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Abstract
Covid-19 represents the greatest challenge facing mankind today. In December 2019, several cases of pneumonia of 
unknown etiology were reported from China. This coronavirus infection subsequently identified as Covid-19 aroused 
worldwide concern. As a result, the scientific community has focused attention on Covid-19, as revealed by recent 
research reported in literature based on a holistic approach. In this regard, this study conducts a bibliometric analysis 
of coronavirus research in the literature with an emphasis on Covid-19 disease, using as a reference the publications in 
the Web of Science Core Collection from 1970 to 2020. This research analyzes 12,571 publications from 1970 to (April 
18) 2020 by applying advanced bibliometric techniques in SciMAT bibliometric analysis software. The current research 
therefore provides a complete conceptual analysis of the main coronavirus types and strains in the literature by quanti-
fying the main bibliometric performance indicators, identifying the main authors, organizations, countries, sources, and 
research areas, and evaluating the development of this field. Furthermore, a science map is constructed to understand 
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the corresponding intellectual structure and main research lines (themes). SciMAT thereby offers a complete approach 
to the field and evaluates the main performance indicators related to coronavirus, with a focus on Covid-19. Finally, this 
research serves as a framework to strengthen existing research lines and develop new ones, establishing synergistic 
relationships that were not visible without the maps generated herein.

Keywords
Covid-19; Coronavirus; Pandemics; Virus diseases; Novel coronavirus; Co-word analysis; Strategic intelligence; Mapping 
analysis; Bibliometric analysis; SciMAT.

1.Introduction
In January 2020, the World Health Organization (WHO) declared the coronavirus 2019-nCoV disease outbreak to be a 
public health emergency of international concern. On March 11, following an ongoing assessment of the outbreak and 
the alarming levels of its spread and severity, as well as inaction, the WHO declared the Covid-19 disease produced by 
the new coronavirus to be a pandemic (WHO, 2020).

In light of this situation, scientific production on this subject has exhibited strong growth in multiple disciplines. The 
health crisis caused by Covid-19 has triggered a reaction from the scientific community in the search for solutions to it, 
leading to an exponential growth in such literature (Torres-Salinas, 2020). 

The multidisciplinary nature of the research carried out can be seen in the variety of fields involved, ranging from medi-
cine to social sciences, including computer science and information technologies for the detection of behavior, genetic 
markers, and evolutionary patterns. Research has also been carried out to analyze the implications that geolocalization 
may have in relation to the privacy of individuals, as well as specific thematic analyses of social networks (Casero-Ripo-
llés, 2020; Lázaro-Rodríguez; Herrera-Viedma, 2020; Pérez-Dasilva; Meso-Ayerdi; Mendiguren-Galdospín; 2020; Ro-
dríguez-Morales et al., 2020; Sahin et al., 2020; Thelwall; Thelwall, 2020).

Scientific journals represent one of the main sources of research, projects, and added-value information, providing a 
new reference point to conduct novel research into Covid-19. 

Complete bibliometric analysis thus becomes a key tool to evaluate ongoing actions and research, organizations, coun-
tries, sources, and researchers (Bonilla-Aldana et al., 2020; Hossain, 2020). In this context, the main aim of this paper 
is to present a bibliometric analysis of coronavirus research with an emphasis on Covid-19 disease, covering authorship, 
production, and thematic analysis, with the distinction of covering the main and secondary research themes related to 
coronavirus types and strains, from the first publication in 1970 to the present day.

Thus, the present research focuses on an analysis and description of the development of the research themes about 
coronavirus and the main related concepts available in the literature using bibliometric techniques and tools. First, the 
research quantifies the main performance-related indicators: published documents, received citations, journal impact 
factor (JIF), h-index, most cited articles, most cited authors, and data on the geographic distribution of publications, 
among others. Next, SciMAT is used as a science mapping software tool to analyze the areas of development of scientific 
knowledge associated with the coronavirus types and strains within a defined time span (Cobo et al., 2012; López-Ro-
bles et al., 2020).

2. Methodology and dataset
Bibliometric techniques and methods represent some of the most common and widely accepted techniques to analyze 
the output of basic and advanced research. Such methods are increasingly valued as tools for measuring scientific qua-
lity, productivity, and evolution (Garfield; Merton, 1979; Hirsch, 2005; Martínez et al., 2015; Moed et al., 1995; Moed, 
2009).

2.1. Methodology
In the current research, the bibliometric methodology is combined with performance analysis and science mapping 
approaches (Cobo et al., 2011). Moreover, this methodology can be employed to analyze a field of research, as well as 
to detect and visualize its conceptual subdomains (particular themes or general thematic areas), along with its thematic 
evolution. This approach is based on co-word analysis and the h-index (Callon et al., 1983; Garfield, 1986; Hirsch, 2005).

Although various software tools for science mapping analysis exist (Moral-Muñoz et al., 2020), SciMAT was applied in 
the current research due to its deduplication process and visualization based on strategic diagrams and thematic areas. 
The bibliometric methodology used here identifies four phases of analysis within a specified set of periods (Cobo et al., 
2011; López-Robles et al., 2019a; López-Robles et al., 2019b):

- Detection of research themes. For each of the periods analyzed, research themes are detected by applying a clustering 
algorithm (Coulter et al., 1998) over a normalized co-word network (Callon et al., 1983).

- Visualizing research themes and the thematic network. The detected research themes are classified based on their 
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centrality and density rank values into a strategic diagram (Callon et al., 1991; He, 1999). The centrality (c) measures 
the degree of interaction of a network with other networks, while the density (d) measures the internal strength of the 
network. By considering both types of measure, a field of research can be visualized as a set of research themes and 
plotted on a two-dimensional strategic diagram (Fig. 1 (a)). Thereby, the themes can be classified into four categories 
(Cobo et al., 2011):

a. Motor themes (quadrant Q1): The themes within this quadrant are relevant for developing and structuring the 
research field. They are known as the motor themes of the field, given that they present strong centrality and 
high density.

b. Highly developed and isolated themes (quadrant Q2): These are strongly related, highly specialized, and peri-
pheral, but they do not have the appropriate background or importance for the field.

c. Emerging or declining themes (quadrant Q3): These themes are relatively weak and exhibit low density and 
centrality. They mainly represent either emerging or disappearing themes.

d. Basic and transversal themes (quadrant Q4): These themes are relevant for the field of research but are not 
well developed. This quadrant contains transverse and general basic themes.

- Discovery of thematic areas. The research themes are analyzed using an evolution map (Fig. 1 (b)), which links the 
themes that maintain a conceptual nexus across consecutive periods.

- Performance analysis. The relative contribution of research themes and thematic areas to the entire field of research 
is measured quantitatively and qualitatively. This can then be used to identify the most productive and relevant areas 
within the field.

In addition to science mapping analysis, the present research seeks to identify the citation classics, that is, highly cited 
articles. For this purpose, the concept of H-Classics proposed by Martínez et al. (2014) was used, which can be defined 
as follows: “H-Classics of a research area ‘A’ could be defined as the H-core of ‘A’ that is composed of the ‘H’ highly cited 
papers with more than ‘H’ citations received” (Martínez et al., 2014).

2.2. Dataset
Publications related to the various types of coronavirus were collected to analyze their bibliometric characteristics and 
perform science mapping. In this regard, different corpora and queries have been proposed to retrieve articles related to 
Covid-19 from different databases. In this analysis, we focus on the queries proposed for Web of Science (WoS), and spe-
cially follow the advice suggested in the ISSI distribution list. The present study thus focuses on the following concepts: 
coronavirus and severe acute respiratory syndrome coronavirus.

As a consequence, the raw data (publications) were collected using the WoS, since it is the most important database, 
covering a wide range of disciplines and thus enabling comparisons across scientific areas. Therefore, the research pu-
blications dedicated to the main coronavirus types and themes mentioned above were downloaded from the Web of 
Science Core Collection using the following advanced query:

TS=(“Wuhan coronavirus” OR “Wuhan seafood market pneumonia virus” OR “Covid19*” OR “Covid-19*” OR “Covid-2019*” OR “coronavirus 
disease 2019” OR “SARS-CoV-2” OR “sars2” OR “2019-nCoV” OR “2019 novel coronavirus” OR “severe acute respiratory syndrome coronavirus 2” 
OR “2019 novel coronavirus infection” OR “coronavirus disease 2019” OR “coronavirus disease-19” OR “novel coronavirus” OR “coronavirus” OR 
“SARS-CoV-2019” OR “SARS-CoV-19”). 
Refined by: DOCUMENT TYPES: (ARTICLE OR PROCEEDINGS PAPER OR REVIEW) AND LANGUAGES: (ENGLISH). Timespan: All years. Indexes: 
SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC.

Figure 1. (a) Strategic diagram, (b) thematic network, and (c) thematic evolution
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This query retrieved a total of 12,571 publications from 
1970 to 2020. The corpus was further refined and limi-
ted to the English language and the following publica-
tion types: articles, proceedings, and reviews. The cita-
tions of these publications were also used in this work, being collected up to April 18, 2020.

After importing this raw data into SciMAT, a deduplication process was also applied to improve the data quality, by 
grouping meanings and concepts that represent the same notion (e.g., “SEVERE-ACUTE-RESPIRATORY-SYNDROME CO-
RONAVIRUS”, “SEVERE-ACUTE-RESPIRATORY-SYNDROME-CORONAVIRUS-(SARS-CoV)” and “SARS-CoV” were merged to 
“SEVERE-ACUTE-RESPIRATORY-SYNDROME-CORONAVIRUS”).

As a second step, and to avoid flatness of the data, the whole span of years was split into consecutive periods. While such 
periods frequently cover the same time spans, given the low number of publications in the early years, the best option 
was to divide the time span into comparable periods. Therefore, the study period (1970–2020) was split into three con-
secutive time periods: 1970–1999, 2000–2009, and 2010–2020 with 1,797, 4,129, and 6,645 publications, respectively.

3. Bibliometric analysis of coronavirus research
This section deals with the evolution of the coronavirus in terms of publications, citations, and impact by analyzing the 
following bibliometric indicators: published documents, received citations, journal impact factors, most cited publica-
tions, most cited authors, h-index, research areas, and data on the geographic distribution of publications.

The bibliometric performance analysis is therefore structured into three sections: production and impact of published 
documents; production and impact of authors, journals, and research areas; and H-Classics analysis.

3.1. Publications and citations
Figure 2 shows the distribution of publications and citations related to coronavirus types and strains per year for the defined 
periods. Firstly, it should be noted that Figure 2 shows that the values of these indicators have increased over the last year. 

Since the appearance of the 
first publications related to 
coronavirus in 1970, three mi-
lestones in the development 
of such literature can be ob-
served. The first milestone co-
rresponds to the first 35 years 
(1970-2005), during which the 
rate of publications increa-
sed, reaching a total of 3,187 
(25.11% of the total). This de-
velopment profile reveals the 
growing interest in coronavirus 
within the scientific communi-
ty and includes the emergence 
of the SARS disease in 2002 
and 2003. In this analysis, the 
second milestone corresponds 
to the drop from 2005 to 2011, 
during which only 3,554 docu-
ments were published, representing 28.27% of the publications from 1970 to 2020. Finally, the last year (2020) repre-
sents the last milestone, during which 1,009 publications (8.03% of the total) were produced in only four months and 
marking the historical peak in this research field.

Similarly, the distribution of citations shows a positive developmental trend during the period from 1970 to 2020, during 
which a total of 382,447 citations (including self-citations) were recorded. Finally, WoS indicates that the average num-
ber of citations per cited article is 40.08. Complementing these data, the first significant increase in citations appears 
at the beginning of this century, when the number of citations exhibited a higher growth rate. In subsequent years, the 
average of the citation distribution rose continuously. 

Finally, it should be mentioned that the publications du-
ring the three stated period generated a total of 83,414, 
187,549, and 111,484 citations, respectively. Nonethe-
less, note that the total number of citations appears to 
show a downward trend over the past six years, althou-
gh this is not a real trend. According to Wang (2013), the 

The growing interest in coronavirus from 
the scientific community coincided with 
the SARS disease in 2002 and 2003

Figure 2. Distribution of publications by year (1970–2020)

The number of publications in the last 
year (2020) has reached 1,009 (8.03% of 
the total) in only four months, marking 
the historical peak in this research field
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most cited publications are generally those published in previous years due to the time span between publication and 
reference. It is estimated that a publication needs between 3 and 7 years to reach its highest number of citations. Fur-
thermore, given the observed pattern of development, it can be assumed that this positive trend will continue.

3.2. Most productive and cited authors, geographic distribution of publications, and research areas
It is also important to determine the most productive and cited authors, along with the research areas and the geogra-
phic distribution of publications and organizations, which can support an evaluation of the evolution of the research 
field. Table 1 shows the most productive authors (with more than 100 publications) and most cited authors (with more 
than 7,000 citations) during the period from 1970 to 2020.

Because ties were observed for some positions, 
such authors are listed in alphabetical order.

In addition, Table 1 reveals that, according to 
WoS, seven of the most productive authors are 
also among those most widely cited: Yuen (201 
publications; 16,710 citations), Enjuanes (162; 
7,273), Drosten (127; 10,692), Rottier (124; 
7,281), Woo (112; 7,292), Chan (111; 11,651), 
and Snijder (104; 7,888). 

In the same way, Table 2 lists the most productive 
countries (with more than 400 publications) and 
organizations (with than 190 publications) related 
to coronavirus research during the period from 
1970 to 2020.

Table 2. Most productive countries (1970-2020)

Publications Country Publications Organization

4,513 United States 487 University of Hong Kong

2,746 China 373 Chinese Academy of Sciences

962 United Kingdom 321 University of California System

797 Germany 296 National Institutes of Health USA; Utrecht University

712 Netherlands 257 University of North Carolina

687 Canada 231 Centers for Disease Control Prevention USA

582 Japan 215 University of Texas System

491 France 214 University of North Carolina Chapel Hill

469 South Korea 195 University of Pennsylvania

417 Italy 194 Chinese University of Hong Kong

403 Taiwan

During the period from 1970 to 2020, the USA appears to be the most productive country, with 4,513 publications, fo-
llowed by the People’s Republic of China and the UK with 2,746 and 962 publications, respectively, although countries 
such as Germany, the Netherlands, Canada, and Japan also recorded significant numbers.

Table 3 shows the most relevant WoS subject categories (with more than 400 publications) and research areas (with 
more than 400 publications) during the period from 1970 to 2020.

Table 3. Most relevant WoS subject categories and research areas (1970-2020)

Publications WoS subject categories Publications Research areas

4,089 Virology 4,089 Virology

1,731 Veterinary Sciences 1,731 Veterinary Sciences

1,392 Immunology 1,455 Biochemistry Molecular Biology

1,387 Infectious Diseases; Microbiology 1,392 Immunology

1,218 Biochemistry Molecular Biology 1,387 Infectious Diseases; Microbiology

747 Biotechnology Applied Microbiology 747 Biotechnology Applied Microbiology

643 Medicine Research Experimental 643 Research Experimental Medicine

540 Multidisciplinary Sciences 576 Science Technology other Topics

426 Public Environmental Occupational Health 565 Pharmacology Pharmacy

404 Pharmacology Pharmacy 446 General Internal Medicine

426 Public Environmental Occupational Health

Table 1. Most productive authors (1970-2020)

Publications Author Citations Author

201 Yuen 16,710 Yuen

169 Perlman 11,651 Chan

162 Baric; Enjuanes 10,692 Drosten

133 Weiss 10,158 Osterhaus

127 Drosten 10,108 Peiris

124 Rottier 9,516 Guan

112 Woo 8,501 Poon

111 Chan; Saif 7,888 Snijder

105 Lau 7,292 Woo

104 Snijder 7,281 Rottier

- - 7,273 Enjuanes
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Finally, Table 4 lists the journals with the highest num-
bers of publications (more than 200), highlighting the 
diversity of the journals that host the main publications, 
including subjects from virology to biology.

Table 4. Journals with the highest numbers of publications (1970-2020)

Name
Publications 

related to 
coronavirus

Total cites (cita-
ble items 2018) 

Journal Impact 
Factor (JIF-

2018)

5-Year Impact 
Factor

Immediacy 
Index

Impact Factor 
without Jour-
nal Self Cites

Journal of Virology 1,134 88,684 (802) 4.324 4.259 1.185 3.800

Virology 480 25,009 (312) 2.657 3.315 1.026 2.526

Advances in Experimental 
Medicine and Biology 349 7,609 (394) 0.663 0.778 0.236 0.656

Journal of General Virology 316 18,927 (180) 2.809 2.851 0.728 2.702

Archives of Virology 257 10,715 (447) 2.261 2.134 0.727 2.015

Virus Research 244 9,137 (294) 2.736 2.667 0.916 2.603

Plos One 238 650,727 (17,879) 2.776 3.337 0.388 2.634

Bearing in mind the results presented above, the most relevant authors and publications are analyzed below in terms of 
citations according to the h-index and H-Classics.

3.3. Citation classics
The H-Classics method (Martínez et al., 2014), based on the well-known h-index (Hirsch, 2005), serves as an impartial 
criterion to identify classic papers in any research field. Thus, in this section, the H-Classics method is applied to identify 
classical papers in the coronavirus research field and thereby the authors, countries, and journals making the greatest 
contributions.

The search query used in the 
WoS Core Collection database 
has an h-index of 192. Using 
this h-index score as a referen-
ce, the relevant publications 
were identified and are listed in 
Table A.1. In terms of citations, 
their distribution shows a po-
sitive developmental trend. 
Thus, a total of 72,763 citations 
(including self-citations) were 
recorded, and the average 
number of citations per cited 
article is 378.97. Thus, the to-
tal number of citations and the 
distribution of the most rele-
vant classic publications from 
1970 to 2020 are shown in Fi-
gure 3.

Figure 3 shows that there are publications that remain as references after the 7-year period has elapsed, implying that 
they form part of the core of the coronavirus research field (Wang, 2013). Similarly, during the early twenty-first century, 
the distribution of the most cited articles reached its highest values, in contrast to the fact that this decade showed re-
latively low productivity.

In addition, Table 5 lists the authors with the highest 
numbers of publications used as references, and their 
citations. Twenty-seven authors have five or more publi-
cations in the list of most cited articles in recent years. 
Also, ten authors included in the tables of the most pro-
ductive and cited authors are included in Table 5. 

During the period from 1970 to 2020, 
the USA was the most productive coun-
try, with 4,513 publications, followed by 
China and the UK

The journals with the highest numbers 
of publications related to coronavirus 
are: Journal of Virology, Virology, and 
Advances in Experimental Medicine and 
Biology

Figure 3. Distribution of most relevant publications by year (1970-2020)
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Table 5. Authors with the highest numbers of cited publications.

Publications Author (Citations)

15 Yuen (7,875)

13 Chan (6,300)

12 Osterhaus (8,044)

11 Peiris (6,437)

10 Guan (6,090)

9 Snijder (3,348)

8 Drosten (5,343); Fouchier (5,403); Gorbalenya (3,058); Poon (5,505)

7 Farzan (2,639); Holmes (2,368); Ziebuhr (2,913)

6 Haagmans (1,992); Lai (2,065); Lau (2,306); Li (2,395); Lim (5,543); Rottier (1,797); Woo (2,306); Zheng (2,912)

5 Choe (2,083); Daszak (2,078); Subbarao (1,390); Thiel (2,278); Tsoi (2,322); Zhang (1,500)

Regarding production by country, the USA accounts for approximately 48.95% (94 publications) of the cited articles, 
followed by the People’s Republic of China (23.43%, 45 publications), the UK (14.58%, 28 publications), and Germany 
(13.54%, 26 publications). These data strongly agree with the results presented in the tables described above.

Similarly, the most relevant WoS subject categories (with more than 10 publications) and research areas (with more than 
10 publications) for H-Classics publications are presented in Table 6.

Table 6. WoS subject categories and research areas for h-index publications 

Publications WoS subject categories Publications Research areas

46 Virology 46 Virology

39 Multidisciplinary Sciences 39 Science Technology other Topics

29 Medicine General Internal 30 General Internal Medicine

28 Biochemistry Molecular Biology 29 Biochemistry Molecular Biology

27 Microbiology 27 Microbiology

14 Cell Biology; Infectious Diseases 14 Cell Biology; Infectious Diseases

12 Immunology 12 Immunology

Finally, among the journals listed in Table 4 and the journals identified in this section, only two appear in both sections: 
Virology (with 6 publications) and Journal of General Virology (with 5 publications). Furthermore, the most relevant 
sources within the H-Classics publications are: Proceedings of The National Academy of Sciences of the United States of 
America (16 publications), Lancet (15), Nature (14), New England Journal of Medicine (12), Science (9), Nature Medicine 
(6), Journal of Clinical Microbiology (5), and Lancet Infectious Diseases (5).

4. Science mapping analysis of coronavirus
Next, an overview of the key themes in the main research fields related to coronavirus is provided based on science 
mapping analysis, being structured into two complementary sections: content analysis of the articles published, and a 
conceptual evolution map. The former supports the identification of the themes arising in the coronavirus literature, its 
main types and strains, and its evolution in the literature for each period, whereas the latter shows both the develop-
ment of these themes and the relationships between them for the entire period of analysis.

4.1. Content analysis
Three strategic diagrams are shown in the following figures to analyze the most important themes within the coronavi-
rus literature for each period. Based on their centrality and density, the research themes have been classified into four 
categories. Furthermore, in the strategic diagrams, the research themes are represented as spheres whose volume is 
proportional to the corresponding number of publications.

During the period from 1970 to 1999, sixteen research themes related to coronavirus could be identified, as shown in 
the strategic diagram and the performance indicators (number of publications, citations achieved, and h-index) of the 
themes during this period (Figure. 4(a)). Eight research themes are considered to be key because of their contribution to 
the growth of knowledge about coronavirus (motor themes and basic and transversal themes): BOVINE-CORONAVIRUS, 
ENDOPLASMIC-RETICULUM, TRANSMISSIBLE-GASTROENTERITIS-VIRUS, LELYSTAD-VIRUS, INFECTIOUS-BRONCHITIS-VI-
RUS, CORONAVIRUS-JHM, ENTERIC-CORONAVIRUS, and SINDBIS-VIRUS.

Based on the number of citations and h-index, the main research themes directly related to the coronavirus types and 
strains for this period are as follows: CORONAVIRUS-JHM, ENDOPLASMIC-RETICULUM, INFECTIOUS-BRONCHITIS-VIRUS, 
TRANSMISSIBLE-GASTROENTERITIS-VIRUS, and ENTERIC-CORONAVIRUS. It is important to mention that the main re-
search themes identified are included in the key themes (motor themes and basic and transversal themes).
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During the second period, from 2000 to 2009, sixteen research themes related to coronavirus could be identified, 
as shown in the strategic diagram and the performance indicators (number of publications, citations achieved, and 
h-index) of the themes in this period (Figure. 5 (a)). Eight research themes are considered to be key because of their 
contribution to the growth of the knowledge about coronavirus (motor themes and basic and transversal themes): 
CORONAVIRUS-MAIN-PROTEINASE, HUMAN-METAPNEUMOVIRUS, MOUSE-HEPATITIS-CORONAVIRUS, MONOCLO-
NAL-ANTIBODIES, MULTIPLE-SCLEROSIS, POLYMERASE-CHAIN-REACTION, NUCLEOCAPSID-PROTEIN, and TRANSMISSI-
BLE-GASTROENTERITIS-CORONAVIRUS.

Based on the number of citations and h-index, the main research themes directly related to cornavirus this period 
are as follows: MOUSE-HEPATITIS-CORONAVIRUS, MONOCLONAL-ANTIBODIES, NUCLEOCAPSID-PROTEIN, POLYMERA-

Figure 4. (a) Strategic diagram and performance from 1970 to 1999. Thematic networks, (b) CORONAVIRUS-JHM. (c) TRANSMISSIBLE-
GASTROENTERITIS-VIRUS. (d) INFECTIOUS-BRONCHITIS-VIRUS. (e) ENDOPLASMIC-RETICULUM. (f) BOVINE-CORONAVIRUS. (g) ENTERIC-CORONAVIRUS. 
(h) VIRAL-RNA-DETECTION. (i) PROTEOLYTIC-CLEAVAGE. (j) SINDBIS-VIRUS. (k) CARCINOEMBREYONIC-ANTIGEN-FAMILY. (l) LELYSTAD-VIRUS. (m) 
SIALODRACRYOADENITIS-VIRUS. (n) BERNE-VIRUS. (o) EXPERIMENTAL-ALLERGIC-ENCEPHALOMYELITIS. (p) CYSTEINE-PROTEINASE. (q) CANINE-
CORONAVIRUS. 
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SE-CHAIN-REACTION, and HUMAN-METAPNEUMOVIRUS. As they did in the previous period (1970-1999), the main re-
search themes identified in this period are included in the key themes.

Compared with the previous period, the motor themes retain four themes and incorporate one new theme. Further-
more, CANINE-CORONAVIRUS is the only theme that appears in the first and second period. In this way, the intellectual 
structure includes themes in all quadrants (motor themes (5), highly developed and isolated themes (4), emerging or 
declining themes (4), and basic and transversal themes (3)).

Finally, during the third period (2010 to 2020), sixteen research themes related to the coronavirus could be identified, 
as shown in the strategic diagram and the performance indicators (number of publications, citations achieved, and h-in-
dex) of the themes in this period (Figure. 6 (a)). In this regard, eight research themes are considered to be key because 

Figure 5. (a) Strategic diagram and performance from 2000 to 2009. Thematic networks. (b) HUMAN-METAPNEUMOVIRUS. (c) POLYMERASE-CHAIN-
REACTION. (d) MOUSE-HEPATITIS-CORONAVIRUS. (e) MONOCLONAL-ANTIBODIES. (f) CORONAVIRUS-MAIN-PROTEINASE. (g) NUCLEOCAPSID-
PROTEIN. (h) MULTIPLE-SCLEROSIS. (i) GASTROENTERITIS-CORONAVIRUS. (j) MEMBRANE-FUSION. (k) POULT-ENTERITIS-AND-MORTALITY-SINDROME. 
(l) BREDA-VIRUS. (m) HUMAN-MONOCLONAL-ANTIBODY. (n) NIPAH-VIRUS. (o) PORCINE-EPIDEMIC-DIARRHEA-VIRUS. (p) CANINE-CORONAVIRUS. (q) 
HEPTITIS-C-VIRUS.
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of their contribution to the growth of knowledge about coronavirus (motor themes and basic and transversal themes): 
RESPIRATORY-VIRUSES, NEUTRALIZING-ANTIBODIES, HUMAN-CORONAVIRUS-NL63, MOUSE-HEPATITIS-CORONAVIRUS, 
PORCINE-EPIDEMIC-DIARRHEA-VIRUS, PAPAIN-LIKE-PROTEASE, INFLUENZA-VIRUS-TYPE-A, and MOLECULAR-CHARAC-
TERIZATION.

Based on the number of citations and h-index, the main research themes directly related to cornavirus this period are 
as follows: MOUSE-HEPATITIS-CORONAVIRUS, NEUTRALIZING-ANTIBODIES, PORCINE-EPIDEMIC-DIARRHEA-VIRUS, RES-
PIRATORY-VIRUSES, and INFLUENZA-VIRUS-TYPE-A. In the period from 2010 to 2020, as in the previous period, the main 
research themes identified are included in the key themes.

Compared with the previous period, the motor themes retain three and lose two. Furthermore, ENDOPLASMIC-RE-
TICULUM, MOUSE-HEPATITIS-CORONAVIRUS, NUCLEOCAPSID-PROTEIN, PORCINE-EPIDEMIC-DIARRHEA-VIRUS, and NI-

Figure 6. (a) Strategic diagram and performance from 2010 to 2020. Thematic networks. (b) NEUTRALIZING-ANTIBODIES. (c) RESPIRATORY-VIRUSES. (d) 
MOUSE-HEPATITIS-CORONAVIRUS. (e) PORCINE-EPIDEMIC-DIARRHEA-VIRUS. (f) INFLUENZA-VIRUS-TYPE-A. (g) PAPAIN-LIKE-PROTEASE. (h) HUMAN-
CORONAVIRUS-NL63. (i) BETA-CORONAVIRUS. (j) FELINE-INFECTIOUS-PERITONITIS. (k) MOLECULAR-CHARACTERIZATION. (l) WINTER-DYSENTERY. (m) 
NIPAH-VIRUS. (n) MONOCLONAL-ANTIBODIES. (o) ENDOPLASMIC-RETICULUM. (p) REVERSE-GENETIC-ANALYSIS. (q) PROTOELYTIC-ACTIVATION.
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PAH-VIRUS are the themes that appear in the first, second, and third periods. In this way, the intellectual structure in-
cludes themes in all four quadrants (motor themes (3), highly developed and isolated themes (6), emerging or declining 
themes (2), and basic and transversal themes (5)).

Finally, taking into account the strategic diagrams shown in Figures 4, 5, and 6, Table 7 summarizes the main research 
themes developed and their performance according to the number of publications from 1970 to 2020. 

Table 7. Principal research themes related to coronavirus from 1970 to 2020

Theme P1: 1969-1999 P2: 2000-2009 P3: 2010-2020

CORONAVIRUS-JHM Q4 (554 | 24,443 | 80)

TRANSMISSIBLE-GASTROENTERITIS-VIRUS Q1 (231 | 9,463 | 53)

INFECTIOUS-BRONCHITIS-VIRUS Q4 (179 | 9,735 | 56)

ENTERIC-CORONAVIRUS Q4 (173 | 6,083 | 46)

ENDOPLASMIC-RETICULUM Q1 (151 | 10,179 | 56) Q2 (147 | 3,197 | 30)

BOVINE-CORONAVIRUS Q1 (108 | 4,485 | 41)

PROTEOLYTIC-CLEAVAGE Q3 (69 | 2,696 | 31)

VIRAL-RNA-DETECTION Q2 (78 | 4,580 | 43)

SINDBIS-VIRUS Q4 (74 | 4,279 | 39)

EXPERIMENTAL-ALLERGIC-ENCEPHALOMYELITIS Q3 (35 | 2,293 | 22)

LELYSTAD-VIRUS Q1 (27 | 2,914 | 18)

CANINE-CORONAVIRUS Q3 (24 | 827 | 15) Q3 (114 | 3,416 | 32)

CARCINOEMBRYONIC-ANTIGEN-FAMILY Q2 (24 | 1,255 | 17)

CYSTEINE-PROTEINASE Q2 (20 | 945 | 15)

SIALODACRYOADENITIS-VIRUS Q2 (18 | 152 | 8)

BERNE-VIRUS Q2 (16 | 698 | 11)

MOUSE-HEPATITIS-CORONAVIRUS Q1 (2,711 | 110,638 | 132) Q4 (2,737 | 52,295 | 92)

MONOCLONAL-ANTIBODIES Q1 (650 | 26,707 | 78) Q3 (281 | 3,255 | 28)

NUCLEOCAPSID-PROTEIN Q4 (464 | 13,962 | 59)

POLYMERASE-CHAIN-REACTION Q4 (416 | 20,108 | 78)

HUMAN-METAPNEUMOVIRUS Q1 (322 | 20,457 | 79)

TRANSMISSIBLE-GASTROENTERITIS-CORONAVIRUS Q4 (216 | 13,204 | 59)

MULTIPLE-SCLEROSIS Q1 (149 | 5,919 | 46)

HUMAN-MONOCLONAL-ANTIBODY Q3 (143 | 5,374 | 41)

CORONAVIRUS-MAIN-PROTEINASE Q1 (142 | 6,004 | 41)

HEPATITIS-C-VIRUS Q3 (132 | 5,827 | 46)

MEMBRANE-FUSION Q3 (108 | 5,071 | 41)

POULT-ENTERITIS-AND-MORTALITY-SYNDROME Q2 (66 | 2,302 | 26)

PORCINE-EPIDEMIC-DIARRHEA-VIRUS Q2 (40 | 3,467 | 24) Q4 (846 | 13,478 | 53)

NIPAH-VIRUS Q2 (27 | 4,631 | 18) Q2 (155 | 3,514 | 32)

BREDA-VIRUS Q2 (17 | 540 | 13)

NEUTRALIZING-ANTIBODIES Q1 (1,330 | 20,807 | 65)

RESPIRATORY-VIRUSES Q1 (805 | 13,509 | 52)

INFLUENZA-VIRUS-TYPE-A Q4 (446 | 9,255 | 47)

MOLECULAR-CHARACTERIZATION Q4 (399 | 5,975 | 34)

HUMAN-CORONAVIRUS-NL63 Q1 (350 | 5,799 | 37)

PAPAIN-LIKE-PROTEASE Q4 (341 | 7,180 | 44)

BETA-CORONAVIRUS Q3 (305 | 5,403 | 37)

FELINE-INFECTIOUS-PERITONITIS Q2 (248 | 2,694 | 23)

PROTEOLYTIC-ACTIVATION Q2 (192 | 3,707 | 34)

WINTER-DYSENTERY Q2 (154 | 1,876 | 21)

REVERSE-GENETIC-ANALYSIS Q2 (96 | 1,742 | 25)
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4.2. Conceptual evolution map
The themes detected in each period can be jointly analyzed by means of their conceptual evolution, that is, discovering 
the shared terms and how they evolve through time. Thus, using as input the themes of the three consecutive time pe-
riods, a second analysis focusing on the conceptual evolution was carried out.

Hence, two thematic areas were identified: virus and coronavirus complementary research and virus and coronavirus 
types and strains. These thematic areas consolidate the main themes and research areas related to coronavirus. Figure 
7 shows the conceptual evolution map and lists the key performance indicators for each thematic area.

Virus and coronavirus types and strains (pink area) is the most representative thematic area within the conceptual 
evolution map (Figure 7). It accounts for 11,029 publications, 333,082 of the total citations, and 132 publications highly 
cited according to the h-index. In terms of structure and thematic composition, it contains motor themes, highly deve-
loped and isolated themes, and basic and transversal themes in all the periods, but it covers all the quadrants in the 
last period. This thematic area covers themes related to BERNE-VIRUS, BETA-CORONAVIRUS, BOVINE-CORONAVIRUS, 
BREDA-VIRUS, CANINE-CORONAVIRUS, CORONAVIRUS-JHM, ENTERIC-CORONAVIRUS, FELINE-INFECTIOUS-PERITONI-
TIS, HEPATITIS-C-VIRUS, HUMAN-CORONAVIRUS-NL63, HUMAN-METAPNEUMOVIRUS, INFECTIOUS-BRONCHITIS-VIRUS, 
INFLUENZA-VIRUS-TYPE-A, LELYSTAD-VIRUS, MOUSE-HEPATITIS-CORONAVIRUS, NIPAH-VIRUS, PORCINE-EPIDEMIC-DIA-
RRHEA-VIRUS, RESPIRATORY-VIRUSES, SIALODACRYOADENITIS-VIRUS, SINDBIS-VIRUS, TRANSMISSIBLE-GASTROENTERI-
TIS-CORONAVIRUS, TRANSMISSIBLE-GASTROENTERITIS-VIRUS, and WINTER-DYSENTERY.

Figure 7. Evolution of thematic areas (1970–2020)
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Virus and coronavirus complementary research (green 
area) is the second thematic area within the map in ter-
ms of number of publications. It has 5,301 publications, 
153,258 citations, and 78 highly cited publications ac-
cording to the h-index. This thematic area contains the 
motor themes, highly developed and isolated themes, 
and emerging or declining themes in all the periods, 
but it covers all the quadrants in the last period. Regar-
ding its thematic composition, this thematic area covers 
themes related to CARCINOEMBRYONIC-ANTIGEN-FAMILY, CORONAVIRUS-MAIN-PROTEINASE, CYSTEINE-PROTEINA-
SE, ENDOPLASMIC-RETICULUM, EXPERIMENTAL-ALLERGIC-ENCEPHALOMYELITIS, HUMAN-MONOCLONAL-ANTIBODY, 
MEMBRANE-FUSION, MOLECULAR-CHARACTERIZATION, MONOCLONAL-ANTIBODIES, MULTIPLE-SCLEROSIS NEUTRA-
LIZING-ANTIBODIES, NUCLEOCAPSID-PROTEIN, PAPAIN-LIKE-PROTEASE, POLYMERASE-CHAIN-REACTION, POULT-ENTE-
RITIS-AND-MORTALITY-SYNDROME, PROTEOLYTIC-ACTIVATION, PROTEOLYTIC-CLEAVAGE, REVERSE-GENETIC-ANALYSIS, 
and VIRAL-RNA-DETECTION.

Therefore, it is important to emphasize that all the thematic areas include themes from the motor themes, highly develo-
ped and isolated themes, and basic and transversal themes and present a growing pattern in the last period. This growth 
can be considered to reflect the growing interest in coronavirus research within the scientific and business community.

However, according to the bibliometric methodology implemented by SciMAT as described herein, the evolution maps 
can be used to reveal the pattern of development within the field throughout the periods analyzed based on the inte-
raction between the graphical elements. Therefore, the size of the spheres is proportional to the number of publications 
associated with each theme, while the colored areas represent the clusters of themes pertaining to the same thematic 
area. Moreover, the solid line represents the thematic link between the different areas, while the dotted line indicates 
that related thematic areas share some keywords. Furthermore, the thickness of the lines is proportional to the rate of 
inclusion (Cobo et al., 2012). The conceptual evolution and thematic areas identified are shown in Figure 7.

5. Conclusions
The current analysis represents the first bibliometric study on coronavirus types and strains since the first publication 
in 1970 to the present day, with an emphasis on Covid-19 disease and using SciMAT. It therefore focuses on an analysis 
and description of the development of the research themes about coronavirus and the main related concepts available 
in the literature using bibliometric techniques and tools. It establishes a holistic approach to identify new research that 
supports the interest of the scientific community.

In terms of bibliometric volume, more than 12,571 original research publications have been processed and analyzed. 
The size of this literature related to research on coronavirus, its main types and strains, and complementary themes has 
shown a noteworthy increase over the past 50 years (1970-2020). Given the large volume of publications and citations 
received and the current global disease, it is expected that such interest will continue to grow and serve as a support to 
different knowledge areas such as virology, veterinary sciences, biochemistry, molecular biology, immunology, infectious 
diseases, microbiology, biotechnology, applied microbiology, experimental medical research, pharmacology, pharmacy, 
and public, environmental, and occupational health, among others.

Accordingly, coronavirus research published during the period from 1970 to 2020 includes papers coauthored by 35,359 
researchers from 462 organizations and 145 different countries. The publications analyzed have received more than 
382,447 citations (including self-citations) according to Web of Science Core Collection. The most productive authors are 
Yuen, Perlman, Baric, Enjuanes, Weiss, Drosten, Rottier, Woo, Chan, Saif, Lau, and Snijder, and the most cited are Yuen, 
Chan, Drosten, Osterhaus, Peiris, Guan, Poon, Snijder, Woo, Rottier, and Enjuanes. The correspondence between the 
most productive and most cited authors reflects the balance and quality of the publications analyzed. 

Moreover, the most productive countries are the USA, China, the UK, Germany, the Netherlands, Canada, Japan, France, 
South Korea, Italy, and Taiwan. Furthermore, the most productive organizations are University of Hong Kong, Chinese 
Academy of Sciences, University of California System, National Institutes of Health (USA), Utrecht University, University 
of North Carolina, Centers for Disease Control and Prevention (USA), University of Texas System, University of North Ca-
rolina Chapel Hill, University of Pennsylvania, and Chinese University of Hong Kong. As with the previous point, the most 
productive countries and most productive organizations reflect the position of the main agents in this field.

In this regard, the number of core publications related to coronavirus research identified by using the h-index and H-clas-
sics is 192. In terms of citations, their citation distribution reveals a positive developmental trend, with a total of 72,763 
citations (including self-citations) being recorded and the average number of citations per cited article being 378.97. 

In addition, based on the results of the bibliometric analysis, this research provides a visual overview of the develop-
ment and structure of the main types and strains of coronavirus and related themes over the past 50 years (1970-2020).

The intellectual structure of coronavirus research and its main themes described in the literature are arranged into two 

The development of coronavirus re-
search will mainly support the following 
areas: virology, veterinary sciences, bio-
chemistry, molecular biology, immuno-
logy, infectious diseases, microbiology, 
biotechnology, and applied microbiology
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thematic areas: virus and coronavirus complementary 
research and virus and coronavirus types and strains. 
These thematic areas support a visualization of corona-
virus types and strains, with its main components cove-
ring aspects from the identification and characterization 
of the virus to its evolution and solutions.

The research themes within these thematic areas that 
are considered to be key because of their contribu-
tion to the growth of the field are BOVINE-CORONAVIRUS, CORONAVIRUS-JHM, CORONAVIRUS-MAIN-PROTEINASE, 
ENDOPLASMIC-RETICULUM, ENTERIC-CORONAVIRUS, HUMAN-CORONAVIRUS-NL63, HUMAN-METAPNEUMOVIRUS, 
INFECTIOUS-BRONCHITIS-VIRUS, INFLUENZA-VIRUS-TYPE-A, LELYSTAD-VIRUS, MOLECULAR-CHARACTERIZATION, MO-
NOCLONAL-ANTIBODIES, MOUSE-HEPATITIS-CORONAVIRUS, MULTIPLE-SCLEROSIS, NEUTRALIZING-ANTIBODIES, NU-
CLEOCAPSID-PROTEIN, PAPAIN-LIKE-PROTEASE, POLYMERASE-CHAIN-REACTION, PORCINE-EPIDEMIC-DIARRHEA-VIRUS, 
RESPIRATORY-VIRUSES, SINDBIS-VIRUS, and TRANSMISSIBLE-GASTROENTERITIS-VIRUS.

After analyzing these lines of research and their evolution, this study finds that the development of coronavirus research 
will mainly support the following areas: virology, veterinary sciences, biochemistry, molecular biology, immunology, 
infectious diseases, microbiology, biotechnology, applied microbiology, experimental medical research, pharmacology, 
pharmacy, general medicine, and public and environmental occupational health.

In addition, the present study identified the following themes that will attract interest from the scientific community in 
the future: human coronavirus, genetic analysis, neutralizing antibodies, molecular characterization, coronavirus main 
proteinase, proteolytic activation, social and economic effects of coronavirus disease, and new research methods in 
fields related to the coronavirus, among others. 

Finally, future work is necessary to provide a more in-depth examination of coronavirus research considering a multidis-
ciplinary approach. 

6. Annexes

Table A.1 H-Classics of coronavirus 

Rank Title (Year, First author) Citations

1 A novel coronavirus associated with severe acute respiratory syndrome (2003, Ksiazek, T. G.) 1,932

2 Identification of a novel coronavirus in patients with severe acute respiratory syndrome (2003, Drosten, C.) 1,826

3 Characterization of a novel coronavirus associated with severe acute respiratory syndrome (2003, Ksiazek, T. G.) 1,510

4 Coronavirus as a possible cause of severe acute respiratory syndrome (2003, Lim, W.) 1,482

5 Isolation of a novel coronavirus from a man with pneumonia in Saudi Arabia (2012, Osterhaus, A. D. M. E.) 1,389

6 Community study of role of viral-infections in exacerbations of asthma in 9-11 year-old children (1995, Johnston, S. L.) 1,337

7 The genome sequence of the SARS-associated coronavirus (2003, Marra, M. A.) 1,303

8 Cloning of a human parvovirus by molecular screening of respiratory tract samples (2005, Tammi, M. T.) 1,038

9 Angiotensin-converting enzyme 2 is a functional receptor for the SARS coronavirus (2003, Li, W. H.) 1,034

10 Psychological stress and susceptibility to the common cold (1991, Tyrrell, D. A. J.) 1,011

11 Isolation and characterization of viruses related to the SARS coronavirus from animals in Southern China (2003, Lim, W.) 934

12 Bats are natural reservoirs of SARS-like coronaviruses (2005, Li, W. D.) 890

13 Clinical progression and viral load in a community outbreak of coronavirus-associated SARS pneumonia: a prospective 
study (2003, Peiris, J. S. M.) 875

14 Regulation and cellular roles of ubiquitin-specific deubiquitinating enzymes (2009, Reyes-Turcu, F. E.) 791

15 Identification of a new human coronavirus (2004, van der Hoek, L.) 771

16 Unique and conserved features of genome and proteome of SARS-coronavirus, an early split-off from the coronavirus 
group 2 lineage (2003, Poon, L. L. M.) 686

17 Identification of severe acute respiratory syndrome in Canada (2003, Brunham, R. C.) 685

18 Bats: Important reservoir hosts of emerging viruses (2006, Calisher, C. H.) 679

19 Severe acute respiratory syndrome coronavirus-like virus in Chinese horseshoe bats (2005, Chan, K. H.) 666

20 Characterization and complete genome sequence of a novel coronavirus, coronavirus HKU1, from patients with pneumo-
nia (2005, Peiris, J. S. M.) 660

21 Structural bioinformatics and its impact to biomedical science (2004, Chou, K. C.) 636

22 Lelystad virus, the causative agent of porcine epidemic abortion and respiratory syndrome (pears), is related to ldv and 
eav (1993, Meulenberg, J. J. M.) 609

We identified the following themes that 
will attract interest from the scientific 
community: human coronavirus, genetic 
analysis, neutralizing antibodies, and so-
cial and economic effects of coronavirus 
disease, among others
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23 Transmission dynamics and control of severe acute respiratory syndrome (2003, Lipsitch, M.) 584

24 Hospital outbreak of Middle East respiratory syndrome coronavirus (2013, Assiri, A.) 566

25 The molecular biology of coronaviruses (1997, Lai, M. M. C.) 551

26 Human infections with the emerging avian influenza A H7N9 virus from wet market poultry: clinical analysis and charac-
terisation of viral genome (2013, Chan, K. H.) 550

27 Isolation and direct characterization of resident microglial cells from the normal and inflamed central-nervous-system 
(1991, Sedgwick, J. D.) 536

28 Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China (2020, Huang, C. L.) 529

29 Newly discovered coronavirus as the primary cause of severe acute respiratory syndrome (2003, Lim, W.) 504

30 Dipeptidyl peptidase 4 is a functional receptor for the emerging human coronavirus-EMC (2013, Osterhaus, A. D. M. E.) 499

31 RNA recombination in animal and plant-viruses (1992, Lai, M. M. C.) 497

32 Identification of a novel polyomavirus from patients with acute respiratory tract infections (2007, Gaynor, A. M.) 496

33 Porcine reproductive and respiratory syndrome virus comparison: Divergent evolution on two continents (1999, Nelsen, C. J.) 495

34 From carbohydrate leads to glycomimetic drugs (2009, Ernst, B.) 486

35 Current concepts: The severe acute respiratory syndrome (2003, Osterhaus, A. D. M. E.) 483

36 Coronavirus main proteinase (3CL(pro)) structure: Basis for design of anti-SARS drugs (2003, Ziebuhr, J.) 477

37 Virus-encoded proteinases and proteolytic processing in the Nidovirales (2000, Snijder, E. J.) 469

38 Characterization of an efficient coronavirus ribosomal frameshifting signal - requirement for an RNA pseudoknot (1989, 
Brierley, I.) 469

39 Human aminopeptidase-n is a receptor for human coronavirus-229e (1992, Yeager, C. L.) 460

40 Structures and mechanisms of viral membrane fusion proteins: Multiple variations on a common theme (2008, White, J. M.) 450

41 Aminopeptidase-n is a major receptor for the enteropathogenic coronavirus TGEV (1992, Delmas, B.) 427

42 Viruses and bacteria in the etiology of the common cold (1998, Makela, M. J.) 426

43 Lung pathology of fatal severe acute respiratory syndrome (2003, Lim, W.) 418

44 Angiotensin-converting enzyme 2 protects from severe acute lung failure (2005, Slutsky, A. S.) 405

45 Autoimmunity to myelin oligodendrocyte glycoprotein in rats mimics the spectrum of multiple sclerosis pathology 
(1998, Storch, M. K.) 398

46 Human bocavirus and acute wheezing in children (2007, Allander, T.) 396

47 An efficient method to make human monoclonal antibodies from memory B cells: potent neutralization of SARS corona-
virus (2004, Becker, S.) 390

48 Mechanisms and enzymes involved in SARS coronavirus genome expression (2003, Rabenau, H.) 389

49 Impacts of bioinformatics to medicinal chemistry (2015, Chou, K. C.) 387

50 The coronavirus spike protein is a class I virus fusion protein: Structural and functional characterization of the fusion core 
complex (2003, Bosch, B. J.) 387

51 Epidemiological, demographic, and clinical characteristics of 47 cases of Middle East respiratory syndrome coronavirus 
disease from Saudi Arabia: a descriptive study (2013, Assiri, A.) 386

52 2 ‘-O methylation of the viral mRNA cap evades host restriction by IFIT family members (2010, Thiel, V.) 380

53 Factors that make an infectious disease outbreak controllable (2004, Fraser, C.) 378

54 Coronavirus avian infectious bronchitis virus (2007, Cavanagh, D.) 376

55 Genomic characterization of a newly discovered coronavirus associated with acute respiratory distress syndrome in 
humans (2012, Osterhaus, A. D. M. E.) 372

56 Pseudo amino acid composition and its applications in bioinformatics, proteomics and system biology (2009, Chou, K. C.) 365

57 Glycyrrhizin, an active component of liquorice roots, and replication of SARS-associated coronavirus (2003, Rabenau, H.) 365

58 Nidovirales: Evolving the largest RNA virus genome (2006, Snijder, E. J.) 358

59 Network theory and SARS: predicting outbreak diversity (2005, Brunham, R. C.) 358

60 Severe acute respiratory syndrome (2004, Peiris, J. S. M.) 358

61 Middle East respiratory syndrome coronavirus neutralising serum antibodies in dromedary camels: a comparative serolo-
gical study (2013, Osterhaus, A. D. M. E.) 353

62 Contamination, disinfection, and cross-colonization: Are hospital surfaces reservoirs for nosocomial infection? (2004, 
Hota, B.) 351

63 Equine arteritis virus is not a togavirus but belongs to the coronaviruslike superfamily (1991, Denboon, J. A.) 343

64 Emergence of Porcine epidemic diarrhea virus in the United States: clinical signs, lesions, and viral genomic sequences 
(2013, Stevenson, G. W.) 341

65 A previously undescribed coronavirus associated with respiratory disease in humans (2004, Fouchier, R. A. M.) 340
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66
Discovery of seven novel mammalian and avian coronaviruses in the genus deltacoronavirus supports bat coronaviruses 
as the gene source of alphacoronavirus and betacoronavirus and avian coronaviruses as the gene source of gammacoro-
navirus and deltacoronavirus (2012, Chan, K. H.)

339

67 The crystal structures of severe acute respiratory syndrome virus main protease and its complex with an inhibitor (2003, 
Anand, K.) 338

68 Porcine epidemic diarrhoea virus: a comprehensive review of molecular epidemiology, diagnosis, and vaccines (2012, 
Song, D.) 337

69 A novel coronavirus from patients with pneumonia in China, 2019 (2020, Li, X. W.) 330

70 Structure of SARS coronavirus spike receptor-binding domain complexed with receptor (2005, Li, W. H.) 329

71 Binding mechanism of coronavirus main proteinase with ligands and its implication to drug design against SARS (2003, 
Chou, K. C.) 329

72 Rhinovirus and respiratory syncytial virus in wheezing children requiring emergency care - IgE and eosinophil analyses 
(1999, Rakes, C. P.) 326

73 A DNA vaccine induces SARS coronavirus neutralization and protective immunity in mice (2004, Huang, Y.) 325

74 Ribose 2 ‘-O-methylation provides a molecular signature for the distinction of self and non-self mRNA dependent on the 
RNA sensor Mda5 (2011, Thiel, V.) 324

75 Isolation and characterization of a bat SARS-like coronavirus that uses the ACE2 receptor (2013, Ge, X. Y.) 323

76 The molecular biology of coronaviruses (2006, Masters, P. S.) 323

77 Emerging roles of cysteine cathepsins in disease and their potential as drug targets (2007, Vasiljeva, O.) 319

78 Cross-species virus transmission and the emergence of new epidemic diseases (2008, Calisher, C. H.) 313

79 Characterization of proteins encoded by orf-2 to orf-7 of lelystad-virus (1995, Meulenberg, J. J. M.) 312

80 Viral discovery and sequence recovery using DNA microarrays (2003, Ksiazek, T. G.) 308

81 Evidence for camel-to-human transmission of MERS coronavirus (2014, Azhar, E. I.) 307
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