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Abstract
Background: In the context of the COVID-19 infodemic, the global profusion of monikers and hashtags for COVID-19 have
found their way into daily communication and contributed to a backlash against China and the Chinese people.
Objective: This study examines public engagement in crisis communication about COVID-19 during the early epidemic stage
and the practical strategy of social mobilization to mitigate the infodemic.
Methods: We retrieved the unbiased values of the top-ranked search phrases between December 30, 2019, and July 15, 2020,
which normalized the anonymized, categorized, and aggregated samples from Google Search data. This study illustrates the
most-searched terms, including the official COVID-19 terms, the stigmatized terms, and other controls, to measure the collective
behavioral propensities to stigmatized terms and to explore the global reaction to the COVID-19 epidemic in the real world. We
calculated the ratio of the cumulative number of COVID-19 cases to the regional population as the cumulative rate (R) of a specific
country or territory and calculated the Gini coefficient (G) to measure the collective heterogeneity of crowd behavior.
Results: People around the world are using stigmatizing terms on Google Search, and these terms were used earlier than the
official names. Many stigmatized monikers against China (eg, “Wuhan pneumonia,” G=0.73; “Wuhan coronavirus,” G=0.60;
“China pneumonia,” G=0.59; “China coronavirus,” G=0.52; “Chinese coronavirus,” G=0.50) had high collective heterogeneity
of crowd behavior between December 30, 2019, and July 15, 2020, while the official terms “COVID-19” (G=0.44) and
“SARS-CoV-2” (G=0.42) have not become de facto standard usages. Moreover, the pattern of high consistent usage was observed
in 13 territories with low cumulative rates (R) between January 16 and July 15, 2020, out of 58 countries and territories that have
reported confirmed cases of COVID-19. In the scientific literature, multifarious naming practices may have provoked unintended
negative impacts by stigmatizing Chinese people. The World Health Organization; the United Nations Educational, Scientific
and Cultural Organization; and the media initiated campaigns for fighting back against the COVID-19 infodemic with the same
mission but in diverse voices.
Conclusions: Infodemiological analysis can articulate the collective propensities to stigmatized monikers across search behaviors,
which may reflect the collective sentiment of backlash against China and Chinese people in the real world. The full-fledged
official terms are expected to fight back against the resilience of negative perceptual bias amid the COVID-19 epidemic. Such
official naming efforts against the infodemic should be met with a fair share of identification in scientific conventions and
sociocultural paradigms. As an integral component of preparedness, appropriate nomenclatures should be duly assigned to the
newly identified coronavirus, and social mobilization in a uniform voice is a priority for combating the next infodemic.
(J Med Internet Res 2020;22(11):e22639) doi: 10.2196/22639
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Introduction
Background
The COVID-19 infodemic, associated with the COVID-19
outbreak, is getting some attention by researchers and policy
makers [1,2]. On December 31, 2019, the novel coronavirus
(2019-nCoV) disease was first reported from Wuhan City in
China. With the spread of COVID-19, a massive information
epidemic has undermined and disrupted global efforts to fight
against COVID-19. However, the infodemic challenge does not
receive enough attention in publications to fully understand it,
and its unique risks have only begun to be explored [3]. The
infodemic is partly characterized by a high information supply
of information of variable quality, and a demand for timely and
trustworthy information about 2019-nCoV [2,4-6].
On one hand, the global profusion of running headlines often
inscribe fear, prejudice, disgust, and hostility into hashtags and
monikers, branding discrimination and stoking panic [7-9].
Those monikers and morbid contents always combine with each
other in the epicenter of an infodemic, wherein one sheds light
on the social contagion of the other. The past few months have
witnessed a growth of stigmatized monikers, which have found
their way into daily communication and contributed to the
backlash against China, Chinese people, and Asians in general
[10-13]. Even worse, scientists frequently used similar monikers
in the pandemic paper tsunami and exacerbated the situation
[14,15].
On the other hand, individual perceptual bias could lead to
insufficient or excessive information seeking, which further
results in collective perceptual biases [16]. Pithy proper names
are expected to be powerful in the ongoing campaign against
the infodemic. As an integral component of preparedness,
appropriate nomenclatures should be duly assigned to the newly
identified coronavirus, which causes respiratory tract disease
in humans and has had an impact on public health. So far, there
are no universally accepted names, either for academic-industrial
usage or consistency with international virus taxonomy.
To address such issues, we used available metadata to unfold
the nature of the COVID-19 epidemic and the infodemic in this
study [17].

Study Objectives
An inappropriate official nomenclature might fuel the
infodemics unconsciously. In recent years, humans have
witnessed several outbreaks of infectious diseases caused by
viruses, with common names given by stakeholders. Each round
of naming practice is not always successful. As a case in point,
some strongly held, but flawed, names such as “Middle Eastern
Respiratory Syndrome” [18] and “Swine flu” were accused of
unintentional social and negative economic impacts by
stigmatizing certain industries or communities. “Swine flu,” an
influenza strain that is known to have originated in pigs, resulted
in financial damage to farmers, despite there being no evidence
http://www.jmir.org/2020/11/e22639/
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that it could be spread via pork consumption [19,20]. Since
these incidents, in May 2015, the World Health Organization
(WHO) released some naming conventions for the naming of
new human diseases [21].
Infodemics long predate COVID-19 [22]. Unfortunately, with
the spread of the COVID-19 epidemic, another massive
infodemic has spread virally over the world with recurring
episodes [23,24]. Previous evidence suggests that the internet,
by its nature, could amplify and relay such infodemics swiftly
worldwide, cause exaggerated panic, and progressively worsen
stigmatization against people in the epicenter of an outbreak
[23-26]. In the ongoing infodemic, Corona beer is being affected
by the name’s similarity to the deadly coronavirus. In fact, the
Mexican brand originated back in 1925 before the first strain
of coronavirus was discovered and named. To address such
challenges, the WHO declared this infodemic as the
“2019-nCoV infodemic” on February 2, 2020 [4].
Based on a critical review, this study aims to take samples of
the trillions of Google searches in connection with COVID-19
from December 30, 2019, to July 15, 2020, to address the
following research issues:
•

•
•

Did public engagement in the crisis communication reflect
the collective sentiment of backlash against China and
Chinese people in the real world? What were the global
and geographical patterns of collective behavioral
propensities to stigmatized monikers and the official terms?
Were informed scientists well versed in the naming
conventions to minimize unintentional negative impacts?
What is the cohesive strategy of social mobilization to fight
back against the COVID-19 infodemic?

Methods
Infodemiology, a term coined by Eysenbach, is an emerging
transdisciplinary area of research studying the epidemiology of
information to address the pressing concerns of public health
and policy decisions [2, 17,27,28]. The transdisciplinary nature
of infodemiology can be found in Multimedia Appendix 1.
As of February 29, 2020, COVID-19 has spread to 60 countries
and territories. Of these, the WHO published the number of
cumulative cases in 54 member states on February 29, 2020, as
well as Hong Kong, Macao, and Taiwan. We retrieved the
cumulative cases of three nonmember states (Iceland,
Azerbaijan, and Monaco) from their official websites. The
corresponding total populations of 2019 come from the United
Nations [29]. The cumulative rate R can be viewed as a ratio of
the cumulative number of COVID-19 cases to the regional
population: R = i/p, where i is the number of confirmed
infections in a given country or territory and p is the national
or regional population.
In this study, we retrieved metadata from three information
sources: an electronic books corpus (Google Books Ngram
Corpus [GBNC]), journals (Web of Science [WoS] and
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PubMed), and the internet (Google Trends Index [GTI]), and
used them to facilitate subsequent analysis.

also reflected collective perceptual biases on preconceived
judgements and social contagion [16,33-35].

First, the GBNC provides a unique linguistic landscape that
benefits from centuries of rich grammatical and lexical resources
as well as cultural contexts [30]. Each taxonomic procedure
often begins with a search through tomes for comparative
morphologic variations to crystallize a pithy and appropriate
neologism. For example, the earliest usage of coronavirus and
coronaviruses could provide an insightful and compelling
argument for the historical story and help us understand the
essence of the name. The diachronic discourse of coronavirus,
coronaviruses, Coronaviridae, and Nidovirales promises to
articulate the unfolding chronological historical time scale from
when these terms were first used [31].

To demonstrate the collective behavioral propensities,
descriptive analysis and formal statistical analysis were carried
out. For the descriptive analysis, the daily indexes of the relative
search term volumes were separately mapped on a six-color
rendering scale from 0 to 100. The earliest day of each terms
debut was tracked and identified. Next, we introduced the Gini
coefficient to measure the collective heterogeneity of crowd
behavior. We denoted the search record of term X in the Google
Trends data set as X = {x1, x2,...xn}, where xi represents the
(normalized) search frequency of term X at the i-th time step.
The mean value of X is:

Second, WoS and PubMed are publication databases with rich
structural metadata. Scientometric analysis also promises to
articulate the unfolding chronological picture of infodemiology.
Under the umbrella of infodemiological scenarios, coupled with
GBNC, scientometric analysis on diachronic discourses of
pertinent keywords and phrases could reflect the historical
milestones and the status quo in the field of human
coronaviruses (HCoVs) research.
Third, the GTI part of this study commenced on December 30,
2019, and involved daily data collection worldwide until July
15, 2020, in 60 countries and territories that have reported
confirmed cases of COVID-19 as of February 29, 2020. In the
ongoing COVID-19 infodemic, stigmatized monikers against
controls are ideal indicators of negative bias, and the unbiased
and normalized GTIs were employed to determine their
populational usages across various regions over time to
characterize collective perceptual biases. GTI provides
knowledge dissemination metrics for query incidences of
relevant keywords and phrases, since about 63% of users on the
internet use Google to search for ubiquitous information [32].
Three prominent strengths of GTI reflect the global reactions
to major events in the real world: (1) vast data sets that include
trillions of random searches; (2) unbiased sampling from the
anonymized, categorized, and aggregated raw data; and (3)
normalized indexes reconciling the dynamic nature of search
volumes and the different population ratios in different regions.
Therefore, the dynamic spatiotemporal pattern of GTI provides
a unique lens into collective behavioral propensities of crowd
behavior and demographic perception of a social contagion.
Intensive information seeking or avoidance choices may
reinforce people’s cognition in both positive and negative ways,
which is proactively rewarded by the feedback of the targeted
information available [16]. In this study, a code scheme of
subjective searches in daily communication was designed to fit
three inclusion criteria: (1) top-ranked search interests, (2)
formal and with complete spelling, (3) consistent with the global
participants as much as possible. The collective behavioral
propensities to the stigmatized terms were measured and
compared with that of the control groups (the official terms and
their counterparts). Herein, collective behavioral propensities
to stigmatized terms directly represented the latent tendency to
gather and interpret health care information available, which
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The Gini coefficient G for term X can then be calculated as
follows:

When the element values in X are equal, the Gini coefficient G
takes the minimum value of 0, and when xi=0 for i = 1, ..., n–1
and xn=1, G will approach the maximum value of 1. The smaller
the G is, the lower the collective heterogeneity of crowd
behavior is and the higher the homogeneity of individual
behaviors are. Conversely, it indicates that people are divided
in the consistency of individual behaviors.

Results
The Enigmatic Nature of HCoVs Puts People on Edge
It is necessary to take a glimpse into the hierarchical Linnaean
category of emerging coronaviruses [36,37]. As an international
authoritative body, the WHO is responsible for naming new
human infectious diseases. In 1966, the International Committee
on Nomenclature of Viruses (ICNV) was established with the
mission of introducing some degree of order and consistency
into the naming of viruses. In 1973, the ICNV became the
International Committee on Virus Taxonomy (ICTV), a global
authority on the designation and naming of viruses. There are
seven strains of HCoVs—HCoV-229E, HCoV-NL63,
HCoV-OC43, HCoV-HKU1, severe acute respiratory
syndrome–related coronavirus (SARS-CoV), Middle East
respiratory syndrome–related coronavirus (MERS-CoV), and
SARS-CoV-2—known to cause the common cold as well as
more severe respiratory disease. Of those, HCoV-229E,
HCoV-NL63, HCoV-OC43, and HCoV-HKU1 are routinely
responsible for mild respiratory illnesses like the common cold
but can cause severe infections in immunocompromised
individuals, while the others have caused more severe diseases
[38].
The diachronic discourse of coronavirus and coronaviruses in
the English corpus unveils that there was a mild increase in the
numbers of printed books dealing with HCoVs after the initial
description of coronaviruses in 1968 [39-41]. The discovery of
the novel strain had stimulated a new wave of research into
coronavirus and the diseases it causes. Furthermore,
J Med Internet Res 2020 | vol. 22 | iss. 11 | e22639 | p. 3
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meta-analysis results from WoS and PubMed indicated that the
known knowledge remains off-limits in the field of combating
emerging HCoVs [42]. The WHO declared the 2019-nCoV
outbreak a Public Health Emergency of International Concern
(PHEIC) on January 30, 2020. This is the sixth time the WHO
has declared a PHEIC since the International Health Regulations
(IHR) came into force in 2005. Before COVID-19, there have
been five global health emergencies since such declaration was
formalized: swine flu (2009), polio (2014), Ebola (2014 and
2019), and Zika (2016). The detailed descriptions of diachronic
discourse analysis and scientometric analysis in this study can
be found in Multimedia Appendix 2.
SARS-CoV-2 is the seventh identified coronavirus that can
cause diseases of the respiratory tract via human-to-human
transmission. It caused a mysterious pneumonia outbreak that
is spreading far more quickly than the SARS-CoV and
MERS-CoV diseases [1,43,44], even though the epicenter of
the outbreak was locked down to curb the pandemic spread
[42,45]. Presently, its underlying mechanism of clinical severity
is yet to be determined, although many fatal cases have occurred
[46].
On the one hand, the outbreaks of SARS-CoV, HCoV-HKU1,
and SARS-CoV-2 were initially linked to China and lead people
into the deep-rooted impression of China as an unsanitary entity.
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Chinese “wet markets” have been widely depicted as unsanitary
hot spots for the transmission of zoonotic diseases [15,47-56].
Moreover, China is inevitably vulnerable to be accused of lax
epidemiological control over HCoVs [57-63].
On the other hand, the enigmatic nature of HCoVs and the many
unknowns about these epidemics have put people on edge.
Information overload always follows closely behind the
epidemics caused by HCoVs, especially in the age of the internet
[64]. This enigmatic nature deepens people’s anxiety in a way
that makes them respond to provocative online posts, whether
intentional or not.

Collective Behavioral Propensities in the Public
We further examined what people were interested in and curious
about with COVID-19. Google Trends showed the
most-searched interest in the official terms (COVID-19,
2019-nCoV, SARS-CoV-2, and novel coronavirus pneumonia
[NCP]), the stigmatized terms (Wuhan coronavirus, China
coronavirus, Chinese coronavirus, Wuhan pneumonia, and China
pneumonia), and other counterparts (novel pneumonia and novel
coronavirus) from December 30, 2019, to July 15, 2020 (Figures
1 and 2). Those dynamic searches are indicators of collective
behaviors across various regions over time. The detailed
descriptions of the code scheme of multifarious naming practices
can be found in Multimedia Appendix 3.

Figure 1. Calendar illustration on the relative search interest of the COVID-19 infodemic in the context of the COVID-19 epidemic (as of 15 July
2020; part 1).

People around the world are divided in their own opinions on
the internet and in daily communications. For the descriptive
analysis, a striking feature was that some stigmatized monikers
had comparatively high frequencies of collective usage. Being
echoed by daily responses, the negative and lasting
consequences pinpoint that those stigmatized names might have
contributed to the recent backlash against China and Chinese
people.
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For the formal statistical analysis, first, the Gini coefficients of
the stigmatized terms (eg, “Wuhan pneumonia,” G=0.73;
“Wuhan coronavirus,” G=0.60; “China pneumonia,” G=0.59;
“China coronavirus,” G=0.52; “Chinese coronavirus,” G=0.50)
are significantly higher than those of the official terms (eg,
“COVID-19,” G=0.44; “SARS-CoV-2,” G=0.42; “Novel
Coronavirus Pneumonia,” G=0.46) and other controls (“novel
pneumonia,” G=0.45 and “novel coronavirus,” G=0.49). This
finding strongly indicates that the homogeneity of individual
propensities to stigmatized monikers are lower than the official
J Med Internet Res 2020 | vol. 22 | iss. 11 | e22639 | p. 4
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terms and the neutral names. The vulnerable population are
highly susceptible to external negative sentiments. The 2019
novel coronavirus is thought to have originated in China, this
misunderstanding may have led to the high usage of “Wuhan
coronavirus,” “China coronavirus,” “Chinese coronavirus,”
“Wuhan pneumonia,” “China pneumonia,” and other stigmatized
monikers, even after July 2020. Second, after January 15,
multifarious stigmatized monikers against Chinese people have
prevailed in the public. “COVID-19” (G=0.44) took over from

Hu et al
the premature name “2019-nCoV” (G=0.63), the latter finishing
around February 28. Third, a notable pattern was observed after
the announcements of the terms “COVID-19” and
“SARS-CoV-2” (the collective usage of “SARS-CoV-2” has
failed to match that of “COVID-19” in the public). The official
terms “COVID-19” and “SARS-CoV-2” have not become the
de facto standard usages. However, in the long run, the gradual
increase in official names would be beneficial to correct ethnic
stigmatization.

Figure 2. Calendar illustration on the relative search interest of the COVID-19 infodemic in the context of the COVID-19 epidemic (as of July 15,
2020; part 2).

To further examine the demographical perceptions of collective
behavioral propensities in the ongoing infodemic, we
characterized the relationship between the geographical interest
of stigmatized monikers and the cumulative rate of 58 countries
and territories in which confirmed cases of COVID-19 have
been reported. The results clearly unveil that people in Egypt,
Greece, New Zealand, the United Kingdom, the United States,
Canada, Finland, Russia, the Philippines, Denmark, Vietnam,
Nepal, and Mexico prefer to use stigmatized monikers against
Chinese people in comparison with other counterparts (Figure
3). As of February 29, 2020, up to 60 countries and territories
have reported confirmed cases of COVID-19, including Taiwan,
Iceland, Azerbaijan, and Monaco. There is no metadata available
for San Marino and Monaco in Google Trends, but the
geographical interest of stigmatized monikers against Chinese
people in the other 58 territories was normalized by median
volume to compare with each other. The cumulative rate is the
ratio of the confirmed cases to the total populations in the
countries or territories (Multimedia Appendix 4).
To characterize the patterns behind such collective perceptual
biases, we further scrutinized the geographical interest of
stigmatized monikers against China in 13 territories with low
cumulative rates over time (Figure 4). This illustration unveils
the geographical interest of stigmatized monikers in 13
territories (Egypt, Greece, New Zealand, the United Kingdom,
the United States, Canada, Finland, Russia, the Philippines,
http://www.jmir.org/2020/11/e22639/
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Denmark, Vietnam, Nepal, and Mexico) between January 1,
2020, and February 29, 2020. The median volumes of the
corresponding search queries showed the trend of collective
behavioral propensities over time. Comparatively, some
stigmatized monikers against China saw high frequencies after
January 16. The substantial pattern of the high consistent curve
indicates that negative perceptual bias has been observed in the
perception of the natural origin of COVID-19 in the public.
As a co-occurrence perceptual phenomena, the illustration could
corroborate that people have used stigmatized monikers with
high frequencies in these territories after January 16, 2020.
People have a negative bias in their perception of COVID-19’s
natural origin in these regions. Moreover, people hold negative
perceptions of the authoritative responses in many countries
[37,42,65,66]. The prognostic significance of our findings is
that such approaches are expected to cause a psychological
typhoon eye effect—a paradoxical phenomenon that the
respondents closer to the epicenter of the pandemic appear to
be the least concerned by the imminent risks—in the near future.
People hold negative perceptual bias in their perception of
COVID-19’s natural origin in 58 countries and territories with
low cumulative rates (R; Figure 5). The substantial pattern was
observed on the geographical map of 58 countries and territories
with low cumulative rates and negative perceptual bias in the
perception of the natural origin of COVID-19 in the public. In
the sociocultural setting with a relatively complex context
J Med Internet Res 2020 | vol. 22 | iss. 11 | e22639 | p. 5
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beyond the epidemiological dimension, this panoramic map
approach allowed us to better understand the prevalence and
severity of the COVID-19 infodemic throughout the regions,
comparatively. This finding reminds us that policy makers

Hu et al
should learn from best practices to reduce deliberate infodemic
risks, providing resources for knowledge and expertise in the
academic sphere as well as in the public.

Figure 3. Four-quadrant diagram of the relationship between the geographical interest of stigmatized monikers and cumulative rate.

Figure 4. The dynamic interest of stigmatized monikers against China in territories with low cumulative rates.
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Figure 5. Geographical map of the COVID-19 infodemic (February 29, 2020). WHO: World Health Organization.

What are the plausible reasons behind such collective perceptual
biases? Demographically, according to a Pew Research Center
survey [67], a median of 40% of the surveyed countries had a
positive view of China, compared with a median of 41% who
had an unfavorable opinion. However, recognizing that
COVID-19 has a potential public health impact, people are
asking existential questions, making them vulnerable to the
surfeit of information contagion from the outside world. When
emerging cases were reported in their country, infodemics about
the cause of the epidemic began, and nothing seemed certain
or obviously right. As a case in point, the Bill & Melinda Gates
Foundation, an American private foundation that has spent
billions on global health care, have been suspiciously accused
of manufacturing COVID-19 as biological warfare with the CIA
to “wage economic war on China.” However, this was evidently
not plausible. Such an infodemic campaign reminds us that
authoritative organizations should work together with each other
and cultivate a well-trained team of professionals to mediate
infodemic risks.

in solidarity with Chinese professionals in combating the novel
coronavirus outbreak and called for fighting against the
infodemics [68,72]. Later, more public health scientists have
endorsed this statement.

Collective Perceptual Biases in the Scientific
Community
Given that multifarious stigmatized monikers have become
dominant in the public, what is being used in the scientific
sphere? Admittedly, the plethora of papers on the pandemic
have somewhat aggravated the collective perceptual biases,
whether intentional or unintentional [73-75]. It is critical to have
individuals who are well versed in naming conventions
collaborate directly with researchers on a regular basis.
Unfortunately, before the antidotes for the infodemic (ie, proper
names) find their way into the public mind, debate on interim
solutions has been ongoing (Multimedia Appendix 3).

From the beginning of the COVID-19 epidemic, people in most
Asia-Pacific countries, “where many more name China as a top
threat” [67], prioritized relations with China to jointly fight
COVID-19, rather than use malicious discrimination against
China. Regrettably, some individuals and media outlets have
been committed to showing a negative image of China by
promoting unfounded conspiracy theories such as a nonnatural
origin of COVID-19 [68], a coronavirus that was made in China
(even including desecration of the Chinese national flag), “China
is the real Sick Man of Asia” [69], and China’s Chernobyl
moment. Some instigators have made open apologies for
spreading these rumors [14], but others are intent on
whitewashing their words under the guise of freedom of speech.

On January 12, 2020, the WHO provisionally named the 2019
novel coronavirus disease “2019-nCoV.” China’s National
Health Commission (CNHC) decided to temporarily call the
disease “Novel Coronavirus Pneumonia” or “NCP” on February
7 (Figure 2). The CNHC’s official name has invoked intensive
arguments outside as well as inside the scientific community.
First, Chinese scientists are divided on that official name.
Supporters say the descriptive name follows typical
classification practices, whereas opponents claim that it could
be easily misunderstood and abused to sow the seeds for panic.
Second, the word novel is confusing because neither the disease
nor the host can be used to reliably determine the virus’s
novelty. Arguably, high mutation and gene recombination rates
make this type of virus ideal for pathogen evolution [76]. Once
viral mutation happens, it will no longer be novel.

Such voices do nothing but breed the pathogen of fear, panic,
prejudice, disgust, xenophobia, and racism [9,14,70,71].
Undoubtedly, they have been met overwhelmingly with harsh
criticism. On February 8, 2020, the Lancet published a statement

Before that, the 2019 novel coronavirus was designated as
“WH-Human-1 coronavirus” (“Wuhan-Human-1 coronavirus”)
by a group of scientists in Nature on February 3, 2020 [77]. In
the same vein, on February 11, another name, “HARS-CoV”
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(Han acute respiratory syndrome coronavirus) with Han standing
for Wuhan in Chinese, was proposed in The Lancet (of note,
some of the coauthors are members of the WHO IHR
Emergency Committee) [15]. Obviously, such practices are
against the naming principles of the WHO—geographic
locations should be avoided in virus or disease names, and the

Hu et al
proper names should be short and easy to pronounce [78]. Such
names might provoke unintended negative impacts by
stigmatizing Wuhan citizens and Chinese people. Those flawed
notions take hold and should be duly corrected, as well as other
similar paradigms (Table 1).

Table 1. Chronological list of published articles with multifarious proposed names.

a

Date (2020)

Articlea

Proposed name

January 18

Cheng et al [79]

Wuhan coronavirus pneumonia

January 20

Parry [80]

China coronavirus

January 21

Nature [81]

Wuhan virus

January 22

Callaway and Cyranoski [82]

China coronavirus

January 22

Liu and Saif [83]

Wuhan coronavirus

January 23

Callaway and Cyranoski [84]

China virus

January 24

Mahase [85]

China coronavirus

January 28

Mahase [86]

China coronavirus

January 29

Parry [87]

China coronavirus

January 31

Callaway [88]

China coronavirus

January 31

Mahase [89]

China coronavirus

January 31

Bassetti et al [90]

Novel Chinese coronavirus

January 31

Ralph et al [47]

Wuhan virus

February 3

Wu et al [77]

WH-Human-1 Coronavirusb

February 4

Parry [91]

China coronavirus

February 5

Jiang et al [92]

PARS-CoVc

February 7

Cyranoski [93]

China coronavirus

February 11

Wang et al [15]

HARS-CoVd

February 11

Coronaviridae Study Group of the International Committee on Taxonomy of Viruses [38] SARS-CoV-2

February 12

Zhou et al [94]

Wuhan novel coronavirus

February 14

Jiang and Shi [95]

TARS-CoVe

February 19

Jiang et al [96]

HCoV-19f

February 19

Goh et al [97]

Wuhan-2019-nCoV

February 19

Kooraki et al [98]

NCIPg

February 26

Xia et al [99]

NCPh

The metadata of the articles were retrieved from PubMed as of February 26, 2020.

b

WH-Human-1 Coronavirus: Wuhan-Human-1 coronavirus.

c

PARS-CoV: pneumonia acute respiratory syndrome coronavirus.

d

HARS-CoV: Han acute respiratory syndrome coronavirus.

e

TARS-CoV: transmissible acute respiratory syndrome coronavirus.

f

HCoV-19: human coronavirus 2019.

g

NCIP: novel coronavirus-infected pneumonia.

h

NCP: novel coronavirus pneumonia.

In response to such concerns, on February 11, 2020, the WHO
officially renamed “2019-nCoV” as “COVID-19,” with CO
meaning corona, VI for virus, D for disease, and 19 referring
to 2019. This generic descriptive reassignment offers an overdue
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correction to those strongly held but flawed notions, with the
hope of minimizing stigma. Coinciding with the WHO’s latest
announcement, in a bioRxiv preprint [100], a new name “Severe
Acute Respiratory Syndrome coronavirus 2” or “SARS-CoV-2”
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was penned by the Coronavirus Study Group of the International
Committee on Taxonomy of Viruses (ICTV-CSG) on the same
day. ICTV-CSG explains that this designation highlights the
new strain’s similarity to SARS-CoV [38]. It is unclear whether
this proposal name will be approved by the next plenary meeting
of ICTV.
The WHO and some prominent virologists are far less skewed
toward SARS-CoV-2, the nomenclature endorsed by ICTV-CSG
[96,101]. Outside the academic-industrial sphere, people also
argued against this proposed name. Although it seems natural
for ICTV-CSG to add a numeral 2 behind “SARS-CoV” to
signify their relation, many prominent scientists have scrambled
to refute this claim. To the untrained eye, the hasty designation
may mislead the public to perceive a more severe virus strain
as a direct descendant of SARS-CoV, rather than just a close
affinity for the causative agent of another major viral outbreak
in China in 2002 and 2003. Before that, on February 5, 2020,
Jiang and colleagues [92] proposed another name, “Pneumonia
Acute Respiratory Syndrome Coronavirus” (“PARS-CoV”) in
Cellular & Molecular Immunology. By the same token, this
assignment also intends to retain equivalent terminology to
SARS-CoV. Nonetheless, only 2 weeks later, without mention
of their earlier similar formulations [92,95], they reintroduced
the third name “HCoV-19” (“Human coronavirus 2019”) in The
Lancet [96], objecting to the usage of SARS-CoV-2.
The looming worry is that the public are susceptible to
SARS-CoV [25], which evokes the memory of the higher case
fatality ratio. On February 9, 2020, Chen Huan-chun, a Chinese
academician and virologist, made a public apology for
mistakenly saying 2019-nCoV is SARS-CoV, which had struck
a nerve and aroused great consternation in the Chinese public.
Mitigating infodemic risks by making informed and judicious
choices is a catch-22 for authoritative organizations. It is
necessary to punctuate heuristic cautions and continuous
introspection of previous multifarious names [18,25,78,101],
which is a requisite bedrock of such scientific efforts. Recently,
global profusion of candidates has been discussed inside the
scientific community, as well as on social media (eg,
transmissible acute respiratory syndrome coronavirus
[TARS-CoV] [95] and contagious acute respiratory syndrome
coronavirus [CARS-CoV]). Whatever merits and demerits each
term has, some of them should be fairly recognized with
plausible reasons. Authorities should have an open mind to the
modest introspections and rededications of such collective
efforts. On February 22, 2020, CNHC officially renamed the
temporary English name “NCP” as “COVID-19,” with the hope
of standing with the WHO and further discouraging the use of
stigmatized titles [102].
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Combating the COVID-19 Infodemic: Same Mission,
Diverse Voices
As the COVID-19 epidemic spreads, so does the information
epidemic. The COVID-19 infodemic has introduced a new round
of challenges for crisis communication, just as Dr Tedros
Adhanom Ghebreyesus, the Director-General of the WHO,
remarked at the Munich Security Conference on February 15,
2020: “We’re not just fighting an epidemic; we’re fighting an
infodemic.” Infoveillance is an effective strategy against
infodemics [34,35,103]. Unfortunately, with the same mission
of corroborating reliable information and keeping people
informed, different practitioners are upholding diverse voices
in the campaigns against the ongoing information epidemic. As
can be seen from Figure 6, Google Trends showed that the
interest of the portmanteau words “infodemic,” “disinfodemic,”
and “misinfodemic” from January 1, 2020, to July 15, 2020.
The discourse system to address the present challenge is divided
into three camps: the infodemic campaign endorsed by the WHO
partnered with internet giants worldwide, the disinfodemic
campaign backed by organizations led by the United Nations
Educational, Scientific and Cultural Organization (UNESCO),
and the misinfodemic campaign supported by other practitioners.
Although the infodemic campaign is dominating the fray, most
people are currently more interested in what is going on in the
real world but are curious about what an infodemic is. The
detailed descriptions of the code scheme of combating the
COVID-19 infodemic in this study can be found in Multimedia
Appendix 3.
In 2002, Eysenbach [27, 103] coined the portmanteau
“infodemiology” (a novel transdisciplinary science to unravel
the complex propagation patterns of misinformation and public
health relevant information) along with the portmanteau
“infoveillance” (a type of syndromic surveillance that uses
online content). On February 2, 2020, the WHO adopted the
term “infodemic” as an “overabundance of information – some
accurate and some not – that makes it hard for people to find
trustworthy sources and reliable guidance when they need it”
[1]. In the aftermath of the online technical consultation on the
COVID-19 infodemic [1], the WHO crystallized an
evidence-based framework to underpin infodemic management
interventions [1, 2, 104]. In the disinfodemic campaign, Posetti
and Bontcheva [105] proposed the neologism “disinfodemic”
(a blend of dis-, information, and epidemic) in the
research-based policy briefs of UNESCO, considering its
opposite of information [106]. A minority of researchers favor
the term “misinfodemic” (a blend of mis-, information, and
epidemic) in line with misinformation [107]. In contrast,
“infodemic” is a more efficient portmanteau than “disinfodemic”
or “misinfodemic” for communicative efficiency determined
by shorter orthographic and phonetic length, according to Zipf’s
[108,109] principle of least effort governing human lexicons.
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Figure 6. Illustration on the relative search interest of information contagion from around the world. EPI-WIN: Information Network for Epidemics;
WHO: World Health Organization.

On the other hand, it is critical to engage individuals to fully
realize the damaging effect of infodemics and participate in the
initiative of disproving COVID-19 myths. With social network
giants worldwide, the WHO has been committed to curb the
infodemics. For example, as part of the coordinated action,
Facebook flagged around 50 million pieces of
COVID-19–related content in April 2020. However, according
to a Pew Research Center’s American News Pathways survey,
about three in ten Americans still believe the viral conspiracy
theories (COVID-19 was created in a lab and the COVID-19
outbreak was intentionally planned by people in power) [110].
Therefore, drawing on the lessons learned from the
contextualized pollution of the media ecosystem, each one of
us should contribute to the fight against both societal COVID-19
and information contagion in the most effective way.

Discussion
Principal Findings
With an emphasis on infodemiological analysis and
meta-analysis on the COVID-19 epidemic and infodemic, we
scrutinized the collective communication behaviors on the
internet and pertinent usages in publications in sociocultural
paradigms to uncover collective behavioral propensities and
consequences.
First, psychologists often make claims about the relatedness
between epidemics and panic based on qualitative evidence.
The quantitative results reveal that people are invariably
vulnerable to panic attacks during episodes of epidemics with
an enigmatic nature. People around the world are divided in
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their favor of stigmatized monikers because of perceptual bias
in the public and scientific communities. People in 13 (22%)
out of 58 territories with low cumulative rates had negative
behavioral propensities to stigmatized monikers in their daily
communications. Perceptual bias in the perception of the natural
origin of COVID-19 is part of the reason for specific regions,
rather than the degree of infection in their territories.
Second, infodemics follow closely on the heels of every
pathogen [5,6,23,24,37], branding discrimination and stoking
panic. Official names would duly discourage the spread of
regional stigmatization and racial discrimination, and reverse
negative perceptual biases and collective behavioral propensities
in public engagement.
Third, the coordinated campaign of fighting against the
COVID-19 infodemic has called for an approachable uniform
voice in line with the same mission, keeping lay audiences
informed.

Conclusion
With the benefit of hindsight provided by the Gini coefficient
(G), the contextualized results indicate that many stigmatized
monikers against China had a higher collective heterogeneity
of crowd behavior than the official terms between December
30, 2019, and July 15, 2020. The prognostic significance of
information seeking and avoidance is that infodemiological
analysis could provide a hallmark reference to reframe
extensible discussions on the COVID-19 epidemic and
infodemic, as well as substantial patterns of the next infodemic.
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At this critical moment, an epoch-making name is expected to
be scientifically pithy and socially acceptable, with minimal
unintentional negative impacts on nations, economies, and
people. This is a positivist doctrine, not merely for naming a
virus but for the vitality of science and the promotion of social
progress. Obviously, some naming practices went awry,
intentionally or not [14]. A learning lesson from the infodemic
is the necessity of coming up with guidelines for the adoption
of practical principles intended to enhance the possibility for
the lessening of stigmatization and discrimination.
Technically, we now see collaborative efforts as a potential way
to help strengthen and standardize ongoing international
initiatives of the WHO and the ICTV [5,6]. Admittedly,
understanding the way naming rules strengthen the integrity

Hu et al
and quality of naming practices with the original mission
remains nominal rather than substantial [18,25,78,101]. A
Nature editorial remarked, “As well as naming the illness, the
WHO was implicitly sending a reminder to those who had
erroneously been associating the virus with Wuhan and with
China in their news coverage — including Nature. That we did
so was an error on our part, for which we take responsibility
and apologize” [14]. As another precaution, the word novel was
recommended by the WHO for “indicating a new pathogen of
a previously known type, recognizing that this term will become
obsolete if other new pathogens of that type are identified” [21].
However, stakeholders frequently reserve novel for indicating
new types of viruses, lest this word fundamentally lose its impact
without regular amendments.

Acknowledgments
We express indebtedness to anonymous reviewers for their valuable and constructive comments. ZH thanks Dr Kenneth McIntosh
and Dr Elliot Lefkowitz for their personal communications. This study was supported in part by the National Natural Science
Foundation of China under Grant U1936208 and Zhejiang Provincial Natural Science Foundation of China under Grant
LZ21F020004.

Authors' Contributions
ZH was involved in the conceptual design of the study. ZH, ZY, QL, and AZ performed the metadata analyses. All authors wrote
and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
The transdisciplinary nature of infodemiology.
[DOCX File , 408 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Diachronic discourse analysis and scientometric analysis.
[DOCX File , 146 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Code schemes.
[DOCX File , 73 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Cumulative rates.
[XLSX File (Microsoft Excel File), 14 KB-Multimedia Appendix 4]

References
1.

2.
3.
4.

Tangcharoensathien V, Calleja N, Nguyen T, Purnat T, D'Agostino M, Garcia-Saiso S, et al. Framework for Managing the
COVID-19 Infodemic: Methods and Results of an Online, Crowdsourced WHO Technical Consultation. J Med Internet
Res 2020 Jun 26;22(6):e19659 [FREE Full text] [doi: 10.2196/19659] [Medline: 32558655]
Eysenbach G. How to Fight an Infodemic: The Four Pillars of Infodemic Management. J Med Internet Res 2020 Jun
29;22(6):e21820 [FREE Full text] [doi: 10.2196/21820] [Medline: 32589589]
Ratzan SC, Sommariva S, Rauh L. Enhancing global health communication during a crisis: lessons from the COVID-19
pandemic. Public Health Res Pract 2020 Jun 30;30(2):3022010. [doi: 10.17061/phrp3022010] [Medline: 32601655]
Novel coronavirus (2019-nCoV) situation report - 13. World Health Organization. 2020. URL: https://www.who.int/docs/
default-source/coronaviruse/situation-reports/20200202-sitrep-13-ncov-v3.pdf

http://www.jmir.org/2020/11/e22639/

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 11 | e22639 | p. 11
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
5.
6.
7.
8.
9.
10.
11.
12.

13.

14.
15.

16.
17.
18.
19.
20.

21.
22.

23.
24.

25.
26.
27.

28.
29.

Editorial. Coronavirus misinformation needs researchers to respond. Nature 2020 May;581(7809):355-356. [doi:
10.1038/d41586-020-01550-y] [Medline: 32461657]
Ball P, Maxmen A. The epic battle against coronavirus misinformation and conspiracy theories. Nature 2020
May;581(7809):371-374. [doi: 10.1038/d41586-020-01452-z] [Medline: 32461658]
Shimizu K. 2019-nCoV, fake news, and racism. Lancet 2020 Feb 29;395(10225):685-686 [FREE Full text] [doi:
10.1016/S0140-6736(20)30357-3] [Medline: 32059801]
Chung RY, Li MM. Anti-Chinese sentiment during the 2019-nCoV outbreak. Lancet 2020 Feb 29;395(10225):686-687
[FREE Full text] [doi: 10.1016/S0140-6736(20)30358-5] [Medline: 32122469]
Rzymski P, Nowicki M. Preventing COVID-19 prejudice in academia. Science 2020 Mar 20;367(6484):1313. [doi:
10.1126/science.abb4870] [Medline: 32193314]
Karalis Noel T. Conflating culture with COVID-19: xenophobic repercussions of a global pandemic. Soc Sci Humanit
Open 2020;2(1):100044. [doi: 10.1016/j.ssaho.2020.100044]
He J, He L, Zhou W, Nie X, He M. Discrimination and social exclusion in the outbreak of COVID-19. Int J Environ Res
Public Health 2020 Apr 23;17(8):2933 [FREE Full text] [doi: 10.3390/ijerph17082933] [Medline: 32340349]
Rzymski P, Nowicki M. COVID-19-related prejudice toward Asian medical students: a consequence of SARS-CoV-2 fears
in Poland. J Infect Public Health 2020 Jun;13(6):873-876 [FREE Full text] [doi: 10.1016/j.jiph.2020.04.013] [Medline:
32387102]
Misra S, Le PD, Goldmann E, Yang LH. Psychological impact of anti-Asian stigma due to the COVID-19 pandemic: a call
for research, practice, and policy responses. Psychol Trauma 2020 Jul;12(5):461-464. [doi: 10.1037/tra0000821] [Medline:
32525390]
Editorial. Stop the coronavirus stigma now. Nature 2020 Apr;580(7802):165. [doi: 10.1038/d41586-020-01009-0] [Medline:
32265571]
Wang L, Anderson DE, Mackenzie JS, Merson MH. From Hendra to Wuhan: what has been learned in responding to
emerging zoonotic viruses. Lancet 2020 Feb 22;395(10224):e33-e34 [FREE Full text] [doi: 10.1016/S0140-6736(20)30350-0]
[Medline: 32059799]
Sharot T, Sunstein CR. How people decide what they want to know. Nat Hum Behav 2020 Jan;4(1):14-19. [doi:
10.1038/s41562-019-0793-1] [Medline: 31932690]
Mavragani A. Infodemiology and infoveillance: scoping review. J Med Internet Res 2020 Apr 28;22(4):e16206 [FREE
Full text] [doi: 10.2196/16206] [Medline: 32310818]
Enserink M. Infectious diseases. Amid heightened concerns, new name for novel coronavirus emerges. Science 2013 May
10;340(6133):673. [doi: 10.1126/science.340.6133.673] [Medline: 23661733]
Goodwin R, Haque S, Neto F, Myers LB. Initial psychological responses to Influenza A, H1N1 ("Swine flu"). BMC Infect
Dis 2009 Oct 06;9:166 [FREE Full text] [doi: 10.1186/1471-2334-9-166] [Medline: 19807908]
Dhand NK, Hernandez-Jover M, Taylor M, Holyoake P. Public perceptions of the transmission of pandemic influenza
A/H1N1 2009 from pigs and pork products in Australia. Prev Vet Med 2011 Feb 01;98(2-3):165-175. [doi:
10.1016/j.prevetmed.2010.11.006] [Medline: 21146879]
World Health Organization best practices for the naming of new human infectious diseases. World Health Organization.
2015 May. URL: https://www.who.int/topics/infectious_diseases/naming-new-diseases/en/
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]
Rothkopf D. When the buzz bites back. The Washington Post. 2003 May 11. URL: http://www1.udel.edu/globalagenda/
2004/student/readings/infodemic.html
Garcia E, Yactayo S, Nishino K, Millot V, Perea W, Brianda S. Zika virus infection: global update on epidemiology and
potentially associated clinical manifestations. Wkly Epidemiol Rec 2016 Feb 19;91(7):73-81 [FREE Full text] [Medline:
26897760]
Enserink M. War stories. Science 2013 Mar 15;339(6125):1264-1268. [doi: 10.1126/science.339.6125.1264] [Medline:
23493690]
Davis JT, Perra N, Zhang Q, Moreno Y, Vespignani A. Phase transitions in information spreading on structured populations.
Nat Phys 2020 Mar 2;16(5):590-596. [doi: 10.1038/s41567-020-0810-3]
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]
Horvitz E, Mulligan D. Policy forum. Data, privacy, and the greater good. Science 2015 Jul 17;349(6245):253-255. [doi:
10.1126/science.aac4520] [Medline: 26185242]
2019 revision of world population prospects. United Nations Population Division, Department of Economic and Social
Affairs. 2019. URL: https://population.un.org/wpp/

http://www.jmir.org/2020/11/e22639/

XSL• FO
RenderX

Hu et al

J Med Internet Res 2020 | vol. 22 | iss. 11 | e22639 | p. 12
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
30.

31.
32.
33.
34.
35.

36.

37.
38.

39.
40.
41.

42.
43.
44.
45.

46.
47.

48.
49.

50.

51.

52.

53.

Michel J, Shen YK, Aiden AP, Veres A, Gray MK, Google Books Team, et al. Quantitative analysis of culture using millions
of digitized books. Science 2011 Jan 14;331(6014):176-182 [FREE Full text] [doi: 10.1126/science.1199644] [Medline:
21163965]
Gurevitch J, Koricheva J, Nakagawa S, Stewart G. Meta-analysis and the science of research synthesis. Nature 2018 Mar
07;555(7695):175-182. [doi: 10.1038/nature25753] [Medline: 29517004]
Fancourt D, Steptoe A, Wright L. The Cummings effect: politics, trust, and behaviours during the COVID-19 pandemic.
Lancet 2020 Aug 15;396(10249):464-465. [doi: 10.1016/S0140-6736(20)31690-1] [Medline: 32771083]
Scheufele DA, Krause NM. Science audiences, misinformation, and fake news. Proc Natl Acad Sci U S A 2019 Apr
16;116(16):7662-7669 [FREE Full text] [doi: 10.1073/pnas.1805871115] [Medline: 30642953]
Lazer DMJ, Baum MA, Benkler Y, Berinsky AJ, Greenhill KM, Menczer F, et al. The science of fake news. Science 2018
Mar 09;359(6380):1094-1096. [doi: 10.1126/science.aao2998] [Medline: 29590025]
Bavel JJV, Baicker K, Boggio PS, Capraro V, Cichocka A, Cikara M, et al. Using social and behavioural science to support
COVID-19 pandemic response. Nat Hum Behav 2020 May;4(5):460-471. [doi: 10.1038/s41562-020-0884-z] [Medline:
32355299]
Siddell SG, Walker PJ, Lefkowitz EJ, Mushegian AR, Dutilh BE, Harrach B, et al. Binomial nomenclature for virus species:
a consultation. Arch Virol 2020 Feb;165(2):519-525 [FREE Full text] [doi: 10.1007/s00705-019-04477-6] [Medline:
31797129]
Jones DS. History in a crisis - lessons for COVID-19. N Engl J Med 2020 Apr 30;382(18):1681-1683. [doi:
10.1056/NEJMp2004361] [Medline: 32163699]
Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. The species Severe acute respiratory
syndrome-related coronavirus: classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol 2020 Apr;5(4):536-544
[FREE Full text] [doi: 10.1038/s41564-020-0695-z] [Medline: 32123347]
Almeida JD, Berry DM, Cunningham CH, Hamre D, Hofstad MS, Mallucci L, et al. Virology: coronaviruses. Nature 1968
Nov;220(5168):650-650. [doi: 10.1038/220650b0]
Fenner F. The nomenclature and classification of viruses the International Committee on Nomenclature of Viruses. Virology
1971 Dec;46(3):979-980. [doi: 10.1016/0042-6822(71)90102-4]
Fenner F. The classification and nomenclature of viruses. Summary of results of meetings of the International Committee
on Taxonomy of Viruses in Madrid, September 1975. J Gen Virol 1976 Jun;31(3):463-470. [doi:
10.1099/0022-1317-31-3-463] [Medline: 819628]
Kupferschmidt K, Cohen J. Can China's COVID-19 strategy work elsewhere? Science 2020 Mar 06;367(6482):1061-1062.
[doi: 10.1126/science.367.6482.1061] [Medline: 32139521]
de Wit E, van Doremalen N, Falzarano D, Munster VJ. SARS and MERS: recent insights into emerging coronaviruses.
Nat Rev Microbiol 2016 Aug;14(8):523-534 [FREE Full text] [doi: 10.1038/nrmicro.2016.81] [Medline: 27344959]
Cui J, Li F, Shi Z. Origin and evolution of pathogenic coronaviruses. Nat Rev Microbiol 2019 Mar;17(3):181-192 [FREE
Full text] [doi: 10.1038/s41579-018-0118-9] [Medline: 30531947]
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 Apr 24;368(6489):395-400 [FREE Full text] [doi:
10.1126/science.aba9757] [Medline: 32144116]
Wadman M. How does coronavirus kill? Clinicians trace a ferocious rampage through the body, from brain to toes. Science
2020 Apr 18:1. [doi: 10.1126/science.abc3208]
Ralph R, Lew J, Zeng T, Francis M, Xue B, Roux M, et al. 2019-nCoV (Wuhan virus), a novel Coronavirus: human-to-human
transmission, travel-related cases, and vaccine readiness. J Infect Dev Ctries 2020 Jan 31;14(1):3-17 [FREE Full text] [doi:
10.3855/jidc.12425] [Medline: 32088679]
Carlos WG, Dela Cruz CS, Cao B, Pasnick S, Jamil S. Novel Wuhan (2019-nCoV) coronavirus. Am J Respir Crit Care
Med 2020 Feb 15;201(4):P7-P8. [doi: 10.1164/rccm.2014P7] [Medline: 32004066]
Chan JFW, Lau SKP, To KKW, Cheng VCC, Woo PCY, Yuen K. Middle East respiratory syndrome coronavirus: another
zoonotic betacoronavirus causing SARS-like disease. Clin Microbiol Rev 2015 Apr;28(2):465-522 [FREE Full text] [doi:
10.1128/CMR.00102-14] [Medline: 25810418]
Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission dynamics in Wuhan, China, of novel
coronavirus-infected pneumonia. N Engl J Med 2020 Mar 26;382(13):1199-1207 [FREE Full text] [doi:
10.1056/NEJMoa2001316] [Medline: 31995857]
Xiang Y, Yang Y, Li W, Zhang L, Zhang Q, Cheung T, et al. Timely mental health care for the 2019 novel coronavirus
outbreak is urgently needed. Lancet Psychiatry 2020 Mar;7(3):228-229 [FREE Full text] [doi:
10.1016/S2215-0366(20)30046-8] [Medline: 32032543]
Phan LT, Nguyen TV, Luong QC, Nguyen TV, Nguyen HT, Le HQ, et al. Importation and human-to-human transmission
of a novel coronavirus in vietnam. N Engl J Med 2020 Feb 27;382(9):872-874 [FREE Full text] [doi:
10.1056/NEJMc2001272] [Medline: 31991079]
Li J, Li J, Xie X, Cai X, Huang J, Tian X, et al. Game consumption and the 2019 novel coronavirus. Lancet Infect Dis 2020
Mar;20(3):275-276 [FREE Full text] [doi: 10.1016/S1473-3099(20)30063-3] [Medline: 32043979]

http://www.jmir.org/2020/11/e22639/

XSL• FO
RenderX

Hu et al

J Med Internet Res 2020 | vol. 22 | iss. 11 | e22639 | p. 13
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
54.

55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

68.

69.
70.

71.
72.
73.
74.
75.

76.
77.
78.
79.

80.

Hui DS, I Azhar E, Madani TA, Ntoumi F, Kock R, Dar O, et al. The continuing 2019-nCoV epidemic threat of novel
coronaviruses to global health - The latest 2019 novel coronavirus outbreak in Wuhan, China. Int J Infect Dis 2020
Feb;91:264-266 [FREE Full text] [doi: 10.1016/j.ijid.2020.01.009] [Medline: 31953166]
Su S, Wong G, Shi W, Liu J, Lai AC, Zhou J, et al. Epidemiology, genetic recombination, and pathogenesis of coronaviruses.
Trends Microbiol 2016 Jun;24(6):490-502 [FREE Full text] [doi: 10.1016/j.tim.2016.03.003] [Medline: 27012512]
Zumla A, Chan JFW, Azhar EI, Hui DSC, Yuen K. Coronaviruses - drug discovery and therapeutic options. Nat Rev Drug
Discov 2016 May;15(5):327-347 [FREE Full text] [doi: 10.1038/nrd.2015.37] [Medline: 26868298]
Peiris JSM, Guan Y, Yuen KY. Severe acute respiratory syndrome. Nat Med 2004 Dec;10(12 Suppl):S88-S97 [FREE Full
text] [doi: 10.1038/nm1143] [Medline: 15577937]
Normile D. Novel human virus? Pneumonia cases linked to seafood market in China stir concern. Science 2020 Jan 04:1.
[doi: 10.1126/science.aba7672]
Normile D. China reports more than 200 infections with new coronavirus from Wuhan. Science 2020 Jan 21:1. [doi:
10.1126/science.aba9913]
Horton R. Offline: 2019-nCoV outbreak-early lessons. Lancet 2020 Feb 01;395(10221):322 [FREE Full text] [doi:
10.1016/S0140-6736(20)30212-9] [Medline: 32007152]
Kock R, Karesh W, Veas F, Velavan T, Simons D, Mboera L, et al. 2019-nCoV in context: lessons learned? Lancet Planet
Health 2020 Mar;4(3):e87-e88 [FREE Full text] [doi: 10.1016/S2542-5196(20)30035-8] [Medline: 32035507]
Lam TT, Jia N, Zhang Y, Shum MH, Jiang J, Zhu H, et al. Identifying SARS-CoV-2-related coronaviruses in Malayan
pangolins. Nature 2020 Jul;583(7815):282-285. [doi: 10.1038/s41586-020-2169-0] [Medline: 32218527]
Editorial. Exploring wet markets. Nat Food 2020 May 19;1(5):241-241. [doi: 10.1038/s43016-020-0090-1]
Del Vicario M, Bessi A, Zollo F, Petroni F, Scala A, Caldarelli G, et al. The spreading of misinformation online. Proc Natl
Acad Sci U S A 2016 Jan 19;113(3):554-559 [FREE Full text] [doi: 10.1073/pnas.1517441113] [Medline: 26729863]
The Lancet. COVID-19: too little, too late? Lancet 2020 Mar 07;395(10226):755 [FREE Full text] [doi:
10.1016/S0140-6736(20)30522-5] [Medline: 32145772]
Cowper A. Covid-19: are we getting the communications right? BMJ 2020 Mar 06;368:m919. [doi: 10.1136/bmj.m919]
[Medline: 32144115]
Silver L, Devlin K, Huang C. China's economic growth mostly welcomed in emerging markets, but neighbors wary of its
influence. Pew Research Center. 2019. URL: https://www.pewresearch.org/global/2019/12/05/
chinas-economic-growth-mostly-welcomed-in-emerging-markets-but-neighbors-wary-of-its-influence/
Calisher C, Carroll D, Colwell R, Corley RB, Daszak P, Drosten C, et al. Statement in support of the scientists, public
health professionals, and medical professionals of China combatting COVID-19. Lancet 2020 Mar 07;395(10226):e42-e43
[FREE Full text] [doi: 10.1016/S0140-6736(20)30418-9] [Medline: 32087122]
Mead WR. China is the real sick man of Asia. Wall Street Journal. 2020. URL: https://www.wsj.com/articles/
china-is-the-real-sick-man-of-asia-11580773677
Devakumar D, Selvarajah S, Shannon G, Muraya K, Lasoye S, Corona S, et al. Racism, the public health crisis we can no
longer ignore. Lancet 2020 Jun 27;395(10242):e112-e113 [FREE Full text] [doi: 10.1016/S0140-6736(20)31371-4] [Medline:
32534630]
Garrett L. COVID-19: the medium is the message. Lancet 2020 Mar 21;395(10228):942-943 [FREE Full text] [doi:
10.1016/S0140-6736(20)30600-0] [Medline: 32171075]
The Lancet. COVID-19: fighting panic with information. Lancet 2020 Feb 22;395(10224):537 [FREE Full text] [doi:
10.1016/S0140-6736(20)30379-2] [Medline: 32087777]
London AJ, Kimmelman J. Against pandemic research exceptionalism. Science 2020 May 01;368(6490):476-477. [doi:
10.1126/science.abc1731] [Medline: 32327600]
Brainard J. New tools aim to tame pandemic paper tsunami. Science 2020 May 29;368(6494):924-925. [doi:
10.1126/science.368.6494.924] [Medline: 32467369]
Casigliani V, De Nard F, De Vita E, Arzilli G, Grosso FM, Quattrone F, et al. Too much information, too little evidence:
is waste in research fuelling the covid-19 infodemic? BMJ 2020 Jul 06;370:m2672. [doi: 10.1136/bmj.m2672] [Medline:
32631897]
Morens DM, Daszak P, Taubenberger JK. Escaping Pandora's box - another novel coronavirus. N Engl J Med 2020 Apr
02;382(14):1293-1295. [doi: 10.1056/NEJMp2002106] [Medline: 32101660]
Wu F, Zhao S, Yu B, Chen Y, Wang W, Song Z, et al. A new coronavirus associated with human respiratory disease in
China. Nature 2020 Mar;579(7798):265-269 [FREE Full text] [doi: 10.1038/s41586-020-2008-3] [Medline: 32015508]
Fukuda K, Wang R, Vallat B. Naming diseases: first do no harm. Science 2015 May 08;348(6235):643. [doi:
10.1126/science.348.6235.643] [Medline: 25954000]
Cheng VCC, Wong SC, To KKW, Ho PL, Yuen KY. Preparedness and proactive infection control measures against the
emerging novel coronavirus in China. J Hosp Infect 2020 Mar;104(3):254-255 [FREE Full text] [doi:
10.1016/j.jhin.2020.01.010] [Medline: 31962139]
Parry J. China coronavirus: cases surge as official admits human to human transmission. BMJ 2020 Jan 20;368:m236. [doi:
10.1136/bmj.m236] [Medline: 31959587]

http://www.jmir.org/2020/11/e22639/

XSL• FO
RenderX

Hu et al

J Med Internet Res 2020 | vol. 22 | iss. 11 | e22639 | p. 14
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.

95.
96.
97.

98.

99.

100.

101.
102.
103.
104.

105.
106.
107.

Editorial. Stop the Wuhan virus. Nature 2020 Jan;577(7791):450. [doi: 10.1038/d41586-020-00153-x] [Medline: 31965110]
Callaway E, Cyranoski D. China coronavirus: six questions scientists are asking. Nature 2020 Jan;577(7792):605-607. [doi:
10.1038/d41586-020-00166-6] [Medline: 31992880]
Liu SL, Saif L. Emerging viruses without borders: the Wuhan coronavirus. Viruses 2020 Jan 22;12(2):130 [FREE Full
text] [doi: 10.3390/v12020130] [Medline: 31979013]
Callaway E, Cyranoski D. Why snakes probably aren’t spreading the new China virus. Nature 2020 Jan 23:1. [doi:
10.1038/d41586-020-00180-8]
Mahase E. China coronavirus: what do we know so far? BMJ 2020 Jan 24;368:m308. [doi: 10.1136/bmj.m308] [Medline:
31980434]
Mahase E. China coronavirus: mild but infectious cases may make it hard to control outbreak, report warns. BMJ 2020 Jan
28;368:m325. [doi: 10.1136/bmj.m325] [Medline: 31992570]
Parry J. China coronavirus: partial border closures into Hong Kong are not enough, say doctors. BMJ 2020 Jan 29;368:m349.
[doi: 10.1136/bmj.m349] [Medline: 31996345]
Callaway E. China coronavirus: labs worldwide scramble to analyse live samples. Nature 2020 Feb;578(7793):16. [doi:
10.1038/d41586-020-00262-7] [Medline: 32020116]
Mahase E. China coronavirus: WHO declares international emergency as death toll exceeds 200. BMJ 2020 Jan 31;368:m408.
[doi: 10.1136/bmj.m408] [Medline: 32005727]
Bassetti M, Vena A, Giacobbe DR. The novel Chinese coronavirus (2019-nCoV) infections: challenges for fighting the
storm. Eur J Clin Invest 2020 Mar;50(3):e13209 [FREE Full text] [doi: 10.1111/eci.13209] [Medline: 32003000]
Parry J. China coronavirus: Hong Kong health staff strike to demand border closure as city records first death. BMJ 2020
Feb 04;368:m454. [doi: 10.1136/bmj.m454] [Medline: 32019754]
Jiang S, Xia S, Ying T, Lu L. A novel coronavirus (2019-nCoV) causing pneumonia-associated respiratory syndrome. Cell
Mol Immunol 2020 May;17(5):554 [FREE Full text] [doi: 10.1038/s41423-020-0372-4] [Medline: 32024976]
Cyranoski D. Did pangolins spread the China coronavirus to people? Nature 2020 Feb 7:1. [doi: 10.1038/d41586-020-00364-2]
Zhou T, Liu Q, Yang Z, Liao J, Yang K, Bai W, et al. Preliminary prediction of the basic reproduction number of the Wuhan
novel coronavirus 2019-nCoV. J Evid Based Med 2020 Feb;13(1):3-7 [FREE Full text] [doi: 10.1111/jebm.12376] [Medline:
32048815]
Jiang S, Shi Z. The first disease X is caused by a highly transmissible acute respiratory syndrome coronavirus. Virol Sin
2020 Jun;35(3):263-265 [FREE Full text] [doi: 10.1007/s12250-020-00206-5] [Medline: 32060789]
Jiang S, Shi Z, Shu Y, Song J, Gao GF, Tan W, et al. A distinct name is needed for the new coronavirus. Lancet 2020 Mar
21;395(10228):949 [FREE Full text] [doi: 10.1016/S0140-6736(20)30419-0] [Medline: 32087125]
Goh GKM, Dunker AK, Foster JA, Uversky VN. Rigidity of the outer shell predicted by a protein intrinsic disorder model
sheds light on the COVID-19 (Wuhan-2019-nCoV) infectivity. Biomolecules 2020 Feb 19;10(2):331 [FREE Full text]
[doi: 10.3390/biom10020331] [Medline: 32092911]
Kooraki S, Hosseiny M, Myers L, Gholamrezanezhad A. Coronavirus (COVID-19) outbreak: what the department of
radiology should know. J Am Coll Radiol 2020 Apr;17(4):447-451 [FREE Full text] [doi: 10.1016/j.jacr.2020.02.008]
[Medline: 32092296]
Xia J, Tong J, Liu M, Shen Y, Guo D. Evaluation of coronavirus in tears and conjunctival secretions of patients with
SARS-CoV-2 infection. J Med Virol 2020 Jun;92(6):589-594 [FREE Full text] [doi: 10.1002/jmv.25725] [Medline:
32100876]
Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, Gulyaeva AA, et al. Severe acute respiratory syndrome-related
coronavirus: the species and its viruses – a statement of the Coronavirus Study Group. bioRxiv. Preprint posted online
February 11, 2020 2020. [doi: 10.1101/2020.02.07.937862]
Enserink M. Update: ‘A bit chaotic.’ Christening of new coronavirus and its disease name create confusion. Science 2020
Feb 13:1. [doi: 10.1126/science.abb2806]
Zhihao Z. China adopts COVID-19 as official English name for disease. China Daily. 2020. URL: https://www.
chinadaily.com.cn/a/202002/22/WS5e506f18a31012821727970f.html [accessed 2020-02-22]
Eysenbach G. Infodemiology and infoveillance tracking online health information and cyberbehavior for public health.
Am J Prev Med 2011 May;40(5 Suppl 2):S154-S158. [doi: 10.1016/j.amepre.2011.02.006] [Medline: 21521589]
Tangcharoensathien V, Calleja N, Nguyen T, Purnat T, D'Agostino M, Garcia-Saiso S, et al. Framework for managing the
COVID-19 infodemic: methods and results of an online, crowdsourced WHO technical consultation. J Med Internet Res
2020 Jun 26;22(6):e19659 [FREE Full text] [doi: 10.2196/19659] [Medline: 32558655]
Posetti J, Bontcheva K. Disinfodemic: dissecting responses to COVID-19 disinformation. UNESCO. 2020. URL: https:/
/en.unesco.org/sites/default/files/disinfodemic_dissecting_responses_covid19_disinformation.pdf
Callaway E, Ledford H, Mallapaty S. Six months of coronavirus: the mysteries scientists are still racing to solve. Nature
2020 Jul;583(7815):178-179. [doi: 10.1038/d41586-020-01989-z] [Medline: 32620885]
Sahoo SS, Sahu DP, Kankaria A. Mis-infodemic: the Achilles' heel in combating the COVID-19 pandemic in an Indian
perspective. Monaldi Arch Chest Dis 2020 Jun 03;90(2):1. [doi: 10.4081/monaldi.2020.1405] [Medline: 32498502]

http://www.jmir.org/2020/11/e22639/

XSL• FO
RenderX

Hu et al

J Med Internet Res 2020 | vol. 22 | iss. 11 | e22639 | p. 15
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Hu et al

108. Zipf GK. The Psycho-Biology of Language: An Introduction to Dynamic Philology. 1st ed. Boston, MA: Houghton Mifflin
Company; 1935.
109. Zipf GK. Human Behavior and the Principle of Least Effort: an Introduction to Human Ecology. Cambridge, MA:
Addison-Wesley Press; 1949.
110. Mitchell A, Jurkowitz M, Oliphant JB, Shearer E. Three months in, many Americans see exaggeration, conspiracy theories
and partisanship in COVID-19 news. Pew Research Center. 2020. URL: https://www.journalism.org/wp-content/uploads/
sites/8/2020/06/PJ_2020.06.29_COVID-19-News-Coverage_FINAL.pdf

Abbreviations
CARS-CoV: contagious acute respiratory syndrome coronavirus
CNHC: China's National Health Commission
GBNC: Google Books Ngram Corpus
GTI: Google Trends Index
HARS-CoV: Han acute respiratory syndrome coronavirus
HCoV: human coronavirus
HCoV-19: human coronavirus 2019
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