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Abstract: This study attempted to draw the present and future perspective of the COVID-19 vaccine
by identifying the most important scientists and their scientific contexts, trends of research topics,
and relationships between different entities. Methods: To achieve this purpose, bibliometric and
scientometric techniques were used to analyze 6288 scientific documents contributing to COVID-19
vaccines from the beginning of 2019 to 13 December 2021, indexed in the Web of Science. Results:
The United States (US) had the greatest impact by publishing 2104 documents and receiving 32,958
citations. The US and the UK countries had the highest level of scientific collaborations with 192
collaborative studies. The University of Oxford and the Harvard Medical School were the most ac-
tive institutions, and the University of Oxford and Emory University were the most influential in-
stitutions. Pollard AJ and Lambe T had the most publications and the highest citations and h-index.
T Lambe, SC Gilbert, M Voysey, and AJ Pollard from the University of Oxford had the highest
number of co-authorships. More than 19% of the research was conducted in the field of immunol-
ogy. The Vaccines journal had the most publications, with 425 articles. The US Department of Health
& Human Services granted the most research. In 2019, studies were focused on the topics of COVID-
19 virus identification and ways to deal with it; in 2020, studies focused on the topics of COVID-19
and vaccines, whereas in 2021, they focused on the topics of COVID-19 vaccines and their effects,
vaccines hesitancy, the role of healthcare workers in COVID-19, as well as discussions about these
vaccines in the social media. Conclusions: Recognition of the most important actors (countries, in-
stitutes, researchers, and channels for the release of COVID-19 vaccine studies), research trends,
and fields of study on the COVID-19 vaccine can be useful for researchers, countries, and policy
makers in the field of science and health to make decisions and better understand these vaccines.

Keywords: COVID-19 vaccine; COVID-19 vaccination; bibliometric analysis; research trends; re-
search topics; scientific collaboration

1. Introduction

The new coronavirus, or COVID-19, is a deadly virus common between humans and
animals [1], which was identified by the World Health Organization on 11 March 2020, as
a pandemic [2]. The pandemic showed that it is not only a medical problem. Since the

J. Clin. Med. 2022, 11, 750. https://doi.org/10.3390/jcm11030750

www.mdpi.com/journal/jecm



J. Clin. Med. 2022, 11, 750

2 of 21

pandemic affects society as a whole, new research frameworks are needed, including in-
terdisciplinary collaborations, to manage the problem [3,4]. It was in December 2019 that
the first news of the Huanan seafood market was received in Wuhan City, the capital of
Hubei Province, China, which reported cases of the disease [5-8], a disease that has been
the news trend of all news media so far and has occupied the minds of all individuals and
researchers in the 21st century. In other words, as of 15 December 2021, according to re-
ports sent to the World Health Organization, 270,791,973 confirmed cases of COVID-19
and 5,318,216 deaths were registered [9]. Therefore, with the rapid spread of COVID-19
and the proliferation of patients around the world, as well as the change in new mutations
and the lack of definitive treatment for it, the issue of vaccine and individual vaccination
has become a priority of governments as the only way to control the disease [10-12].
Therefore, scientists believe that safety and control of this disease are achieved when 60
to 70% of the world’s population is vaccinated against this disease [13].

However, a vaccine is a biological preparation that provides acquired active immun-
ity to a specific disease [11]. The main types of vaccines include live-attenuated vaccine,
inactivated vaccine, subunit, recombinant, polysaccharide and conjugate, and toxoid vac-
cine [14]. To develop a vaccine, complete information on the characteristics of the antigen,
adjuvant, vaccine production, and delivery system must be available[15]; due to the avail-
ability of genomic and structural information on the new coronavirus [16,17], different
vaccines for this virus were produced [14]. In general, for the first time on 11 and 18 De-
cember 2020, the United States Food and Drug Administration (FDA) gave the Pfizer/Bi-
oNTech and Moderna COVID-19 vaccines an emergency authorization to control the dis-
ease [12]. Therefore, based on the latest global statistics, there are 232 vaccine candidates
to date. One hundred and thirteen vaccines are in clinical trials on humans, 75 vaccines
are in the preclinical phase, and approximately 15 vaccines have received the necessary
licenses and are used by countries [15]. Therefore, according to reports received from the
World Health Organization about vaccination, until 13 December 2021, a total of
8,200,642,671 doses of vaccine have been injected [9]. In total, in addition to vaccines and
vaccinations, regular hand washing, mask use, observance of social distance, and adher-
ence to health protocols have been declared the most reliable, efficient, and effective pre-
ventive measures against the new coronavirus.

In the section on research and technologies in the field of vaccines, we are witnessing
the emergence of interdisciplinary fields, research collaborations, and new research fronts
to transform the future of science and technology in this field. Identifying and evaluating
research, research areas, and research fronts in COVID-19 vaccines familiarize researchers
and related organizations with current and future research trends in this field and help
them to better conduct training programs in this field. The present study helps to identify
important interdisciplinary topics and research areas resulting from scientific publica-
tions, the most prolific and influential researchers, institutions, countries, and journals
that publish new research on coronavirus vaccines and develops a plan for future research
collaborations.

Therefore, considering the importance of using vaccines in the prevention and con-
trol of pandemics and following an increase of scientific publications on the COVID-19
vaccine, attention to scientometric studies to assess the research productivity and collab-
orations of various disciplines, researchers, and institutions of the world in this field have
gained a special importance. Therefore, the current research aims to draw the present and
future perspective of the COVID-19 vaccine studies by identifying the most important
actors and their scientific fields, trends in research topics, and relationships between dif-
ferent entities.

Some studies by [2,14,18,19] in particular, examined the field of COVID-19 vaccines
from the scientometric and bibliographic perspective. Hence, their studies are consistent
with the current research in terms of method and subject. Among the distinguishing
points of this study with the research conducted, we can mention the approach of the
present study, in which an attempt was made to limit the search process to the beginning
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of the epidemic, i.e., the period from 2019 to 13 December 2021. Additionally, the intelli-
gent selection of search keywords is another distinctive point of this research, making it
possible to analyze studies focused on the COVID-19 vaccines, not the COVID-19 or coro-
navirus. On the other hand, the reference of the present study to the current and future re-
search fields of studies on the COVID-19 vaccines is another distinguishing point of this re-
search from other studies.

2. Materials and Methods

According to the objectives of the present research, the method of bibliometric and
scientometric analysis was used to analyze scientific publications on the COVID-19 vac-
cines. The population of this research consists of all documents on the COVID-19 vaccines
from 2019 to 13 December 2021 indexed in the Web of Science database. The methodology
of this research was divided into two parts, which are described in detail below.

2.1. Data Retrieval

The search strategy was such that in the first step, the Clarivate Analytics Web of
Science (WoS) Core Collection was selected [20,21]. Next, the three citation indexes of this
database, i.e.,, SCI-EXPANDED, SSCI, and A&HCI indexes, became the basis of the re-
search. Different names of COVID-19, along with the two words vaccine and vaccination,
were searched to collect the documents through the Advanced Search of the WoS, as well
as the scientific and common names of different types of vaccines (See Appendix A) in the
field of TOPIC (TS phrase in Web of Science) without any restrictions on the TYPE and
LANGUAGE of the documents. The search strategy of this study led to the retrieval of
6288 records (See Figure 1), all records were extracted in plain text format in batches of
500 in 13 TXT files and saved on a personal computer; then, all the files were merged into
one file for ease in analyzing.

In other words, the website of COVID-19 vaccines www.track.org was used (19 Jan.
2022) to gather information about the type of vaccine, primary developers, and status of
approving countries. Additionally, information on the doses purchased from each vaccine
was collected from the app.powerbi.com website. The website www.RAPS.org was also
used to identify vaccine-producing countries.



J. Clin. Med. 2022, 11, 750

4 of 21

Identification of studies via databases
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Figure 1. PRISMA flow diagram in COVID-19 vaccines.

2.2. Data Analysis

All extracted files were analyzed using HistCite (v. 12.03.17, Philadelphia, USA),
Publish or Perish (v. 8, London, UK), VOSviewer (v. 1.6.17, Leiden, Netherlands),
CiteSpace (v. 5.8.R3, Philadelphia, USA ), and Bibliometrix R Package software (v. 3.1.4,
Naples, Italy). The analysis process was such that the capabilities of HistCite software
were used to analyze information about authors, institutions, countries, and journals [20].
In addition, Bibliometrix R Package was used to draw the maps of geographical distribu-
tion, three-field plot, and the process of publishing journals. While VOSviewer was used
to determine the status of scientific collaborations between researchers, organizations, and
institutions conducting research on the COVID-19 vaccines. Finally, CiteSpace was used
to review the research process on the COVID-19 vaccines, as well as the timeline map of
countries and institutions in this field.

3. Results

Figure 2 shows the trend of published papers on the COVID-19 vaccines during 2019-
2021. The results indicate that the trend of publications has increased significantly com-
pared to the beginning years of the COVID-19 virus epidemic, so that the number of re-
lated publications has increased from 17 documents in 2019 to 5708 documents in 2021.
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The widespread outbreak of the COVID-19 virus worldwide, increasing deaths, and more
deadly new mutations, have prompted researchers to conduct more research on the pro-
duction and effectiveness of vaccines to control this disease.
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Figure 2. The Annual distribution of in COVID-19 vaccine research.

Figure 3 and Table 1 show the co-authorship network and details of the most active
authors in COVID-19 vaccine studies. More than 32,800 authors co-authored publications
on vaccines. Table 1 lists the authors who have published at least 18 documents in this
field. In Figure 3, the nodes represent the authors and links indicate the number of co-
authorships formed between the authors. Furthermore, the researchers who collaborated
on at least three studies are shown in Figure 3. This network consists of 1491 nodes and
5834 links. T Lambe, SC Gilbert, M Voysey, and AJ Pollard from the University of Oxford
had the highest number of co-authorship. According to Table 1, Pollard AJ and Lambe T
published most of the publications in this field and are located in the first and second
places. However, Pollard AJ and Lambe T, with 3583 and 3579 citations, which are in the
first and second places in terms of scientific publications in this field, were able to obtain
the highest citation rate and H-index score among their peers. The important point in Ta-
ble 1 of the year of publication of the authors’ documents is that Wiwanitkit V, with the
publication of 23 documents in 2021, is the only active author who has been able to publish
this number of documents in this period.
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Figure 3. Authors’ collaboration network in COVID-19 vaccine research.

Table 1. The most prolific authors in COVID-19 vaccine research. (NP: Number of Publications, TC:
Total Citations).

Rank Authors H-Index G-Index HC-Index NP TC PY_Start

1 Pollard AJ 13 36 17 36 3583 2020
2 Lambe T 13 29 18 29 3579 2020
3 Gilbert SC 11 24 16 24 3238 2020
4 Baden LR 4 23 6 23 1823 2020
5 Wiwanitkit V 1 4 1 23 21 2021
6 Voysey M 10 22 13 22 3210 2020
7 Temsah MH 3 4 4 20 19 2021
8 Terpos E 6 10 11 20 118 2021
9 Halwani R 3 3 4 19 14 2021
10 Klimek L 4 8 8 19 81 2021
11 Dimopoulos MA 6 10 10 18 115 2021
12 Hotez PJ 8 18 12 18 400 2020
13 Talbot HK 10 18 13 18 599 2020

Figure 4 illustrates a three-field plot in the research on the COVID-19 vaccines, focus-
ing on the relationships between authors, countries, and keywords. In Figure 4, rectangles
represent each entity (authors on the left, countries in the middle, and keywords on the
right). The height of the rectangles refers to the number of studies conducted by countries,
authors, and research fields, and the greater the number of studies by each of these enti-
ties, the size and height of the rectangles will be more. Lines of communication also reflect
the links made between authors and countries, as the more research that was conducted
by authors and countries on the subject, the thickness of the links will be greater.
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Figure 4. Three-field plot for the relationships among authors, countries, and author keywords in
COVID-19 vaccine research. (AU: Author, Au_CO: Author country, DE: Document keyword)

The analysis showed that the US, Italy, China, and the United Kingdom (UK) con-
ducted the most research on COVID-19 vaccines, and the height of the countries’ rectan-
gles indicates that. Furthermore, most of the US studies have focused on COVID-19,
COVID-19 Vaccination, COVID-19 Vaccines, Vaccine hesitancy, and COVID-19 Vaccines
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BNT162B2; these studies have been led by many researchers. Additionally, most Italia re-
search has focused on topics, such as COVID-19, COVID-19 Vaccination, COVID-19 Vac-
cines, Vaccine hesitancy, COVID-19 Vaccines BNT162B2, and COVID-19 Pandemic; these
studies have been conducted mostly by researchers such as AJ Pollard, T Lambe, L
Kilmek, PK Aley, and M Voysey. However, Chinese and UK researchers, similarly to
American researchers, focused on COVID-19, COVID-19 Vaccination, COVID-19 Vac-
cines, Vaccine hesitancy, and COVID-19 Vaccines BNT162B2.

Figure 5 and Table 2 show the most active organizations in publishing studies on the
COVID-19 vaccines. In total, more than 8000 institutions and universities around the
world collaborated independently or in groups. Figure 5 indicates the institutions that
cooperated at least in three documents together. This network consists of 1396 nodes and
13,428 links. The results presented in Table 2 and Figure 5 show that many of these studies
are the result of collaboration between researchers from European, Asian, and American
universities. As shown in Figure 5, the University of Oxford in the UK and the Harvard
Medical School in the US, as the most active organizations, played a greater role than other
institutions in publishing these studies, and this is visible in Figure 5 and Table 2.
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Figure 5. Institutional collaboration network in COVID-19 vaccine research.

Table 2. The most prolific institutions in COVID-19 vaccine research.

Rank Institutions NP TC Country Location
1 University of Oxford 151 5546 UK  Oxford
2 Harvard Medical School 144 2050 Us Boston
3 Tel Aviv University 119 1633 Israel Tel Aviv
4 University of Washington 99 2128 Us Seattle, Washington
5 London School of Hygiene & o7 5171y Bloomsbury, London

Tropical Medicine

6  University College London 83 2993 UK  London
7  Imperial College London 80 2331 UK London
8 Johns Hopkins University 79 1328 Us Baltimore, Maryland
9  University of Pennsylvania 78 754 Uus Philadelphia, Pennsylvania
10 Emory University 76 4008 US  Atlanta, Georgia
11  Stanford University 70 963 Us Stanford, California
12 University of Toronto 60 422 Canada Toronto
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Additionally, based on the results of Table 2, it can be argued that the US and the UK
universities played a prominent role in publishing studies on the COVID-19 vaccines.
Overall, from the 12 universities listed in Table 2, the US with 6, the UK with 4, and Can-
ada and Israel with one university, were the most participating institutions in this field.
However, Table 2 shows that the documents published by the University of Oxford and
Emory University have had the greatest citation impact on the scientific community. It
should be noted that the 151 studies published by researchers at the University of Oxford
received 5546 citations, and the 76 studies published by researchers at the London School
of Hygiene & Tropical Medicine obtained 4008 citations.

To analyze the bibliographic information from documents on the COVID-19 vac-
cines, a three-field plot of institutions, keywords, and journals was designed, which al-
lows us to identify institutions that have studied topics on the COVID-19 vaccines and
provides the possibility to identify the field of journals that published such studies. As
shown in Figure 6, institutions are on the left, keywords in the middle, and journals on
the right. Figure 6 indicates the higher outputs of institutions, such as Oxford University,
Harvard Medical Sciences, Tel Aviv University, National and Kapodistrian University of
Athens, Johns Hopkins University, Stanford University, and Washington University,
which are examined related fields to COVID-19, COVID-19 vaccination, COVID-19 vac-
cines, public health, COVID-19 vaccine acceptance, and COVID-19 vaccines bnt162b2.
Generally, most of the research on vaccines at these institutions has been published in
journals of Vaccines, Vaccine, Human Vaccines & Immunotherapeutics.
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Figure 6. Three-field plot of the relationships between institutions, authors” keywords, and sources
in the research of the COVID-19 vaccine. (AU_UN: Author university, DE: keyword, SO: Source)

Figure 7 shows the geographical distribution of the research on the COVID-19 vac-
cines. The results of Figure 7 indicate how the topic of study on the COVID-19 vaccines
has been developed on five continents. Perhaps less of a topic addressed by all researchers
worldwide, COVID-19 and the development of the vaccine have led to a global collabora-
tion to eradicate it, and researchers in all countries are trying to achieve this by studying
and investigating in this field. In Asia, China and India conducted the most research in
this field. The US and Canada from the Americas and the UK and Italy from Europe pub-
lished the highest number of articles on this topic. Australia from Oceania and South Af-
rica from Africa also had the most studies on COVID-19 vaccines.
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Figure 7. The Geographical map of countries prolific in COVID-19 vaccine research (Dark blue color:
countries with a high number of articles related to the COVID-19 vaccine, light blue color: countries
with a low number of articles related to the COVID-19 vaccine, gray color: countries without articles
related to the COVID-19 vaccine).

In total, 122 countries contributed to the publication of studies on the COVID-19 vac-
cine, and the findings of the most active countries are presented in Table 3. Only four
countries in the US, the UK, Italy, and China, with a publication of 61% of the total re-
search conducted, were the most important and main countries producing publications
on the COVID-19 vaccines, which played a prominent role in this field. The United States
also had the greatest impact on the scientific community in this field by publishing 2104
studies and receiving 32,958 citations. Generally, the efforts of major pharmaceutical com-
panies in the US, the UK, and China to study and investigate the production of the
COVID-19 vaccine have been effective in increasing their publications in this field.

Table 3. The most prolific countries in COVID-19 vaccine research.

Rank Countries NP TC
1 Us 2104 32,958
2 UK 776 15,269
3 Italy 521 3078
4 China 435 5671
5 Germany 391 9389
6 India 280 1836
7 Canada 263 2869
8 Australia 259 2003
9 France 247 1871
10 Israel 217 3000
11 Spain 205 1589
12 Switzerland 172 1702

Figure 8 shows the geographical distribution of countries participating in the re-
search on the COVID-19 vaccine around the world. As can be seen in Figure 8, the orange
links indicate the wide range of collaborations that have taken place over the last three
years since the beginning of the COVID-19 epidemic; authors from 153 countries have
conducted studies related to the COVID-19 vaccine. Generally, most countries collaborated in
publishing these studies so that the US-UK (192), the US-China (116), the US-Canada (95),
and the US-Germany (86) have recorded the highest amount of scientific collaborations.
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Longitude

Figure 8. The Geographical map of the collaboration of countries in the research of the COVID-19
vaccine research (Dark blue color: countries with a high number of articles related to the COVID-19
vaccine, light blue color: countries with a low number of articles related to the COVID-19 vaccine,
gray color: countries without articles related to the COVID-19 vaccine).

The results of Table 4 show that the Vaccines journal with 425 articles and the Vaccine
journal with 185 articles had the highest number of publications in the field of COVID-19
vaccines. Studies published in the New England Journal of Medicine and the Lancet had the
greatest citation impact on the scientific community, receiving 12,861 citations and 6776
citations, respectively, which could obtain significant citations in this field. The results of
Table 4 also indicate that all 14 journals publishing research on the COVID-19 vaccines
have an impact factor and are among the qualified journals in their field. According to the
results of Table 4, the highest impact factor belongs to the New England Journal of Medicine
with IF 91,245, and the lowest impact factor belongs to the International Journal of Environ-
mental Research and Public Health with IF 3.39. Among them, 10 journals were Q1, 2 journals
Q2 and Q3. Furthermore, Table 4 reveals that Nature Publishing Group and MDPI played
the most role in this field with two journals.

Table 4. The most prolific journals in COVID-19 vaccine research. (IF: Impact factor, Q: Quarterly

journal).
Rank Journal NP TC IF Q Publisher

1  Vaccines 425 2450 4422 2 MDPI

2 Vaccine 185 1745 3641 3 Elsevier

3 Human Vaccines & Immunotherapeutics 174 664 3452 3 Taylor & Francis

4  Lancet 140 6776 79321 1 Elsevier

5  New England Journal of Medicine 135 12861 91245 1 Massachusetts Medical

Society

6  British Medical Journal 103 679 17215 1 BMJ

7 ]ama—].ogrnal of the American Medical 85 1744 56272 1 Amerlcan. Medlcal
Association Association
International Journal of Environmental

8 Research and Public Health 82 28 3:39 2 MDPI

9  Nature 61 2621  49.962 1 Nature Publishing Group

10 Journal of the European Academy of 59 231 6166 1 Wiley
Dermatology and Venereology

1 MMWR-Morbidity and Mortality Weekly 59 1414 1758 1 Centers for Dlseas?
Report Control and Prevention

12 Frontiers in Immunology 54 446 7561 1 Frontiers Media S.A.

13 Lancet Infectious Diseases 53 1239  25.071 1 Lancet Publishing Group

14  Nature Medicine 51 1807 5344 1 Nature Publishing Group
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Continuing to review the results of the publication of studies by journals, Figure 9
depicts the time trend of publication at the beginning of the COVID-19 epidemic in 2019
until now and informs us how to publish studies on the COVID-19 vaccines in journals.
Figure 9 shows that since 2020, the trend for publishing studies in the Vaccines journal has
been on an upward trend, which shows the special attention of this journal to the publi-
cation of studies on COVID vaccines. Overall, the journal has increased its number of
studies from 13 in 2020 to 411 in 2021. It is followed by Vaccine and Human Vaccines &
Immunotherapeutics, which were other research channels for researchers to publish studies
on the COVID-19 vaccines in these years. These journals published 30 and 29 studies in
2020 and 155 and 145 studies in 2021, respectively.

300

Cumulate occurrences

100

2019
2020
2021

Year

e BMJ-BRITISH MEDICAL JOURMAL HUMAN VACCINES & IMMUNCTHERAPEUTICS

LANGCET WVACGCINE

JAMA-JOURNAL OF THE AMERICAN MEDICAL ASSOGIATION

NEW ENGLAND JOURNAL OF MEDICINE

INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARGH AND PUBLIC HEALTH WVACGINES

Figure 9. Annual occurrences of the most prolific journals in COVID-19 vaccine research.

According to the results presented in Table 5, the US Department of Health and Hu-
man Services with 437 studies and the National Institutes of Health NIH US with 408
studies had the highest support for the publication of scientific research on the COVID-19
vaccines. Note that the National Institutes of Health (NIH) is an affiliate of the US Depart-
ment of Health and Human Services that plays a very important role in improving the
national health of this country. Therefore, the presence of the National Institute of Allergy
Infectious Diseases (NIAID) among the institutions supporting research on the COVID-
19 vaccines is self-confirming. However, the European Commission and UK Research In-
novation UKRI are in the next level with 169 and 143 studies, respectively. Given the ex-
tensive activities of these institutions and organizations, their outstanding efforts and sup-
port for research related to this field should not be overlooked because this support had a
great impact on the production and manufacture of the COVID-19 vaccines.

Table 5. Active funding agencies in COVID-19 vaccine research.

Rank Funding Agencies Record Count % of 6288
1 US Department of Health & Human Services 437 6.9%
2 National Institutes of Health (NIH) US 408 6.5%
3 European Commission 169 2.7%
4 UK Research Innovation UKRI 143 2.3%
5 NIH National Institute of Allergy Infectious Diseases NIAID 119 1.9%
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6  National Natural Science Foundation of China NSFC 114 1.8%
7  Medical Research Council UK MRC 92 1.4%
8 National Institute For Health Research NIHR 78 1.2%
9 Bill Melinda Gates Foundation 67 1.1%
10 National Science Foundation NSF 63 1.0%

The findings of Table 6 on the subject area of published studies on the COVID-19
vaccines reveal that more than 19% of this research are in the Immunology area, which
could probably indicate that researchers in this field, in addition to treating and producing
vaccines for this epidemic, also examined the types of immune responses to these vac-
cines. Furthermore, General & Internal Medicine with 1054 and Research Experimental Medi-
cine with 834 studies were other active areas in this field. In total, researchers in these three
areas played an influential role in the research outputs on the COVID-19 vaccines by pub-
lishing more than 49 percent of the studies. Additionally, the situation of other active and
productive areas in this field is presented in Table 6. In other words, studies on the
COVID-19 vaccines have not been ineffective in broadening the horizons of specialists,
researchers, and physicians to control the disease.

Table 6. Active research areas in COVID-19 vaccine research.

Rank Research Areas Record Count % of 6288
1 Immunology 1244 19.8%
2 General & Internal Medicine 1054 16.8%
3 Research Experimental Medicine 834 13.3%
4 Public Environmental Occupational Health 627 10.0%
5  Infectious Diseases 382 6.1%
6  Science Technology Other Topics 298 4.7%
7 Pharmacology Pharmacy 295 4.7%
8  Multidisciplinary Sciences 259 4.1%
9  Neurosciences & Neurology 247 3.9%
10 Biotechnology Applied Microbiology 215 3.4%

Figure 10 illustrates the research focus of researchers in the field of COVID-19 vac-
cines based on the cloud label. Cloud tags show the extent to which researchers pay at-
tention to topics; the higher the frequency of keywords used in research by researchers,
the larger the tags, and the lower the frequency, the smaller the tags [22]. Figure 10 illus-
trates topics, such as COVID-19, COVID-19 vaccination, COVID-19 vaccines, vaccine hes-
itancy, COVID-19 pandemic, public health, COVID-19 vaccines bnt162b2, COVID-19 vac-
cine safety, healthcare workers, and vaccine acceptance.
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Figure 10. Word cloud map authors keywords in COVID-19 Vaccine research.

Figure 11 shows the trend of research on the COVID-19 vaccines based on the time
zone view. In the linkage of Figure 11, the trend between nodes is moving from left to
right, and in a way that indicates what topics the researchers have focused on and what
topics they have tended to recently [23]. In addition, the time zone map represents the
amount of attention of researchers to the topics in different time periods [23]. In 2019,
topics, such as Spike protein, COVID-19, receptor binding domain, immunogenicity,
safety of COVID-19 vaccines, infection, antibody, and neutralizing antibody are more vis-
ible in the researches of researchers in this period. The trend of research in 2020 confirms
that in this period, researchers have reduced their research on the identification of this
virus and focused their research on topics, such as spike, influenza COVID-19 vaccination,
health, protection, COVID-19 vaccination, acute respiratory syndrome, respiratory syn-
drome COVID-19, immunization, influenza, immunity COVID-19 vaccines safety, dis-
ease, and behavior. However, the research trends of researchers in 2021 indicate that top-
ics, such as COVID-19 infection, vaccine hesitancy COVID-19 vaccines, attitude, adult,
and mortality have been more prominent than other topics in the studies of this period.
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Figure 11. The time zone visualization map of co-occurring keywords in COVID-19 Vaccine research.
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Figures 12 and 13 show a linking map of countries and institutions. Based on this
map, it is possible to examine the relationship between each country and institution, as
well as the research fields that countries are studying. Figures 12 and 13 not only show
the communication status and research areas of countries and institutions, but also indi-
cates the timeline of their studies in the field of the COVID-19 vaccine. Therefore, the time
period of the study of countries and institutions in the field of the COVID-19 vaccine on
the horizontal axis and the research fields of their studies on the vertical axis are shown.
Based on Figure 12, it can be argued that the US, as one of the leading countries in the
COVID-19 vaccine, started its activity in the field of vaccine production in 2019, and its
activities have continued with more intensity in recent years, which is seen from the red
and yellow colors around the ring of the US. Additionally, the fact that this country is in
the #1 cluster can confirm that the US has not only paid attention to the issue of vaccine
production but has also pursued the issue of sociodemographic factor.
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Figure 12. Timeline map of countries in COVID-19 vaccines research based on Authors keywords.
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England (the UK) and Germany, on the other hand, are other productive countries in
this field, which is in the #1 cluster called the sociodemographic factor. China is also the
source of the corona outbreak in cluster #2, and Italy and Russia in clusters #4 and #0 called
the effective COVID-19 genomics and COVID-19 vaccines, are paying close attention to
aspects of new strains and variants COVID-19 and COVID-19 vaccines.

Figure 13 also consists of twelve clusters. In Figure 13, the University of Oxford, Har-
vard Medical School, London School of Hygiene & Tropical Medicine, Tel Aviv Univer-
sity, and Washington University formed the core of research institutes related to the
COVID-19 vaccines in the clusters of public health, COVID-19 vaccines, COVID-19 vac-
cines hesitancy, and COVID-19 vaccination, which in itself can indicate that these institu-
tions have conducted extensive work in these areas. However, in the link map, the Chi-
nese Academy of Sciences, and the University of Texas Medical Branch had the highest
citation flourishing scores, and in a way, the research conducted by researchers from these
institutes have been able to attract the most attention of the scientific community.

Table 7 shows that vaccines of AZD1222 (Oxford-AstraZeneca), BNT162b2 (Pfizer-BioNTech),
Ad26.COV2.S (Johnson and Johnson), and mRNA-1273 (Moderna) have been injected by more
countries. In total, these vaccines were licensed for use in 134, 132, 101, and 85 countries, respectively
(See Appendix B). Additionally, the three BNT162b2, mRNA-1273, and AZD1222 vaccines with 940,
545, and 403 certificates, respectively, had the highest number of publications in the WoS database.
It should be noted that according to the results of Table 7, China with 5, Russia and Iran each with
4, US with 3, and India with 2 vaccines, were the leading countries in vaccine production. Moreover,
most of the values prepared are related to the two vaccines of BNT162b2 with 4,921,729,970 doses
and mRNA-1273 with 3,078,314,353 doses.
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Table 7. Information on COVID-19 vaccines, type of vaccine, procured dose, approval satus, publications in WoS.

Name of Vaccine

Status of Approving No. Publications

Primary Developers ! Type of Vaccine 1 Country of Origin?  No. Procured Doses 3 Countries 1 WoS
AZD1222 Oxford-AstraZeneca Non-Replicating Viral Vector UK 2,039,354,959 134 403
BNT162b2 Pfizer-BioNTech RNA Multinational 4,921,729,970 132 940
mRNA-1273 Moderna RNA Us 3,078,314,353 85 545
Ad26.COV2.S Johnson & Johnson Non-Replicating Viral Vector US/Netherlands 1,327,811,478 101 18
BBIBP-CorV Sinopharm (Beijing) Inactivated China 787,536,122 85 44
WIBP-CorV Sinopharm (Wuhan) Inactivated China 4,420,000 2 1
Sputnik V Gamaleya Non-Replicating Viral Vector Russia 243,543,406 74 44
Sputnik Light Gamaleya Non-Replicating Viral Vector Russia 889,800 24 -
CoviVac Chumakov Center Inactivated Russia 1,356,000 3 2
CoronaVac Sinovac Inactivated China 1,150,377,05 51 86
Covaxin (BBV152) Bharat Biotech Inactivated India 384,620,00 13 26
Soberana 02 Finlay de Vacunas Protein Subunit Iran/Cuba 16,000,000 4 2
NVX-CoV2373 Novavax Protein Subunit Us 870,418,000 31 30
COVAX-19 (Spikogen) CinnaGen Protein Subunit Iran 12,000,000 1 1
Ad5-nCoV (Convidicea) CanSino Non-Replicating Viral Vector China 23,853,699 10 13
COVlIran Barekat Shifa Pharmed Inactivated Iran 300,000,000 1 1
EpiVacCorona FBRI Protein Subunit Russia 1800 4
FakhraVac (MIVAC) Organize}tion of Defensive Inactivated Iran Not Available 1 1
Innovation and Research
QazVac Kazakhstan RIBSP Inactivated Kazakhstan Not Available 2 2
ZyCoV-D Zydus Cadila DNA India Not Available 1 3
MVC-COV1901 Medigen Protein Subunit Tiwan Not Available 2 2
ZF2001 Anhui Zhifei Longcom Protein Subunit China/Uzbekistan Not Available 3 4

References: ! primary developers, Type of vaccine and Status of approving countries (https://covid19.trackvaccines.org/vaccines/approved/) 2 Country of Origin

(https://www.raps.org/news-and-articles/news-articles/2020/3/covid-19-vaccine-tracker)

3

procured

doses

(https://app.powerbi.com/view?r=ey]rTjoiMWNjNzZkNjctZTNiNy00Y mMzLTkxZjQtNmJiZDM2MTYxNzEwliwid CI6ImY2M TBMGIBLWIKMjQtNGIzOS04MT
BiLTNkYzI4MGFmYjUSMCIsImMiOjh9). (All data extracted in 19 Jan. 2022).
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4. Discussion

Due to the widespread prevalence of COVID-19 worldwide and its new mutations,
many studies have been conducted by researchers on therapeutic and pharmacological
methods to treat COVID-19 and to develop a vaccine to control the disease. According to
the latest statistics approved by the World Health Organization, the number of patients
with “COVID-19” disease in the world has reached 270,791,973 people, and the deaths of
5,318,216 people have been confirmed due to this disease .On 15 December 2021, more
than 8,200,642,671 people worldwide had been vaccinated against the virus[9]. Therefore,
the results indicate that by the end of 13 December 2021, 6288 studies related to the
COVID-19 vaccines have been published in the Web of Science citation index.

The findings related to the trend of publications related to the COVID-19 vaccines
indicate a significant increase compared to 2019 and 2020, meaning that more than 90 per-
cent of these publications have been produced in 2021. Therefore, a reason for the signifi-
cant increase in releasing research related to COVID-19 vaccines in 2021 may be the de-
cline in global resilience faced with this epidemic and a more deadly strain of the virus,
which prompted researchers to conduct further studies on the field of making and pro-
ducing vaccines and finally controlling and eradicating this disease. Overall, the findings
of researchers and institutions with the highest number of research publications showed
that Pollard AJ and Lambe T of the University of Oxford had the highest number of pub-
lications on studies related to the COVID-19 vaccines. The findings from the most active
research institutes also indicated that the University of Oxford in the UK and the Harvard
Medical School in the US, as the most active institutions, played a more prominent role
than other institutes in studies on the COVID-19 vaccines. The above results agree with
the findings of Ay et al. [18].

The findings from leading countries in studies on the COVID-19 vaccines showed
that researchers from the US published the most publications in this field; the results of
Surulinathi et al. [24] and Ay et al. [18] confirm the findings of this study. The UK, Italy,
and China also played a key role in the dissemination of the scientific documents. In other
words, researchers from these four countries together played an important role in this
field by publishing more than 61 percent of the research. The results of scientific collabo-
ration between countries also showed that the highest level of scientific collaboration has
been formed between researchers from the US-UK and the US-China. Note that countries
that had the most scientific collaborations were countries that could publish most publi-
cations in this field.

The results of the journals that published research on the COVID-19 vaccines showed
that the researchers published their scientific publications in 1321 journals. Among them,
the Vaccines and Vaccine journals published the largest number of studies on the COVID-
19 vaccines during the desired period. These journals are published by MDPI and Elsevier
publications, respectively, and in terms of ranking of the Web of Science journals, they are
ranked Q2 and Q3, respectively, and are in a good position in terms of impact factor.
However, a review of support organizations for COVID-19 vaccine studies showed that
the U.S. Department of Health & Human Services, with 437 studies, and the National In-
stitutes of Health (NIH) from the US, with 408 studies, provided the most support from
published studies on the COVID-19 vaccines. Additionally, the results related to the the-
matic fields of published studies showed that researchers in the field of Immunology with
1244 studies (19.8%), the field of General & Internal Medicine with 1054 studies (16.8%), and
the field of Research Experimental Medicine with 834 studies (13.3%) percentage) had the
most scientific publications in this field, which in the study Ay et al. [18], these three sub-
ject areas were also the leading thematic fields in studies on COVID-19 vaccines.

The state of research on the COVID-19 vaccines based on the time zone map showed
that the initial studies in 2019 were more focused on identifying the COVID-19 virus and
ways to combat it (COVID-19 vaccines efficacy, immunogenicity). However, the scientific
research of researchers in 2020 has led to topics, such as COVID-19 and vaccines (COVID-
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19 vaccination, COVID-19 vaccines safety, and influenza COVID-19 vaccination), which
indicates their serious attention to the development of vaccines to control and treat the
disease. Finally, the research trend of studies in 2021 on topics, such as COVID-19 vaccines
and their types and effects, vaccines hesitancy, the role of healthcare workers in COVID-
19, as well as discussions on these vaccines on social media has been more than other
studies.

Findings on the interconnected map of countries and research institutes showed that
the US has paid serious attention to scientific activities about the production of COVID-
19 vaccine, vaccination, and sociodemographic factor. The universities of Oxford, Har-
vard Medical School, Tel Aviv, Washington, and the London School of Hygiene & Tropi-
cal Medicine have also been major research institutes in the field of COVID-19 vaccines.

5. Conclusions

Generally, this study examined the trend of publications on the COVID-19 vaccines
from the perspective of scientometric and depicted the topics and fields of study of coun-
tries, institutions, and researchers and the collaboration between them in this field. The
findings of this study can be valuable through the identification and analysis of the most
important actors (country, institution, researcher, and channel of release of COVID-19
vaccines), the research process and fields of study in the COVID-19 vaccine for research-
ers, countries, and policymakers in the fields of medical sciences and health to make better
decisions and understand and ultimately progress in this field. There may also be more
research in the future on other types of vaccines and comparing their effectiveness on
mutated strains of the virus, vaccine acceptance, long-term side effects of these vaccines,
COVID-19 vaccination from various perspectives, and other related topics due to the more
prominent keywords, such as “COVID-19 vaccine” and “COVID-19 vaccination”, which
can also increase the upward trend of publication compared to recent years. Finally, there
is a need to increase opportunities for financial support, more scientific collaborations,
understanding and analyzing research of leading countries, and emulating them from dif-
ferent angles to make appropriate decisions.
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Appendix A

TS = (“Coronavirus Vaccin*” OR “SARS Coronavirus Vaccin*” OR “SARS Virus Vac-
cin*” OR “Coronaviridae Vaccin*” OR “COVID-19 Vaccin*” OR “COVID 19 Vaccin*” OR
“COVID-2019 Vaccin*” OR “nCoV-19 Vaccin®*” OR “nCoV19 Vaccin*” OR “2019-nCoV
Vaccin®” OR “MERS-CoV Vaccin*” OR “MERSCoV Vaccin*” OR “MERS Virus Vaccin*”
OR “MERS coronavirus Vaccin*” OR “SARS-CoV Vaccin*” OR “SARSCoV Vaccin*” OR
“CoronaVac Vaccin*” OR “CoronaVac” OR “Sinovac COVID-19 Vaccin*” OR “Sputnik
V*” OR “Sputnik Light*” OR “BBIBP-CorV” OR “Sinopharm COVID-19 Vaccin*” OR “Si-
nopharm*” OR “WIBP-CorV” OR “AstraZeneca COVID-19” OR “AZD1222*” OR “Ox-
ford-AstraZeneca COVID-19 Vaccin*” OR “AZD1222 COVID-19 Vaccin*” OR “ChA-
dOx1-nCoV” OR “Covishield” OR “Oxford COVID-19 Vaccin*” OR “Moderna COVID-
19 Vaccin*” OR “COVID-19 Vaccin* Moderna” OR “mRNA COVID-19 Vaccin*” OR
“mRNA-1273” OR “Spikevax” OR “Bharat Biotech” OR “Covaxin” OR “BBV-152” OR
“pfizer-BioNTech COVID-19 Vaccin*” OR “Pfizer COVID-19 Vaccin®*” OR “Biontech
COVID-19 Vaccin®*” OR “BNT162b2” OR “Johnson & Johnson COVID-19 Vaccin*” OR
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“Ad26.COV2.S COVID-19” OR “Convidecia” OR “AD5-nCOV” OR “CanSinoBIO” OR
“CureVac” OR “CVnCoV” OR “Novavax” OR “NVX-CoV2373” OR “EpiVacCorona” OR
“ZF2001” OR “CoviVac” OR “QazCovid*” OR “SARS-CoV-2 Sclamp” OR “CoVLP Vac-
cin®” OR “SOBERANA 02”7 OR “BIV1 CovIran*” OR “COVIran Barekat*” OR
“FAKHRAVAC” OR “COVAX-19 Vaccin®” OR “ZyCoV-D” OR “MVC-COV1901*” OR
“GRAd-COV2 Vaccin*” OR “INO-4800 COVID-19 Vaccin*”).

Timespan: 2019-2021. Indexes: SCI-EXPANDED, SSCI, A&HCI.

All Language.

All document types.

Appendix B

A2 BNT142b2




J. Clin. Med. 2022, 11, 750 20 of 21




J. Clin. Med. 2022, 11, 750 21 of 21

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Gralinski, L.E.; Menachery, V.D. Return of the Coronavirus: 2019-nCoV. Viruses 2020, 12, 135. https://doi.org/10.3390/V12020135.
Chen, Y.; Cheng, L, Lian, R; Song, Z.; Tian, J]. COVID-19 vaccine research focusses on safety, efficacy, immunoinformatics, and
vaccine production and delivery: A bibliometric analysis based on VOSviewer. Biosci. Trends 2021, 15, 64-73.
https://doi.org/10.5582/BST.2021.01061.

Moradian, N.; Ochs, H.D.; Sedikies, C.; Hamblin, M.R.; Camargo, C.A.; Martinez, ]J.A.; Biamonte, ].D.; Abdollahi, M.; Torres,
P.J.; Nieto, ].].; et al. The urgent need for integrated science to fight COVID-19 pandemic and beyond. J. Transl. Med. 2020, 18,
1-7. https://doi.org/10.1186/S512967-020-02364-2.

Moradian, N.; Moallemian, M.; Delavari, F.; Sedikides, C.; Camargo, C.A.; Torres, P.J.; Sorooshian, A.; Mehdiabadi, S.P.; Nieto,
JJ; Bordas, S.; et al. Interdisciplinary Approaches to COVID-19. Adv. Exp. Med. Biol. 2021, 1318, 923-936.
https://doi.org/10.1007/978-3-030-63761-3_52.

Huang, C.; Wang, Y.; Li, X,; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X,; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. https://doi.org/10.1016/S0140-6736(20)30183-5.

Yang, X.; Yu, Y.; Xu, J.; Shu, H.; Xia, J.; Liu, H.; Wu, Y.; Zhang, L.; Yu, Z.; Fang, M.; et al. Clinical course and outcomes of critically
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A single-centered, retrospective, observational study. Lancet. Respir.
Med. 2020, 8, 475-481. https://doi.org/10.1016/S2213-2600(20)30079-5.

Chen, N.; Zhou, M.; Dong, X.; Qu, J.; Gong, F.; Han, Y.; Qiu, Y.; Wang, J.; Liu, Y.; Wei, Y.; et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: A descriptive study. Lancet 2020, 395, 507—
513. https://doi.org/10.1016/S0140-6736(20)30211-7.

Wang, M.; Cao, R.; Zhang, L.; Yang, X.; Liu, J.; Xu, M.; Shi, Z.; Hu, Z.; Zhong, W.; Xiao, G. Remdesivir and chloroquine effectively
inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res. 2020, 30, 269-271. https://doi.org/10.1038/541422-
020-0282-0.

WHO Coronavirus (COVID-19) Dashboard Available online: https://covid19.who.int/.

Shin, M.D.; Shukla, S.; Chung, Y.H.; Beiss, V.; Chan, S.K.; Ortega-Rivera, O.A.; Wirth, D.M.; Chen, A.; Sack, M.; Pokorski, ] K.;
et al. COVID-19 vaccine development and a potential nanomaterial path forward. Nat. Nanotechnol. 2020 158 2020, 15, 646—655.
https://doi.org/10.1038/s41565-020-0737-y.

Haber, P.; Amin, M.; Ng, C.; Weintraub, E.; McNeil, M.M. Reports of lower respiratory tract infection following dose 1 of Ro-
taTeq and Rotarix vaccines to the Vaccine Adverse Event Reporting System (VAERS), 2008-2016. Hum. Vaccines Immunother.
2018, 14, 2755-2759. https://doi.org/10.1080/21645515.2018.1491509.

US Food & Drug Administration Comirnaty and Pfizer-BioNTech COVID-19 Vaccine | FDA Available online:
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/comirnaty-and-pfizer-bion-
tech-covid-19-vaccine#additional (19 Jan. 2022).

Graham, B.S. Rapid COVID-19 vaccine development. Science 2020, 368, 945-946. https://doi.org/10.1126/SCIENCE.ABB8923.
Zhang, Y.; Quan, L.; Xiao, B.; Du, L. The 100 top-cited studies on vaccine: A bibliometric analysis. Hum. Vaccin. Immunother.
2019, 15, 3024-3031. https://doi.org/10.1080/21645515.2019.1614398.

Zimmer, C.; Corum, J.; Wee, S.-L. Covid-19 Vaccine Tracker Available online: https://www.nytimes.com/interactive/2020/sci-
ence/coronavirus-vaccine-tracker.html?searchResultPosition=1.

Hasan, A.; Paray, B.A.; Hussain, A.; Qadir, F.A.; Attar, F.; Aziz, F.M,; Sharifi, M.; Derakhshankhah, H.; Rasti, B.; Mehrabi, M.;
et al. A review on the cleavage priming of the spike protein on coronavirus by angiotensin-converting enzyme-2 and furin. J.
Biomol. Struct. Dyn. 2020, 39, 3025-3033. https://doi.org/10.1080/07391102.2020.1754293.

Rahban, M.; Stanek, A.; Hooshmand, A.; Khamineh, Y.; Ahi, S.; Kazim, S.N.; Ahmad, F.; Muronetz, V.; Samy Abousenna, M.;
Zolghadri, S.; et al. Infection of human cells by SARS CoV-2 and molecular overview on gastrointestinal, neurological and
hepatic problems in COVID-19 patients. |. Clin. Med. 2021, 10, 4082. https://doi.org/10.3390/jcm10214802.

Ay, M.O,; Erenler, AK,; Ay, O.0.; Kaya, H.; Yuksel, M.; Kekec, Z. A scientometric analysis of COVID-19 vaccine publications.
World ]. Adv. Res. Rev. 2021, 9, 138-147. https://doi.org/10.30574/WJARR.2021.9.3.0093.

Jafari, S.B.; Farshid, R. Studying of Research Related to COVID-19 Vaccine in Iran and the World: A Thematic Analysis and
Scientific Collaborations —Iranian Journal of Medical Microbiology. Iran. ]. Med. Microbiol. 2021, 15, 5-5. https://ijmm.ir/article-
1-1328-en.html.

Gholampour, S.; Noruzi, A.; Gholampour, B.; Elahi, A. Research Trends and Bibliometric Analysis of a Journal: Sport Manage-
ment Review. Webology 2019, 16, 223-241. https://doi.org/10.14704/WEB/V1612/a200.

Gholampour, B.; Gholampour, S.; Noruzi, A. Highly Cited Papers in Sport Sciences: Identification and Conceptual Analysis.
Int. J. Inf. Sci. Manag. 2022 (in press).

Gholampour, B.; Gholampour, S.; Noruzi, A.; Arsenault, C.; Haertlé, T.; Saboury, A.A. Retracted Articles in Oncology in the
Last three Decades: Frequency, Reasons and Themes. Scientometrics 2022. (in press).

Gholampour, B.; Saboury, A.A.; Noruzi, A. Visualizing Hot and Emerging Topics in Biochemistry and Molecular Biology in
Iran. Iran. J. Inf. Process. Manag. 2020, 35, 1119-1148. https://jipm.irandoc.ac.ir/article-1-4306-en.html.

Surulinathi, M.; Arputha Sahaya Rani, Y.; Srinivasaragavan, S.; Jayasuriya, T. Research output on Covid-19/Coronavirus Vac-
cine: A Scientometric Study. Libr. Philos. Pract. 2020, 4781. https://digitalcommons.unl.edu/libphilprac/4781.



