff and care staff and calling for priority
testing to be extended. In China, posts concerning priority
groups for COVID-19 testing referred to support for people
with possible risk exposure, taxi drivers, and couriers to receive
priority testing.

Table 2. Convenience of COVID-19 tests in the United Kingdom and mainland China.
Convenience of COVID-19 tests

United Kingdom
(N=3856), n (%)

London (N=794),
n (%)

China (N=9299), Beijing (N=3155),
n (%)
n (%)

Experience of taking a COVID-19 test

43 (1.1)

8 (1.0)

753 (8.1)

221 (7.0)

Feel uncomfortable

30 (0.8)

5 (0.6)

476 (5.1)

118 (3.7)

Feel nervous

7 (0.2)

2 (0.3)

234 (2.5)

70 (2.2)

Do not feel uncomfortable

6 (0.2)

1 (0.1)

111 (1.2)

43 (1.4)

356 (9.2)

132 (16.6)

2005 (21.6)

754 (23.9)

Access to an appointment

25 (0.6)

8 (1.0)

93 (1.0)

52 (1.6)

Wait time to take a test

53 (1.4)

19 (2.4)

1579 (17.0)

557 (17.7)

Wait time for the test result

82 (2.1)

10 (1.3)

174 (1.9)

114 (3.6)

Others

211 (5.5)

99 (12.5)

186 (2.0)

48 (1.5)

Tribute to medical staff

69 (1.8)

15 (1.9)

1914 (20.6)

480 (15.2)

Price of COVID-19 testing

96 (2.5)

53 (6.7)

598 (6.4)

196 (6.2)

Priority groups for COVID-19 testing

665 (17.2)

9 (1.1)

271 (2.9)

101 (3.2)

Logistical process of obtaining a COVID-19 test
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Confidence and Complacency Toward COVID-19 Tests
In both the United Kingdom and China, social media users
expressed a high perceived risk of the COVID-19 pandemic
(United Kingdom: 139/152, 91.4%; China: 789/813, 97.0%)
(Table 3). Moreover, 4.3% (164/3856) of tweets across the
United Kingdom and 6.2% (49/794) from London concerned
the effectiveness of COVID-19 tests, and of them, 20.7%
(34/164) across the United Kingdom and 32.7% (16/49) from

London expressed confidence in its effectiveness, while 79.3%
(130/164) across the United Kingdom and 67.3% (33/49) from
London expressed doubts. In China, 4.5% (417/9299) of posts
across the country and 5.2% (164/3155) from Beijing concerned
test effectiveness, and of them, 65.9% (275/417) across China
and 62.2% (102/164) from Beijing expressed confidence in its
effectiveness, while 34.1% (142/417) across China and 37.8%
(62/164) from Beijing expressed doubts.

Table 3. Confidence and complacency toward COVID-19 tests in the United Kingdom and mainland China.
Confidence and complacency

United Kingdom
(N=3856), n (%)

London (N=794),
n (%)

China (N=9299), Beijing (N=3155),
n (%)
n (%)

164 (4.3)

49 (6.2)

417 (4.5)

164 (5.2)

Trust tests to be effective

34 (0.9)

16 (2.0)

275 (3.0)

102 (3.2)

Doubt the effectiveness of tests

130 (3.4)

33 (4.2)

142 (1.5)

62 (2.0)

Expiration date of COVID-19 tests

1 (0.03)

0 (0)

87 (0.9)

42 (1.3)

Incidental risks due to COVID-19 tests

14 (0.4)

3 (0.4)

206 (2.2)

113 (3.6)

152 (3.9)

45 (5.7)

813 (8.7)

299 (9.5)

High risk

139 (3.6)

44 (5.5)

789 (8.5)

286 (9.1)

Low risk

13 (0.3)

1 (0.1)

24 (0.3)

13 (0.4)

Confidence: trust in COVID-19 tests
Concern on the effectiveness of COVID-19 tests

Complacency: perception of COVID-19 risk
Perception of COVID-19 risk

Communication: Information Inquiries and Rumors
Related to COVID-19 Tests
Information inquiries and rumors about COVID-19 tests (Table
4) could be found on both UK and Chinese social media
platforms (United Kingdom: 75/3856, 1.9% and 55/3856, 1.4%;
China: 517/9299, 5.6% and 192/9299, 2.1%, respectively). The
main information inquiries (22/75, 29.3%) mentioned in the
United Kingdom about COVID-19 testing were “how many
people have received a test” and “delay in sharing testing data
with English councils,” while in China, 48.2% (249/517) of
information inquiries were “whether tests are needed before
travelling somewhere” and “how much it costs to take a test.”

Concerns included the duration (expiration) of test results and
incidental risks associated with COVID-19 testing, such as
cross-infection and threat of asymptomatic infection from crowd
gathering. Posts mentioning unproven expositions about or
interpretations of COVID-19 testing–related news, events, or
problems were labelled as rumors (including fake news and
misinformation). For example, rumors in the United Kingdom
included “COVID-19 test results were falsified” and fake news
included “4 Tory MPs voted against weekly COVID-19 tests
for NHS and care staff.” Comparatively, rumors in China
included “medical staff earned money by COVID-19 tests” and
fake news included “positive testing results for [person name]
in [place].”

Table 4. Communication around COVID-19 tests in the United Kingdom and mainland China.
Communication around COVID-19 tests

United Kingdom
(N=3856), n (%)

London (N=794),
n (%)

China (N=9299), Beijing (N=3155),
n (%)
n (%)

Information inquiries about COVID-19 tests

75 (1.9)

21 (2.6)

517 (5.6)

137 (4.3)

Rumors about COVID-19 tests

55 (1.4)

12 (1.5)

192 (2.1)

27 (0.9)

Attitude and Uptake of COVID-19 Tests by the
Characteristics of Social Media Posts
Tables 5 and 6 show the univariate analysis of the attitude and
uptake of COVID-19 tests across sociodemographic
characteristics using Weibo data from China. Male Weibo users
and those over 30 years old were more likely to have a positive
attitude toward individual COVID-19 testing (P<.001), but male
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users were less likely to have a positive attitude toward mass
community-wide COVID-19 testing led by the government
(P<.001) (Table 5). Additionally, females, users under 30 years
old, and those with a bachelor’s degree or higher were more
likely to take a COVID-19 test (P≤.001), and there was no
significant difference in the reasons for undergoing COVID-19
testing (Table 6).
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Table 5. Attitude toward COVID-19 tests by characteristics for Chinese Weibo posts.
Characteristic

Attitude toward individual COVID-19 tests

Total

Dominant, n
(%)

Negotiated, n
(%)

P value
Oppositional,
n (%)

Gender

Attitude toward community-wide COVID- P value
19 tests
Total

Dominant, n
(%)

Oppositional,
n (%)

<.001

<.001

Male

2844

989 (34.8)

1587 (55.8)

268 (9.4)

660

614 (93.0)

46 (7.0)

Female

5940

1626 (27.4)

3814 (64.2)

500 (8.4)

910

882 (96.9)

28 (3.1)

Total

8784

2615 (29.8)

5401 (61.5)

768 (8.7)

1570

1496 (95.3)

74 (4.7)

Age (years)

<.001

.05

10-30

2705

680 (25.1)

1793 (66.3)

232 (8.6)

356

344 (96.6)

12 (3.4)

30-90

1125

420 (37.3)

602 (53.5)

103 (9.2)

269

251 (93.3)

18 (6.7)

Total

3830

1100 (28.7)

2395 (62.5)

335 (8.7)

625

595 (95.2)

30 (4.8)

Education

.49

Bachelor’s degree
or above

2297

.90

704 (30.6)

1387 (60.4)

206 (9.0)

472

450 (95.3)

22 (4.7)

High school or be- 6582
low

1945 (29.6)

4067 (61.8)

570 (8.7)

1122

1068 (95.2)

54 (4.8)

Total

2649 (29.8)

5454 (61.4)

776 (8.7)

1594

1518 (95.2)

76 (4.8)

8879

Table 6. Uptake of COVID-19 tests by characteristics for Chinese Weibo posts.
Characteristic

Uptake of COVID-19 tests

Total

Yes, n (%)

P value

No, n (%)

Gender

Total

Mandatory test- Communitying policies for wide tests, n
travel, n (%)
(%)
.44

Male

2844

808 (28.4)

2036 (71.6)

413

37 (9.0)

167 (40.4)

209 (50.6)

Female

5940

2470 (41.6)

3470 (58.4)

1170

126 (10.8)

487 (41.6)

557 (47.6)

Total

8784

3278 (37.3)

5506 (62.7)

1583

163 (10.3)

654 (41.3)

766 (48.4)

<.001

.09

10-30

2705

1187 (43.9)

1518 (56.1)

506

60 (11.9)

229 (45.3)

217 (42.9)

30-90

1125

316 (28.1)

809 (71.9)

193

22 (11.4)

71 (36.8)

100 (51.8)

Total

3830

1503 (39.2)

2327 (60.8)

699

82 (11.7)

300 (42.9)

317 (45.4)

Education

.001

.16

Bachelor’s degree or above

2297

922 (40.1)

1375 (59.9)

444

45 (10.1)

166 (37.4)

233 (52.5)

High school or
below

6582

2395 (36.4)

4187 (63.6)

1162

118 (10.2)

493 (42.4)

551 (47.4)

Total

8879

3317 (37.4)

5562 (62.6)

1606

163 (10.1)

659 (41.0)

784 (48.8)

Discussion
Principal Findings
This infodemiology study assessed public attitudes and opinions
around COVID-19 testing, including both individual and
government-led mass testing, by monitoring and analyzing
digital conversations in the United Kingdom (Twitter) and China
(Sina Weibo) with a framework of testing hesitancy (confidence,
complacency, convenience, and communication). Overall, there
https://infodemiology.jmir.org/2021/1/e26895
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Personal
health needs,
n (%)

P value

<.001

Age (years)
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Driving force for taking a COVID-19 test

was a higher level of support toward individual and mass
COVID-19 testing in the United Kingdom and London than in
mainland China and Beijing; most opposition originated from
the capital cities. Time trend analyses showed that discussions
about individual COVID-19 tests were mostly dominant in the
United Kingdom, while Weibo posts in China showed a rise of
negotiated views over testing. There were much wider reports
of public uptake of COVID-19 tests in mainland China than in
the United Kingdom. Personal health needs (eg, possible
exposure, symptoms, and worry), mandatory testing policies
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for work or travel, and government-led mass testing were the
main driving forces for people to undergo testing in both
countries, with differences in priorities between countries. The
Chinese public posted more about uncomfortable experiences
and logistical barriers to testing, whereas people in the United
Kingdom posted more about prices and priority groups for
testing. Perceived risk of the COVID-19 disease was high in
both countries. Only 5% or less of the posts discussed test
effectiveness, and of them, Chinese users expressed confidence
in its effectiveness, whereas British users displayed doubts.
Rumors related to COVID-19 test administration and results
were identified. In China, females, those under 30 years old,
and those with a bachelor’s degree or higher were more likely
to undergo a COVID-19 test.
Overall, discussions about COVID-19 in both countries showed
low complacency (high perceived risk) for the COVID-19
disease and high confidence in testing, which translated into
high levels of public support for testing. The cited driving forces
for testing (personal health needs in the United Kingdom versus
government-led mass testing or mandatory testing policies for
travel in China) also reflected the epidemic situation and testing
policies implemented in each respective context. Our data
showed that, as daily new cases decreased and COVID-19
testing became routine, a negotiated position toward COVID-19
testing became the majority view, leading to an increase in
acceptance and uptake behavior when needed. Epidemiologists
have argued that widespread dissemination of cheap and rapid
tests might be as effective as a vaccine at interrupting
coronavirus transmission by identifying and isolating people
with the virus when they are most infectious [1,34]. Integrating
“complacency (risk perception)” of the disease and “confidence”
of testing in messaging by emphasizing the importance of timely
testing during an acute epidemic could increase acceptance and
uptake.
“Convenience” of testing, including accessibility, frequency,
and sample-to-answer time, was a popular topic of digital
discussion and also one of the most important factors for
effective screening, being an even higher priority than the
analytical limits of detection [34]. Inquiries and rumors related
to COVID-19 testing pointed to the lack of a frequent and
factually correct information campaign. Furthermore, regional
analysis showed an association between opposition views toward
testing and low case counts, with the exceptions of London and
the East Midlands, mostly because of worrying about false
negative testing results and worrying that someone could get
infected after testing negative, leading to more cases. Inquiries,
concerns, and rumors identified during social listening call for
rapid communication responses. These findings demonstrate a
need for effective emergency risk communication strategies
during a public health crisis that are informed by real-time
evidence derived from ongoing social listening and tailored to
local social and epidemic contexts. These strategies should not
only meet immediate public information needs, but also debunk
rumors and misinformation as they emerge.
Our data showed how local epidemic situations influenced
public attitudes toward COVID-19 testing and highlighted the
challenges facing governments when weighing the balance
between epidemic control and socioeconomical livelihoods.
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This study was performed when the United Kingdom was under
its first nationwide lockdown, while China had resumed
complete normalcy since late March 2020. Tweets from London
and the United Kingdom showed overwhelming support for
both strategies, whereas more Weibo users expressed negotiated
or oppositional positions of mass community-wide testing. In
the United Kingdom, the government has long been criticized
for being underprepared for the COVID-19 pandemic, including
lacking testing capacity for both the general public and frontline
workers [9,35]. Without reliable test results, very limited data
were available to develop and introduce an exit strategy for the
general lockdown, as health experts had no evidence to inform
their decisions. After its implementation, the NHS Test and
Trace program was widely criticized over the lack of
convenience (ie, pricing and accessibility) and the exacerbation
of COVID-19 inequalities, resulting in a new campaign being
launched on July 30, 2020 [36] to encourage everyone with
symptoms to undergo free testing. In China, comprehensive
testing requirements around domestic travel have been in place
since March 2020, when the country lifted its nationwide
lockdown. Between June 12 and 22, 2020, the Beijing
government led mass community-wide testing, with 2.95 million
tests completed in 10 days due to a small resurgence of cases.
Despite high perceived risk toward COVID-19, some Chinese
residents questioned the overall cost-effectiveness of
implementing a massive measure against such few cases. Public
attitudes and sentiment constantly evolve with local epidemic
situations, and as such, public communication about health risks
and countermeasures must leverage real-time social listening
and disease surveillance data to keep up.
There are geographic differences in public attitudes toward mass
community-wide COVID-19 testing, with more people in
London and Beijing, and adjacent areas opposing testing. In
China, strong evidence indicates gender differences in attitudes
toward mass community-wide COVID-19 testing, with more
female residents supporting government-led testing. Consistent
with the audience reception theory, our data showed that the
public is a diverse heterogeneous set of people with varying
experiences and needs. They access, process, and react to
messages differently based on their individual backgrounds and
views. Tailoring engagement strategies to the target community
will be critical in increasing acceptance toward COVID-19
testing and other containment measures.

Limitations
This study has some limitations. First, there is an inherent bias
shared among all studies that utilize social media data, where
users might present themselves differently online (eg,
inflated perception) and/or represent a skewed younger
population [37]. Nevertheless, findings from this study had very
limited influence by curated perceptions as the investigation
mainly focused on how aggregated social media data constituted
a dynamic digital environment regarding COVID-19 testing,
and how such an information environment affected individuals’
acceptance of control measures during a pandemic. Moreover,
this study captured routine data from populations that may not
be represented in traditional research designs. The opinions
gathered via social listening could be less biased than those
derived from traditional research methods, such as surveys and
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interviews, where unintended errors could be introduced by
how questionnaires were presented and implemented (eg,
reporting bias and acquiescence bias). Second, we were unable
to extract demographic data from all Twitter and some Weibo
profiles due to privacy restrictions, and the authenticity of the
retrieved data was not directly verifiable. We therefore
conducted account analyses of available Weibo profile data to
assess data representativeness, which indicated a satisfactory
level of comparability to the data in the official Weibo report.
Third, data were downloaded daily to avoid the possible
interference of comment removal by authorities. Lastly, the
findings from this study are mostly exploratory and might not
be generalizable due to the small sample size of posts reviewed

Lin et al
(approximately 10%). A further investigation employing
machine learning algorithms for big data analysis is needed.

Conclusion
Policy makers tackling factors of COVID-19 testing hesitancy
should focus on complacency, confidence, convenience, and
communication in relation to testing. There is a need for more
comparative studies to identify differences and similarities
across populations and experiences with COVID-19 testing.
Future infodemiology studies should integrate public and
epidemic data (eg, traditional media, social media, polls, and
disease surveillance data), both online and offline, and employ
machine learning to enable rapid real-time analysis of big data
for epidemic preparedness and response.

Acknowledgments
ZH acknowledges financial support from the Shanghai Leading Academic Discipline Project of Public Health (grant number:
GWV-10.1-XK23) and the National Natural Science Foundation of China (No. 71874034). LL was supported by the UK Foreign,
Commonwealth and Development Office and Wellcome (grant number: 215373/A/19/Z). The authors thank Zhiqiang Qu and
Tianye Wang from the School of Public Health, Fudan University for their help in coding data, and Simon J Piatek from the
Department of Infectious Disease Epidemiology, London School of Hygiene & Tropical Medicine for his help in collecting
Twitter data in the United Kingdom.

Authors' Contributions
ZH and LL conceptualized and designed the study. FYS and XZ collected the data. YS, QW, JP, and YZ analyzed the data. LL,
YS, and QW drafted the manuscript. ZH, LL, and HJL contributed to the critical revision of the manuscript for important intellectual
content. All authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.

Conflicts of Interest
HJL is on the Merck Vaccine Confidence Advisory Board. Her research group, the Vaccine Confidence Project, received research
grants from GSK and Merck on vaccine confidence issues. None of those research grants are related to this paper. The other
authors have no conflicts to declare.

Multimedia Appendix 1
Workflow of the inclusion and exclusion process of tweets and Weibo posts.
[PNG File , 161 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Account analysis of COVID-19 test posts on social media.
[DOCX File , 17 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Coding framework for COVID-19 test posts on social media.
[DOCX File , 24 KB-Multimedia Appendix 3]

References
1.
2.

3.

Mina MJ, Parker R, Larremore DB. Rethinking Covid-19 Test Sensitivity - A Strategy for Containment. N Engl J Med
2020 Nov 26;383(22):e120 [FREE Full text] [doi: 10.1056/NEJMp2025631] [Medline: 32997903]
Grassly NC, Pons-Salort M, Parker EPK, White PJ, Ferguson NM, Ainslie K, et al. Comparison of molecular testing
strategies for COVID-19 control: a mathematical modelling study. The Lancet Infectious Diseases 2020
Dec;20(12):1381-1389. [doi: 10.1016/s1473-3099(20)30630-7]
Sharpe HR, Gilbride C, Allen E, Belij-Rammerstorfer S, Bissett C, Ewer K, et al. The early landscape of coronavirus disease
2019 vaccine development in the UK and rest of the world. Immunology 2020 Jul;160(3):223-232 [FREE Full text] [doi:
10.1111/imm.13222] [Medline: 32460358]

https://infodemiology.jmir.org/2021/1/e26895

XSL• FO
RenderX

JMIR Infodemiology 2021 | vol. 1 | iss. 1 | e26895 | p. 12
(page number not for citation purposes)

JMIR INFODEMIOLOGY
4.

5.
6.
7.
8.
9.
10.
11.
12.

13.
14.

15.
16.

17.
18.

19.

20.

21.
22.
23.

24.
25.

26.
27.
28.

Wong LP, Alias H, Wong P, Lee HY, AbuBakar S. The use of the health belief model to assess predictors of intent to
receive the COVID-19 vaccine and willingness to pay. Hum Vaccin Immunother 2020 Sep 01;16(9):2204-2214 [FREE
Full text] [doi: 10.1080/21645515.2020.1790279] [Medline: 32730103]
Timeline of new outbreak in Xinfadi, Beijing. Beijing Daily. URL: https://baijiahao.baidu.com/
s?id=1674327183099264211&wfr=spider&for=pc [accessed 2020-08-07]
Scally G, Jacobson B, Abbasi K. The UK's public health response to covid-19. BMJ 2020 May 15;369:m1932. [doi:
10.1136/bmj.m1932] [Medline: 32414712]
Iacobucci G. Covid-19: What is the UK's testing strategy? BMJ 2020 Mar 26;368:m1222. [doi: 10.1136/bmj.m1222]
[Medline: 32217754]
García LY, Cerda AA. Contingent assessment of the COVID-19 vaccine. Vaccine 2020 Jul 22;38(34):5424-5429 [FREE
Full text] [doi: 10.1016/j.vaccine.2020.06.068] [Medline: 32620375]
Vize R. Too slow and fundamentally flawed: why test and trace is a weak and inequitable defence against covid-19. BMJ
2020 Jun 11;369:m2246. [doi: 10.1136/bmj.m2246] [Medline: 32527794]
McDermott JH, Newman WG. Refusal of viral testing during the SARS-CoV-2 pandemic. Clin Med (Lond) 2020 Sep
03;20(5):e163-e164 [FREE Full text] [doi: 10.7861/clinmed.2020-0388] [Medline: 32620593]
Eysenbach G. Infodemiology: The epidemiology of (mis)information. Am J Med 2002 Dec 15;113(9):763-765. [doi:
10.1016/s0002-9343(02)01473-0] [Medline: 12517369]
Eysenbach G. Infodemiology and infoveillance: framework for an emerging set of public health informatics methods to
analyze search, communication and publication behavior on the Internet. J Med Internet Res 2009 Mar 27;11(1):e11 [FREE
Full text] [doi: 10.2196/jmir.1157] [Medline: 19329408]
Tang L, Bie B, Park S, Zhi D. Social media and outbreaks of emerging infectious diseases: A systematic review of literature.
Am J Infect Control 2018 Sep;46(9):962-972 [FREE Full text] [doi: 10.1016/j.ajic.2018.02.010] [Medline: 29628293]
Choi S, Lee J, Kang M, Min H, Chang Y, Yoon S. Large-scale machine learning of media outlets for understanding public
reactions to nation-wide viral infection outbreaks. Methods 2017 Oct 01;129:50-59 [FREE Full text] [doi:
10.1016/j.ymeth.2017.07.027] [Medline: 28813689]
Hall S. Encoding, Decoding. In: During S, editor. The Cultural Studies Reader. London, UK: Routledge; 1993:90-103.
Hou Z, Tong Y, Du F, Lu L, Zhao S, Yu K, et al. Assessing COVID-19 Vaccine Hesitancy, Confidence, and Public
Engagement: A Global Social Listening Study. J Med Internet Res 2021 Jun 11;23(6):e27632 [FREE Full text] [doi:
10.2196/27632] [Medline: 34061757]
Barkur G, Vibha, Kamath GB. Sentiment analysis of nationwide lockdown due to COVID 19 outbreak: Evidence from
India. Asian J Psychiatr 2020 Jun;51:102089 [FREE Full text] [doi: 10.1016/j.ajp.2020.102089] [Medline: 32305035]
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 Aug;61(4):309-318. [doi:
10.3325/cmj.2020.61.309]
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 Sep
03;22(9):e21419 [FREE Full text] [doi: 10.2196/21419] [Medline: 32784190]
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 Aug 03;22(8):e21143
[FREE Full text] [doi: 10.2196/21143] [Medline: 32701460]
Meltwater. URL: https://www.meltwater.com/en [accessed 2021-08-15]
Weibo User Development Report 2020. Weibo Data Center. URL: https://hd.weibo.com/article/view/3982 [accessed
2021-03-12]
Bacsu J, O'Connell ME, Cammer A, Azizi M, Grewal K, Poole L, et al. Using Twitter to Understand the COVID-19
Experiences of People With Dementia: Infodemiology Study. J Med Internet Res 2021 Feb 03;23(2):e26254 [FREE Full
text] [doi: 10.2196/26254] [Medline: 33468449]
Chew C, Eysenbach G. Pandemics in the age of Twitter: content analysis of Tweets during the 2009 H1N1 outbreak. PLoS
One 2010 Nov 29;5(11):e14118 [FREE Full text] [doi: 10.1371/journal.pone.0014118] [Medline: 21124761]
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 May 26;22(5):e18796 [FREE Full text] [doi: 10.2196/18796] [Medline: 32412414]
Daily briefing on novel coronavirus cases in China. National Health Commission of China. URL: http://www.nhc.gov.cn/
xcs/yqtb/list_gzbd.shtml [accessed 2021-08-16]
Cases tested positive for coronavirus in United Kingdom. Public Health England. URL: https://coronavirus.data.gov.uk/
details/cases [accessed 2021-08-16]
Report of the SAGE Working Group on Vaccine Hesitancy. World Health Organization. URL: https://www.who.int/
immunization/sage/meetings/2014/october/1_Report_WORKING_GROUP_vaccine_hesitancy_final.pdf [accessed
2021-08-16]

https://infodemiology.jmir.org/2021/1/e26895

XSL• FO
RenderX

Lin et al

JMIR Infodemiology 2021 | vol. 1 | iss. 1 | e26895 | p. 13
(page number not for citation purposes)

JMIR INFODEMIOLOGY
29.
30.

31.
32.

33.

34.

35.
36.

37.

Lin et al

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology 2006 Jan;3(2):77-101.
[doi: 10.1191/1478088706qp063oa]
Baccianella S, Esuli A, Sebastiani F. SentiWordNet 3.0: An Enhanced Lexical Resource for Sentiment Analysis and Opinion
Mining. In: Proceedings of the Seventh International Conference on Language Resources and Evaluation (LREC'10). 2010
Presented at: Seventh International Conference on Language Resources and Evaluation (LREC'10); 2010; Valletta, Malta.
Cohen J. A Coefficient of Agreement for Nominal Scales. Educational and Psychological Measurement 2016 Jul
02;20(1):37-46. [doi: 10.1177/001316446002000104]
UK COVID-19 alert level methodology: an overview. UK Department of Health and Social Care. URL: https://www.gov.uk/
government/publications/uk-covid-19-alert-level-methodology-an-overview/uk-covid-19-alert-level-methodology-an-overview
[accessed 2021-08-06]
Lennon R, Small M, Smith R, Van Scoy LJ, Myrick J, Martin M, Data Action Research Group. Unique Predictors of
Intended Uptake of a COVID-19 Vaccine in Adults Living in a Rural College Town in the United States. Am J Health
Promot 2021 Jul 16:8901171211026132. [doi: 10.1177/08901171211026132] [Medline: 34269077]
Larremore DB, Wilder B, Lester E, Shehata S, Burke JM, Hay JA, et al. Test sensitivity is secondary to frequency and
turnaround time for COVID-19 screening. Sci Adv 2021 Jan 01;7(1):eabd5393 [FREE Full text] [doi:
10.1126/sciadv.abd5393] [Medline: 33219112]
Briggs A, Jenkins D, Fraser C. NHS Test and Trace: the journey so far. The Health Foundation. URL: https://www.
health.org.uk/publications/long-reads/nhs-test-and-trace-the-journey-so-far [accessed 2020-09-23]
NHS Test and Trace launches campaign to encourage everyone with symptoms to get a free test. UK Department of Health
and Social Care. URL: https://www.gov.uk/government/news/
nhs-test-and-trace-launches-campaign-to-encourage-everyone-with-symptoms-to-get-a-free-test [accessed 2020-07-30]
Golder S, O'Connor K, Hennessy S, Gross R, Gonzalez-Hernandez G. Assessment of Beliefs and Attitudes About Statins
Posted on Twitter: A Qualitative Study. JAMA Netw Open 2020 Jun 01;3(6):e208953 [FREE Full text] [doi:
10.1001/jamanetworkopen.2020.8953] [Medline: 32584408]

Abbreviations
NHS: National Health System

Edited by T Mackey; submitted 02.01.21; peer-reviewed by A Roundtree, S Matsuda; comments to author 28.04.21; revised version
received 15.06.21; accepted 18.07.21; published 27.08.21
Please cite as:
Lin L, Song Y, Wang Q, Pu J, Sun FY, Zhang Y, Zhou X, Larson HJ, Hou Z
Public Attitudes and Factors of COVID-19 Testing Hesitancy in the United Kingdom and China: Comparative Infodemiology Study
JMIR Infodemiology 2021;1(1):e26895
URL: https://infodemiology.jmir.org/2021/1/e26895
doi: 10.2196/26895
PMID:

©Leesa Lin, Yi Song, Qian Wang, Jialu Pu, Fiona Yueqian Sun, Yixuan Zhang, Xinyu Zhou, Heidi J Larson, Zhiyuan Hou.
Originally published in JMIR Infodemiology (https://infodemiology.jmir.org), 27.08.2021. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Infodemiology,
is properly cited. The complete bibliographic information, a link to the original publication on https://infodemiology.jmir.org/,
as well as this copyright and license information must be included.

https://infodemiology.jmir.org/2021/1/e26895

XSL• FO
RenderX

JMIR Infodemiology 2021 | vol. 1 | iss. 1 | e26895 | p. 14
(page number not for citation purposes)

