HUMAN VACCINES & IMMUNOTHERAPEUTICS
2022, VOL. 18, NO. 6, €2119766 (12 pages)
https://doi.org/10.1080/21645515.2022.2119766

Taylor & Francis
Taylor &Francis Group

RESEARCH ARTICLE

8 OPEN ACCESS ’ W) Check for updates

Current status of coronavirus disease 2019 vaccine research based on bibliometric
analysis

Peiling Gan*P*, Xiao Pan®*, Shu Huang*, Huifang Xia®?, Xian Zhou®®, and Xiaowei Tang{»*?

2Department of Gastroenterology, The Affiliated Hospital of Southwest Medical University, Luzhou, China; "Department of Gastroenterology, Nuclear
Medicine and Molecular Imaging Key Laboratory of Sichuan Province, Luzhou, China; “Department of Gastroenterology, The People’s Hospital of
Lianshui, Huaian, China

ABSTRACT

Vaccination is considered the most effective way to reduce the impact of coronavirus disease 2019
(COVID-19). Several new vaccines have been manufactured. This study aimed to assess the current status
and prospects of COVID-19 vaccine research using a bibliometric analysis. We analyzed 3,954 scientific
articles on COVID-19 vaccines in the Web of Science Core Collection (WoSCC). CiteSpace and VOSviewer
were used for bibliometric visualization. Original articles and reviews were used for the analysis. A total of
2,783 (70.38%) studies were published in 2021. The USA contributed the highest, publishing 1,390 articles
with 41,788 citations, followed by China and the UK. The USA’s primary collaborators were the UK (n =
133), China (n =87), and Canada (n = 65). The most active institutions were the University of Oxford and
Harvard Medical School, while Emory University was the most influential. The Vaccines journal had the
most number of publications (402). The most cited journal was the New England Journal of Medicine. In
2021, the focus was on RNA vaccines, attitudes toward vaccination, and hesitancy. In contrast, studies in
2022 focused on vaccine double-blind trials, viral mutations, and antibodies. In the context of rapid virus
transmission, vaccine studies on immunogenicity, spike proteins, efficacy, safety, and antibody response
have been prioritized. Additional phased clinical trials are needed to determine the effectiveness,
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acceptance, and side effects of vaccines against mutated strains of the virus.

Introduction

On 11 March 2020, the World Health Organization (WHO)
declared coronavirus disease 2019 (COVID-19) a pandemic,’
This was a medical issue that also raised a multidisciplinary dis-
cussion related to health, economics, and social systems,”> Owing
to the high transmission rate of COVID-19, the public health
system and global economy have been heavily burdened, high-
lighting the need for a rapid and effective method to prevent
infections. Moreover, many therapies, such as antiviral drugs,*’
antimalarial drugs,*” immunomodulators,® and cell- and plasma-
based therapy’ have been developed. Despite various emerging
treatment approaches, there are no specific drugs available to treat
COVID-19. Additionally, some studies have indicated reinfection
after clinical recovery of patients.' Therefore, vaccination is con-
sidered to be the most economical and feasible means of prevent-
ing viral infections, especially in underdeveloped countries."'"*?
Given these challenging circumstances, governments have
focused on vaccines as the only means of controlling COVID-
19. It is suggested that 60%-70% of the global population should
be vaccinated to completely control COVID-19."*

On December 11 and 18, 2020, the Food and Drug
Administration (FDA) granted emergency approval to Pfizer/
BioNTech and Moderna, respectively, for COVID-19 vaccines.
Owing to the availability of genomic and structural informa-

tion on SARS-CoV-2, vaccines are being developed at
a remarkable pace and on an unprecedented scale. According
to the latest global statistics, 497,960,492 COVID-19 cases,
including 6,181,850 deaths, have been confirmed,"> and
11,250,782,214 doses of COVID-19 vaccines have been admi-
nistered (Figure 1). Vaccines have been approved in 197 coun-
tries to date, 36 types of vaccines have been licensed and are in
use, and 10 vaccines have been granted emergency approval by
the WHO.'® Further, it is necessary to highlight available
information on the vaccines to provide references for their
development and further research.

Research on COVID-19 vaccines is being prioritized.
Thus, studies in this field should be scrutinized more rig-
orously. Mathematical and statistical methods are used in
bibliometrics to quantify the current status, research hot-
spots, and trends.'” The present study performed biblio-
metric analysis to assess the current status and prospects of
COVID-19 vaccine research using papers indexed in the
Web of Science Core Collection (WoSCC). This novel,
comprehensive bibliometric analysis may help researchers
and non-researchers to rapidly identify landmark studies
and research topics of their interest. Additionally, informa-
tion on the main vaccines approved by the WHO has been
provided to inform future vaccine research.
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Figure 1. The statistics on the COVID-19 pandemic from Our World in Data. (a) the cumulative confirmed COVID-19 cases in the world. (b) the number of people who

completed the initial COVID-19 vaccination protocol.

Materials and methods
Data collection and search strategy

The WoSCC is one of the most common, authoritative scien-
tific databases. Many researchers have analyzed the data cover-
age, quality of journals, and advantages and disadvantages of
the WoSCC."® Hou et al. reported that the WoSCC has more
standardized documents than other databases,'® that is essen-
tial for bibliometric analysis. Falagas et al. suggested that data
collected from a database may provide superior
visualizations.?’ Therefore, the WoSCC was selected for litera-
ture search.

Bibliometric analysis was performed on 28 March 2022. We
conducted a search using the WoSCC. “COVID-19 Vaccine”
and “SARS-CoV-2 Vaccine” were used as title words — TI
=“COVID-19 Vaccine” OR “SARS-CoV-2 Vaccine.” Only
research articles and reviews were included in this study.

There were no language limitations to this study. Two authors
read the titles and abstracts, and if necessary, the full text to
exclude irrelevant and duplicate articles. We obtained 3,954
records between 1 January 2020 to 28 March 2022. Data collec-
tion methodology used for the scientometric analysis is shown
in Figure 2. Furthermore, information on the type of vaccine
was obtained from the website https://covid19.trackvaccines.
org/(accessed on 7 April 2022).

Analysis tools

We analyzed all the extracted files using VOSviewer and
CiteSpace. VOSviewer is a method of managing and visualizing
knowledge structures.”’ With the capabilities of VOSviewer,
data on authors, institutions, and countries were analyzed, and
the status of scientific collaborations was determined.*”
“Countries” was selected as the unit of analysis, and full

Figure 2. A flowchart representing research design.
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counting as the counting method. We selected a minimum of
five documents per country. The same method was used to
analyze “institutions” and “authors.” A minimum of 16 and 6
documents were selected for analyzing “institutions” and
“authors,” respectively.

Professor Chen (Drexel University) created CiteSpace
V, a Java-based information visualization program for
bibliometric analysis.”> The program allows researchers
to assess a discipline’s evolution and identify frontier
trends intuitively by providing data in the form of knowl-
edge maps. It adopts a time-slicing technique to create
a timeline of network models and integrates them to
produce an overview network for the systematic analysis
of relevant publications.”> In this study, CiteSpace was
used to track the research process and to develop a time
zone map of the research trends.

Results

Publication output

Figure 3 demonstrates the temporal trend and number of
articles published per year. A total of 3,954 publications
were found in the WoSCC. Of these, 423 (10.7%), 2,783
(70.38%), and 748 (19%) papers were published in 2020,
2021, and 2022 (as of March 28). Global widespread out-
breaks of COVID-19, along with emergence of more
mutations, have warranted more studies on vaccines.
Additional relevant scientific output is expected by the
end of 2022.
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Co-authorship among countries, institutions, and
researchers

Figure 4 shows a co-authorship analysis of the most active
countries, institutions, and authors in the field. A total of 137
countries have engaged in relevant research. Of these, 113
countries participated in at least two studies. The USA ranked
first in the number of publications (n=1,390), followed by
China (n=484), the UK (n=409), and Italy (n=309).
Table 1 lists the most prolific countries worldwide.
Figure 4(a) shows 81 countries with a frequency of > 5 pub-
lications which had connections with other countries, distrib-
uted in seven clusters. The USA had 77 partners. Of them, the
main partner was the UK (133 collaborative studies), followed
by China (87 collaborative studies) and Canada (65 collabora-
tive studies). The largest cluster (#1) is represented by Italy,
Germany, France, Spain, and Switzerland. The second cluster
(#2) is represented by China, India, Saudi Arabia, Turkey, and
South Korea. The third cluster (#3) is represented by the USA,
Australia, Brazil, Belgium, and South Africa.

A total of 6,173 institutions have shown an interest in
COVID-19 vaccine research. However, a majority of the insti-
tutions only participated in one study. The details of the top ten
institutions are listed in Table 2. Nine of them were universi-
ties. A network map of institutions with a frequency of > 16
publications, containing eight clusters, is shown in Figure 4(b).
The largest cluster (#1) is represented by the University of
Oxford, Imperial College London, and London School of
Hygiene and Tropical Medicine. The second cluster (#2)
mainly comprised the Harvard Medical School, University of
Pennsylvania, and University of North Carolina. The third
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Figure 3. Temporal trend and number of articles published per year.
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Figure 4. Bibliometric analysis of co-authorship. (a) counties. (b) institutions. (c) authors.

Table 1. The most prolific countries in COVID-19 vaccine research.

No. of multiple country  No. of single country Total
Rank Country publication publication citations
1 USA 1390 1115 41788
2 China 484 391 9517
3 England 409 227 18493
4 Italy 309 248 3519
5 India 250 194 3252
6 Germany 219 124 10,903
7 Canada 184 116 3107
8 Australia 150 78 2394
9 Israel 141 133 4174
10 France 140 106 1420

cluster (#3) mainly comprised the Chinese Academy of
Sciences, Fudan University, and University of Hong Kong.
The fourth cluster (#4) mainly comprised the University of
Washington, Stanford University, and University of
Michigan. As the most active institutions — the University of
Oxford, UK, and Harvard Medical School, USA - contributed
more to publishing the studies than other institutions. Of the
top 10 institutions listed in Table 2, five are from the USA,
three from the UK, and one each from China and Israel.

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

Universities in the USA and UK have played a significant role
in the research on COVID-19 vaccines. Additionally, the
Emory University and University of Oxford had the greatest
citation impact.

More than 23,000 authors have contributed to research pub-
lications on COVID-19 vaccines. The details of the top 10 most
prolific authors in COVID-19 vaccine research are listed in
Table 3. Forty-one authors who had connections with others
constituted eight clusters (Figure 4(c)), in which the threshold
was six publications. The red cluster, led by Krammer F, was the
largest and included seven authors from the USA who collabo-
rated closely. The second and third clusters, colored green and
blue, respectively, mainly comprised Chinese authors. The fourth-
and fifth-largest clusters in yellow and purple, respectively, mainly
comprised American authors. Dhama K had the most number of
publications, whereas Krammer F had the highest number of
citations per paper. However, Hotez P] obtained the highest
h-index in the field, despite being at the third place in terms of
scientific publications. Moreover, of the top 10 most cited papers,
the only review published in Nature, titled “SARS-CoV-2 vaccine
in development,” was by Krammer et al.

Rank Institution Number of Publications Total citations Country
1 University of Oxford 96 4798 England
2 Harvard Medical School 79 3327 USA
3 Tel Aviv University 77 2192 Israel
4 University of Washington 64 2397 USA
5 Stanford University 58 1516 USA
6 Emory University 51 5128 USA
7 Chinese Academy of Sciences 50 2139 China
8 University of Pennsylvania 49 709 USA
9 Imperial College London 47 2824 England
10 The London School of Hygiene & Tropical Medicine 46 3146 England




Table 3. The most prolific authors in COVID-19 vaccine research.
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Rank Author Number of publications Total citations H-Index Institution Country

1 Dhama, Kuldeep 18 501 21 ICAR Indian Vet Res Inst India

2 Krammer, Florian 14 1530 67 Icahn Sch Med Mt Sinai USA

3 Hotez, Peter J. 13 415 91 Baylor Coll Med USA

4 Oliver, Sara E. 12 865 20 CDC, COVID 9 Response Team USA

5 Talbot, H. Keipp 12 865 42 Vanderbilt Univ, Sch Med USA

6 Lee, Grace M. 1 849 18 Stanford Univ, Sch Med USA

7 Wallace, Megan 1 836 24 CDC, Epidem Intelligence Serv USA

8 Tiwari, Ruchi 1 432 39 Coll Vet Sci India

9 Romero, Jose R. 10 802 31 Arkansas Dept Hith USA

10 Gee, Julianne 10 558 23 Ctr Dis Control & Prevent USA

Table 4. The most prolific journals in COVID-19 vaccine research.
Number of Total Impact Quarterly

Rank Journal Publications citations factor journal Category by JCR

1 Vaccines 402 3267 4,961 2 Medicine, Research & Experimental,
Immunology

2 Human Vaccines & Immunotherapeutics 175 1523 4.526 3 Biotechnology & Applied Microbiology,
Immunology

3 Vaccine 139 2078 4,169 3 Medicine, Research & Experimental,
Immunology

4 Frontiers In Immunology 89 884 8.786 2 Immunology

5 International Journal of Environmental Research and 68 228 4614 4 Public, Environmental & Occupational

Public Health Health

6 PLoS One 67 628 3.752 3 Multidisciplinary Sciences

7 Journal of Medical Virology 43 447 20.693 4 Virology

8 New England Journal of Medicine 41 14,730 176.079 1 Medicine, General & Internal

9 MMWR-Morbidity and Mortality Weekly Report 41 2319 35.301 1 Public, Environmental & Occupational
Health

10 npj Vaccines 38 747 9.399 2 Medicine, Research & Experimental,
Immunology

Journals immunological responses to the vaccines. Furthermore,

As shown in Table 4, the number of publications was the highest
in the Vaccines journal (IF: 4.422, 402 articles, and 3,267 cita-
tions). Studies published in the New England Journal of Medicine
(IF: 91.253) had the most extensive citation impact, receiving
14,730 citations, and the highest citations/article ratio. The
Lancet (IF: 79.323) was not included in the top 10 journals in
terms of the number of publications. However, the scientific
impact of this academic journal cannot be ignored, as it received
6,434 citations and ranked second as per the citations/article
ratio. All the top 10 journals have an IF and are among the
most highly qualified journals in the field. Of them, two, three,
three, and two journals were Q1, Q2, Q3, and Q4, respectively.

Research content

Table 5 presents the subject areas of the studies on COVID-19
vaccines. More than 28% of the studies were conducted in the
field of immunology, indicating that researchers have studied

research and experimental medicine (19.07%), and public,
environmental and occupational health (11.79%) areas were
also active. Researchers working on these three areas have
published >59% of the papers and have played a significant
role in COVID-19 vaccine development.

Figure 5 shows a keyword cloud map that presents the focus
of the research. Cloud tags describe how much attention
researchers pay to specific topics. The higher the frequency of
the keywords used, the larger the number of tags, and vice
versa. Topics such as infection, immunogenicity, COVID-19
vaccination, antibodies, vaccine hesitancy, immune response,
COVID-19 vaccine efficacy, and safety have received high
attention.

Based on the timezone view, Figure 6 shows the trend of
research on COVID-19 vaccines. The nodes move from left
to right indicating the different topics that researchers
tended to focus on in each period. Additionally, the size
of each node reflects the interest of the researchers in

Table 5. Active research areas in COVID-19 vaccine research.

Rank Research Areas Count

1 Immunology 1139 (28.81%)
2 Research & Experimental Medicine 754 (19.07%)
3 Public, Environmental & Occupational Health 466 (11.79%)
4 General & Internal Medicine 412 (10.42%)
5 Infectious Diseases 290 (7.33%)

6 Science Technology Other Topics 269 (6.80%)

7 Biotechnology & Applied Microbiology 234 (5.92%)

8 Pharmacology & Pharmacy 218 (5.51%)

9 Biochemistry & Molecular Biology 174 (4.40%)

10 Virology 131 (3.31%)
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Figure 5. Word cloud map of keywords in COVID-19 vaccine research.

a given topic. In 2020, topics such as infection, immuno-
genicity, antibody hesitancy, immune response, efficacy and
safety of COVID-19 vaccines, spike protein, and receptor-
binding domain were more visible. It is evident from the
trend of research in 2021 that researchers focused on topics
such as risk, acceptance and attitude toward vaccines,
COVID-19 vaccines, BNT162b2, and mRNA vaccines.
However, the research trends till 2022 suggest that topics
such as vaccine double-blind trials, viral mutations,
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Vaccines

Table 6 lists the details of the 36 vaccines approved by at least one
country. There are 14 protein subunit vaccines, 11 inactivated
vaccines, six non-replicating viral vector vaccines, three RNA
vaccines, and one DNA and one virus-like particle (VLP)-based
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Table 6. Information on 36 vaccines approved by at least one country.

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2119766-7

Status of No.
Country of Approving Publications ~ Emergency
Name of Vaccine Type of Vaccine Origin Primary Developers Countries (WoSCQ) Use
Comirnaty (BNT162b2) RNA Multinational  Pfizer-BioNTech 141 1011 Y
Spikevax (MRNA-1273) RNA USA Moderna 85 196 Y
CoronaVac Inactivated China Sinovac 54 108 Y
Vaxzevria (AZD1222) Non replicating  England Oxford- 138 95 Y
viral vector AstraZeneca
Ad26.COV2.S Non replicating ~ USA/ Johnson & Johnson 108 76 Y
viral vector Netherlands
Sputnik V (Gam-COVID-Vac) Non replicating ~ Russia Gamaleya 74 38 N
viral vector
Covaxin (BBV152) Inactivated India Bharat Biotech 14 35 Y
Covishield (Oxford/AstraZeneca Non replicating  India Serum Institute of India 47 28 Y
formulation) viral vector
Covilo (BBIBP-CorV) Inactivated China Sinopharm (Beijing) 920 26 Y
Nuvaxovid (NVX-CoV2373) Protein Subunit  Australia/USA  Novavax 36 24 Y
Convidecia (Ad5-nCoV) Non replicating  China CanSino 10 5 N
viral vector
Zifivax (ZF2001) Protein Subunit  China Bharat Biotech 4 5 N
ZyCoV-D DNA India Zydus Cadila 1 3 N
QazVac (QazCovid-in) Inactivated Kazakhstan Kazakhstan RIBSP 2 2 N
Sputnik Light Non replicating ~ Russia Gamaleya 26 2 N
viral vector
MVC-COV1901 Protein Subunit  China Medigen 3 2 N
KCONVAC Inactivated China Shenzhen Kangtai Biological 2 2 N
Products Co
Noora vaccine (COVID-19 Protein Subunit Iran Bagheiat-allah University of Medical 1 2 N
Recombinant RBD Protein Vaccine) Sciences
Recombinant SARS-CoV-2 Vaccine Protein Subunit  China National Vaccine and Serum Institute 1 2 N
(CHO Cell, NVSI-06-08)
Abdala (CIGB-66) Protein Subunit  Cuba Center for Genetic Engineering and 6 1 N
Biotechnology (CIGB)
Soberana 02 (FINLAY-FR-2, Pastu Protein Subunit  Cuba/Iran Instituto Finlay de Vacunas Cuba 4 1 N
Covac)
EpiVacCorona Protein Subunit  Russia FBRI 4 1 N
COVOVAX (Novavax formulation) Protein Subunit India Serum Institute of India 3 1 Y
Soberana Plus (FINLAY-FR-1A) Protein Subunit  Cuba Instituto Finlay de Vacunas Cuba 1 1 N
Turkovac (ERUCOV-VAC) Inactivated Turkey Health Institutes of Turkey 1 1 N
KoviVac Inactivated Russia Chumakov Center 3 0 N
Inactivated (Vero Cells) Inactivated China Sinopharm (Wuhan) 2 0 N
Corbevax (BECOV2A) Protein Subunit India Biological E Limited 2 0 N
FAKHRAVAC (MIVAQ) Inactivated Iran Organization of Defensive Innovation 1 0 N
and Research
Covifenz (CoVLP, MT-2766, Plant- VLP Canada/Japan Medicago 1 0 N
based VLP)
Razi Cov Pars Protein Subunit Iran Razi Vaccine and Serum Research 1 0 N
Institute
COViran Barekat Inactivated Iran Shifa Pharmed 1 0 N
TAK-919 (Moderna formulation) RNA Japan Takeda 1 0 N
VLA2001 Inactivated England Valneva 1 0 N
SpikoGen (COVAX-19) Protein Subunit Iran CinnaGen 1 0 N
Aurora-CoV Protein Subunit  Russia Vector State Research Center of 1 0 N

Virology and Biotechnology

(WoSCC: Web of Science Core Collection. Y: yes. N: no. Accessed on https://covid19.trackvaccines.org/vaccines/approved/#vaccine-list. All data extracted on

30 March 2022).

vaccine each. Comirnaty (BNT162b2), Spikevax (mRNA-1273),
CoronaVac, Vaxzevria (AZD1222), Ad26.COV2.S, Covaxin
(BBV152), Covishield (Oxford/AstraZeneca formulation),
Covilo (BBIBP-CorV), Nuvaxovid (NVX-CoV2373), and
COVOVAX (Novavax formulation) are approved by the WHO
for emergency use. Additionally, the three vaccines, Comirnaty
(BNT162b2), Spikevax (mRNA-1273), and CoronaVac had the
most number of published studies in the WoSCC. Moreover, of
the 36 vaccines, China has eight, India has six, Russia and Iran
have five each, and the USA has four vaccines. They are the
leading producers of COVID-19 vaccines. Covifenz (MT-2766,
plant-based VLP) is the only VLP-based vaccine developed jointly

by Canada and Japan. ZyCoV-D, a DNA vaccine developed in
India, has also been approved.

Most-cited articles and co-cited references

The top 10 most-cited articles are listed in Table 7. The most
cited paper®* was by Polack et al., published in the New England
Journal of Medicine, that also has the highest IF. Moreover, six of
the top ten articles were published in the New England Journal of
Medicine, two in The Lancet, one in Nature, and one article on
the potential acceptance of the COVID-19 vaccine published in
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Nature Medicine. Highly co-cited references are regularly cited
by other articles, and thus, can be considered as knowledge bases
in a specific field. The top 10 co-cited references with their co-
citation counts are listed in Table 8. The top co-cited reference,
titled “Safety and Efficacy of the BNT162b2 mRNA COVID-19
Vaccine,” was cited >1,000 times and was also the most cited
article.”* Most of the highly cited and co-cited articles focused on
the safety and efficacy of vaccines.

Discussion

With a high prevalence of COVID-19 and continuous evolu-
tion of the causative virus, many studies have been conducted
on treatment and pharmacological methods. Therefore, safe
and effective vaccines are urgently needed to control the pan-
demic. The fight against this disease is ongoing. According to
the latest global statistics, >400 million cases of COVID-19
have been confirmed, including >6 million deaths. To date,
197 countries have approved vaccines, and approximately 36
vaccines have received the necessary licenses, including 10
vaccines granted emergency use authorization by the WHO;
'% and 11,250,782,214 doses of vaccines have been adminis-
tered. Four countries - the USA, China, the UK, and Italy -
have made significant contributions to this field. The USA -
UK and USA - China had the highest levels of collaboration.
We hypothesize that an increase in relevant research outputs
will continue until the pandemic is under control.

Several studies have been conducted on COVID-19 vac-
cines. The “Safety and Efficacy of the BNT162b2 mRNA
COVID-19 Vaccine” published in 2020 is the most cited
article.”* Polack et al. included >40,000 subjects to verify the
safety and efficacy of BNT162b2. This has had a profound
impact on subsequent studies. In 2021, Baden et al. published
a phase 3 randomized, controlled, clinical trial on the safety
and efficacy of mRNA-1273.>° However, the main limitation of
this study was the short follow-up period for evaluating safety
and efficacy. Further, the emergence of Omicron variants has
led to numerous studies on the treatment of mutant virus
strains. The 2022 study by Garcia-Beltran et al. highlighted
the importance of additional mRNA doses to broaden neutra-
lizing antibody responses against highly divergent SARS-CoV
-2 variants.”® This has contributed to a reduction in the emer-
gence and spread of the highly mutated SARS-CoV-2 variants.

Ahmad et al. conducted the first bibliometric study on
12 January 2020 to provide details of the published literature
on COVID-19 vaccines.”” The study shows that vaccine devel-
opment and therapy are major research hotspots. The results
provided a reference for researchers and policymakers.
Furthermore, Xu et al. included relevant literature before
11 August 2021, and updated the research trends of global
COVID-19 vaccines.”® The research highlights hotspots cen-
tered on vaccine side effects and public attitudes toward vacci-
nation. The study findings will be updated in the future.

The following research hotspots were identified: infection,
immunogenicity, vaccination, antibodies, vaccine hesitancy,
immune response, efficacy, and vaccine safety. The current
analysis, based on time zone maps, shows the focus of the
different phases of research. In 2020, topics such as infection,

immunogenicity, antibodies, hesitancy, immune response, effi-
cacy and safety of vaccines, spike protein, and receptor-binding
domain were predominantly highlighted. However, in 2021,
researchers conducted studies on topics focused on the risk,
acceptance, and attitude toward vaccines, COVID-19 vaccines,
BNT162b2, and mRNA vaccines. Vaccine hesitancy negatively
affects vaccine coverage and is still a major issue that cannot be
ignored. Vaccine hesitancy is a multifactorial phenomenon.
Misinformation and unsubstantiated rumors regarding the
side effects of vaccination limit its acceptance.29 Additionally,
education level and trust in the government have been reported
to influence responses to vaccination.”™*' A majority of coun-
tries have implemented vaccination programs and attitudes
toward COVID-19 vaccination are changing positively, but
targeted multipronged efforts are still required to maximize
vaccination coverage, especially in underdeveloped countries.
Finally, the research trends to date suggest that topics such as
vaccine double-blind trials, viral mutations, antibody
responses, and variants are more prominent than other topics.

The knowledge base comprises references co-cited by the
research community,”” that are not entirely equivalent to
highly cited articles.”> However, there is a considerable over-
lap between the collections of highly cited and co-cited arti-
cles in the present study. The top three cited articles and top
three co-cited references all focused on the safety and efficacy
of vaccines,”**>** indicating the research hotspots.
Additionally, more phased clinical trials are needed to deter-
mine the safety, immunogenicity, and efficacy of candidate
vaccines in response to the emergence of new mutant strains.
Of the 36 vaccines currently approved for use, there are 14
protein subunit vaccines, 11 inactivated virus vaccines, six
non-replicating viral vector vaccines, three RNA vaccines,
one DNA vaccine, and one VLP-based vaccine. Of these,
two RNA vaccines, Comirnaty (BNT162b2) and Spikevax
(mRNA-1273), have been the most extensively studied.
Further research should be conducted on other types of
vaccines. The effectiveness of vaccines against mutated strains
of the virus and their side effects should be thoroughly stu-
died.The world will eventually steer away from the impact of
COVID-19, but vaccination remains a vital safeguard against
this disease. The USA, China, the UK, and Italy have made
significant contributions to COVID-19 vaccine research. In
the context of rapid virus transmission, vaccine studies on
immunogenicity, spike proteins, efficacy, safety, antibody
response, and acceptance have received much attention.
Additional clinical trials are required to determine the ability
of potential vaccines to confer protection against emerging
mutant strains. The findings of the present study may help
funding agencies to better assess ongoing research and future
research trends in COVID-19 vaccines. Moreover, the study
will help vaccine researchers to determine the next research
direction. Furthermore, the economic benefits should also be
considered.

This study has some limitations. First, we considered the
WoSCC as a reputable and reliable service for publications and
citations; hence, we extracted data only from it, limiting the
coverage of all possible articles, that led to a smaller number of
documents included in the analysis. Second, there were no
limitations on languages and the WoSCC contains literature



in non-English languages, but its coverage may be incomplete.
This bias should be considered in future studies. Third, the
search strategy may be insufficient, that may lead to a lack of
articles due to other terms. Finally, we selectively analyzed the
information. Thus, some important points and details may
have been overlooked. These reasons may have led to a bias
in the results. Therefore, the results should be interpreted with
caution.

Conclusions

Given the rapid transmission of SARS-CoV-2, vaccine studies
on immunogenicity, spike proteins, efficacy, safety, and anti-
body response have undoubtedly received much attention.
Additional phased clinical trials are needed to determine the
effectiveness, acceptance, and side effects of vaccination against
mutated strains of the virus. Currently, the safety and efficacy
of vaccines are the focus of COVID-19 research. Other aspects
may also receive attention, including studies on vaccine effec-
tiveness against mutated strains of the virus, acceptability, and
side effects.
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