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Abstract
This study aimed to uncover the current major topics regarding COVID-19 vaccine, and systematically evaluate the develop-
ment trends for future research. The top 100 most cited original articles on COVID-19 vaccine from January 2020 to October 
2022 were identified from Web of Science Core Collection database. CiteSpace (v6.1.R3) was adopted for bibliometric analy-
sis with statistical and visual analysis. The number of citations ranged from 206 to 5881, with a median of 349.5. The USA 
(n = 56), England (n = 33), and China (n = 16) ranked the top three countries/regions in terms of the number of publications. 
Harvard Medical School (centrality = 0.71), Boston Children’s Hospital (centrality = 0.67), and Public Health England (cen-
trality = 0.57) were the top three institutions leading the way on COVID-19 vaccine research. The New England of medicine 
journal dominated with 22 articles in the 32 high-quality journals. The three most frequent keywords were immunization 
(centrality = 0.25), influenza vaccination (centrality = 0.21), and coronavirus (centrality = 0.18). Cluster analysis of keywords 
showed that the top four categories were protection efficacy, vaccine hesitancy, spike protein, and second vaccine dose (Q 
value = 0.535, S value = 0.879). Cluster analysis of cited references showed that top eight largest categories were Cov-2 
variant, clinical trial, large integrated health system, COV-2 rhesus macaque, mRNA vaccine, vaccination intent, phase II 
study, and Cov-2 omicron variant (Q value = 0.672, S value = 0.794). The research on COVID-19 vaccine is currently the 
hottest topic in academic community. At present, COVID-19 vaccines researches have focused on vaccine efficacy, vaccine 
hesitancy, and the efficacy of current vaccines on omicron variants. However, how to increase vaccine uptake, focus on 
mutations in the spike protein, evaluate of the efficacy of booster vaccine, and how effective new vaccines under pre- and 
clinical development against omicron will be spotlight in the future.
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Introduction

Coronavirus disease 2019 (COVID-19) is a contagious 
respiratory disease caused by the SARS-Cov-2 virus, 
which was first reported in Wuhan, Hubei province, China, 
in December 2019, and then spread rapidly around the 
world. On March 11, 2020, World Health Organization 
(WHO) declared the outbreak of the COVID-19 as a global 
pandemic [1]. To date, COVID-19 pandemic has caused 
incalculable disaster on the global medical, economy, 
and public health. Unfortunately, the epidemic trends of 
COVID-19 remain uncertain in the foreseeable future. As 
of October 7, 2022, exceeding 610 million confirmed cases 
of COVID-19 and more than 6 million deaths from the 
disease have been reported worldwide [2], the situation 
of epidemic prevention and control is still not optimistic.

Compared with drugs and other treatments, safe and 
effective vaccines have become the most economical way 
to prevent and slow down transmission of COVID-19 
infection [3]. Vaccination not only decreases the disease 
prevalence, but also protect the unimmunized individuals 
of the community [4]. Vaccination, in combination with 
non-pharmaceutical interventions including properly wear 
mask, teleworking, social distancing, and isolations, was 
regarded as the best way to control the pandemic [5–7]. 
With the outbreak of the pandemic, governments and 
researchers immediately put the invention of COVID-19 
vaccine at the top of their agenda. The wonderful news 
was that as of October 7, 2022, 11 vaccines were listed for 
emergency use by WHO, and 172 vaccines were in clinical 
development and 199 were in preclinical development [8]. 
Moreover, more than 12 billion vaccine doses have been 
administered globally as of October 3, 2022 [2].

Bibliometric analysis is a quantitative analysis method 
combining mathematics and statistics [3, 9]. It can ana-
lyze and visualize the authors, institutions, countries, key-
words, and other key information of published literatures, 
which could quantitatively present the research highlights 
and development trends. Consequently, bibliometric anal-
ysis is almost extensively used in the medical research 
nowadays [10–12], which can promote researchers clarify 
ideas for scientific studies, and provide a reference for 
research cooperation [13, 14].

Citations are created whenever the article reference 
another peer-reviewed publication [15]. Therefore, the 
number of citations of an article can quantitatively reflect 
its impact on the scientific community [14]. Bibliomet-
ric analysis of high-quality and value publications can 
map the burgeoning research hotspots and future research 
tendency.

There were fewer studies using bibliometric analysis 
to outline the status and prospect of COVID-19 vaccine 

research [3, 4, 16]. However, to our knowledge, there is 
no bibliometric analysis to focus on the top 100 most cited 
articles on COVID-19 vaccine. This study analyzed the 
top 100 most cited original articles on COVID-19 vac-
cine research using bibliometric analysis, with the aim of 
revealing the current hotspots, then systematically predict 
the development direction for follow-up work.

Materials and methods

Search strategy

Web of Science (WOS) represents a comprehensive, mul-
tidisciplinary database, which contains more than 12,000 
authoritative and high-impact academic journals [17].What 
is more, it can provide critical information of all publica-
tions, including authors, authors’ affiliated institution, key-
words, the number of citations, and publishers, etc. With its 
powerful functions and citation reports, it can quickly target 
highly impactful and representative researches, thus track 
down the research interests concerned to domestic and inter-
national authorities, as well as capture the growing trends 
of the discipline [18]. Hence, WOS database has been used 
extensively in bibliometric analysis [4, 19, 20].

The article search was conducted on the Web of Science 
Core Collection (WOSCC) database. The article search 
strategies were TI = (corona* OR 2019-nCoV OR nCoV-
19 OR SARS-CoV2 OR SARS-CoV-2 OR COVID*) AND 
TI = (vacc* OR immuniz*). The number of citations was 
provided by WOSCC database. Two investigators indepen-
dently evaluate the article by reading the abstract or full 
text of the article to confirm whether it was related to the 
COVID-19 vaccine. If there was disagreement on the article, 
it will be discussed until reach a consensus. The articles 
search was completed on October 18, 2022. Documents were 
downloaded in plain text format.

Inclusion and exclusion criteria

Inclusion criteria:

(1)	 The document type was original article;
(2)	 The articles were published by English;
(3)	 The time span was limited to January 2020 to October 

2022.

Exclusion criteria:

(1)	 The document type was review, letter, editorial mate-
rial, early access, etc.;

(2)	 The articles were published by non-English.
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Statistical analysis and visualization

Statistical and visual analysis was performed by CiteSpace 
6.1.R3 (64-bit). CiteSpace is a visualization software for 
bibliometric analysis based on Java platform developed by 
Professor Chaomei Chen [21]. The features of visualization 
map were described by three variables: node size, distance, 
and color. Each node in the map represents a country, author, 
institution, or keyword. The size of nodes indicates the fre-
quency of occurrence or citation, and color of nodes denoted 
different years. The connection lines between nodes were 
regarded as the co-occurrence or co-citation relationship, 
the lines’ thickness represented the strength of the relation-
ship [22, 23]. The centrality was also named betweenness 
centrality, which measures the percentage of shortest paths 
in the network to which a given node belongs [24]. Nodes 
with high centrality (> 0.1) were usually deemed turning 
points or pivotal points in this domain [23]. The threshold 
represents the number of occurrences. The number of vari-
able labels displayed in the visualization map can control by 
adjusting the threshold. In the cluster analysis, the modular-
ity (Q value) and the mean silhouette scores (S value) were 
employed to evaluate the overall structural characteristic 
of the network. Q value > 0.3 indicated an overall signifi-
cant structure. The clustering was regarded as reasonable 
when S value > 0.5 and convincing when S value > 0.7 [25]. 
We imported the “download_*.txt” file into CiteSpace and 
selected “Data” to remove duplicated literatures. The CiteS-
pace parameters were set as follows: time-slicing was chosen 
from January 2020 to October 2022, the time slice is one 
year, and all options in the term source were selected, node 
types were selected one at a time, selection criteria (g-index, 
g2 ≤ kΣi≤g ci, k ∈ Z+, k = 25), and set the others as default 
values. The impact factor and quartile of the journals were 
obtained from Journal Citation Reports 2021.The citations 
of the top 10 most cited articles were analyzed and plotted 
using GraphPad prism v9.2.0.

Results

Characteristics of the included articles

A total of 12,088 articles related to COVID-19 vaccine 
were retrieved from WOSCC database, while the top 100 
most cited articles were determined by ranking of citations 
in descending order. The years of publication ranged from 
2020 to 2022, with 41 articles in 2020, 57 articles in 2021, 
and two articles in 2022. The top 100 most cited articles 
on COVID-19 vaccine have been cumulatively cited 55,255 
times. The median number of citations was 349.5, with a 
range of 206 to 5881. Only two studies were cited more 
than 3000 times, nine articles were cited more than 1000 

times, and nearly a quarter of the articles (n = 23) were cited 
between 500 and 1000 times. In all, 167 authors, 48 coun-
tries/regions, 32 journals, and 133 institutions were involved. 
Table 1 and Fig. 1 were exhibited top 10 most cited articles 
on COVID-19 vaccine.

Analysis of countries/regions

Altogether, 48 countries/regions published articles were 
involved in COVID-19 vaccine in the top 100 most cited 
articles. As depicted in Fig. 2, there were 48 nodes and 166 
links in the network diagram of these countries/regions 
mapped by CiteSpace. The USA (n = 56), England (n = 33), 
and China (n = 16) ranked the top three countries/regions in 
terms of the number of publications. The top three countries/
regions in terms of citations were the USA (n = 35,262), 
England (n = 22,831), and Germany (n = 13,034). Node cen-
trality analysis demonstrated that the USA had the highest 
centrality (centrality = 0.63), which was relatively higher 
than other countries/regions, indicating that the USA play a 
prominent role in this field, as well as has extensive coopera-
tion with other countries/regions. (Table 2).

Analysis of institutions

A total of 133 institutions published articles on COVID-19 
vaccine in the top 100 most cited articles. The network dia-
gram of these institutions demonstrated that there were 133 
nodes and 445 links (Fig. 3). The top two institutions with 
the maximum number of published articles were University 
of Oxford (n = 14) and Pfizer Pharmaceuticals Ltd (n = 10). 
The top three institutions in terms of citations were Pfizer 
Pharmaceuticals Ltd (n = 10,357), BioNTech (n = 9698), and 
University of Maryland (n = 9650). However, node central-
ity analysis manifested that Harvard Medical School had 
the highest centrality (centrality = 0.71), followed by Bos-
ton Children’s Hospital (centrality = 0.67) and Public Health 
England (centrality = 0.57), proving that these three institu-
tions played greater role than other institutions in COVID-19 
vaccine research (Table 3). These finding demonstrated that 
institutions from the USA and the UK dominate the field of 
vaccine research.

Analysis of journals

The top 100 most cited articles were distributed across 32 
journals. Table 4 shows that The New England of medi-
cine journal dominated with 22 articles, more than 20% 
of the all journals, followed by Lancet (fifteen articles), 
Nature (eight articles), and Cell (six articles). It was worth 
pointing out that the number of articles from these four 
journals accounted for 51% (51/100) of the top 100 most 
cited articles on COVID-19 vaccine. In addition, the top 
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three journals in terms of citations were The New England 
of medicine journal (n = 22,564), Lancet (n = 9626), and 
Lancet (n = 3531). Notably, seven of the top 10 most cited 
articles were from The New England of medicine journal 
(Table 1). The above results indicated that these top three 
authoritative journals will be one of the main sources of 
information on the latest developments in further COVID-
19 vaccine research.

Analysis of authors

There were altogether 167 authors published papers related 
to COVID-19 vaccine. The network diagram of authors 
revealed that it was consisted of 167 nodes and 566 links 
(Fig. 4). Professor Lambe.T., Gilbert. S., Dormitzer. P., and 
Swanson. K. produced the most top-cited articles in this 
bibliometric analysis (n = nine, each). Professor Lambe.T. 

Table 1   Top 10 most cited articles on COVID-19 vaccine

Rank Frist author Article title Journal Publication years Citations

1 Polack, FP Safety and Efficacy of the BNT162b2 mRNA Covid-
19 Vaccine

New England Journal of Medicine 2020 5881

2 Baden, LR Efficacy and Safety of the mRNA-1273 SARS-CoV-2 
Vaccine

New England Journal of Medicine 2021 3864

3 Voysey, M Safety and efficacy of the ChAdOx1 nCoV-19 vaccine 
(AZD1222) against SARS-CoV-2: an interim analy-
sis of four randomized controlled trials in Brazil, 
South Africa, and the UK

Lancet 2021 1979

4 Jackson, LA An mRNA Vaccine against SARS-CoV-2-Preliminary 
Report

New England Journal of Medicine 2020 1578

5 Bernal, JL Effectiveness of Covid-19 Vaccines against the 
B.1.617.2 (Delta) Variant

New England Journal of Medicine 2021 1322

6 Folegatti, PM Safety and immunogenicity of the ChAdOx1 nCoV-19 
vaccine against SARS-CoV-2: a preliminary report 
of a phase 1/2, single-blind, randomized controlled 
trial

Lancet 2020 1190

7 Walsh, EE Safety and Immunogenicity of Two RNA-Based 
Covid-19 Vaccine Candidates

New England Journal of Medicine 2020 1187

8 Dagan, N BNT162b2 mRNA Covid-19 Vaccine in a Nationwide 
Mass Vaccination Setting

New England Journal of Medicine 2021 1153

9 Lazarus, JV A global survey of potential acceptance of a COVID-
19 vaccine

Nature Medicine 2021 1081

10 Sadoff, J Safety and Efficacy of Single-Dose Ad26.COV2.S 
Vaccine against Covid-19

New England Journal of Medicine 2021 990

Fig. 1   Top 10 most cited arti-
cles on COVID-19 vaccine
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and Gilbert. S. from University of Oxford, and Professor 
Dormitzer. P. and Swanson. K. from Pfizer Pharmaceuticals 
Ltd. Significantly, these two institutions rank in the top two 
in the number of publications in this study (Table 3).

Analysis of keywords

The top 100 most cited articles included in this study com-
prised 81 keywords. Node centrality analysis demonstrated 
that the top six keywords were immunization (central-
ity = 0.25), influenza vaccination (centrality = 0.21), corona-
virus (centrality = 0.18), challenge (centrality = 0.18), infec-
tion (centrality = 0.15), and immunity (centrality = 0.15). 
The keywords of the network map were constructed by Cit-
eSpace and consisted of 81 nodes and 239 links (Fig. 5). The 

results revealed that the immunological effect of vaccines 
was a primary concern for researchers.

A cluster analysis of the keywords displayed that 81 key-
words were divided into four main clusters (Q value = 0.535, 
S value = 0.879): # 0 protection efficacy (red), # 1 vaccine 
hesitancy (green), # 2 spike protein (blue), and # 3 second 
vaccine dose (pink) (Fig. 6). The efficacy of vaccine and 
booster vaccination were the focus of vaccine research. Vac-
cine hesitancy studies investigated the reasons why partial 
population unwilling to vaccinate, so as to take appropriate 
action, thus to increase vaccine uptake. Additionally, the 
studies of spike proteins make a valuable contribution to the 
studies of new variants and the development of new vac-
cines. Consequently, these were major concerns in the field 
of COVID-19 vaccine research.

Analysis of cited references

A total of 208 references were cited by the top 100 most 
cited articles included in this study, while these refer-
ences were cited by 862 times. “Safety and Efficacy of the 
BNT162b2 mRNA Covid-19 Vaccine” [26], published by 
Polack, F. P. was the most cited paper in the top 100 most 
cited article with 40 citations, followed by “Efficacy and 
Safety of the mRNA-1273 SARS-CoV-2 Vaccine” [27] pub-
lished by Baden LR. with 24 citations, both of them were 
published in The New England of medicine journal (Fig. 7). 
The whole citations of these two articles were ranked top 

Fig. 2   Countries/regions of top 100 most cited articles on COVID-19 vaccine

Table 2   Top 6 countries/regions of top 100 most cited articles on 
COVID-19 vaccine

Rank Country/region Count Centrality Citations

1 The USA 56 0.63 35,623
2 England 33 0.19 22,831
3 Peoples R China 16 0 6771
4 Germany 14 0 13,034
5 Scotland 10 0.13 4798
6 South Africa 10 0 11,966
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two in this bibliometric analysis, with 5881 and 3864 cita-
tions, respectively (Table 1).

A cluster analysis of cited references demonstrated that 
208 cited references were divided into eight largest clus-
ters (Q value = 0.672, S value = 0.794): #0 Cov-2 variant 
(red), #1 clinical trial (yellow), #2 large integrated health 

system (pale green), #3 COV-2 rhesus macaque (emerald 
green), #4 mRNA vaccine (cyan), #5 vaccination intent 
(sky blue), #6 phase II study (dark blue), and #7 Cov-2 
omicron variant (pink) (Fig. 8). It was showed that variants 
of COVID-19, rhesus macaque animal studies, and clinical 
trials were the focus of early COVID-19 vaccine research.

Fig. 3   Institutions of top 100 most cited articles on COVID-19 vaccine

Table 3   Top 15 institutions of 
top 100 most cited articles on 
COVID-19 vaccine

Rank Institutions Count Centrality Citations Country

1 University of Oxford 14 0.42 6318 The UK
2 Pfizer Pharmaceuticals Ltd 10 0 10,357 The USA
3 Harvard Medical School 9 0.71 4174 The USA
4 London School of Hygiene & Tropical Medicine 9 0.04 4616 The UK
5 University College London 9 0.03 2368 The UK
6 Public Health England 8 0.57 4471 The UK
7 BioNTech 8 0.08 9698 Germany
8 Boston Children’s Hospital 6 0.67 2807 The USA
9 National Institute of Allergy and Infectious Disease 6 0.22 8179 The USA
10 National Institutes for Food and Drug Control 6 0.06 3230 China
11 University of Glasgow 6 0 877 The UK
12 University of North Carolina 5 0.34 2544 The USA
13 University of Maryland 5 0.27 9650 The USA
14 Cincinnati Children’s Hospital 5 0.03 8519 The USA
15 Imperial College London 5 0.03 3552 The UK
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Analysis of cited journals

Publications from 217 journals were cited by the top 100 
most cited articles included in this research, and these jour-
nals were cited by 1479 times. The journal co-citation net-
work was mapped by CiteSpace, and it consisted of 217 
nodes and 857 links (Fig. 9). The most cited journal was The 
New England of medicine journal (n = 82), followed by Lan-
cet (n = 65) and Science (n = 60). While BMJ-British Medi-
cal Journal and Health Psychology had the highest centrality 
(0.17), followed by Medical Journal of Australia (0.16). To 
be sure, these top academic journals will continue to publish 

the latest major advances in COVID-19 vaccine research, 
which requires more attention from researchers in the future.

Discussion

There was an urgent need for safe and effective COVID-19 
vaccine after the emergence of SARS-CoV-2. The increas-
ing number of research teams, and pharmaceutical com-
panies were committed to vaccines research and develop-
ment, which has contributed to an explosion of literatures 
on COVID-19 vaccines published in the past three years [3]. 

Table 4   Top 5 journals with 
most cited articles on COVID-
19 vaccine

Rank Journal Count Citations Impact factor 
(2021)

Quartile 
(2021)

Published 
Country/
region

1 New England 
Journal of 
Medicine

22 22,564 176.082 Q1 The USA

2 Lancet 15 9626 202.731 Q1 England
3 Nature 8 3531 69.504 Q1 England
4 Cell 6 2121 66.850 Q1 The USA
5 Lancet Infec-

tious Diseases
5 1929 71.421 Q1 The USA

6 Vaccine 5 1464 4.169 Q3 Netherlands

Fig. 4   Authors of top 100 most cited articles on COVID-19 vaccine
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We performed this first bibliometric analysis of the top 100 
most cited articles on COVID-19 vaccine to unveil the most 
influential authors, institutions, and journals in this field, 
systematically describe the research focus in the last three 
years, and highlight the future research direction.

Our finding revealed that the median number of citations 
of the top 100 most cited articles on COVID-19 vaccine 
was 349.5. This was lower than some fields, such as vaccine 
[28], bladder cancer [29], while higher than others, such as 
anaphylaxis [30], triple‑negative breast cancer [12]. Of note, 
the average citations per year of this study was remarkably 
higher than the above domains, suggesting that this topic is 
presently one of the hottest research focuses. It was indis-
putable that the development pace of COVID-19 vaccine 
will not quit, as mutation in the SARS-COV-2 was a con-
tinuous process resulting in multiple variant introductions 
[31]. It will remain attract intensive attention of numerous 
scientific researchers until free of pandemic. Harvard Medi-
cal School, Boston Children’s Hospital, and Public Health 
England were the top three institutions leading the way in 
COVID-19 vaccine research. Institutions from the USA and 
the UK dominated this research field, as evidenced by seven 
of the top 15 institutions being from the USA, and six of 
them from the UK. The USA, England, and China ranked the 
top three countries/regions in accordance with the number of 
publications, which meant that these three countries/regions 

represented the highest level in COVID-19 vaccine research 
worldwide. Among that, more than half of the articles (56%) 
had participation from American scholars, because basic 
research conditions in the USA are superior to other coun-
tries, with advanced laboratory equipment, adequate funding 
for scientific research, and first-class research teams [18]. 
Although China ranked third in the number of publications, 
the centrality value was zero (Table 2), indicating that China 
should strengthen international cooperation and carry out 
more in-depth research on COVID-19 vaccine research.

To curb this epidemic as soon as possible, the academic 
community lost no time in joining this “battlefield” to car-
ried out vaccine research and development. Furthermore, 
medical journals with high influence such as The New Eng-
land Journal of Medicine, Lancet, and British Medical Jour-
nal, have also opened special columns for COVID-19 [32], 
which promoted communication on the global COVID-19 
research. The present study indicated that the highest-rank-
ing journal in this field was The New England Journal of 
Medicine, with 22 publications and an impact factor (IF) of 
176.079, and seven of the top 10 most cited articles were 
from this journal. It was outperformed all other journals in 
both quantity and quality of publications, signing its domi-
nance on COVID-19 vaccine research. Thus, we predict that 
more influential and advanced researches in this field will 
still be published in this journal in the future.

Fig. 5   Keywords of top 100 most cited articles on COVID-19 vaccine
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Fig. 6   The clustering of keywords of top 100 most cited articles on COVID-19 vaccine (Color figure online)

Fig. 7   Cited references of top 100 most cited articles on COVID-19 vaccine
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Cluster analysis of keywords disclosed that the top four 
categories were protection efficacy, vaccine hesitancy, spike 
protein, and second vaccine dose, respectively. It demon-
strated that the primary concerns of vaccine research includ-
ing spike protein, protection, and vaccine hesitancy. Spike 
protein, one of the four major structural proteins encoded by 
SARS-CoV-2 [33], is a critical target for vaccine develop-
ment [34]. Consequently, the studies of spike protein muta-
tions play a pivotal role in the further COVID-19 vaccine 
development, because the spike protein has impact on the 
titers of IgG antibodies, which was correlation with vac-
cine efficacy [35]. Furthermore, it was proved useful to uti-
lize the computational methods to predict the impact of the 
variants of concern (VOC) on the COVID-19 vaccines [36, 
37]. Previous studies have been revealed that a two-dose 
regimen of vaccine conferred 85–95% protection against 
COVID-19, and safety was similar to other virus vaccines 
[26, 38]. Although emerging evidence indicated that the vac-
cines have high level of protection and sufficient safety, a 
segment of population remained unwilling to receive the 
COVID-19 vaccine [39, 40]. In addition, COVID-19 vaccine 

acceptance was highly heterogeneous between countries and 
between groups with different sociodemographic character-
istics [41–43]. Hence, how to cultivate vaccine confidence 
and eliminate the barriers to accessing vaccination so as to 
increase vaccine uptake may be future trends of COVID-19 
vaccine research.

In the cluster analyses, the cited references were clas-
sified into eight largest categories: Cov-2 variant, clinical 
trial, large integrated health system, COV-2 rhesus macaque, 
mRNA vaccine, vaccination intent, phase II study, and 
Cov-2 omicron variant. More importantly, animal studies 
were essential to conclusively identify of vaccine-mediated 
protection. The novel experimental vaccine was tested in 
animal before entering clinical trials. Rhesus macaques, 
one of non-human primates, was involved in COVID-19 
vaccine experiments, and developed protective immune 
responses to COVID-19 [44, 45]. Given that emerging omi-
cron subvariant, characterized by highly transmission, was 
the predominant variant worldwide, the protection of current 
COVID-19 vaccines against omicron variant has become a 
hot research topic. It was exciting that studies proved that 

Fig. 8   The clustering of cited reference of top 100 most cited articles on COVID-19 vaccine (Color figure online)



2297Clinical and Experimental Medicine (2023) 23:2287–2299	

1 3

the booster-dose vaccine could provide efficacy against the 
omicron variant [46–48]. Thus, the protection and efficacy 
of new vaccines under pre- and clinical development against 
omicron will be highlight research areas in the future. Addi-
tionally, side effects and adverse events after COVID-19 vac-
cination were attracted more attention for current researches 
[49, 50]. The development of COVID-19 antiviral drugs is 
equally urgent. Notably, some new bioinformatics analysis 
methods, such as weighted gene co-expression network 
analysis, play a crucial role in identifying biomarkers and 
potential therapeutic targets in COVID-19 [51].

We searched the articles related to COVID-19 vaccines 
published in several high-impact journals from January 
2022 to February 2023 based on WOSCC, and found that 
the researches mainly focused on the following aspects: 
first, studies on vaccine efficacy, safety and immunogenicity, 
including clinical trials of new vaccines, vaccine protection 
against omicron, and infection protection of special popula-
tions, etc.; second, evaluation of the efficacy of third and 
fourth dose of vaccine; third, the investigations of vaccina-
tion willingness and vaccine hesitancy in various popula-
tions; finally, basic research involve COVID-19 virus and 
vaccines. Of note, these were basically consistent with our 
findings.

However, there were some limitations in our study. First, 
only two articles published in 2022 were included in the 

present study. Some high-quality articles published in 2022 
may not be included in our study due to short publication 
time frame and fewer citations, which may result in bias. 
Second, the WOSCC database was not fully inclusive of 
all literature. Hence, it might not provide truly representa-
tive citation counts. Third, the number of citations might 
not be fully representative of article quality. Low citation 
number may not mean low research value, and high cita-
tion number does not necessarily indicate important guid-
ance to this field. Fourth, the statistical methods used by 
CiteSpace software may have some biases, which was an 
inherent weakness of software. Finally, a small number of 
non-English articles were not included in this study due to 
our inclusion criteria, leading to bias in literature selection. 
Despite these limitations, our study offers fresh insights into 
the present state and development direction for further study 
of COVID-19 vaccine.

In conclusion, a plethora of papers on COVID-19 vaccine 
have been published in the last three years, indicating that 
this theme is currently hottest topic in academic commu-
nity. The USA, the UK, and China made many contributions 
to COVID-19 vaccine research globally. Harvard Medical 
School, Boston Children’s Hospital, and Public Health 
England were the top three institutions leading the way 
on COVID-19 vaccine research. The New England Jour-
nal of Medicine was dominant in publishing high-quality 

Fig. 9   Cited journals of top 100 most cited articles on COVID-19 vaccine
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COVID-19 vaccine papers. At present, COVID-19 vac-
cines researches have focused on vaccine efficacy, vaccine 
hesitancy, and the efficacy of current vaccines on omicron 
variants. However, how to increase vaccine uptake, focus 
on mutations in the spike protein, evaluate of the efficacy of 
booster vaccine, and how effective new vaccines under pre- 
and clinical development against omicron will be spotlight 
in the future.
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