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Background: The Middle East respiratory syndrome coronavirus (MERS-CoV) was first reported in Saudi Arabia in 2012. So far, the cases of MERS-CoV have been reported in 27 countries. The virus causes severe health complications, resulting high mortality.

Aim: The current study aimed to evaluate the global research trends and key bibliometric indices in MERS-CoV research from 2012 to 2021.

Methods: A retrospective bibliometric and visualized study was conducted. The Science Citation Index Expanded Edition of Web of Science Core Collection database was utilized to retrieve published scientific literature on MERS-CoV. The retrieved publications were assessed for a number of bibliometric attributes. The data were imported into HistCiteTM and VOSviewer software to calculate the citations count and perform the visualization mapping, respectively. In addition, countries or regions collaboration, keywords analysis, and trend topics in MERS-CoV were assessed using the Bibliometrix: An R-tool.

Results: A total of 1,587 publications, published in 499 journals, authored by 6,506 authors from 88 countries or regions were included in the final analysis. Majority of these publications were published as research article (n = 1,143). Globally, these publications received 70,143 citations. The most frequent year of publication was 2016 (n = 253), while the most cited year was 2014 (11,517 citations). The most prolific author was Memish ZA (n = 94), while the most published journal was Emerging Infectious Diseases (n = 80). The United States of America (USA) (n = 520) and Saudi Arabia (n = 432) were the most influential and largest contributors to the MERS-CoV publications. The extensively studied research area was infectious diseases. The most frequently used author keywords other than search keywords were Saudi Arabia, SARS-CoV-2, COVID-19, epidemiology, transmission, spike protein, vaccine, outbreak, camel, and pneumonia.

Conclusion: This study provides an insight into MERS-CoV-related research for scientific community (researchers, academicians) to understand and expand the basic knowledge structure, potential collaborations, and research trend topics. This study can also be useful for policy makers. After the emergence of MERS-CoV, a significant increase in scientific production was observed in the next 4 years (2013–2016). In 2021, the trend topics in MERS-CoV-related research were COVID-19, clinical characteristics, and cytokine storm. Saudi Arabia had the strongest collaboration with the USA, while the USA had the highest collaboration with China.
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Introduction

The first case of Middle East respiratory syndrome coronavirus (MERS-CoV) was reported from Saudi Arabia in 2012 (1). A 60-year-old man was admitted to a private hospital in Jeddah on June 13, 2012, with 1-week history of cough, expectoration, fever, and shortness of breath. On June 14, 2012, the patient died due to a rapidly deteriorating clinical course (1–3). After 3 months, a new β coronavirus previously known as human coronavirus Erasmus Medical Center virus was detected (4). Later on, the “Coronavirus Study Group of the International Committee on Taxonomy of Viruses” renamed the virus as MERS-CoV (5).

Globally, a total of 2,574 laboratory confirmed cases, along with 886 deaths, have been reported to World Health Organization (WHO) as of March 11, 2021 (6). In addition, between January 1, 2021 and December 6, 2021, 14 laboratory confirmed cases of MERS-CoV were reported in Saudi Arabia (n = 13), and the United Arab Emirates (n = 1), including five deaths (7). So far, the MERS-CoV cases have been reported in 27 countries (7).

Most importantly, infection with MERS-CoV can cause severe health complications, resulting in high mortality, specifically in patients with chronic lung diseases, diabetes, immunocompromised persons, and renal failure (6). MERS-CoV is zoonotic in nature, and bats are considered to be a potential reservoir, while a dromedary camel is an intermediate host. Sporadically, MERS-CoV is transmitted from a dromedary camel to humans, and, occasionally, via human-to-human contact (8–11). The potential routes of MERS-CoV emergence and transmission are presented in Figure 1. It is necessary to prevent or reduce zoonotic spillover events since 60–75% of human infectious diseases emerged from pathogens originally circulating in non-human animal species (12).


[image: Figure 1]
FIGURE 1
 Potential routes of emergence and transmission of MERS-CoV.


In the light of available scientific literature, MERS-CoV possesses significant public health challenges (6). Moreover, good personal hygiene and medical practices should be followed to prevent the spread of MERS-CoV as shown in Figure 2.


[image: Figure 2]
FIGURE 2
 Prevention and control strategies for MERS-CoV.


Till to date, a number of bibliometric studies have been published on MERS-CoV (13–16).

Bibliometric methods are frequently used for quantitative and qualitative scholarly publications analyses and changes in research activity over time in a particular field or subject (17–19). Bibliometric analysis could be used as an objective criterion to assess and evaluate the research production by scientists, institutes, and countries (19, 20). Importantly, bibliometric analysis serves as a referral point of contact for policy makers and researchers, as well as a guide for future research direction (21). Therefore, the use of these methods has significantly increased over the last decade in medical and health sciences disciplines. However, there is no comprehensive updated bibliometric and visualization study available. Thus, the current study was conducted to determine the global research trends, achievements, and keystone bibliometric indices in MERS-CoV research during the past 10 years.



Methods


Study design

A retrospective bibliometric and visualized study was conducted.



Data source and search operations

On January 1, 2022, the Science Citation Index Expanded (SCI-Expanded) Edition of Web of Science Core Collection (WoSCC) database was searched for the relevant scientific literature on MERS-CoV. The following searching keywords were utilized in the title field, applying the Boolean search method: “Middle East respiratory syndrome” or “Middle East respiratory syndrome coronavirus” or “MERS-CoV” or “human coronavirus Erasmus Medical Center virus” or “novel coronavirus.” The search was limited to publishing language (English), document types (article, review, editorial material, letter, and proceedings paper), and publications year (2012–2021). However, the search with a keyword “novel coronavirus” was limited from 2012 to 2019 to avoid the scientific publications on the recently emerged coronavirus (SARS-CoV-2). A total of 41 publications were retrieved with a keyword “novel coronavirus,” while the other keywords retrieved a total of 1,730 publications. After screening the titles and abstracts of all the publications on MERS-CoV, a total of 1,587 publications were included in the final analysis as shown in Figure 3. The data were downloaded both in comma-separated values and plain-text format.


[image: Figure 3]
FIGURE 3
 A publications selection flow chart included in the final analysis.




Data extraction

A number of attributes were extracted, including publication title, year of publication, authors name, journals name, keywords, institution, country of origin, and citations count. The impact factor (IF) of the journals was obtained from the Incites Journal Citation Reports 2020, released by Clarivate Analytics on June 30, 2021.



Data analysis

The obtained data were exported into HistCiteTM software, version 12.3.17; VOSviewer software, version 1.6.17; and Bibliometrix: An R-tool, version 3.2.1 to perform the prerequisite analysis. The citations count was calculated using HistCiteTM software (22). Both the local citations score (LCS) and the global citations score (GCS) were calculated. LCS means how many times a paper has been cited by other papers included in the sample (documents or publications analyzed in the current study), while GCS means a paper has been cited by all the included papers in the WoSCC database (23).

Furthermore, the obtained data were plotted for co-authorship authors' network visualization and co-authorship countries or regions overlay visualization mapping using VOSviewer software (24). In addition, the data were imported into RStudio (Bibliometrix package) to analyze inter-countries or regions collaboration, keywords analysis, and trend topics in MERS-CoV research over the years. The calculated values were presented in number/frequency (n) and percentage (%).



Ethics statement

In the current study, no animal or human subjects were recruited directly. Therefore, no ethical consideration was required.




Results

In this study, a total of 1,587 documents or publications were included in the final analysis. These documents were published in 499 journals, authored by 6,506 authors (4.1 authors per document, 7.92 co-authors per document) from 88 countries. The authors collaboration index was recorded 4.36, as shown in Table 1.


TABLE 1 Main information about the included and analyzed publications on MERS-CoV between 2012 and 2021.

[image: Table 1]


Most cited publications and frequent years

The included publications received a total of 14,139 LCS and 70,143 GCS (Table 1). The most cited publication was “Isolation of a Novel Coronavirus from a Man with Pneumonia in Saudi Arabia,” published in New England Journal of Medicine in 2012, received 2,994 citations (272.18 citations per year) as shown in Table 2. The most frequent years of publication were 2016 (n = 253), and 2015 (n = 206), while the most cited years were 2014 (11,517 citations), and 2013 (11,173 citations), as presented in Table 3.


TABLE 2 Top 10 most-cited publications on MERS-CoV according to GCS at the time of search.
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TABLE 3 Year of publications.
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Publication types, leading authors, and journals

The publication types were research article (n = 1,143), review (n = 183), editorial material (n = 130), letter (n = 108), and proceedings paper (n = 23), as presented in Table 4. Based on the number of publications, the most active authors were Memish ZA (n = 94), Al-Tawfiq (n = 71), Drosten C (n = 45), Haagmans BL (n = 42), and Gerber SI (n = 38) as shown in Table 5. The Emerging Infectious Diseases was the leading journal (n = 80), followed by Journal of Virology (n = 65), and Journal of Infection and Public Health (n = 44), as shown in Table 6.


TABLE 4 Types of publication.
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TABLE 5 Top 10 most prolific authors based on number of publications.
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TABLE 6 Top 10 most published journals.
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Most studied research areas, funding agencies, and most frequent publishers

The extensively studied research areas were Infectious Disease (n = 513), Public Environmental Occupational Health (n = 246), Immunology (n = 228), Virology (n = 224), and Microbiology (n = 191). The most number of publications was funded by United States Department of Health and Human Services (HHS) (n = 256), followed by National Institutes of Health (NIH), United States of America (USA) (n = 230), National Institute of Allergy Infectious Diseases (NIAID), USA (n = 178), European Commission (n = 86), and National Natural Science Foundation of China (NSFC) (n = 72). The most frequent publishers were Elsevier (n = 375), Springer Nature (n = 159), American Society for Microbiology (n = 105), Wiley (n = 76), and Oxford University Press (n = 72).



Most active institutions and countries

The most active institution was Ministry of Health, Saudi Arabia (n = 135), followed by University of Hong Kong, Hong Kong (n = 94), King Saud University, Saudi Arabia (n = 83), King Saud Bin Abdulaziz University for Health Sciences, Saudi Arabia (n = 76), and Alfaisal University, Saudi Arabia (n = 72), as presented in Table 7. The largest number of publications was produced by the USA (n = 520), followed by Saudi Arabia (n = 432), China (n = 301), South Korea (n = 241), and the United Kingdom (n = 121), as presented in Table 8.


TABLE 7 Top 10 leading institutions in MERS-CoV research.
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TABLE 8 Top 10 highly productive countries in MERS-CoV research.
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Co-authorship authors network visualization

The minimum number of publications of an author was selected at 10. The minimum cluster size was fixed at 10. Of the total involved authors, only 89 authors met the threshold and were plotted (Figure 4). The most frequent and active authors were plotted into four clusters; Cluster 1 (red color, 36 authors), Cluster 2 (green color, 30 authors), Cluster 3 (blue color, 12 authors), and Cluster 4 (yellow color, 11 authors). As shown in Figure 4, Zaid A. Memish had the strongest collaboration with Jaffar A. Al-Tawfiq; both the authors are from Saudi Arabia.


[image: Figure 4]
FIGURE 4
 A co-authorship author network visualization map based on total link strength. The thicker the line among the authors, the stronger the collaboration, while the bigger the node, the greatest the contribution (publications).




Co-authorship countries or regions overlay visualization and countries collaboration

As shown in Figure 5, the countries or regions participated in MERS-CoV-related research over the years were plotted for overlay visualization mapping. The minimum number of documents of a country or region was selected at 10. Of the total countries or regions, only 31 were plotted. The scale was selected as follows: weight (total link strength), scores (average publications per year). The top countries with the highest total link strength were the USA, Saudi Arabia, China, England, and Egypt, 582, 516, 276, 238, and 203, respectively. Interestingly, in recent years, the most active countries in MERS-CoV have been Egypt and South Korea. However, many other developing countries are also participating as described in Figure 5.


[image: Figure 5]
FIGURE 5
 Co-authorship countries or regions overlay visualization over time (years). The thicker the line between two countries or regions, the stronger the collaboration, while the bigger the node, the higher the contribution (publications).


The obtained data were also plotted for the inter-countries or regions collaboration in MERS-CoV research. As shown in Figure 6, Saudi Arabia had the strongest collaboration with the USA, while the USA had the strongest collaboration with China.


[image: Figure 6]
FIGURE 6
 Inter-countries or regions collaboration. The thicker the line between two countries or regions, the stronger the collaboration, while the bigger the node, the higher the contribution (publications).




Keywords analysis and trend topics

The keyword and trend topics analyses were performed using the Bibliometrix package. As shown in Figure 7, the most frequently used author's keywords other than search keywords were Saudi Arabia, SARS-CoV-2, epidemiology, spike protein, transmission, vaccine, outbreak, pneumonia, camel(s), and infection control.


[image: Figure 7]
FIGURE 7
 A WordCloud map of frequently used top 100 author's keywords.


The most studied trend topics over the years were mainly related to Saudi Arabia, MERS-CoV, infection, dromedary camel, replication, coronavirus, pneumonia, receptor, clinical feature, and identifications, as shown in Figure 8. However, COVID-19, clinical characteristics, and cytokine storm were the most studied trend topics in 2021.


[image: Figure 8]
FIGURE 8
 Trend topics in MERS-CoV over the years (2013–2021).





Discussion

This study highlights the global research trends, hotspot research areas, leading authors, journals, institutions, and countries, and citations count and collaboration linkage over the past 10 years in MERS-CoV research.

In this study, a rapid increase has been observed in publications from 2012 (n = 8) to 2016 (n = 253). While after onward 2016, more than 150 publications have been published in each year. However, the most frequent publication year was 2016, while the most cited year was 2014. Furthermore, the citations of the top 10 publications range from 437 to 2,994 times. The most cited publication was “Isolation of a Novel Coronavirus from a Man with Pneumonia in SaudiArabia” cited 2,994 times (272.18 average citations per year) (1). This was the first publication providing the initial and essential information on MERS-CoV in a 60-year-old patient. The second most cited publication was “Comparative therapeutic efficacy of remdesivir and combination lopinavir, ritonavir, and interferonbeta against MERS-CoV” cited 873 times (291 average citations per year) (25). This paper discusses different therapeutics approaches to treat MERS-CoV infection. All the top 10 most cited publications were published in high-quality and prestigious journals. Of these, the New England Journal of Medicine published two papers, having the IF 91.253 in 2020 (89.676 5-year IF). Furthermore, in total, the most frequently published journal was “Emerging Infectious Diseases” IF = 6.883 in 2020 (7.463 5-year IF). The IF of the top 10 most frequently published journals ranges from 3.24 (Plos One) to 25.071 (Lancet Infectious Diseases) in 2020. The above statistics show that the authors more likely to target the relevant and high-IF journals.

In this study, the leading institution was Ministry of Health, Saudi Arabia, and the second most active country was Saudi Arabia, which might be due to the fact that the first case of MERS-CoV (1) and many outbreaks of MERS-CoV have been reported in Saudi Arabia (33–38). In this study, the USA was the most active and highly contributing country in MERS-CoV global research. The findings of the current study are in line with previously published bibliometric studies conducted in different research fields (39–47). The possible explanation for this is that the USA allocated a considerable budget to research, science, and technology, and strongly collaborated with other developed countries (23).



Limitations

This study has several limitations: Firstly, the data used in this study were retrieved from a single database. The use of other databases, such as Google Scholar, PubMed, and Scopus, may alter the publications number and citations frequency. Secondly, the search was limited to only English language and document types. Thirdly, the searching keywords were restricted to the title field.



Conclusion

The current study provides a comprehensive snapshot of 10 years of MERS-CoV research. The findings can be useful for future studies and helpful for researchers, academicians, and policy makers. The Ministry of Health, Saudi Arabia was the most active institution in MERS-CoV research. The highly contributing countries were the USA and Saudi Arabia. However, Saudi Arabia had the strongest collaboration with the USA, while the USA had the strongest collaboration with China. The most frequently used author's keywords other than search keywords were Saudi Arabia, SARS-CoV-2, epidemiology, spike protein, transmission, vaccine, outbreak, pneumonia, camel(s), and infection control. In 2021, the most frequently trend topics in MERS-CoV-related research were COVID-19, clinical characteristics, and cytokine storm.
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