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Background: The coronavirus disease 2019 (COVID-19) pandemic is ravaging the world. 
To date, there are no standard therapies available to cure the disease. Consequently, research 
on COVID-19 vaccines is booming. This report aimed to assess the research trends of the 
global COVID-19 vaccines.
Methods: The relevant publications on the COVID-19 vaccines were searched in the Web 
of Science Core Collection Database (WOSCC) database from December 2019 to 
11 August 2021. The VOSviewer1.6.16 was used to assess the co-authorship, co- 
occurrence, citation of countries, institutions, authors, journals, and hotspot keywords. The 
HistCiteTM (http://www.histcite.com/) software was used to calculate the total local citation 
score (TLCS) and total global citation score (TGCS) of each variable and generate the 
citation historiography graph of COVID-19 vaccine development using the citation time 
series analysis method.
Results: A total of 5070 studies authored by 21,151 researchers and published by 1364 
different journals were eventually included in this study. The bulk of the retrieved studies 
were original articles (n = 2401, 47.36%). Among these studies, 1204 (23.75%) were 
published in 2020. A total of 3863 (76.19%) were published in 2021 and 4295 (84.71%) 
were open access. The highest number of studies was conducted in the USA, followed by 
England, China, and Germany. The main partners of the USA were China, England, and 
Canada. The University of Maryland (TLCS: 1618, TGCS: 2991) and Prof. Ugur Sahin from 
the University Medical Center of the Johannes Gutenberg University (TLCS: 1397, TGCS: 
2407) were the most cited institution and author, respectively. The vaccines featured the 
highest number of papers, with 294 publications (TLCS: 0, TGCS: 1226). The most cited 
journal was the New England Journal of Medicine (TLCS: 3310, TGCS: 5914), with an 
impact factor (IF) of 91.245. The related topics included the following six aspects: attitudes 
towards vaccination, immunoinformatics analysis, clinical research, effectiveness and side 
effects, and the public management of vaccines. The timing diagram revealed that the 
research hotspots focused on the side effects of vaccines and public attitude towards 
vaccination.
Conclusion: This novel comprehensive bibliometric analysis can help researchers and non- 
researchers to rapidly identify the potential partners, landmark studies, and research topics 
within their domains of interest. Through this study, we hope to provide more data to combat 
the COVID-19 pandemic.
Keywords: bibliometric analysis, COVID-19, vaccines

Introduction
The World Health Organization (WHO) declared the coronavirus disease 2019 
(COVID-19) a pandemic on 11 March 2020.1 The most common manifestations of 
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COVID-19 are cough, fever, and fatigue, often accompanied 
by lung infection. As of 6:00 pm CEST on 19 August 2021, 
a total of 209,201,939 patients with COVID-19 were identi-
fied in more than 200 countries, areas, or territories, includ-
ing 4,390,467 deaths,2 which further revealed that this 
substantial global impact of the pandemic (Figure 1). 
Currently, patients with COVID-19 are treated using antiviral 
drugs, antimalarial drugs, cell- and plasma-based therapy, 
traditional Chinese medicine, and monoclonal antibody 
therapy.3–5 Unfortunately, there are no standard therapies to 
cure the disease. However, a significant proportion of the 
population in several countries has not yet been infected and 
remains non-immune to severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2).6 Therefore, vaccination 
remains the most economical and effective approach to pre-
vent viral infection, especially in undeveloped countries. 
Vaccines are being developed on an unprecedented scale at 
a remarkable speed. To date, several vaccines have been 
approved for comprehensive marketing and use in the 
population.

Bibliometric analysis is based on the unique parameters 
of publications (such as countries, institutions, and author), 

which uses a combination of mathematics and statistical 
methods to quantitatively describe the current status, 
research hotspots, and trends in science and technology.7 

Researchers and non-researchers can use the information to 
achieve a special purpose within their domains of interest (for 
example, identify active partners, landmark studies, research 
themes, and other useful information). Currently, COVID-19 
vaccine-related research is booming. Researchers need to 
gain relevant knowledge regarding the different vaccines, 
however scattered information makes this process time- 
consuming and laborious. We aimed to solve these problems 
by providing more data to combat the COVID-19 pandemic.

Methods
We searched the Web of Science Core Collection (WOSCC) 
database from December, 2019 to August 11, 2021, using 
a combination of relevant Medical Subject Heading terms 
and keywords: (vaccin* OR autovaccine* OR autogenous 
vaccine* OR active immunization* OR mass immunization* 
OR mass vaccination*) AND (COVID-19 OR COVID 19 OR 
COVID-19 virus disease* OR COVID 19 virus disease OR 
COVID-19 virus infection* OR COVID 19 virus infection OR 

Figure 1 The statistics on the COVID-19 pandemic for every country in the world from Our World in Data. (A) The cumulative confirmed COVID-19 cases in the world. 
(B) The cumulative confirmed COVID-19 deaths in the world. (C) The number of fully vaccinated individuals against COVID-19 (total number of people who have received 
all doses based on vaccination protocol). (D) Share of the fully vaccinated population against COVID-19.

https://doi.org/10.2147/IDR.S335745                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2021:14 4238

Xu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


2019-nCoV infection* OR 2019 nCoV infection OR corona-
virus disease-19 OR coronavirus disease 19 OR 2019 novel 
coronavirus disease OR 2019 novel coronavirus infection OR 
2019-nCoV disease* OR 2019 nCoV disease OR coronavirus 
disease 2019 OR SARS coronavirus 2 infection OR SARS- 
CoV-2 infection* OR SARS CoV 2 infection OR COVID-19 
pandemic* OR COVID 19 pandemic OR severe acute respira-
tory syndrome coronavirus 2 OR new coronavirus).

Two investigators independently screened the litera-
ture, collected and crosschecked the information. A third 
author resolved the disagreements. Excel 2010 was used to 
manage the extracted data and perform statistical analysis. 
VOSviewer1.6.16 was used to access the co-authorship, 
co-occurrence, and citation of countries, institutions, 
authors, hotspot keywords, and journals. The size of the 
node represents the occurrence frequency of the relevant 
parameters, the thickness of the connection between nodes 
represents the degree of association, and different colors 
represent the different modules in the visualization map-
ping. The HistCiteTM (http://www.histcite.com/) software 
was used to calculate the total local citation score (TLCS) 
and total global citation score (TGCS) of each variable and 
generate the citation historiography graph of COVID-19 
vaccine development using the citation time series analysis 
method. TLCS refers to the citation frequency of a study 
in the software, and TGCS refers to the citation frequency 
in the WOSCC database. The current impact factor (IF) of 
the journals was obtained from the Journal Citation 
Reports of Thomson Reuters on June 30, 2021.

Results
Publication Output
A total of 9920 publications were identified from the 
WOSCC database. After independent screening by the 
two investigators, 5070 relevant publications were 

selected. These included 2401 (47.36%) original research 
articles, 640 (12.62%) review articles, 976 (19.25%) edi-
torial materials, 611 (12.05%) early access manuscripts, 
599 (11.81%) letters, and 454 (8.95%) other articles 
including meeting abstract, among other publications 
(Figure 2). Of these, 1204 (23.75%) papers were published 
in 2020 and 3863 (76.19%) were produced in 2021 
(Figure 2). A total of 4295 (84.71%) papers were open 
access.

Co-Authorship Countries, Institutions, 
and Authors
The top ten countries, institutions, and authors with the 
most publications are listed in Table 1. There were 69 
countries with more than eight publications. The highest 
number of studies was conducted in the USA, followed by 
England, China, and Germany. Six clusters were obtained 
based on this information (Figure 3). Among them, the 
USA had 66 partners, and the total link strength (TLS) was 
610 with 1681 publications. The primary collaborators of 
the USA were China, England, and Canada.

It was observed that 6321 institutions published the 
aforementioned studies and 176 of them published more 
than 12 studies. The clustered heatmap of the institutions 
is shown in Figure 3. The University of Oxford has 
published 111 related papers with 2219 global citations. 
The main collaborators of the university were the 
London School of Hygiene and Tropical Medicine and 
Public Health England. Six clusters were obtained from 
the analysis. The red zone (Cluster1, 67 items) repre-
sented the American institutions, such as Harvard 
Medical School (links: 74, TLS: 189, publications: 
100), University of Washington, Standford University, 
Johns Hopkins University, University of Pennsylvania, 
Emory University. Cluster 2 comprised 41 items and 

Figure 2 Bibliometric analysis of the COVID-19 publication. (A) Time trends summary. (B) Study type composition summary.
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represented the European academic institutions domi-
nated by the UK, namely the University of Oxford, 
London School of Hygiene and Tropical Medicine and 
the University of Cambridge. Cluster 3 comprised 24 
items and represented academic institutions dominated 
by Toronto, such as the University of Toronto, McGill 
University, and McMaster University. The orange zone 
(Cluster 4, 15 items) represented Chinese institutions, 
such as Fudan University, Chinese Academy of 
Sciences, and The University of Hong Kong. Cluster 5 
(shown in purple) comprised 15 items and represented 
European academic institutions, namely the University 
of Paris, Aix-Marseille University, Sorbonne University, 
University of Bern, and University of Munich, Germany. 

Cluster 6 (shown in bright blue) comprised 14 items and 
represented academic institutions in Italy, such as the 
University of Padua, University of Milan, University of 
Genoa, and University of Florence.

A total of 21,151 authors have published papers on 
COVID-19 vaccines. The relevant clustered heatmap is 
shown in Figure 3. Eight clusters were obtained from the 
analysis. Among the authors, Prof. Mahase Elisabeth has 
published 57 papers with 254 global citations.

Author Keywords
We manually standardized the keywords before construct-
ing the cluster map. We merged and replaced similar key-
words, such as adverse events, clinical trial, and vaccination 

Table 1 The Top Ten Most Active Countries, Organizations and Authors

Subject Records Percentage (%) TLCS TGCS TLS

Countries
USA 1681 33.16 8567 20,481 21,715

UK 565 11.14 3678 7772 10,975

Italy 388 7.65 525 1594 5066
Peoples R China 383 7.55 1747 5560 7681

India 319 6.29 276 1723 3668

Germany 299 5.90 2203 4555 6753
Canada 249 4.91 667 1631 3677

Australia 179 3.53 531 1289 2874
France 177 3.49 278 723 2437

Spain 167 3.29 430 734 2343

Organizations
Univ Oxford 111 2.19 1384 2880 2032

Harvard Med Sch 100 1.97 710 1433 1776
Univ Washington 80 1.58 81 532 1437

London Sch Hyg & Trop Med 76 1.50 77 897 1096

Johns Hopkins Univ 60 1.18 114 522 688
Univ Penn 60 1.18 151 414 794

Tel Aviv Univ 59 1.16 268 487 726

Univ Toronto 58 1.14 174 261 544
Imperial Coll London 57 1.12 427 971 1052

Emory Univ 56 1.10 1139 2028 1794

Authors
Elisabeth Mahase 57 1.12 0 253 49

Gareth Iacobucci 25 0.49 0 33 3
Kuldeep Dhama 21 0.41 72 301 157

Owen Dyer 17 0.34 0 26 4

Lindsey Robert Baden 16 0.32 520 834 0
Peter Jay Hotez 16 0.32 195 492 148

Janice Hopkins Tanne 15 0.30 0 22 8

Jacqui Wise 15 0.30 0 60 11
Maria Elena Bottazzi 14 0.28 203 460 139

Eric J. Rubin 14 0.28 9 17 1
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hesitancy with adverse effects, clinical trials, and vaccine 
hesitancy, respectively. A total of 129 keywords were con-
sidered in the analysis (occurrence >8). The keyword that 
appeared commonly was “SARS-CoV-2” (links: 128, 
occurrences: 2080, TLS: 1885) that demonstrated a strong 
association with “vaccine”, “vaccination”, “vaccine hesi-
tancy”, and “coronavirus”. Six clusters were obtained from 
the analysis (Figure 4). Cluster 1 comprised 43 items that 
represented the attitudes to vaccination (shown in red) and 
included keywords such as vaccination hesitancy, accep-
tance, vaccination confidence, intention, attitudes, willing-
ness, trust, risk perception, herd immunity, social media and 
misinformation. Cluster 2 comprised 26 items that repre-
sented the immunoinformatics on vaccines (shown in 
green) and included keywords such as spike, spike protein, 
subunit vaccine, vaccine design, vaccine development, epi-
tope, DNA vaccine. Cluster 3 comprised 18 items that 

represented the clinical research on the vaccines (shown in 
blue) and included keywords such as clinical trials, bioin-
formatics, prevention, BCG, drug, and mathematical model. 
Cluster 4 comprised 17 items that represented the vaccine 
effectiveness (shown in yellow) and included keywords 
such as safety, efficacy, immune response, older adult, sur-
veillance, vaccination. Cluster 5 includes 14 items and 
represents the side effects of vaccines (shown in purple), 
including keywords such as adverse effects, anaphylaxis, 
hypersensitivity, immunization, antibody response, poly-
ethylene glycol, lipid nanoparticles, and Pfizer. Cluster 6 
comprised 11 items that represented the public management 
(shown in bright blue) and included keywords such as 
public health, global health, health policy, ethic, and chil-
dren. The timing diagram showed that the research hotspots 
focused on the side effects of the vaccines and public 
attitudes towards vaccination.

Figure 3 Bibliometric analysis of co-authorship. (A) Country. (B) Institution. (C) Author.
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Citations and Publications
Compared with the number of publications, the frequency 
of citations of each study may better reflect the influence 
and importance. Moreover, TLCS is more objective com-
pared with TGCS. Twelve papers were authored by Prof. 
Ugur Sahin from the University Medical Center of the 
Johannes Gutenberg University (TLCS: 1397, TGCS: 
2407) and 39 papers were from the University of 
Maryland (TLCS: 1618, TGCS: 2991); therefore, the two 
were the most cited author and institution, respectively. 
According to the WOSCC database, COVID-19 vaccines 
from the USA were cited most frequently (n=1678, TLCS: 
8567, TGCS: 20,481) (Figure 5).

A total of 1364 journals published the relevant papers; 
of which, 133 published more than seven papers. In total, 
1291 papers were published in the top ten active journals 
that accounted for 25.5% of the publications in the 
WOSCC database. The Vaccines featured the maximum 
number of papers, with 294 publications (TLCS: 0, TGCS: 
1226). The most cited journal was the New England 
Journal of Medicine (TLCS: 3310, TGCS: 5914), with an 
IF of 91.245 (Figure 5).

The top 100 most cited studies on COVID-19 vaccines 
are listed in Table S1. A majority of the studies were 
clinical or preclinical trials regarding vaccine safety, effi-
cacy and immunogenicity, whereas others were observa-
tional studies focused on the attitudes towards vaccination. 
The mean TLCS of the top 100 most cited studies was 
97.88 (range, 30–827). In 2020, 83 papers were published; 
of which, 42 were authored by American researchers. The 
Lancet (14 papers with 3229 citations) and the New 

England Journal of Medicine (14 papers with 5297 cita-
tions) published the maximum number of papers.

A citation historiography graph based on the studies with 
the top 100 TLCS is shown in Figure 6. Furthermore, we 
identified some landmark studies, namely ID1686,8 ID991,9 

ID2037,10 and ID230811 (Figure 6 and Table S1). 
Considering the rapid outbreak of the COVID-19 pandemic, 
several research topics have emerged simultaneously in large 
numbers in a short period, becoming research frontiers.

Discussion
COVID-19 has spread globally, and there is an ongoing 
battle against the disease. We are all in the midst of the 
epidemic. Considering the novelty, there are several famil-
iar and unfamiliar aspects of the disease and the virus. Our 
pre-search of the WOSCC database revealed that at least 
110,000 studies have been published on COVID-19. 
Several vaccines have been approved for full marketing 
and use. With the ongoing resurgence of COVID-19 and 
the continuous mutation of the virus globally, there is an 
urgent need for safe and effective novel vaccines. As of 
17 August 2021, 32.2% of the global population has 
received at least one dose of a COVID-19 vaccine, and 
24.2% are fully vaccinated (Figure 1).12 However, only 
1.3% of the population in lower-income countries has 
received at least one dose of a vaccine. Therefore, vacci-
nation programs remain important.

Global efforts have promoted the research of vaccine. 
Unlike some previous bibliometric studies on COVID-19 
related topics,13,14 we have expanded on the latest data and 
focused solely on vaccines. Such an analysis is crucial 

Figure 4 Bibliometric analysis of keywords. (A) Cluster analysis. (B) Timing analysis.
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Figure 5 Bibliometric analysis of citations. (A and B) Countries. (C and D) Organizations. (E and F) Authors. (G and H) Journals. (B, D, F, and H) The top 10 most cited 
countries, institutions, authors, and journals, respectively.
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considering the large number of literature and rapidly 
evolving research on COVID-19. To the best of our 
knowledge, this is the most recent and comprehensive 
bibliometric analysis on the subject. The 5070 publications 
on the COVID-19 vaccines indexed in the WOSCC data-
base were analyzed in the current study. Among these, 
1204 papers were published in 2020 and 3863 were pub-
lished in 2021. We predict that relevant research will 
continue until the pandemic is controlled. The USA, the 
UK, Italy, and China have made outstanding contributions 
to this important field. The University of Oxford and the 
University of Maryland are the most active institutions. 
The high-impact medical journals such as the New 
England Journal of Medicine, Lancet, Nature, Science, 
Cell, Immunity, Allergy, and Journal of the American 
Medical Association published the COVID-19 vaccine- 
related studies, which defined the direction of research.15 

Furthermore, 84.75% of the papers were open access, 
which significantly advanced the related research. Ugur 
Sahin was the most cited author with 1397 peer citations, 
and his most cited study (827 times)8 was published in 
2020. His research focused on two lipid nanoparticle- 
formulated and nucleoside-modified RNA vaccine candi-
dates namely BNT162b1 and BNT162b2. The results of 
the associated clinical trials revealed the effectiveness and 
safety of vaccines.

As the most frequently used keyword, “SARS-CoV-2” 
was strongly associated with “vaccine”, “vaccination”, 
“vaccine hesitancy”, and “coronavirus”. The COVID-19 
vaccine research hotspots were as follows: attitudes 
towards vaccination, immunoinformatics analysis, clinical 
research, the effectiveness and side effects, and the public 
management of vaccines. The timing diagram showed that 
the research hotspots focused on the side effects of vac-
cines and public attitudes towards vaccination. The largest 
cluster represented the attitudes of the population towards 
vaccination. Many adults are willing to take a COVID-19 
vaccine; however, a significant number of individuals were 
vaccine-hesitant. Vaccine hesitancy, defined as patient- 
level reluctance to get vaccinated, has been considered 
one of the top ten global health threats of 2019.16 

Misinformation and unsubstantiated rumors regarding the 
benefits, vaccine components, and side effects of vaccina-
tion limits patient understanding and complete 
acceptance.17 In addition, it must be noted that social 
media may erroneously propagate anti-vaccine campaigns 
and fuel vaccine hesitancy.18 Several factors have been 
reported to influence the response to vaccination, such as 
sex, psychological health, race, educational level, influ-
enza vaccination history and trust in the 
government.17,19,20 Therefore, a targeted multi-pronged 
effort is required to maximize vaccination and coverage.

Figure 6 The citation historiography graph based on the studies with the top 100 TLCS. 
Abbreviation: TLCS, total local citation score.
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Clusters 2 and 3 comprising 44 items focused on 
immunological and clinical research and included key-
words such as spike protein, subunit vaccine, vaccine 
design, vaccine development, epitope, clinical trials, bioin-
formatics, BCG, and drug. The spike protein is an essential 
component that mediates virus invasion and is considered 
as a target to develop potential vaccines and antiviral 
drugs. Currently, there are some successful SARS-CoV-2 
spike-based vaccines, such as BNT162b2 (Pfizer- 
BioNTech), mRNA-1273 (Moderna), ChAdOx1 nCov-19 
(AstraZeneca), and Ad26.COV2.S (Johnson & Johnson/ 
Janssen). However, recent studies have reported that 
some SARS-CoV-2 spike-based vaccines might elicit pro-
tective antibodies capable of preventing the production of 
GM-CSF and the progression of COVID-19.21 In contrast 
to the conventional approach, some researchers have 
attempted to design a multi-epitope or peptide-based 
COVID-19 vaccine with the aid of immunoinformatics 
tools.22,23 Until such new vaccines are developed, booster 
BCG vaccination may be beneficial to prevent COVID-19 
infection.24 As of August 20, 2021, there are 296 vaccine 
candidates under development, of which 112 are in the 
clinical development stage.25 The vaccine platforms 
include protein subunit, viral vector (replicating or non- 
replicating), DNA, RNA and inactivated virus. The battle 
for vaccine development will continue in the challenge.

The novel research hotspot in cluster 5 was adverse 
events after vaccination. The most common adverse 
effects include injection-site reactions, headache, fatigue, 
pyrexia, and chills.26 The rates of anaphylaxis of the 
Pfizer-BioNTech and the Moderna vaccines have been 
reported as 5.0 cases per million and 2.8 cases 
per million, respectively.27 Polyethylene glycol present in 
the lipid nanoparticle was suspected as one of the causes 
of drug allergy.28 However, more studies are required to 
identify the underlying mechanism. Recently, Greinacher 
et al reported that vaccination with ChAdOx1 nCov-19 can 
lead to the development of vaccine-induced immune 
thrombotic thrombocytopenia (VITT) mediated by plate-
let-activating antibodies against PF4 in rare cases.29 

Furthermore, herpes zoster or pityriasis rosea (PR) and 
PR-like eruptions, Guillain-Barré syndrome, and myocar-
ditis following mRNA COVID-19 vaccination have been 
reported.26,30,31 There will be clarity on the side effects 
with an increase in the available data.

In this study, cluster 6 represented public management 
and included keywords, such as public health, global 
health, health policy and ethics. Public health measures 

such as physical distancing, facemasks, hygiene measures, 
isolating the sick and quarantining their contacts remain 
the key weapons to reduce transmission before herd immu-
nity can be achieved in the population by mass 
vaccination.32–35 However, the same social control mea-
sures might be implemented differently in different coun-
tries. Studies have proved that timely improvement in the 
response level of the government may advance the inflec-
tion point of the pandemic curve, thereby ensuring time for 
further stockpiling and vaccination.35

Among the top 100 most cited publications, 31 papers 
which reported the results of clinical trials of different 
vaccines, such as the BNT162b1 and BNT162b2 mRNA 
vaccines, mRNA-1273 vaccine, ChAdOx1 nCoV-19 vac-
cine (AZD1222), and recombinant adenovirus (rAd)-based 
vaccine, yielded more than 100 citations. Like cluster 4, it 
focused on the safety and efficacy of the vaccines.

The citation historiography graph revealed the changes 
in the research themes. We could identify a few important 
studies. Several research topics were proposed simulta-
neously, confirming the boom in research during the 
pandemic.

Conclusions
The highest number of publications was from the USA, 
followed by England, China and Germany. The main part-
ners of the USA were China, England and Canada. The 
University of Maryland and Ugur Sahin from the 
University Medical Center of the Johannes Gutenberg 
University were the most cited institution and author, 
respectively. The Vaccines featured the highest number 
of papers. The most cited journal was the New England 
Journal of Medicine. The COVID-19 vaccine research 
hotspots were as follows: attitudes towards vaccination, 
immunoinformatics analysis, clinical research, effective-
ness and side effects and public management of vaccines. 
The timing diagram revealed that the research hotspots 
focused on the side effects of vaccines and public attitudes 
towards vaccination. This novel comprehensive biblio-
metric analysis can help researchers and non-researchers 
to rapidly identify the potential partners, landmark studies 
and research topics within their domains of interest. 
Through this study, we hope to provide more data to 
combat the COVID-19 pandemic.
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are not involved.
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