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Since the outbreak of coronavirus disease 2019 (COVID-19), a large number of COVID-19-related reports
have been published in journals or submitted to preprint platforms. In this study, we search the COVID-
19-related literature officially published and included in the Web of Science (WOS) database or submit-
ted to four preprint platforms: bioRxiv, medRxiv, Preprints, and SSRN. Using data on the number of
reports, author institution, country, and research category, we analyze global trends in COVID-19
research, including institution distribution and research hotspots. The results show that a large number
of COVID-19-related reports have been produced; the United States has contributed the most published
literature, followed by China. The United States has published the most reports included in the WOS in
the categories of non-pharmaceutical interventions, treatment, and vaccine-related reports, while
China has published the most literature in the categories of clinical features and complications, virology
and immunology, epidemiology, and detection and diagnosis. Publication countries are concentrated in
Asia, North America, and Europe, while South America and Africa have less literature. In conclusion, many
scientific research issues related to COVID-19 need to be further clarified and COVID-19 research urgently
needs global cooperation.
© 2021 Published by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

1. Early in the 21st century, humans suffered severe acute respira-
tory syndrome (SARS) and Middle East respiratory syndrome
(MERS), two epidemics caused by members of the coronavirus
group. After each outbreak, a large number of related studies
were carried out by countries greatly affected by the epidemic
as well as those with a strong research tradition such as the
United States." At the end of December 2019, a new coronavirus
disease (COVID-19) outbreak and spread rapidly globally.?* On
March 11, 2020, the World Health Organization announced that
COVID-19 had become a global pandemic.* The outbreak of the
COVID-19 pandemic poses a huge challenge to global public
health and has a profound impact on the economic and social
operations of countries.” It has caused more than 100 million
infections worldwide and more than 2.15 million people have
been killed as of 28 January 2021.° Since the outbreak of the
pandemic, researchers globally have carried out relevant
research from many aspects such as virology and immunology,
disease transmission and clinical processes, disease diagnosis
and management, experimental therapy, and vaccine develop-
ment.”®

*

Corresponding author.
E-mail address: tiandeqgiao@163.com (D. Tian).

https://doi.org/10.1016/j.jobb.2020.12.002

Bibliometric analysis is an objective evaluation of scientific
research, which can quantitatively present the research hotspots,
development trends, and key research institutions of relevant sci-
entific research activities; clarify ideas for scientific researchers;
and provide a reference for research cooperation.'® The measure-
ment of COVID-19-related literature is of great significance for
understanding current research on COVID-19. This study compre-
hensively analyzes the literature published since the outbreak of
COVID-19 based on the Web of Science (WOS) database and four
preprint platforms: bioRxiv (https://www.biorxiv.org/), medRxiv
(https://www.medRxiv.org/), Preprints (https://www.preprints.
org/), and SSRN (https://www.ssrn.org/). In particular, we examine
the number of reports, institution, country distribution, and
research category to provide a reference for COVID-19-related
researchers and decision-makers.

2. Methods
2.1. Data sources

A COVID-19-related literature search was conducted on October
14, 2020. The source of the literature was selected as the Science
Citation Index Expanded database of the WOS and four preprint
platforms: bioRxiv, medRxiv, Preprints, and SSRN. The WOS litera-
ture data were retrieved by setting the corresponding subject

2588-9338/© 2021 Published by Elsevier B.V. on behalf of KeAi Communications Co., Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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terms; the literature type was limited to “article,” the search field
was the title, and the specific search formula was (TI = COVID-19
OR TI= *“Coronavirus disease 2019” OR TI = COVID-2019 OR
TI = 2019-nCoV OR TI = nCov-2019 OR TI = SARS-COV-2 OR
Tl = “Severe acute respiratory syndrome coronavirus 2” OR
TI = “Novel Coronavirus”) AND “Article”[Publication Type]. The
bioRxiv, medRxiv, Preprints, and SSRN platform literature data
were obtained through COVID-19-related reports published on
the respective websites.

In the literature in the WOS, 20 reports unrelated to the subject
(mainly literature on the search term “Novel Coronavirus” before
2020) and 353 duplicated reports were excluded, finally yielding
12,021 reports; from the literature obtained from the bioRxiv plat-
form, we excluded four reports that were irrelevant to the COVID-
19, and finally 2040 reports were obtained; from the literature
obtained from the medRxiv platform, we excluded six reports
unrelated to the COVID-19, and 7555 reports were obtained;
1046 reports were obtained from the Preprints platform; and
2028 reports were obtained from the SSRN platform.

2.2. Statistical analysis

According to the search results, statistical analysis was per-
formed in terms of the number of reports, author institution, coun-
try, and research category. The literatures of WOS and four preprint
platforms were separate statistics, not matter its overlap. As the
data on publications in October include only the period from
October 1 to October 14, so some figures does not present data
in October. The author’s institution and country were selected as
the institution and country information of the first author (where
the first author had multiple institutions, we selected the first).
In the literature included in the WOS database, the Chinese litera-
ture contains the literature of Hong Kong and Macao, but excludes
those of Taiwan of China, and the literature from the United King-
dom is divided into the literature of England, Scotland, and Wales.
In the literature submitted on the preprint platforms, the UK liter-
ature includes the literature of England, Scotland, and Wales.
Hence, in this study, for comparison purposes, the Chinese litera-
ture includes the literature of Hong Kong and Macao but excludes
that of Taiwan of China, while the UK literature includes the liter-
ature of England, Scotland, and Wales.

The publication time of WOS reports was selected as the official
publication time and the time of the reports on the preprint
platforms was selected as the time when the preprint version
was published. Journal impact factors were queried from the
2020 InCites Journal Citation Reports.

To understand the hotspots and trends of COVID-19 research,
we referred to the classification from the WHO database of
COVID-19 literature!! and divided the literature into the following
10 categories according to the research content: epidemiology
(research on COVID-19 epidemiological characteristics and devel-
opment of predictive models), non-pharmaceutical interventions
(research on COVID-19 epidemic prevention and nosocomial infec-
tion control), treatment (research on COVID-19 drug development
and clinical treatment plans), vaccines (COVID-19 research related
to vaccine development), clinical characteristics and complications
(research on COVID-19 clinical and imaging manifestations and
complications), detection and diagnosis (COVID-19 detection
markers and clinical diagnosis), virology and immunology (SARS-
CoV-2 virology and immunology basic research and virus traceabil-
ity research), transmission (research on COVID-19 transmission
route), psychology (psychology-related research in the COVID-19
field), and other research (COVID-19 disease review, case reports,
social impact, and social science research).
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3. Results
3.1. Number of COVID-19 reports

As of October 14, 2020, the WOS database included 12,021
reports related to COVID-19. For preprints, 2040 reports had been
submitted to the bioRxiv platform, the first of which was submit-
ted by Xiamen University on January 19, 2020'%; 7555 reports
had been submitted to the medRxiv platform, the first of which
was submitted by Lancaster University on January 23, 2020'3;
1046 reports had been submitted to the Preprints platform, the
first of which was submitted by Shenzhen University on January
30, 2020'%; and 2028 reports had been submitted to the SSRN plat-
form, the first of which was submitted by Boston Children’s Hospi-
tal on January 24, 2020."° In January to May 2020, the number of
reports submitted to the four preprint platforms monthly is more
than the number of reports included in the WOS; from June
2020, the number of reports included in the WOS monthly contin-
ues to exceed the number submitted to the four preprint platforms.
Currently, the growth rate of reports included in the WOS or sub-
mitted to these preprint platforms is flat (Fig. 1; Supplementary
Table 1).

3.2. Country and institution distribution of COVID-19 literature

According to the first author information of the relevant litera-
ture, more than 5000 institutions in 173 countries or regions have
invested in COVID-19 research. The leading countries in the litera-
ture included in the WOS are the United States (2561 reports,
21.3%), China (2483 reports, 20.7%), Italy (1138 reports, 9.5%), the
United Kingdom (596 reports, 5.0%), and India (484 reports,
4.0%). The leading countries in the literature submitted to bioRxiv
are the United States (732 reports, 35.9%), China (294 reports,
14.4%), India (141 reports, 6.9%), the United Kingdom (106 reports,
5.2%), and Germany (95 reports, 4.7%). The leading countries in the
literature submitted to medRxiv are the United States (2007
reports, 26.6%), China (986 reports, 13.1%), the United Kingdom
(862 reports, 11.4%), India (430 reports, 5.7%), and Germany (259
reports, 3.4%). The leading countries in the literature submitted
to Preprints are the United States (156 reports, 14.9%), India (143
reports, 13.7%), China (89 reports, 8.5%), Italy (67 reports, 6.4%),
and the United Kingdom (48 reports, 4.6%). The leading countries
in the literature submitted to SSRN are China (649 reports,
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Fig. 1. Monthly publications on COVID-19.
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32.0%), the United States (362 reports, 17.9%), India (148 reports,
7.3%), the United Kingdom (137 reports, 6.8%), and Italy (99
reports, 4.9%) (Table 1).

The country that has published the most reports included in the
WOS monthly within the first six months of 2020 is China. Since
July 2020, the US monthly literature included in the WOS has sur-
passed that of China. (Fig. 2; Supplementary Table 2).

The main institutions from which published COVID-19 litera-
ture has been indexed by the WOS include Huazhong University
of Science and Technology (n = 300), Wuhan University
(n = 170), Fudan University (n = 80), Columbia University
(n = 66), and Zhejiang University (n = 66); the main institutions
that have submitted literature to the bioRxiv platform include
the University of Oxford (n = 20), Chinese Academy of Medical
Sciences (n = 18), Washington University (n = 18), Stanford Univer-
sity (n = 63), and Fudan University (n = 16); the main institutions
that have submitted literature to the medRxiv platform include the
University of Oxford (n = 83), Imperial College London (n = 72),
Huazhong University of Science and Technology (n = 67), Stanford
University (n = 63), and University College London (n = 62); the
main institutions that have submitted literature to the Preprints
platform include the University of Dhaka (n = 9), the Bhawanipur
Education Society College (n = 6), the University of Sao Paulo
(n = 6), the University of Catania (n = 6), and the All India Institute
of Medical Sciences (n = 5); and the main institutions that have
submitted literature to the SSRN platform include Huazhong
University of Science and Technology (n = 103), Wuhan University
(n = 52), Shanghai Jiaotong University (n = 19), Fudan University
(n = 18), and Fujian Medical University (n = 18) (Table 2).

3.3. The main journals of published COVID-19 literature

The 12,021 reports included in the WOS were published in 2076
journals. As shown in Table 3, the main journals of published
COVID-19 literature are the International Journal of Environmental
Research and Public Health (n = 283), Journal of Medical Virology
(n=261), PLOS One (n = 182), International Journal of Infectious Dis-
eases (n = 154), and Journal of Biomolecular Structure & Dynamics
(n=142).

A total of 170 articles were published in the Lancet, the New
England Journal of Medicine, Nature, Science, and Cell, including 32
in the Lancet, 23 in the New England Journal of Medicine, 37 in Nat-

Table 1
The top 10 countries of research on COVID-19.
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Fig. 2. Monthly publications on COVID-19 included in the WOS by the main
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ure, 47 in Science, and 31 in Cell. The most published country is the
United States with 63 articles, followed by China with 53 articles;
other countries with articles in these journals include the United
Kingdom (n = 14), Germany (n = 13), and France (n = 4). Institu-
tions from the United States, China, the United Kingdom, Germany,
and France published 241 articles, accounting for 86.4% (Table 4).

3.4. Literature research category

Literature based on clinical features and complications is the
most common in the WOS (n = 1889); literature based on virology
and immunology is the most submitted to bioRxiv (n = 1243); lit-
erature based on epidemiology is the most submitted to medRxiv
(n = 1956); literature based on virology and immunology is the
most submitted to Preprints (n = 209); and literature based on epi-
demiology is the most submitted to SSRN (n = 456) (Table 5).

As for the national distribution of research categories in the
WOS, US institutions publish the most in the categories of non-
pharmaceutical interventions (n = 359), treatment (n = 239), and
vaccine-related reports (n = 32), Chinese institutions publish the

Ranking  Number of Publications
WOS Percent  bioRxiv Percent  medRxiv Percent  Preprints Percent ~ SSRN Percent

1 United States 21.3% United States 35.9% United States 26.6% United States 14.9% China 32.0%
(n =2561) (n=732) (n =2007) (n=156) (n = 649)

2 China 20.7% China 14.4% China 13.1% India 13.7% United States 17.9%
(n =2483) (n =294) (n =986) (n=143) (n=362)

3 Italy 9.5% India 6.9% United Kingdom  11.4% China 8.5% India 7.3%
(n=1138) (n=141) (n =862) (n=289) (n=148)

4 United Kingdom 5.0% United Kingdom 5.2% India 5.7% Italy 6.4% United Kingdom 6.8%
(n =596) (n=106) (n = 430) (n=67) (n=137)

5 India 4.0% Germany 4.7% Germany 3.4% United Kingdom 4.6% Italy 4.9%
(n = 484) (n=95) (n=259) (n=48) (n=99)

6 Germany 3.5% France 2.8% Italy 3.4% Bangladesh 3.9% Germany 2.5%
(n =420) (n=57) (n=257) (n=41) (n=50)

7 France 3.3% Canada 2.7% Brazil 3.1% Brazil 3.8% Spain 2.2%
(n=399) (n =56) (n =237) (n = 40) (n =45)

8 Spain 3.1% Italy 2.7% France 3.0% Iran 2.3% France 2.2%
(n =369) (n =55) (n =226) (n=24) (n=44)

9 Canada 2.1% Japan 2.1% Spain 2.7% Spain 2.1% Canada 1.9%
(n = 250) (n=42) (n =204) (n=22) (n=39)

10 Brazil 2.1% Brazil 1.9% Canada 2.1% Germany 2.0% Brazil 1.8%
(n = 249) (n=38) (n=159) (n=21) (n=37)

6
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Table 2
The top 10 institutes publishing research on COVID-19.
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Ranking Number of Publications

WOosS Number bioRxiv Number medRxiv Number Preprints Number SSRN Number
1 Huazhong 300 Univ Oxford 20 Univ Oxford 83 Univ Dhaka 9 Huazhong Univ Sci 103
Univ Sci & & Technol
Technol
2 Wuhan Univ 170 Chinese Acad Med 18 Imperial Coll 72 Bhawanipur 6 Wuhan Univ 52
Sci London Education Society
College
3 Fudan Univ 80 Washington Univ 18 Huazhong 67 Univ Sao Paulo 6 Shanghai Jiao Tong 19
Univ Sci & Univ
Technol
4 Columbia Univ 66 Stanford Univ 17 Stanford Univ 63 Univ Catania 6 Fudan Univ 18
5 Zhejiang Univ =~ 66 Fudan Univ 16 Univ College 62 All India Inst Med Sci 5 Fujian Med Univ 18
London
6 US CDC 60 Univ Calif San 16 London Sch 58 Iran Univ Med Sci 5 Sun Yat-Sen Univ 18
Diego Hyg & Trop
Med
7 Cent South 59 Yale Univ 16 King's College 56 Univ Bologna 5 Zhejiang Univ 15
Univ London
8 Icahn Sch Med 59 Columbia Univ 15 Fudan Univ 54 Wuhan Univ 5 Harvard Univ 14
Mt Sinai
9 Shanghai Jiao 57 Chinese Acad Sci 14 Icahn Sch Med 51 Amity Univ 4 Chinese Acad Med 13
Tong Univ Mt Sinai Sci
10 Univ Hong 57 Massachusetts 14 Harvard Univ 50 CSIR-Indian Institute 4 Massachusetts 13
Kong Institute of of Chemical Biology Institute of
Technology Technology
Table 3 4. Discussion

The top 15 journals of publications on COVID-19.

Ranking Journal Number Journal Impact Factor (2019)
1 Int ] Env Res Pub He 283 2.8
2 J Med Virol 261 2.0
3 PLOS One 182 2.7
4 Int ] Infect Dis 154 32
5 J Biomol Struct Dyn 142 33
6 Sci Total Environ 133 6.6
7 J Chem Educ 89 14
8 Front Med-Lausanne 85 3.9
9 Mmwr-Morbid Mortal W 82 13.6
10 Head Neck-J] Sci Spec 79 2.5
11 Front Public Health 78 2.5
12 Eurosurveillance 74 6.5
13 J Clin Virol 73 2.8
14 Sustainability 72 2.6
15 Epidemiol Infect 69 2.2

most in the categories of clinical features and complications
(n = 638), virology and immunology (n = 263), epidemiology
(n = 286), detection and diagnosis (n = 257), psychology
(n = 138), and transmission (n = 101) (Fig. 3, Supplementary
Table 3).

Table 4

This study comprehensively analyzes the COVID-19-related lit-
erature based on the WOS database and four preprint platforms
(bioRxiv, medRxiv, Preprints, and SSRN), which present global
COVID-19 research in terms of the number of reports, distribution
of countries, institutions, and research topics.

4.1. A large number of COVID-19-related reports have been produced,
with US and Chinese institutions having the highest output

As of October 14, 2020, 12,021 COVID-19-related reports had
been included in the WOS database and 12,669 articles had been
submitted to the bioRxiv, medRxiv, Preprints, and SSRN platforms.
In January 2020, the reports included in the WOS or submitted to
the four preprint platforms monthly numbered in the dozens;
the reports in February exceeded 100, and by March there were
nearly 1000. After June, the number of reports monthly was nearly
4000.

Institutions that publish literature are concentrated in the Uni-
ted States, China, the United Kingdom, and Italy. Institutions from
China and the United States publish the most reports. In the early

National distribution of publications on COVID-19 in the Lancet, the New England Journal of Medicine, Nature, Science, and Cell.

Country Number of Publications
Lancet N Engl | Med Nature Science Cell Total
1 United States 6 16 11 18 12 63
2 China 12 4 13 12 12 53
3 United Kingdom 4 3 7 14
4 Germany 1 1 4 4 3 13
5 France 1 2 1 4
6 Italy 2 1 1 4
7 Switzerland 2 2 4
8 Netherlands 3 3
9 Singapore 1 1 2
10 Spain 2 2
Others 2 1 1 1 3 8
Total 32 23 37 47 31 170
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Table 5
Research categories of publications on COVID-19.
Number of Publications
Research Category*
‘WOS bioRxiv medRxiv Preprints SSRN
Epidermiology N 06 52 156 I 133 [ESG

)
G
S 18w
|l s

Virology and Immunology
Non-pharmaceutical Interventions
Clinical Features and Complications

Detection and Diagnosis
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Transmission . 364
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*In this table, other research (COVID-19 disease review, case reports, social impact, and social science research) is not

presented.
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Fig. 3. Research categories of literature on COVID-19 included in the WOS. In this figure, other research (COVID-19 disease review, case reports, social impact, and social

science research) is not presented.

months of the outbreak, Chinese institutions maintained the
world’s highest monthly publication. As the country was the most
affected by the initial outbreak of the pandemic, institutions from
China contributed many reports to the COVID-19 research effort
and played an important role in the epidemic response.'®!” As of
October 14, 2020, 20.7% of the reports submitted to the WOS had
been from China. Moreover, Huazhong University of Science and
Technology in China contributed the most reports included in the
WOS. Since July 2020, the monthly literature in the WOS of US
institutions has surpassed that of China. The proportion of reports
included in the WOS from US institutions has reached 21.3% in
October 2020; the proportion of US institutions published in lead-
ing journals is up to 37.1%.

Since the outbreak of the COVID-19 epidemic, researchers
worldwide have responded quickly and published many reports
in a short period.'® So far, COVID-19-related research has involved
non-pharmaceutical interventions, epidemiology, clinical charac-
teristics, treatment, detection and diagnosis, virology and
immunology, disease transmission, vaccines, and other categories.
Additionally, psychological studies have examined the psychologi-
cal status of the public and medical staff during the epidemic.'® In
terms of the number of articles, the leading categories are

non-pharmaceutical interventions, treatment, and clinical features
and complications. There are relatively few vaccine-related
reports. Only 127 of the reports included in the WOS are
vaccine-related, accounting for only 1%, which may be related to
the relatively long time required for vaccine development. Taking
the reports included in the WOS as an example, the United States
has published more reports in the non-pharmaceutical interven-
tions, treatment, and vaccine-related report categories, whereas
the categories most frequently published in by Chinese institutions
are clinical features and complications, virology and immunology,
epidemiology, detection and diagnosis.

4.2. Preprint platforms have played an important role in COVID-19-
related science research

In terms of monthly publications, much of the literature has
been submitted to the preprint platform. Within the first five
months, the total number of reports submitted to the four preprint
platforms each month was greater than the literature included in
the WOS. In response to the Ebola and Zika outbreaks, fewer than
5% of articles were submitted to preprint platforms.”’ In recent
years, preprint platforms have attracted increasing attention from
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researchers because of their fast and free open-source release.
Since the establishment of the first physics preprint platform arXiv
in 1991, there have been dozens of preprint platforms involved in
various fields, including the medRxiv and bioRxiv platforms in the
biomedical field and the Chemrxiv platform in the chemical field.
In 2017, Science ranked the preprint platform among the top 10 sci-
entific and technological advances in that year. As it matures, the
preprint platform is considered to have great potential for acceler-
ating the spread of scientific discoveries, disseminating informa-
tion in emergencies, and supporting infectious disease outbreak
response®’?!; the preprint platform is also considered to be helpful
for scientific and technological exchanges.?? However, recent stud-
ies have pointed out that in the COVID-19 epidemic response, arti-
cles submitted to preprint platforms have not been peer-reviewed
by experts, and paper quality is worrying.>®> For example, a paper
by an Indian research team submitted to bioRxiv in February sug-
gested that the new coronavirus may contain HIV inserts. The
research team subsequently admitted it was incorrect and
retracted the article. Therefore, the prospects for preprints and
how to effectively use preprint literature in scientific research
and emergency response to infectious diseases are matters worth
discussing.

4.3. Many COVID-19-related scientific research issues remain unclear,
so the fight against the pandemic urgently requires the cooperation of
scientific researchers globally

From a global perspective, COVID-19 brought unprecedented
challenges to public health systems. Although the epidemic in
China, Japan, and South Korea has tended to be flattened by their
effective prevention and control measures, the situations in Eur-
ope, North America, and other countries are still grim and those
in Africa and South America are not yet optimized. Many related
scientific research issues such as the natural origin, capacity and
means of transmission, vaccine protection time and effective treat-
ment of COVID-19 remain not fully clarified.® There are also large
differences in economic and social conditions, medical resources,
and the ability to respond to public health security incidents in
various countries.’*?> The direction in which the COVID-19 epi-
demic will eventually go is unknown. Kissler et al. state that the
epidemic may not end in one or two years, without effective treat-
ment and vaccines, a strategy based on close contact tracking and
effective isolation can reduce the incidence of SARS-COV-2, but the
long-term development of the epidemic would have a huge impact
on the medical systems and economies of various countries.”® To a
certain extent, the publication of literature represents the corre-
sponding scientific and technological level at the global and regio-
nal scale. The United States, China, Italy, and the United Kingdom
contribute nearly 60% of the reports included in the WOS and
nearly 80% of those published in the top journals. There is rela-
tively more literature from Asia, Europe, and North America than
from Africa and South America. And, there is an urgent need for
the cooperation of governments and scientific researchers globally
to jointly fight the epidemic.
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