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↑What is “already known” in this topic: 
Since the COVID-19 virus is unknown, there is little 
information on the structure of the studies in this field of 
science.   
 
→What this article adds: 

The results showed that despite the pandemic, the countries’ 
research orientation was different. There were weak links 
between the thematic clusters in the map; for example, the 
United States focused on biological evaluation, while China 
focused on quantitative diagnosis.  
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Abstract 
    Background: Coronavirus primarily targets the human respiratory system, COVID-19 (Coronavirus disease 2019) triggered in 
China in the late 2019. In March 2020, WHO announced the COVID-19 pandemic. This study aims to analyze and visualize the 
scientific structure of the COVID-19 publications using co-citation and co-authorship.  
   Methods: This is a scientometric study. Web of Science Core Collection (WoSCC) was searched for all documents regarding 
COVID-19, MERS-Cov, and SARS-Cov from the beginning to 2020. An Excel spreadsheet was applied to gather and analyze the data 
and the CiteSpace was used to visualize and analyze the data. 
   Results: A total of 5159 records were retrieved in WoSCC. The structure of the network indicated that the network mean silhouette 
was low (0.1444), implying that the network clusters’ identity is not identifiable with high confidence. The network modularity was 
0.7309. The cluster analysis of the co-citation network on documents from 2003 to 2020 provided 188 clusters. The largest cluster 
entitled, “the Middle East respiratory syndrome coronavirus” had 255 nodes. The coauthorship network illustrated that the most 
prolific countries, USA, China, and Saudi Arabia, have focused on a specific field and have formed separate clusters. 
   Conclusion: The present study identified the important topics of research in the field of COVID-19 based on co-citation networks as 
well as the analysis of clusters of countries' collaborations. Despite the similarities in the production behavior in prolific countries, 
their thematic focus varies so that a country like China plays a role in “Quantitative Detection” cluster, while USA is the leading 
country in the “Biological Evaluation” cluster. 
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Introduction 
The coronavirus is one of the major pathogens that pri-

marily targets the human respiratory system (1). In the 
past 2 decades, the outbreaks of the coronavirus infection 
have included 3 widespread epidemics: the severe acute 
respiratory syndrome (SARS) in China in 2002, the Mid-
dle East respiratory syndrome (MERS) in Saudi Arabia in 
2012 (2), and COVID-19 triggered in Wuhan, China in the 
late 2019 (1, 3). The coronavirus was first introduced in 

MeSH database in 1994 and COVID-19 was added to 
MeSH (medical subject headings) in February 2020. 
Searching “COVID-19” in MeSH database provides 37 
hits, all of which  are added to MeSH in 2020 (4).  
COVID-19 is highly infectious, and its main clinical 
symptoms include fever, dry cough, fatigue, myalgia, and 
dyspnea, headache, sore throat, chills, hemoptysis, diar-
rhea, lymphopenia, and consolidation of the lung (1, 5, 6). 
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It (Coronavirus disease 2019) seems to spread mainly 
through respiratory droplets and close contacts. It is a sig-
nificant threat to global health (3). COVID-19 is a global 
public health concern and WHO declared public health 
emergency (1), and in March 11, 2020, the WHO an-
nounced the COVID-19 as a pandemic (7). Because of its 
pandemic spread, a large corpus of papers has been pub-
lished (8). A huge body of literature on COVID-19 is free 
to accelerate the research. Therefore, the evaluation of the 
quantitative and qualitative value of the body of the litera-
ture is important to have the pattern of the literature and 
identify the gaps and use the results. 

Bibliometrics is a method suitable for the assessment of 
the trends of research. It has widely been used to trace the 
scientific outputs in different fields, such as microbiome-
gut-brain axis (MGBA) field (9), osteoarthritis (10),  afla-
toxin (9), oncolytic virus (11), and chronic hepatitis B 
treatment-related research (12), the zika (13), respiratory 
syncytial virus (14), the West Nile virus (15), and metha-
nol poisoning (16). Chu et al did a bibliometrics study to 
identify the 100 most cited papers in head and neck cancer 
(17). The global research trends in the West Nile virus 
(15) and methanol poisoning (16) were studied using bib-
liometrics methods. A bibliometric assessment of the sci-
entific output was published by Patiño-Barbosa et al (18). 
Zyoud anlyazed the Middle East respiratory syndrome 
coronavirus output by bibliometric methods (19). 

Within a few months after the outbreak of COVID-19, 
some studies traced the publications on COVID-19. In the 
study by Dehghanbanadaki et al (2020), Scopus was 
searched to retrieve the documents on COVID-19 between 
December 1, 2019, and April 1, 2020.  A total of 923 doc-
uments were retrieved, of which 418 were original arti-
cles. The average citation was 2.76 per document, with an 
h-index of 23. China published the largest number of pa-
pers (348), followed by the United States (160), and the 
United Kingdom (80). According to this study, the Lancet 
and BMJ Clinical Research Ed published the most docu-
ments and University of Hong Kong and Huazhong Uni-
versity of Science and Technology published the most 
documents (20).  

Bhattacharya and Singh (2020) applied a scientometric 
and altmetric research to review the COVID-19 output. 
The data were gathered from the Dimensions Database. 
Ten most popular research papers on COVID-19 were 
identified by altmetics sites. Papers with the highest cita-
tions, most popular papers (Altmetric Score) and key col-
laborations were considered to identify the 10 most active 
countries. Medical and health sciences, public health and 
health services, and clinical sciences were the key areas 
on COVID-19 based on the papers. The words pandemics 
and China had the most occurrences. The influence of 
COVID-19 on the society was investigated using Google 
Trends (8). 

Tao et al (2020) analyzed the research trends on the 
coronaviruses using bibliometric analysis to identify new 
prevention strategies. A total of 9760 publications be-
tween 2000 and 2020 and indexed in Web of Science Core 
Collection were investigated. The Journal of Virology has 
been the most popular journal according to the number of 

papers published. The United States followed by China 
had the top positions worldwide based on the number of 
publications. Analyzing the keywords, they identified 5 
coronavirus research hotspot clusters, and the top 25 key-
words with the strongest citation bursts were identified 
(21).   

Zhou and Chen (2020) considered some parameters, in-
cluding time, regions, impact factors, and citation times, 
to analyze the global trends of the coronavirus from 2000 
to 2020. Searching the Web of Science Core Collection, 
9043 documents were retrieved on the coronavirus from 
123 countries. The papers were published in 1202 journals 
and the Journal of Virology was the dominant journal ac-
cording to the publication volume. USA (3101) followed 
by China (2230) published the largest number of papers 
and Germany (584) ranked the third. The 10 most cited 
articles on coronavirus research were reported in this pa-
per and the keywords in the papers were visualized (3). 

 Another study by Joshua and Sivaprakasam examined 
the coronavirus publications published from 1968 to 
March 2020. The Web of Science Core Collection was 
searched. A total of 6424 documents were retrieved on the 
coronavirus. USA (N = 2345), China (N = 1067), and 
Germany (N = 480) published most papers, respectively. 
The University of Hong Kong was the most productive 
institute. Infectious diseases, microbiology, and virology 
were the top research areas, and the Journal of Virology 
was the most productive (22). 

 Bonilla-Aldana et al (2020) conducted a bibliometric 
analysis to examine SARS-CoV, MERS-CoV, and 
the2019-novelCoV publications indexed in WOS, Pub-
Med and Scopus from January1951 to January 2020. 
Searching PubMed led to retrieving 14 455 articles, while 
searching WOS retrieved 11 775 papers. Among the pa-
pers indexed in these 2 databases, USA, China, and Ger-
many had the most contribution; nonetheless, the Scopus 
search identified 18 158 articles, USA, China, and the 
United Kingdom were the leading countries in this regard. 
In all 3 databases, articles on SARS-CoV were more than 
papers on MERS-CoV (23).  

Jia et al (2020) searched coronaviruses publications in 
the Web of Science Core Collection between 2003 and 
2020 and found 8433 documents. The most prolific coun-
tries were USA (N = 2791 documents), China (N = 2231), 
and Germany (N = 564), respectively. The University of 
Hong Kong was the leading institute in this field (399). 
The top 10 cited authors and cited references contributed 
to the publications on the coronavirus were also reported. 
The coauthorship map indicated that the scholars could be 
roughly divided into 5 major academic groups. The top 5 
keywords in terms of citation counts for coronavirus re-
search were “SARS-CoV (1781 records)”, “infection 
(1528 records)”, “acute respiratory syndrome (1213 rec-
ords)”, “identification (1141 records)” and “respiratory 
syndrome coronavirus (920 records)”. The top 5 keywords 
with high centrality were as follows: “infection (0.14)”, 
“identification (0.13)”, “infectious bronchitis virus 
(0.11)”, “respiratory syndrome coronavirus (0.10)”, “anti-
body (0.09)”. The 5 keyword clusters consisted of 133 
nodes with 529 links, generating 5 keyword clusters. The 
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silhouette value of the clusters #0 to 4 was from 0.669 to 
0.76, showing good homogeneity (24).  

 Zyoud and Al-Jabi (2020) studied the document type, 
country, collaboration patterns, affiliation, journal name, 
and citation patterns of papers on COVID-19 extracted 
from Scopus (25). ElHawary et al performed a systematic 
search using keywords related to COVID-19 in Web of 
Science, Scopus, and Google Scholar and studied the 
characteristics of the top 50 cited. These papers were cited 
63 849 times until May 29, 2020. Type of study, journal, 
number of citations, number of authors, country of publi-
cation, and study content were other characteristics stud-
ied (26). Another paper analyzing COVID-19 research 
activity concluded that due to the pandemic and the high 
rate of infectivity, there is a global need for more relevant 
research that can help to be more informed about the clin-
ical and pathogenic characteristics of this disease (27). 

Bibliometric studies on different fields of science have 
attempted to analyze the scientific outputs to give a view 
of the patterns of the publications. Although the outbreak 
of COVID-19 occurred in March, 2020, some bibliograph-
ic studies have been done to analyze and visualize an in-
ternational view of what has been done and what are the 
probable gaps. This study is different from previous stud-
ies in terms of the networks presented. It focuses on ana-
lyzing and visualizing the co-citation and discovering the 
characteristics of the clusters on the collaboration of the 
countries, and does not report the descriptive data, such as 
the leading authors, countries, and journals, which are 
presented in previous studies. The co-citation clusters 
were analyzed to introduce the leading documents based 
on centrality, degree, and burstiness, besides that, the 
main clusters of collaboration of the countries were also 

separately analyzed. In other words, this study answers the 
following question: What is the pattern of the publications 
in COVID-19? Since visualizing the status of the research 
trend will show the gaps worthy of further exploration, it 
can help to inform policymakers to employ better plans. 
Thus, we hope the present study’s findings, which show 
the current status of COVID-19, could improve policy-
making. 

 
Methods 
This was a scientometrics study using co-citation and 

coauthorship analysis. The data (the full record and cited 
references) were collected from the Web of Science Core 
Collection (WoSCC). The search strategy was done with 
no time limit but no paper COVID-19 was found before 
2003; thus, the time span covered was 2003 to 2020.  The 
keyword “COVID-19” and all its synonyms were searched 
in the field “TOPIC” (title, abstract, and keywords). Dif-
ferent forms of the word and synonyms were extracted 
from MeSH and recent papers on COVID-19 and finally 
the terms were checked with a virology expert. An Excel 
spreadsheet was applied to analyze the data and CiteSpace 
version 5.6.R3 (Drexel University) was used to visualize 
and analyze the network indices. The search strategy is 
illustrated in Figure 1. 

The definitions of each indicator calculated in this study, 
based on CiteSpace software, are reported in Table 1. 

 
Results  
Of the 5159 records retrieved in WOS, co-citation and 

collaboration of the countries were visualized and ana-
lyzed using 1895 nodes in CiteSpace. Table 2 indicates 
the 1859 selective groups that contributed in analysis pro-

 
 
Fig. 1. Diagram of Search Strategy, Inclusion Criteria, and Search Results 
 

Boolean logic model:

“nCoV-2019” or “Wuhan coronavirus” or “SARS-CoV-2” or “novel coronavirus 2019” or “COVID-19 virus” 
or “coronavirus disease 2019” or “COVID19 virus” or “COVID-19” or “2019-nCoV” OR “Wuhan 
coronavirus” or “Wuhan seafood market pneumonia virus” or “COVID19*” or “COVID-19” or “COVID-
2019” or “2019 novel coronavirus” or “2019 novel coronavirus infection” or “coronavirus disease-19” or 
“SARS-CoV-2019” or “SARS-CoV-19” or “Wuhan pneumonia” or “COVID” or “nCoV” OR “SARS-CoV” 
OR “MERS-CoV” or “SARS2”

Data source:

Web of Science Core 
Collection (WoSCC)

(5159 records)

Retrieval time span: 

All Years
(2003-2020)

Documents:

All document types

Software:

Excel, CiteSpace

The number of 5159 documents were retrieved in the plain text format from WOS in 25 April 2020. 
All the 5159 records had the default of CiteSpace (g-index= 2, top N=50, Top N%= 10% , USAGE180= 50 & 
usage2013=50). The 5159 papers had 62729 references. With the threshold limit used, totally 1895 nodes are 
in the network. 
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cess. These nodes have been linked 11284 times in co-
citation network. The Silhouettes score is relatively low 
showing that the elements in each cluster are not con-
sistent and there is no homogeneity. Furthermore, the ex-
istence of many small clusters is mainly the cause of this 
low score. The modularity of the network is relatively 
high (0.7309), which shows that the network has logically 
been divided into coupled clusters. The largest component 
having 1704 documents covers 89% of the documents. 

 

Reference Co citation Analysis 
One of the maps, which can be presented by CiteSpace, 

is co-citation of the documents. The co-citation network is 
visualized by selecting cited references, and the co-
citation map of the papers related to COVID-19 is shown 
in Figure 2. This network consists of 188 clusters, the big-
gest cluster is related to “the Middle East respiratory syn-
drome coronavirus” and the smallest cluster having 5 
nodes is labeled “Inhibitors Design.” The cluster label 
implies that the cluster has been cited by the documents in 

Table 1. The definition of the indices 
Indices Definition 
Silhouette 
 
 

Silhouettes graphically interpret the clusters. The silhouettes are combined into a single plot to display the entire clustering. 
The average silhouette width is used to select an ‘appropriate’ number of clusters and provides an evaluation of clustering 
validity. This metric is useful in estimating the uncertainty involved in identifying the nature of a cluster, showing which 
objects lie well within their cluster, and which ones are merely somewhere in between clusters. The silhouette value of a 
cluster ranges from−1 to 1, the larger value implies higher consistency (inter-cluster connectivity). The higher the silhouette 
score means the homogeneity is higher (28). 

Modularity The value of modularity ranges from 0 to 1. A high modularity indicates a well-structured while a low modularity implies 
that the network cannot be reduced to clusters with clear boundaries (28). 

Centrality “Betweenness is useful as an index of the potential of a point for control of communication. it is based upon the frequency 
with which a point falls between pairs of other points on the shortest or geodesic paths connecting them”(29); a node with 
high betweenness centrality  would be a pivotal point, or a turning point (30). 

Burstiness The burst detection in CiteSpace is based on Kleinberg’s algorithm, which measures the sharp increase (31). Burst as an 
indicator of a most active area of research is trying to show if a publication evidently has attracted an extraordinary degree 
of attention from its scientific community. Burst attempts to detect whether and when the citation count of a particular refer-
ence has surged. It determines if a given frequency function had significant fluctuations during a short time (32). Burst-
detection can identify emergent terms and new research fronts even (33) 

 
 

Table 2. The structural characteristics of the co-citation map   
Nodes Links Density Largest Component Modularity Mean Silhouette Records 
1895 11284 0.0063 1704 (89%) 0.7309 0.1444 5159 

 

 
 
Fig. 2. Co-citation map of references from publications on coronavirus research (Log-Likelihood Ratio (LLR)) 
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the same subject, for example, cluster 0 has been cited by 
papers on MERS coronavirus. 

The number of nodes in each network, the silhouette 
mean, age, and the name of clusters are reported in Table 
3. The highest silhouette mean belonged to the cluster 14 
“taking stock” (0.998) having only 8 nodes. The age of the 
clusters is the mean of the papers’ year of publication. The 
biggest cluster is “the Middle East respiratory syndrome 
coronavirus.” This cluster consists of 255 nodes and its 
age is 2014. The silhouette mean is 0.765. 

As shown in Table 3, the silhouette score is relatively 
high in all major 15 clusters, which shows the quality of 
clusters. 

Table 3 shows the characteristics of the major clusters 
in the network. The labels of the clusters were LLR (log-
likelihood ratio), which according to the CiteSpace hand-
book, was suggested as the best method to obtain cluster-
ing results (32). 

The top 10 papers for degree, burst, and frequency are 

presented in Table 4. The most papers belonged to cluster 
2 according to frequency, and the paper by Zaki, A.M. et 
al (2012) from the zero cluster had the highest frequency 
in this network.  

The papers with the highest burstiness score belonged to 
cluster No. 2, which focuses on “severe acute respiratory 
syndrome.” The number of papers in this cluster increased 
rapidy, which was expected because of the outbreak of 
SARS. Cluster 5 with 159 papers had the highest degree 
value, and it is labeled “Receptor-Binding Domain” in the 
map. 

According to Table 5, there are 140 nodes and 861 links 
in the countries’ collaboration network, which means that 
140 countries have cooperated through 861 links. The 
mean silhouette score is low in the network, implying that 
the overall structure of the network is not of high quality 
and the nature of the clusters is not clear. The network 
modularity also indicates that the link between the clusters 
is weak. The network density implies that the cooperation 

 
Table 3. The structural characteristics of the clusters 
Cluster ID Size Silhouette Mean (Y) Cluster Name 
0 255 0.765 2014 middle east respiratory syndrome coronavirus 
1 243 0.855 2019 Coronavirus disease 
2 233 0.666 2003 severe acute respiratory syndrome 
3 169 0.811 2005 severe acute respiratory syndrome coronavirus envelope protein 
4 165 0.832 2014 mers-cov spike protein 
5 159 0.74 2005 receptor-binding domain 
6 124 0.916 2002 sars-cov main protease 
7 117 0.897 2008 papain-like protease 
8 91 0.845 2011 emerging novel 
9 64 0.894 2010 coronavirus entry 
10 24 0.971 2003 coronavirus pneumonia 
11 19 0.99 2014 mass gathering 
12 19 0.98 1999 heptad repeat region 
13 9 0.997 2004 single small interfering rna 
14 8 0.998 2013 taking stock 
15 5 0.996 1999 inhibitors design 

 
 

Table 4. The top 10 documents based on 3 indices (frequency, burstiness, and degree) 
 Frequency Authors Burst Authors Degree Authors 
1 920 Zaki AM, 2012 

#0 
215.87 Rota PA, 2003 

#2 
64 Bisht H, 2004 

#5 
2 763 Rota PA, 2003 

#2 
207.79 Ksiazek TG, 2003 

#2 
64 Weingartl H, 2004 

#0 
3 735 Ksiazek TG, 2003 

#2 
187.93 Drosten C, 2003 

#2 
60 Adney DR, 2014 

#1 
4 666 Drosten C, 2003 

#2 
187.36 Marra MA, 2003 

#2 
60 Bukreyev A, 2004 

#5 
5 664 Marra MA, 2003 

#2 
172.84 Zaki AM, 2012 

#0 
59 Raj VS, 2013 

#4 
6 557 Peiris JSM, 2003 

#2 
156.71 Peiris JSM, 2003 

#2 
57 Yang ZY, 2004 

#5 
7 418 Li WH, 2003 

#5 
120.87 Li WH, 2003 

#5 
57 Jiang LW, 2014 

#4 
8 403 Assiri A, 2013 

#0 
83.69 Assiri A, 2013 

#0 
56 He YX, 2005 

#5 
9 381 Raj VS, 2013 

#4 
78.63 Li WD, 2005 

#8 
53 Yang ZY, 2005 

#5 
10 338 Huang CL, 2020 

#1 
77.93 Guan Y, 2003 

#2 
53 Volz A, 2015 

#4 
 
 
Table 5. The structural characteristics of the countries’ network 

Nodes Links Density Largest Component Modularity Mean Silhouette Records 
140 861 0.0885 127 (90%) 0.26 0.3125 5137 
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among the countries is loose. In the largest cluster, 90% of 
the countries have cooperated through direct or indirect 
links. 

The density of 0.0885 in this study indicated that the 
network of countries in articles on the coronavirus is quite 
loose. 

The country cluster includes 17 subclusters and the big-
gest cluster has 38 nodes. The collaborations of countries 
and regions were analyzed using the CiteSpace from 
2003-2020. The top 10 contributing countries are present-
ed in Table 4 in terms of frequency, burst, centrality, and 
degree. The high centrality of the network indicates the 
importance of the network nodes. The centrality value is a 
number between 0 and 1, and the closer to 1, the more 
important in the network. According to Figure 3, the high-
est centrality belongs to the United States (0.29), followed 
by China (0.2), and Germany (0.19). 

The purple lines surrounding the nodes of the USA, 
China, Germany, France, Saudi Arabia, Spain, and Eng-

land demonstrate the high centrality and the high thick-
ness of the rings for USA and China, showing the value of 
these countries (nodes) in the network (32). 

A strong burstiness of a node demonstrates a potentially 
interesting work, which means it has attracted significant 
attention in a short period of time (32).The burstiness has 
been shown in tree rings in red in Figure 4. Saudi Arabia 
has the highest burstiness value (85.27), followed by Chi-
na (45.94), and Taiwan (45.94). 

In a total of 140 countries, only 19 had the burstiness 
score and most of the countries belonged to the cluster 
zero. The highest score of burstiness in the zero cluster 
belonged to Taiwan. 

 
Collaboration Network between Countries Based on 

the Degree Score 
The degree shows the co-authorship score of a research-

er with other researchers in the network. This is the sim-
plest and the most common value to evaluate the coau-

 
 
Fig. 3. Network map of countries collaborations based on centrality 
 
 

 
Fig. 4. Network map of countries’ collaborations based on burstiness 
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thorship. It is obvious that the actors with high coauthor-
ship are the most active in the scientific community and 
have an important role in information communication 
(34). According to Lu and Hsu, the degree score indicates 
the ability of the network nodes to collaborate, and a node 
having a high degree value indicates the high degree of 
collaboration (35). The degree score of countries is shown 
in Figure 5. 

Finally, the top 10 countries according to these 3 indices 
(centrality, burstiness, and degree) are summarized in Ta-
ble 6. 

Table 6 shows that USA is in the first rank for frequen-
cy, centrality, and degree indices, with a value of (1578), 
(0.29) and (63), respectively. Nevertheless, the first place 
for burstiness belongs to Saudi Arabia (85.27). 

 Table 7 shows the network clusters of countries’ col-
laborations. Six clusters are sorted according to the num-
ber and the size of nodes. The largest node includes 38 
countries collaborating in the field of COVID-19. As the 
table indicates, the silhouette score is relatively high for 
all the 6 clusters. It implies that different countries focus-
ing on 1 or some more countries have formed separate 
clusters and their nature can be determined by clusters, 
while the overall collaboration network having a low sil-

houette score lacks a coherent structure. The highest sil-
houette score belonged to cluster 4 and the oldest cluster 
in the collaboration network belonged to cluster 5, which 
is characterized by quantitative detection. 

The biggest cluster (Cluster 0) mainly focused on bio-
logical evaluation, the clusters on next ranks concentrated 
on travel cancellation (Cluster 1), evidence-based recom-
mendation (Cluster 2), the Middle East respiratory syn-
drome coronavirus (Cluster 3), public health (Cluster 4), 
and the final cluster (Cluster 5) focused on quantitative 
detection (Fig. 6). The clusters labeled with each subject 
were cited by articles on the same subjects. For instance, 
the cluster labeled 0 indicated that this cluster was cited 
by articles on biological evaluation, and cluster 1 was cit-
ed by articles on travel cancellation. 

 
Fig. 5. Network map of countries’ collaborations based on degree 
 
 
Table 6. Top 10 contributing countries by frequency, burstiness, and centrality 
Frequency Countries Burst Countries Centrality Countries Degree Countries 
1578 USA 85.27 Saudi Arabia 0.29 USA 63 USA 
1574 Peoples R China 45.94 Peoples R China 0.2 Peoples R China 63 Germany 
377 Saudi Arabia 43.44 Taiwan 0.19 Germany 59 Peoples R China 
335 Germany 37.83 South Korea 0.16 France 57 Saudi Arabia 
307 England 22.31 Egypt 0.14 Saudi Arabia 51 England 
263 South Korea 16.89 Japan 0.11 Spain 47 France 
245 Canada 10.86 Canada 0.11 England 40 Singapore 
231 Taiwan 9.58 U Arab Emirates 0.11 Brazil 39 Spain 
210 Netherlands 9.11 Singapore 0.08 South Korea 39 Netherlands 
179 Singapore 8.44 Netherlands 0.07 Singapore 38 Sweden 
 

 
Table 7. The Structural Characteristics of Countries’ Clusters 
Cluster ID Size Silhouette mean(Year) 

0 38 0.696 2009 
1 23 0.802 2012 
2 21 0.531 2010 
3 19 0.662 2014 
4 16 0.835 2014 
5 10 0.786 2008 
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Cluster 0: Biological Evaluation 
The largest cluster describing the countries collabora-

tions focuses on biological evaluation and include 38 
countries (Fig. 7). The age of the cluster is 2009 and due 
to the silhouette score, it has a relatively high-quality 
structure. USA preceded other countries in frequency, 

degree, and centrality indices. The purple color around 
each node implies its high centrality and it shows centrali-
ty value 0.29 for the USA and 0.11 for Spain. However, 
Taiwan and South Korea had a high score in burstiness; in 
fact, the biggest sudden change has happened in Taiwan.  

The most prolific countries in the largest cluster of 

 
 
Fig. 6. The cluster view of the countries’ collaboration network (Log-Likelihood Ratio (LLR)) 
 

 
 
Fig. 7. Cluster 0 (biological evaluation) 
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countries’ collaboration are presented in Table 8, which 
have been cited by papers in the field of biological evalua-
tion. USA ranked first for all the 3 indices, while Taiwan 
has experienced an abrupt change in burst, with the score 
of 43.44. 

The rest of 5 main clusters of countries are presented in 
Figure 8. 

 
Characteristics of Clusters 1 to 5 
Cluster 1: Travel Cancellation 
This cluster addresses travel cancellation and there are 

23 countries in this cluster. England, Singapore, and Italy 
have the most publications in this cluster. England has the 
highest frequency (37), centrality (0.11), and degree value 

(51) while the highest burstiness score belongs to Singa-
pore (9.11). 

 
Cluster 2: Evidence-based Recommendation  
This cluster has a lower silhouette score than cluster 5 

and includes 21 nodes. Germany has the highest score in 
all 4 indices: frequency (335), centrality (0.19), degree 
(63), and burstiness (4.08). In fact, Germany, collaborat-
ing with other countries such as Belgium and Brazil, has 
focused on evidence-based recommendation. 

 
Cluster: 3 Middle East Respiratory Syndrome Corona-

virus 
In the third cluster, 19 countries have formed a cluster 

 
Table 8. Top countries contributing to the largest cluster (biological evaluation) 
Countries Frequency Burst Degree Centrality 
USA 1578  63 0.29 
South Korea 263 37.83 20 0.08 
Canada 245 10.86 37 0.06 
Taiwan 231 43.44 20 0.04 
Netherlands 210 8.44 39 0.04 
Japan 172 16.89 22 0.03 
Australia 146  27 0.04 
Switzerland 119  34 0.05 
Spain 108 7.85 39 0.11 
India 94  22 0.03 
Vietnam 28  22 0.01 
 

                                  
Cluster #1: Travel Cancellation                                            Cluster #2: Recommendation Evidence-based 

                           
Cluster#3: Middle East Respiratory Syndrome coronavirus         Cluster#4: Public Health                              Cluster # 5: Quantitative detection 
 
 
Fig. 8. Five other clusters of countries’ collaborations 
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and the network structure is relatively good. It can be in-
ferred that the outbreak of MERS may have encouraged 
Saudi Arabia to collaborate with neighborhood countries 
and making a cluster.  Saudi Arabia has the highest score 
for all 4 indices with frequency (377), burst (85.27), de-
gree (57), and centrality (0.14). 

 
Cluster 4: Public Health 
The first rank for all indices belonged to France, except 

burstiness. There are 16 countries in this cluster and the 
core is France and the focus is on public health. The cen-
trality, degree, and frequency values for France are 0.16, 
47, and 163, respectively. 

 
Cluster 5: Quantitative Detection 
The last cluster paid attention to quantitative detection 

of COVID-19. It is interesting that China with Portugal 
and Malaysia formed this cluster and the focus is on Chi-
na. The centrality score in this cluster is 0.2, degree = 59, 
frequency = 1574 and burstiness = 45.94. 

 
Discussion 
COVID-19 triggered in China and its widespread preva-

lence in China and other parts of the world in a short time 
made the WHO to announce it as a pandemic. This study 
was conducted to analyze and visualize the co-citation and 
the countries’ contribution in the scientific output besides 
the identification of the top authors and countries. The 
CiteSpace software was used to analyze and visualize the 
networks.  

The co-citation network of the documents showed that 
various clusters were formed and each cluster focused on 
a topic. The link between the clusters was not strong. For 
example, the cluster 2 having 233 actors were cited by 
papers on SARS, while the papers with the topic “SARS 
Coronavirus envelope protein” are in a separate cluster 
(No. 3) with 169 nodes. The low quality of the network 
and the low silhouette value may be due to various clus-
ters. 

A total of 140 countries all over the world contributed to 
the scientific output on COVID-19. The network of coun-
tries’ contribution included 17 clusters and both metrics- 
silhouette and modularity- were low, 0.3125 and 0.26, 
respectively, which shows that there was no homogeneity 
and the link between the clusters was not strong. The 
nodes within the clusters had not strong links. The weak 
links may be because of the unknown identity of the virus, 
which has a different behavior according to indigenous 
and genetic conditions of the countries and the focus was 
mostly on native documents rather than international out-
put. Nevertheless, the centrality and degree metrics were 
high in USA rather than in other countries, showing that 
this country had the most contribution in the network be-
cause a powerful centrality has a great impact on the in-
formation flow (36). Burstiness shows the rate of change 
in a particular period of time (31). The high value of burst 
metric in Saudi Arabia may imply the outbreak of MERS 
and change in publication and citation behavior, which 
finally resulted in an increase in this metric. In Tao’s 
study, USA, China and Saudi Arabia had the highest cen-

trality score, which was consistent with the result of our 
study.  The centrality score of USA was 0.29 in out study 
and it was 0.24 in Tao’s study (21). 

According to Bhattacharya and Singh (2020), Dehghan-
banadaki et al (2020) and Zhou and Chen (2020) studies, 
USA and China were in the first and the second ranks for 
the number of documents (3, 8, 20). Bhattacharya and 
Singh demonstrated that the keywords “pandemic” and 
“China” had the highest co-occurrence (8). In the study of 
Dehghanbanadaki et al, the highest co-occurrence be-
longed to the keyword “COVID-19” with 139 repeats 
(20). According to the results of the research of Zhou and 
Chen, the highest density belonged to “coronavirus” and 
“infection” keywords (3). 

There was an interesting result in the clusters; various 
topics from “quantitative diagnosis” to “biological evolu-
tion” were identified in the coauthorship network of the 
countries; each cluster included a certain number of coun-
tries. For example, in the cluster 0, the largest cluster, with 
the topic biological evaluation, USA, South Korea, and 
Canada formed the cluster, while the leading countries of 
China, Saudi Arabia, and Germany were not in this clus-
ter. 

The study conducted by Jia et al (2020) covered the 
same time span as our study (2003-2020) and found that 
Germany and France with 0.16 score for centrality had the 
leading role in information flow. According to the find-
ings of their study, USA, China, and Germany obtained 
the highest centrality degree. Jia et al presented 13 clusters 
and the largest cluster labeled “mers-cov” which is the 
same as in our study (24). The next similar cluster was 
cluster 1 labeled “spike protein” which matched the clus-
ter 4 “MERS-Cov spike protein” in this study. The other 
similar cluster is cluster 3 in Jia et al’s study, which 
matches cluster 2 in the present study (24). Zhai et al 
(2020) did a bibliographic research on coronavirus, cover-
ing the same time span as our study. They chose the peri-
ods 2003 to 2020 because the SARS outbreak occurred 
after 2003 and the leading countries were USA, China, 
and Germany. The most common keywords were 
“SARS”, “Coronavirus”, and “infection” (37). Zhu and 
Chen (2020) also reported that “coronavirus” and “infec-
tion” were the most frequent keywords in the documents 
studied (3). 

The leading countries formed separate clusters and they 
focused on different topics. Because of the disease pan-
demics, it was expected that the countries collaborate have 
a more cohesive collaboration, which may be related to 
different policies in different countries. The leading coun-
tries in each cluster were USA, England, Germany, Saudi 
Arabia, France, and China working on biological evalua-
tion, travel cancellation, evidence-based recommendation, 
public health, and quantitative detection. It is suggested 
that the relationship between the policies of different 
countries about the disease prevention, treatment, and 
their focus on topic, their publication behavior, and the 
rate of mortality be considered for next studies. 

Conclusion 
COVID-19 visualization indicated the countries’ re-

search collaboration and top papers and authors in differ-
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ent COVID-19 subfields were also identified. The incon-
sistency in collaboration network among leading countries 
in COVID-19 publications and the countries focus on dif-
ferent research fields need in-depth studies considering 
their political conditions and health policy. It is suggested 
that future studies compare the prevalence and causes of 
mortality and research orientations to determine whether 
the research was tailored to the needs of those countries. 
Due to the rapid increase in the research on COVID-19, 
more maps can be presented to visualize the scientific 
production based on PubMed and Scopus. 
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