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Abstract—— Responsiveness is one of dimensions in the
concept of responsible research and innovation (RRI). This
dimension, among others, is manifested through responses to the
challenges faced by society. Responsiveness from the scientific
community is clearly evident recently in the response to the
recent great challenge of the Covid-19 pandemic. The purpose
of this paper is to provide an early review to assess publications
in the first three months of the pandemic, since December 2019,
Scientometrics and descriptive statistics were used to analyse
documents indexed in the Scopus academic database. Open
access tools from VOSviewer were used to help in visualising the
network of countries and research topic density map. On
average, 150.33 documents were published every month, with
medicine as the main field of research (62.04%). Researchers
from China, US, and UK institutions have published the most
documents. Analysis of the keywords shows that the main topics
of research regarded acute respiratory diseases, contact tracing,
and molecular epidemiology. Although fields such as
psychology, mathematics, computer science, engineering,
nursing, business, management and accounting still have very
few Covid-19 related studies at the moment, these fields likely to
contribute in the future with regard to the great impact of this
pandemic.

Keywords— review, scientometrics, Covid-19, VOSviewer

3
, INTRODUCTION

Responsible research and innovation (RRI) has several
dimensions including anticipation, reflexivity, inclusion, and
responsiveness [1]. All these dimensions are interconnected.
RRI applies both in normal and crisis situations [2]. In crisis
situations, various dimensions of RRI provide a framework
for consideration in the research and innovation practice. By
taking the example of the Zika crisis, Monteiro et al.
highlighted the need for care in producing knowledge in a
transparent and participative manner, to be able to make a
positive contribution to society [2]. With a scale far greater
than Zika, the world community is currently facing challenges
in the form of the Covid-19 pandemic. Referring to WHO,
Covid-19 is “an infectious disease caused by a newly
discovered coronavirus”[3]. The disease first emerged in
December 2019 in China and has now spread to almost all
countries in the world. Previously its status was an epidemic,
and on 11 March 2020, its status was raised become a
pandemic [4].

In addressing these challenges, among the most responsive
is the scientific community. This is marked by the abundance
of scientific studies from various authors from various fields
from various affiliates around the world to understand and
find
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solutions to this pandemic. This is also marked by a rare event
where dozens of leading publishers are opening their archives
to the public for free immediate access to all publications as
well as available data regarding Covid-19 [5]. This
responsiveness is beneficial for the public in terms of
emergency responses to this ongoing pandemic, given that
access to these resources is not cheap. One of the
representatives of the publishers revealed that, “open access
and open science are critical, especially in times of crisis™ [5].
Open access, openness, and transparency as well as
responsiveness to societal challenges are some of the elements
discussed in RRI, especially in the responsiveness dimension
[1]. The abundance of studies on Covid-19 are indexed in
academic databases to facilitate effective research and
analysis for various purposes.

This paper aims to conduct a scientometrics analysis of the
publications on Covid-19 in the first three months of the
outbreak, using data in certain academic databases with wide
coverage. Scientometrics analysis can help provide a reliable
examination of the trends, current status, and dynamics of a
scientific field [6]. In this way, researchers, funding bodies,
policy makers, and the general public can be informed on
certain  knowledge and indications about the network
contained therein. This paper is structured as follows. The first
section discusses research background. The second section
explain a detailed methodology to ensure transparency,
rigorousness and enable replicability. The third section
provide results and discussion.

II. METHODOLOGY

In this paper, Scopus academic database from Elsevier is
used as a source of literature search. This academic database
was chosen because its coverage is broader than the Web of
Science from Thomson Reuters. This database was also
chosen to find out the research landscape of various fields, not
only in biomedical fields such as PubMed. The search was
conducted on 25 March 2020 using search terms, including:
(corona virus) OR (2019 nCoV) OR (SARS CoV 2) OR
(Covid 19) in the article title, abstract and keywords. This
rough search resulted in 1,960 articles. Refinement is
performed by checking the year of publication. Publications
other than 2019 and 2020 were excluded from the search and
resulted in 602 articles. Then to obtain more accurate results,
the search results narrow it down again using the same search
term but in the title. This process resulted in 451 articles.
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Two types of data are then exported from Scopus, namely
main information (citation information, bibliographical
information, abstract and keywords) and refine values
(information from refinement tools in Scopus); both in CSV
format. To visualise bibliometric networks, main information
from Scopus is processed by VOSviewer software version
1.6.14 (released January 2020) [7]. Analysis conducted using
the VOSviewer was the analysis of co-authorship with units
of analysis countries. The counting method used is ‘fractional
counting' where the weights of a link is not same, but
fractionalised [8]. Previous researchers revealed that
fractional counting is preferable than full counting either
based on theorctical and empirical consideration [9].
Minimum number of documents per country was five
documents with the minimum number of citations zero.
Verification is done manually to ensure data accuracy by
including non-countries terms in the analysis. Furthermore,
co-occurrence of keywords also analysed using VOSviewer
with the minimum number of occurrences more than or equal
two; of the 460 keywords, 84 meet the threshold. Other

The vast majority of documents published in the journals
are article journals, followed by other types of documents such
as letters and editorials. Given that so many leading publishers
have opened access to this topic, it is not surprising that more
than 85% of publications are open access. Nearly 99% of
papers were published in 2020.

Exploration of the distribution of publications based on
scientific ficlds was then carried out based on the subject-arca
categorisation in Scopus (Table 2). The results are not
surprising where the majority of publications (62.04%) came
from the field of medicine. There are also a large number of
publications from the immunology and microbiology
categories (16.43%) which indicate an emphasis on this
specific area in studying the outbreak. Other subject area such
as psychology, mathematics, computer science, engineering,
nursing, business, management and accounting are still very
few at the moment, but they are likely to contribute to the
future with regard to the great impact of the pandemic.

D . . . TABLEIL SCENTIFIC FIELD
statistical analyses were carried out using Microsoft Excel.
For impact factor data, Journal Citation Reports 2018 data Subject Area No of Percent
from the Clarivate Analytics was used [10]. papers
Medicine 389 62.04
Immunology and Microbiology 103 16.43
III. RESULTS AND DISCUSSION Biochemistry, Genetics and Molecular 1 536
Of the 451 publications found, almost all 449 articles Elllzl:g:alogy Toxicology and
(99.56%) were published in journals (Table 1). When Pharmaceutics 20 319
averaged, 150.33 articles per month were published in the first Neuroscience 12 191
three months of this outbreak. Agricultural and Biological Sciences 8 128
Environmental Science 3 128
TABLE L DOCUMENT TYPE, ACCESS TYPE, YEAR AND LANGUAGE Mathematics 3 096
Document type Numberof | o o0t Multidiseiplinary 6 0.96
papers Psychology 5 0.80
SO“"JEESIQ o s Undefined 5 080
Conference Proceedings 2 044 Computer Science 4 064
Document type Dentistry 7 4 0.64
Article 19 PYRE] Hea!th PI_ﬂfeGGlOth 4 .64
Letter 2 1752 Euglt_leenug 3 048
Editorial 68 15.08 Nursing 3 048
Note 68 1508 Soc:Ia! Sciences 3 048
Review 2% 576 Veterinary 3 048
Short Survey 5 1.11 Chemistry 2 032
Eratum 1 0.89 Pllyf;ics and Astronomy 2 032
| Conference Paper 2 044 g::z:iﬁf;,ut‘latmgemem and 1 016
Access type Chemical Engineering 1 0.16
Open Access 388 86.03 Energy 1 016
| Other 63 1397 Materials Science 1 0.16
Year
2020 446 98,89 . . . . .
3019 3 111 To obtain a deeper insight, the contribution of countries
Language where aut!mr’s afhhatesl are based is anal){sed based on the
English e 6N number of documents, c1tm.1cms, and total link strength (Tal;le
= . 3). Based on the number of documents, the three top countries
Chinese 4 028 are China (158 papers), USA (78) and UK (48). Based on the
German 3 0.66 number of citations, the three top countries are China (262
Spanish 3 0.66 citations), US (125), and Germany (99). The majority of
French 2 044 countries in the top 10 contributing countries are from Europe
Italian 2 044 (5 countries), followed by Asia (3 countries), and North
Dutch 1 0.22 America (2 countries). In total link strength, the top three
Ieelandic 1 0.22 countries are the USA (96), UK (80), and China (77). Total

link strength measures the strength of links in inter-countries
collaboration. The higher the value, the stronger the link [11].
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TABLE 1L Top CONTRIBUTING COUNTRIES
Rank Country p?;::rfs Citations Z?::L::Lk
I | China 158 262 | 5100
2| United States [ s 125 | 46.00
3 | UnitedKingdom | 48 99 | 2500
4 Canada 23 18 18.00
5 | Germany [ mn 14 | 17.00
6 | Saudi Arabia [ s 4 | 1600
7 | France [ s s | 1400
8 | Haly [ 2 50 | 13.00
9 The Netherlands 11 28 9.00
10 | Singapore [ 16 0 | 800

netherlands

denmark

canada

The density maps based on total link strength shown in
Figure 1. This density map focuses on countries with a major
contribution marked by contributions of at least five articles
(default 1n VosViewer). From 102 countries, there are 25
countries that fall into these criteria. There are five clusters
formed from links between these countries. Cluster 1 consists
of Australian and six European countries (Denmark, France,
Germany, Netherlands, Spain, and Sweden). Cluster 2
consists of countries in America (Brazil, Canada), Europe
and Switzerland), Africa (South Africa), and Asia
wan). Cluster 3 consists of China, Japan, Singapore, UK,
and US. The three countries with with highest number of
papers, citations and total link strength 1s in cluster 3. Cluster
4 consists of three countries in Asia (India, South Korea, and
Thailand). Cluster 5 consists of two countries in Middle East
(Egypt and Saudi Arabia).

saudi arabia

united states

Fig. 1.

Top contributing funding sponsors are from China, North
America, and Europe (Table V). Funding sponsors from China
contributed to more than 40 papers. The three top funding
bodies from China are the National Natural Science
Foundation of China (28 papers), followed by the Chinese
Academy of Sciences and the National Basic Research
Program of China (973 Programs) (each 5 papers). Funding
sponsors from North America include the Canadian Institutes
of Health Research and Centers for Disease Control and
Prevention (each 4 papers), followed by the Bill and Melinda
Gates Foundation and the National Institutes of Health
(each

united kingdom

south korea

china

india

thailand

singapore

Density map contributing countries based on fractional counting

3 papers). Funding sponsors from Europe include the Horizon
2020 Framework Program (4 papers) and the European and
Developing Countries Clinical Trials Partnership (3 papers).

Data on funding sponsors were identified and aggregated
by Scopus. It is important to note that the research funding
system is different from country to country. For example,
countries in European use funding originating from the
European Union, not from national funding bodies like other
countries.
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TABLE IV. FUNDING SPONSORS

. No of Per
Rank Funding Sponsers papers cent
1 National Natural Science 28 5.15
Foundation of China
2 Chinese Academy of Sciences 5 0.92
3 National Basic Research Program 5 092
of China (973 Program)
4 Canadian Institutes of Health 4 0.74
Research
5 Centers for Disease Control and 4 0.74
Prevention
6 Chinese Academy of Medical 4 0.74
Sciences
7 Horizon 2020 Framework 4 0.74
Progamme
Bill and Melinda Gates 3 0.55
8 .
Foundation
European and Developing 3 055
9 Countries Clinical Trials
Partnership
10 National Institutes of Health Kk} 0.55

The ten top journals that became publication outlets are
presented in table VI. Two of these journals had very high
impact factors =50, namely Lancet (59,102) and JAMA
Journal of The American Medical Association (51,273). Two
other journals with a high impact factor (> 15) are BMJ
Clinical Research Ed (27,604) and Intensive Care Medicine
(18,967). In addition to the highest impact factor, Lancet is
also become the top source title on this topic (51 papers). The
next top publication outlets are BMJ Clinical Research Ed (28
papers) and Journal of Medical Virology (27 papers).

TABLE V. Top SOURCE TITLE
Rank Source Title Impact No of Per
Factor | papers | cent
I | Lancet soa02 | 51| LT
2 BMI Clinical Research Ed 27.604 28 645
Journal of Medical Virology 2.049 27 622
Euro Surveillance Bulletin
Europeen Sur Les Maladies
4 Transmissibles European NA 21 4.84
Communicable Disease
Bulletin
JAMA Journal of The
3 American Medical 51273 15 346
Association
1 Intensive Care Medicine 18.967 11 253
BMI 2378 10 230
8 Trave! Madn_::me and 4568 10 230
Infectious Disease
9 Emergmg Microbes and 6212 3 L84
Infections
10 Ca.uadlan_ Journal of 1374 6 118
Anesthesia

The top authors found are Rothe et. al. with a total of 46
citations [10] (Table VII). This number of citations is the
citations in the Scopus database. When compared with other
databases, the number of citations of the paper on Google
Scholar is far greater, reaching 249 citations; while on the
Web of Science, there were fewer: 19 citations. Rothe etal.
paper investigates the transmission of viruses in Germany,
published 2020 in the New England Journal of Medicine. Hui
et. al. and Wu, Leung and Leung became the next top authors
with citations of 40 and 37 respectively, both published
in

2020 [11], [12]. Three journals that contain more than one top
cited papers are the International Journal of Infectious
Diseases, The Lancet, and the Journal of Medical Virology
(each 2 papers). The aspects of transmission and investigation
to understand the characteristics of viruses and diseases were
the ones discussed by the most cited papers. Except for Cell
Research journals, all journals that are the most cited papers
publication outlets are found in the top source title (Table VI).

TABLE VL. THE MOST CITED PAPERS
Rank Authors, Year and Title Journal (.l:ul:l;
Rothe et. al (2020), New England

Transmission of 201 9-NCOV
1 . . . Journal of 46
infection from an asymptomatic

contact in Germany [12] Medicine
Hui et. al. (2020}, The
continuing 2019-nCoV .

. . International
epidemic threat of novel Tournal of

2 coronavinises to global health Infectious 40
— The latest 2019 novel . )
. . Diseases
coronavins outhreak in
Wuhan, China [13]
Wu, Leung and Leung (2020),
Nowcasting and forecasting the
potential domestic and
3 intemational spread of the
2019-nCoV outbreak
originating in Wuhan, China: a
| adelling study [14]
Jiet. al. (2020), Cross-species

The Lancet 37

transmission of the newly Journal of
4 identified coronavirus 2019- 3’!5‘1"@ 26
| nCoV [15] rology

Wang et. al. (2020),
Remdesivir and chloroquine

5 effectively inhibit the recently
emerged novel coronavirus
{2019-nCoV) in vitro [ 15]
Wu & MeGoogan (2020),
Characteristics of and

Cell Research 21

Important Lessons from the JAMA -
Coronavirus Disease 2019 Journal of the
6 (COVID-19) Outbreak in American 20
China: Summary of a Report of Medical
72314 Cases from the Chinese Association
Center for Disease Control and
Prevention [16]
Euro
Corman (2020), Detection of surveillance:
2019 novel coronavins (2019- bulletin

nCoV) by real-time RT-PCR Europeen sur
17] les maladies
transmissibles

Chen et. al. (2020), Clinical

characteristics and intrantering

vertical transmission potential
8 of COVID-19 infection in nine

pregnant women: a

retrospective review of medical

rds [ 18]
Zhao et. al. (2020), Preliminary
estimation of the basic I v
z nternational

reproduction number of novel Frnclon
9 coronavims (2019-nCoV) in Infections 16

China, from 2019 to 2020: A

The Lancet 18

data-driven analysis in the early Diseases
phase of the outbreak [19]
Wang, Tang, and Wei (2020),
Updated understanding of the Journal of
10 outbreak of 2019 novel Medical 12
coronavins (2019-nCoV) in Virology

Wuhan, China [20]
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Finally, for rescarch topics, paper keywords are analysed
using VOSviewer. In addition to identifying the topics that
appear most often, the analysis also includes the relationship
between one keyword with other keywords. Of 460 keywords,
keywords with an occurrence of at least 2 times consist of 84
keywords. The processing results show 13 unique clusters of
keywords. The three highest clusters mainly discuss acute

respiratory diseases (13 items of keywords), followed by
contact tracing (11 items), and molecular epidemiology (10
items). In addition to keywords used as search strings in
searches, the most prominent keywords appear are pneumonia
(occwrrence 18 times with a total link strength of 68), followed
by epidemiology (14 times, total link strength of 59).

docking

rdrp

wuhan pReumonia

reproductive number

public healtl emergency

5%5 VOSviewer

china

severe acute respiratory syndr.

acue respiggitory disease
“mers-cov
basic reprodifiction number - review T
nofel cafbnavipus pneumonia
case dgffinition 2 = . infagtion P
. egisiegoiogy .
ausigella x 9
sars S
car rus
notel c"lavirus coronavirus infections
-Ccov-2
p sars-co
- 2019 noveliegronavirus cbrod virus A
andemic
phylogemesic analysis s ¢ P
infectiougediseases OUIEEﬁk
cross-speciesransmission \ativallenca \iruie infectious disease
tmigca
- ¥ transmission
mEsgpcay angiotensin-converting enzyme
oofpses @

angiety

chloraquine

sarssgovz

ZOOMOSIS epidemic

contactitracing

Bffectieness g Tramte.
v

Fig. 2. Network visualisation

IV. CONCLUSION

This paper aims to analyse the publication of Covid-19 in
the first three months of the outbreak using the scientometrics
approach. The analysis shows that most publications were
from journals, especially peer-reviewed articles. The majority
of publications come from the medicine, immunology and
microbiology, and biochemistry, genetics, and biology fields.
Based on country contributions, there are five clusters formed.
The three countries with the highest contributions are China,
US, and UK. Top publication outlets are The Lancet, followed
by BMIJ Clinical Research Ed and Journal of Medical
Virology. Analysis of keywords shows that there are 13
unique clusters with three main clusters discuss acute
respiratory  diseases, contact tracing and molecular
epidemiology.

This paper has several limitations. The timeframe analysed
was limited to the first three months of the outbreak. This
study could be a good foundation for knowing researchers'
responsiveness as well their affiliations, funding bodies, and
countries in the early outbreak period. However, to get a
complete picture of the development of the scientific
landscape regarding the Covid-19 phenomenon, a similar
analysis can be carried out after this pandemic end,
which

of occurrences based on keywords

hopefully end soon. Analysis that has not been performed in
this study can also be performed in the future research, for
example, co-authorship analysis based on authors and
organisations. Further studies can also discuss deeper the
findings based on particular taxonomy or perspective (for
example, RRI or disaster management or other fields).
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