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A bibliometric study of COVID-19 research in Web of Science st

Since December 2019, a number of unexplained viral pneumonia
cases have been found in some hospitals [1,2]. On 11 February, 2020,
the International Committee on Taxonomy of Viruses (ICTV) announced
the official name for novel coronavirus: severe acute respiratory syn-
drome coronavirus 2 (SARS-COV-2) [3]. On the same day, the World
Health Organization (WHO) announced that the novel coronavirus was
officially named as "COVID-19" [4,5]. The COVID-19 pandemic has now
emerged as one of the world’s greatest health challenges. SARS-CoV-2
has spread to five continents. As of 6:31 p.m. CET on 28 January
2021, there were a total of 100,455,529 confirmed cases of COVID-19
involving 223 countries, areas or territories with cases worldwide,
including 2,166,440 deaths, which have been reported to WHO [6].
Although most patients with mild infection had a good disease prog-
nosis, some patients had a higher mortality rate from diffuse alveolar
injury and acute respiratory distress syndrome (ARDS), which was the
main cause of death [7,8], and it mainly occurred in elderly patients or
patients with underlying diseases [9,10]. The most common symptoms
of COVID-19 are cough, fever and fatigue. Other symptoms include
expectoration, diarrhoea, headache, hemoptysis, dyspnea and lympho-
cytopenia. Nevertheless, COVID-19 also showed some special clinical
characteristics, including targeting the lower respiratory tract with
obvious upper respiratory symptoms such as runny nose, sneezing, and
sore throat [1,9,11]. At present, patients infected with COVID-19 are
treated by various strategies such as convalescent plasma therapy (CPT),
monoclonal antibody therapy (such as tocilizumab) and traditional
Chinese medicine [12-15]. As of December 7, 2020, a total of 214
vaccines are under development worldwide, 52 of which have entered
the clinical trial stage, and 13 of which are in the phase III clinical stage
[15]. Currently, several vaccines have been approved for full marketing
and vaccination.

The goal of this work is to conduct a comprehensive bibliometric
analysis using big data analysis to identify hot research topics in various
institutions, journals, and active groups of academic institutions and
physicians/scientists. This approach has proved to be of considerable
value in quantitatively describing the output of various scientific pub-
lications in other areas of biomedical research [16-21]. This compre-
hensive bibliometric analysis can not only reveal the major countries,
major institutions and research impact, but also obtain the main
research direction and trend information. Researchers and non-
researchers can use these data to quickly locate and better achieve
goals in their respective fields of science (for example, to identify
research topics or identify potential partners). Therefore, in this study,
our goal was to analyse the literature related to COVID-19, and at the
same time to identify, collate and analyse the 50 most frequently cited
papers on COVID-19 and the 2000 most frequently cited papers on
COVID-19, so as to better grasp the publication trend, research topics
and other useful information.
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A total of 51,047 publications have been retrieved in this literature
search as of November 6, 2020. Most of them were original articles (n =
24,488, 47.971%) and reviews (n = 5287, 10.357%). The majority of
papers were written in English (n = 48,719, 95.439%). The top 50 most
cited papers related to COVID-19 are shown in Table S1. They mainly
consist of articles (n = 33) and letters (n = 11), as well as Review (n = 3)
and Editorial Material (n = 3). All 50 papers were written in English and
published in the journal with an Impact Factor (IF) ranging from 1.553
to 74.699. Symptoms of infection and therapy seemed to be two research
hotspots. The relevant research key words were China (n = 33), patient
(n = 32), infection (n = 28), COVID (n = 31), SARS CoV (n = 23), and
Wuhan (n = 21). The analysis of the top 2000 most cited papers related
to COVID-19 therapy as of January 22, 2021 showed that the relevant
research key words were respiratory distress syndrome (n = 123), acute
respiratory syndrome (n = 68), antibody (n = 60) and structure (n = 54).

The top five WoS categories of the analysed COVID-19 publications
were Medicine General Internal (n = 6483, 12.700%), Public Environ-
mental Occupational Health (n = 3817, 7.477%), Infectious Diseases (n
= 2643, 5.178%), Surgery (n = 2296, 4.498%), Immunology (n = 1770,
3.467%).

The top ten institutions are distributed in the US, UK, China, France,
Canada with citations per publication (CPP) counts ranking from 8.19 to
41.48 (Table S2). The top ten countries/regions with the most in-depth
research in the field of COVID-19 are the US, followed by China and Italy
(Table S3). Not surprisingly, the dominance of the US is similar to the
results of related bibliometric analyses in other research areas, such as
neuroscience in general [19,20], neuroimaging [21]. In terms of CPP,
China is far ahead of the other nine countries.

The top ten journals are British Medical Journal (BMJ) (n = 999,
1.957%), Journal of Medical Virology (n = 658, 1.289%), International
Journal of Environmental Research and Public Health (n = 416, 0.815%),
Cureus (n = 407, 0.797%), Lancet (n = 385, 0.754%) and so on. Among
them, the CPP counts of New England Journal of Medicine (n = 253,
0.496%) was the highest, reaching 107.82 (Table S4).

The top ten research areas are General Internal Medicine (n = 7458,
14.610%), Public Environmental Occupational Health (n = 3817,
7.477%), Infectious Disease (n = 2643, 5.178%), Surgery (n = 2296,
4.498%), Cardiovascular System Cardiology (n = 2208, 4.325%), Neu-
rosciences Neurology (n = 1973, 3.865%), Pharmacology Pharmacy (n
= 1826, 3.577%), Immunology (n = 1770, 3.467%), Psychiatry (n =
1731, 3.391%) and Oncology (n = 1718, 3.366%) (Table S5).

SARS-CoV-2 is a single-stranded RNA positive strand enveloped
B-coronavirus [13,22]. Its genome encodes nonstructural proteins,
structural proteins, and helper proteins. Non-structural proteins include
3-chymotrypsin-like protease, papain-like protease, helicase and RNA-
dependent RNA polymerase (RdRp), while structural proteins consist
of the membrane protein, the envelope protein, the spicule, and the
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spike glycoprotein [13,23]. The spike glycoprotein is an indispensable
part in mediating virus invasion [24], while the other four non-
structural proteins make a critical difference in virus proliferation.
Therefore, these five proteins are considered as significant multi-targets
for the development of antiviral drugs.

Nucleoside inhibitors targeting the key enzyme of viral replication
RdRp [13], including favipiravir [25,26], ribavirin [27,28], remdesivir
[14,26,27,29], galidesivir [27] and so on. In a study of 237 patients with
COVID-19, 158 received remdesivir and the rest received placebo. The
results showed that patients treated with remdesivir in the first few days
of symptoms improved more quickly than those treated with placebo
[29]. Protease inhibitors for HIV-1 and HIV-2 are also effective,
including kaletra (lopinavir/ritonavir) [26,28,30], darunavir [26,31],
atazanavir [32], indinavir [31,33], nelfinavir [34], and so on.

Coronaviruses specifically bind to cell receptors mainly through the
receptor binding domain (RBD) of S protein. After binding, the confor-
mational change of S protein is induced, and the fusion of virus envelope
and cell membrane is mediated, so that the nucleocapsid of virus enters
the cell for subsequent viral replication [35]. Angiotensin converting
enzyme 2 (ACE2) is a receptor of SARS-CoV. ACE2 may interact with S
protein, may also be mediated SARS-CoV-2 infecting alveolar type II
epithelial cells [23]. The first strategy is to give patients a drug, which
binds to the ACE2 receptor. The advantage of this approach is that the
ACE2 protein of host does not change, so there is less concern about the
binding of drugs. Another approach is to design a class of antibody-like
molecules that combine with the coronavirus itself and express a soluble
ACE2 receptor protein that binds to the S protein of SARS-CoV-2 to
neutralize the virus [36].

Clinical studies have shown that COVID-19 is correlated with IFN
levels (including IFNA-2a, IFNA-2b, IFNB-1a, IFNB-1b, etc.), and the
disease symptoms of patients have been alleviated to a certain extent
after further treatment with IFN, but the specific mechanism and long-
term treatment effect remain to be observed and studied. IFN has the
potential to become a therapeutic cornerstone for COVID-19
[13,28,37,38].

Small-molecule drugs already approved to treat other human dis-
eases may also modulate the interplay between SARS-CoV-2 and its host.
Such as chloroquine [39,40], chloroquine phosphate [14,41] and
hydroxychloroquine [26,40] have been approved.

Severe complications of COVID-19 are thought to be driven by a
“cytokine storm” (or “cytokine release syndrome™) [42], particularly by
signaling molecules called interleukin 1f (IL-1p) and interleukin 6 (IL-
6), which can rapidly cause single or multiple organ failure when they
occur. Tocilizumab (TCZ) is a monoclonal antibody against IL-6 receptor
that improves the prognosis of patients by blocking the inflammatory
storm that prevents progression to severe and critical illness [43]. In a
research of 64 patients admitted for COVID-19, 49 patients (76.6%)
responded well to TCZ early on [42]. Canakinumab is an IL-1f inhibitor
that targets to bind and neutralize IL-1, thereby inhibiting the inflam-
matory response by blocking its action. Nevertheless, a multicenter,
randomized, double-blind, placebo-controlled phase 3 trial failed [44].
In addition, a study involving 8 patients in Greece showed that anakinra
(essentially an IL-1 inhibitor), an anti-inflammatory drug used to treat
rheumatoid arthritis, improved symptoms in critically ill patients with
COVID-19 [45].

CPT is a treatment method that collects antibody-rich blood from
recovered patients and transfuses it to other patients after treatment,
which belongs to passive immunotherapy. More and more evidence
confirms that CPT is safe and reliable in critically ill patients currently
receiving treatment [46]. The US Food and Drug Administration (FDA)
has also approved CPT for patients with COVID-19, but more clinical
researches are needed [47]. In 5 critically ill patients with COVID-19
and ARDS, clinical outcomes were improved after the administration
of convalescence plasma containing neutralizing antibodies [48].

Dexamethasone is a glucocorticoid. As a treatment option, it usually
suppresses inflammation and immune responses. British scientists

Pharmacological Research 169 (2021) 105664

conducted clinical trials and found that dexamethasone can help pa-
tients survive under certain conditions [49]. However, the balance be-
tween the risks and benefits of hormone therapy needs to be carefully
assessed.

Baricitinib is an oral JAK1/JAK2 inhibitor approved for the therapy
of moderate to severe stage of patients with rheumatoid arthritis (RA) in
more than 65 countries [50]. Considering the cytokine storm of COVID-
19, the anti-inflammatory activity of baricitinib is considered to be
potentially beneficial in the treatment of COVID-19. Nevertheless, in one
study, baricitinib is not a perfect treatment option for COVID-19 [51]
because of the observed increase in creatine kinase in patients receiving
baricitinib, this could potentially pose a therapeutic risk [52]. Rux-
olitinib is a pioneering orally bioavailble JAK1/JAK2 inhibitor. Over-
activation of the JAK-STAT pathway has been associated with a variety
of cancers and other severe immune-mediated diseases. Many patients
with severe respiratory disease (e.g., pneumonia) caused by COVID-19
have characteristics consistent with cytokine storms and enhanced
activation of the JAK-STAT pathway, and many studies have suggested
that ruxolitinib possibly play an important part in treating patients with
COVID-19 [53-55].

Fig. S1 shows the term maps of the titles and abstracts of the 50 most
cited COVID-19 papers as of November 6, 2020. The largest bubbles
represent a few keywords, such as China (n = 33; CPP = 1657.91),
patient (n = 32; CPP = 1724.72), infection (n = 28; CPP = 1359.71),
COVID (n = 31; CPP = 1068.10), SARS CoV (n = 23; CPP = 1310.17),
and Wuhan (n = 21; CPP = 2123.86). In the meantime, examples of
keywords with highest CPPs included researcher (n = 2; CPP =
5694.00), family (n = 2; CPP = 5360.00), real time RT PCR (n = 2; CPP
= 5273.00), affected patient (n = 2; CPP = 4335.50), clinical charac-
teristics (n = 2; CPP = 4335.50), Huanan seafood market (n = 2; CPP =
4155.67), and chest (n = 4; CPP = 4068.00). Among these 281 terms,
there were many symptoms related to COVID-19 and complications
caused by COVID-19, such as acute kidney injury (AKI; n = 2; CPP =
1034.50), acute respiratory distress syndrome (ARDS; n = 3; CPP =
2216.33), diabetes (n = 3; CPP = 1871.67), diarrhea (n = 2; CPP
=2631.00), respiratory failure (n = 2; CPP = 666.00), acute respiratory
syndrome (ARS; n = 2; CPP = 1761.50), severe acute respiratory syn-
drome (SARS; n = 7; CPP = 1306.29), acute cardiac injury (ACL; n = 2;
CPP = 3781.50), dyspnoea (n = 2; CPP = 3781.50), myalgia (n = 2; CPP
= 3779.50), sore throat (n = 2; CPP = 2192.00), and so on.

Fig. 1 shows the term maps of the titles and abstracts of the 2000
most cited COVID-19 therapy papers as of January 22, 2021. The largest
bubbles represent keywords, such as respiratory distress syndrome (n =
123; CPP = 296.36), acute respiratory syndrome (ARS; n = 68; CPP =
122.15), antibody (n = 60; CPP = 114.07) and structure (n = 54; CPP =
115.22). At the same time, examples of keywords with highest CPPs
included haemoptysis (n = 2; CPP = 5058.50), IL-10 (n = 2; CPP =
4895.50), hospital patient (n = 2; CPP = 4883.50), abnormal finding (n
= 2; CPP = 4777.00), Huanan seafood market (n = 4; CPP = 3766.75),
higher plasma level (n = 3; CPP = 3351.75), and sputum production (n
= 3; CPP = 3284.00). The 3651 terms covered a wide range of therapies,
such as antiretroviral therapy (n = 3; CPP = 56.00), radiation therapy (n
= 5; CPP = 45.00), kidney replacement therapy (n = 2; CPP = 720.50),
high flow oxygen therapy (n = 3; CPP = 1934.00), convalescent plasma
transfusion (n = 10; CPP = 121.00), corticosteroid therapy (n = 4; CPP
= 55.50), pharmacotherapy (n = 3; CPP = 93.67), and antithrombotic
therapy (n = 2; CPP = 324.00). They also include common drugs such as
anakinra (n = 5; CPP = 83.00), lopinavir/ritonavir (n = 2; CPP =
734.50), tocilizumab (n = 6; CPP = 83.33), hydroxychloroquine (n = 2;
CPP = 67.50), dexamethasone (n = 2; CPP = 289.00), remdesivir (n = 5;
CPP = 382.80), and so on.

We recognize that this study has several limitations. One important
limitation of this article is that all the data in this article was calculated
and presented only by extracting data from the WoS database, which
means that manuscripts not listed in the WoS are not included in this
article. These include Science Citation Index Expanded (SCI-Expanded),
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Fig. 1. Term maps of the titles and abstracts of the 2000 most cited COVID-19 therapy papers as of January 22, 2021. There were 3651 keywords or phrases that
appeared in at least two papers, therefore they were included in the visualization. Complications caused by COVID-19 seem to be the focus of research, such as the
largest bubble being respiratory distress syndrome. Therapies of COVID-19 not only include dexamethasone, remdesivir, but also include CPT, monoclonal anti-

body therapy.

Social Sciences Citation Index (SSCI), Conference Proceedings Citation
Index-Science (CPCI-S), etc. The reason we used WoS Core Collection is
because it is a professional database, which can track, reference and
analyse data, while another professional database is Scopus. The two
databases are different and the calculation methods are different, but the
evaluation indexes of the two have good consistency and high correla-
tion [56]. Since COVID-19 is still an ongoing pandemic, the number of
publications is increasing and the research focus is changing dynami-
cally. In particular, many COVID-19 related papers were deposited in
preprint servers, such as BioRxiv and MedRxiv, future analysis by inte-
grating publications in these preprint servers will provide a more precise
picture of the COVID-19 research trend. Secondly, focusing on a small
number of most cited publications (top 50 or top 2000) would poten-
tially provide a biased picture of early COVID-19 research, instead of
major trends in the literature. Thirdly, in this study, only the most cited
publications are analyzed and discussed, there is a potential bias of
countries (e.g., US, China, UK etc.) and institutions known to publish the
largest share of research papers, as well as dominate globally in high-
impact journals, i.e., logically linked to high numbers of publications.

By counting COVID-19 related papers retrieved in WoS, the British
Medical Journal was the focus and priority of publishing channel. The 50
most cited COVID-19 papers were identified by bibliometric analysis.
The Lancet or the New England Journal of Medicine was the preferred
choice of publishing channel. Infection symptoms, complications, and
the SARS-CoV-2 virus seem to be the main topics. According to the re-
sults of the analysis of the top 2000 papers related to COVID-19 therapy,
treatment methodsare the focus of research. Timely bibliometric and
global analysis of all COVID-19 research not only reveals the major
countries, institutions and research impacts of COVID-19 research, but
also provides information on major research directions and trends,
which will equip researchers with more knowledge to combat this
devastating pandemic.
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