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ABSTRACT
The Coronavirus Disease 2019 (COVID-19) pandemic has now persisted globally for four years, resulting in 
a staggering death toll of over 4 million individuals. The COVID-19 vaccine has emerged as a highly 
effective tool in controlling the spread of this virus. However, as the number of individuals receiving 
COVID-19. In this context, the investigation of adverse reactions related to COVID-19 vaccines holds 
paramount importance in relevant research. The purpose is to evaluate the current research status 
regarding adverse reactions associated with COVID-19 vaccines, offering insights for future research. 
A total of 3,746 articles were included in this analysis, and there has been a notable upward trajectory in 
the volume of published articles. The CiteSpace v6.1.R6, VOSviewer, SCImago Graphica, and Excel 2019 
were employed to analyze and visualize the results. The institutions, countries, journals, authors, co-cited 
references, and keywords of these articles were analyzed. Furthermore, this study delves into the 
characteristics of articles on adverse reactions associated with COVID-19 vaccines. It was observed that 
the number of studies on COVID-19 vaccines has increased year by year since 2019 and witnessed a surge 
in output in 2021. The vast majority of studies have affirmed the overall safety of COVID-19 vaccines, with 
adverse reactions tending to be more concentrated in specific diseases. These findings provide valuable 
ideas for future research in this field and suggest the importance of strengthening international coopera
tion on adverse reactions to COVID-19 vaccines.
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Introduction

The Coronavirus Disease 2019 (COVID-19), which emerged 
abruptly in Wuhan, China, in December 2019, has been circulat
ing worldwide for four years. Patients infected with COVID-19 
typically present with fever, dry cough, dyspnea, muscle soreness, 
fatigue, and imaging evidence of pneumonia. Additionally, some 
patients experience ground-glass lung changes, along with 
decreased numbers in lymphocytes, white blood cells, and 
platelets.1,2 COVID-19 is highly transmissible, rapidly spreading 
from person to person and achieving global reach in a short time. 
It can be transmitted not only through contact with mucosal 
secretions of infected patients, such as nasal passages, but also 
via the inhalation of droplets released during coughing.1 As of 
February 2021, there have been more than 100 million confirmed 
cases and over 2 million deaths.3 In the absence of modern 
medical management and vaccines, COVID-19 may pose 
a great threat to global public health, underscoring the urgent 
need to effectively contain its spread.4

Vaccines indeed are the most effective and the best perma
nent solution to combat the pandemic.5 Various types of 
COVID-19 vaccines have been developed and are currently 
available, including whole virus vaccines, subunit vaccines, 
and nucleic acid vaccines.5 However, vaccine hesitancy remains 

a significant obstacle, driven by concerns about their safety.6 

Therefore, investigating adverse reactions to COVID-19 vac
cines is also a vital focus of vaccine development. Most adverse 
reactions linked to COVID-19 vaccines are mild to moderate, 
with only a few cases being severe. Common local adverse 
events include pain, swelling, and redness at the injection site. 
Studies have demonstrated that the most reported injection site 
reactions and delayed large local reactions of all vaccine types 
are redness and erythema, which is usually self-limited, requires 
little therapeutic intervention. Serious adverse reactions are 
rare.7,8 In addition to local skin reactions, there have been 
reports of local adverse reactions affecting the eyes9 and ears.10 

Systemic reactions encompass fever, fatigue, myalgia, and 
headache.11 Cases involving adverse reactions in the nervous 
system,12 blood system,13,14 immune system,15 and multisystem 
inflammation syndrome16 have also been documented follow
ing COVID-19 vaccine administration. In addition, vaccination 
may have adverse mental and psychological effects, with a small 
number of vaccinated individuals experiencing depression or 
anxiety.17 Furthermore, there is evidence suggesting that these 
adverse mental states can impair the immune system’s response 
to vaccines, particularly among the elderly.18 These adverse 
reactions have posed challenges for increasing vaccination rates.

CONTACT Mingyi Zhao zhao_mingyi@csu.edu.cn Department of Pediatrics, The Third Xiangya Hospital, Central South University, 138 Tongzipo Road, Yuelu 
District, Changsha, Hunan 410013, China.
*These authors contributed equally to this work.

Supplemental data for this article can be accessed on the publisher’s website at https://doi.org/10.1080/21645515.2023.2270194.

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2023, VOL. 19, NO. 3, 2270194 
https://doi.org/10.1080/21645515.2023.2270194

© 2023 The Author(s). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the 
posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0002-2884-0736
https://doi.org/10.1080/21645515.2023.2270194
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2023.2270194&domain=pdf&date_stamp=2023-10-26


So far, there is no bibliometric data on adverse reactions 
linked to COVID-19 vaccines. This absence underscores the 
necessity to systematically document adverse reactions stem
ming from various types of COVID-19 vaccines, evaluate their 
safety, and ultimately provide directions for the development 
and promotion of COVID-19 vaccines. Studying these adverse 
reactions can provide practical strategies to increase the cover
age rate of COVID-19 vaccines and prevent the transmission 
of the virus at its source. Through bibliometrics, this study 
analyzed the development trend of research on adverse reac
tion induced by application of COVID-19 vaccines, predict 
research hotspots, and offer guidance for further research.

Methods

Data source and search

This study relied entirely on data from the Web of Science Core 
Collection (WoSCC), which should be issued from 
1 January 2019 to 11 January 2023. The following retrieval 
strategies were employed: TS= ((corona* OR 2019-nCoV OR 
nCoV-19 OR SARS-CoV-2 OR SARS-CoV2 OR COVID*) 
AND (vacc* OR immuniz*) AND (adverse reaction* OR 
adverse effect* OR side effect*)) which retrieved on 
11 January 2023. A total of 4,088 articles were retrieved, the 
language was further specified as English (excluding 68 docu
ments), and the literature type was limited to “Article or 
Review” (excluding 274 documents). In addition, the 
CiteSpace v6.1.R7 was adopted to deduplicate the obtained 
data, yielding 3,746 documents (2,985 articles and 761 reviews).

Data analysis methods

CiteSpace is a valuable free software based on network analysis 
and visualization techniques to identify trends and patterns in 

scientific literature. Meanwhile, it facilitates the exploration of 
prevailing research hotspots, significant studies, outstanding 
researchers, institutions, and countries within a given field.19 

In this study, relevant files were downloaded from the Web of 
Science (WOS) and subsequently used Microsoft Excel 2019, 
Citespace v6.1.R6, and VOSviewer for comprehensive evalua
tion and analysis (Figure 1). Citespace V6.1.R6 was adopted to 
visually explore the collaboration of authors, co-citation of 
authors, source, co-citation of journals, co-citation of refer
ences, and co-occurrence of keywords. For this purpose, the 
log-likelihood rate (LLR) served as a clustering algorithm. 
After that, the country/region and institution data exported 
from VOSviewer were integrated into SCImago Graphica to 
visualize the collaboration of countries/regions and institu
tions. The merged words are detailed in Table S1.

Results

General information and annual trend

A total of 3,746 publications met the inclusion criteria, com
prising 2,985 articles and 761 reviews (Figure 1). We have used 
CiteSpace v6.1.R6, VOSviewer, SCImago Graphica, and Excel 
2019 to analyze 3,746 papers visually, including research 
trends, national/regional cooperation, institutional coopera
tion, author citations, keyword co-occurrence, etc. Figure 2 
indicates the number distribution of the selected documents 
according to the year of the publication. The number of docu
ments from 2019 to 2022 were increasing yearly. The publica
tion record reveals a trajectory of 4 documents reported in 
2019, followed by 147 documents in 2020, 1,386 documents in 
2021, 2,202 documents in 2022, and 7 documents as of 
January 11, 2023. These data suggest the remarkable upsurge 
in research articles in this field over the last four years. From 
2019 to 2022, there has been a consistently substantial annual 

Figure 1. Flow chart of data collection.
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publication volume concerning the adverse reactions to 
COVID-19 vaccines, signifying the increasing attention in 
the academic community.

Distribution by countries/regions and institutions

The 3,746 publications come from 150 countries/regions and 
355 institutions, as outlined in Table 1. The United States is the 
most productive country in terms of the number of publica
tions (N = 855), followed by China (N = 484) and Italy (N =  
339). Furthermore, the United States consistently maintains 
a leading position in centrality, reaching 0.21, matched only by 
the United Kingdom. This suggests that the United States plays 
a crucial role in the field of adverse reactions to COVID-19 
vaccines. Besides, although China ranks second in terms of the 

number of publications, it possesses a relatively low between
ness centrality. In this regard, there is room for China to 
enhance its international cooperation in this field.

To investigate international collaboration, Scimago was 
employed in this study to construct the visualization map. 
Figure 3a illustrates collaborations among countries/ 
regions that have published more than 100 documents. 
In this representation, nodes symbolize countries/regions, 
and colors denote the clustering of countries. The thicker 
and darker the line, the closer the cooperation between 
the countries. Figure 3a suggests that the United States 
has established close cooperative relations with Germany, 
Canada, China, and the United Kingdom in this field. 
Simultaneously, China and the United Kingdom have 
also established a strong collaborative relationship.

Figure 3b presents the institutions that have published 
more than 26 documents. The size of each node corre
sponds to the number of published papers by the institu
tion, with larger nodes signifying a higher number of 
publications. The intensity of the red color of each node 
correlates with the extent of collaboration between the 
institution and other entities. The thickness of the lines 
connecting institutions is proportional to the number of 
institutional partnerships. Moreover, the figure unveils that 
the University of Tehran Medical Sciences, Iran University 
of Medical Sciences, and Shahid Beheshti University of 
Medical Sciences; as well as the University of Hong Kong 
and University College London, have engaged in more 
frequent collaborations. Conversely, the Mayo Clinic has 

Figure 2. Year distribution trends of 2019–2022 publications.

Table 1. Top 12 productive countries/regions and institutions.

Rank Articles (N) Centrality Countries/regions Rank Articles (N) Centrality Institutions Countries

1 855 0.21 USA 1 47 0.01 Univ Tehran Med Sci IRAN
2 484 0 CHINA 2 46 0.06 Harvard Med Sch USA
3 339 0.06 ITALY 3 41 0 Tel Aviv Univ ISRAEL
4 298 0.21 ENGLAND 4 40 0.09 Univ Oxford UK
5 277 0.03 INDIA 4 40 0 Shahid Beheshti Univ Med Sci IRAN
6 210 0.13 GERMANY 6 37 0.01 Natl & Kapodistrian Univ Athens GREECE
7 200 0 JAPAN 7 34 0.1 Mayo Clin USA
8 189 0.17 SAUDI ARABIA 8 32 0.04 Chinese Univ Hong Kong CHINA
9 153 0 IRAN 8 32 0 Iran Univ Med Sci IRAN
10 136 0.1 AUSTRALIA 10 31 0.06 Univ Sydney AUSTRALIA
11 129 0 TURKEY 10 31 0.02 UCL UK
12 125 0.03 CANADA 10 31 0.01 Univ Hong Kong CHINA

Figure 3. Analysis of country/regions and institutions. (a) Scimago Graphica network visualization map of country/regions; (b) Scimago Graphica network visualization 
map of institutions.
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published a large number of articles in partnership with 
other institutions but has collaborated less frequently with 
other institutions.

Authors and co-cited authors

CiteSpace was adopted to analyze the authors and co-cited 
authors of adverse reactions associated with COVID-19 vac
cines. As given in Figure 4a, a total of 329 authors were 
searched to have published papers in this field, with 836 lines 
of cooperation.

Table 2 presents the top nine productive authors and co- 
cited authors on adverse reactions linked to COVID-19 vac
cines. Eight authors have authored more than nine articles, 
and their contributions to the academic discourse on this 
subject have been significant. Among them, Riad, Abanoub, 
with 13 publications, holds the top position and has 
a prominent presence as a very large node in the graph. 
Chen, Wei (N = 11) and Li, Xue (N = 10) ranked second and 
third, forming notable nodes in the graph, too. Additionally, 
there is a tie for fourth place, with five authors each having the 
same number of publications. It means that not only have 
many authors published papers about adverse reactions to 
COVID-19 vaccines, but several have also contributed to mul
tiple papers.

Figure 4b illustrates the network visualization map of co- 
cited authors, where authors with more co-references are 
usually represented by larger nodes. Notable examples include 
POLACK FP (936 citations), BADEN LR (595 citations), and 
VOYSEY M (374 citations). However, the top nine prolific 
authors in number of publications do not overlap with the 
top nine most commonly co-cited authors. This suggests that 

authors who publish more articles may not necessarily receive 
more citations.

Journals and co-cited journals

Table 3 lists the 10 most productive and co-cited journals 
regarding adverse reactions to COVID-19 vaccines. Notably, 
the VACCINES (N = 399) has published a far greater number 
of articles than other journals and possessed an influencing 
factor (IF) of 4.961 in 2021 and a high IF in the top 10. On the 
other hand, FRONTIERS IN IMMUNOLOGY exhibits the 
highest IF of 8.786 among the 10 most productive journals 
but only ranks fifth in the number of papers published.

The network visualization map of the source and co-cited 
journal drawn by CiteSpace was visualized in Figure 5. The 
citing journals are on the left side and the reference journals 
are arranged on the right side. The colored paths denote 
citation relationships. Four main reference routes that inter
sect with each other are observed from the figure, spanning 
from Medicine/Medical/Clinical or Molecular/Biology/ 
Immunology to Molecular/Biology/Genetics or Health/ 
Nursing/Medicine.

Co-cited references analysis

CiteSpace was employed to visually analyze the authors of 
co-cited references, and the results are depicted in 
Figure 6a. Table 4 provides the co-cited articles, with 
that titled “Safety and Efficacy of the BNT162b2 mRNA 
Vaccine for Covid-19” (IF = 176.079) ranking first. This 
article has been co-cited 935 times, nearly twice as often 
as the second-ranked article. The second article “Efficacy 

Figure 4. Analysis of authors and co-cited authors. (a) CiteSpace network visualization map of authors; (b) CiteSpace network visualization map of co-cited authors.

Table 2. Top nine productive authors and co-cited authors.

Rank Author Count Centrality Rank Co-cited author Citations Centrality

1 Riad, Abanoub 13 0 1 POLACK FP 936 0.08
2 Chen, Wei 11 0.01 2 BADEN LR 595 0
3 Li, Xue 10 0 3 VOYSEY M 374 0.08
4 Finsterer, Josef 9 0 4 GREINACHER A 259 0.01
4 Klugar, Miloslav 9 0 5 LAZARUS JV 255 0.03
4 Wang, Hui 9 0.01 6 LEE K 247 0
4 Pan, Hongxing 9 0.01 7 SADOFF J 244 0.09
4 Zhu, Fengcai 9 0.01 8 MACDONALD NE 231 0
9 Liu, Min 8 0 9 MENNI C 210 0.01
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and Safety of the mRNA-1273 SARS-CoV-2 Vaccine” (IF  
= 176.079), has been co-cited 585 times. Notably, these 
two articles are published in the same journal, THE 
NEW ENGLAND JOURNAL OF MEDICINE. This suggests 
that this journal is highly regarded as the most author
itative in the study of adverse reactions to COVID-19 

vaccines. In addition, the top 10 articles with the highest 
co-citation frequency all have a total citation frequency 
exceeding 150 and an IF of surpassing 100, indicating that 
they are all published in high-quality journals.

According to the Figure 6a and Table S2, Cluster #0 
(COVID-19 vaccine), Cluster #1 (COVID-19 vaccine 

Figure 5. CiteSpace network visualization map of source and co-cited journal.

Figure 6. Analysis of reference. (a) CiteSpace network visualization map of references cluster timeline view; (b) Top 10 references with the strongest citation burst.

Table 3. Top 10 journals and co-cited journals.

Rank Journal Count
IF 

(2021) Quartile Co-cited journal Citations
IF 

(2021) Quartile

1 VACCINES 399 4.96 Q2 THE NEW ENGLAND JOURNAL OF MEDICINE 2347 176 Q1
2 HUMAN VACCINES IMMUNOTHERAPEUTICS 90 4.53 Q2 LANCET 1886 203 Q1
3 CUREUS JOURNAL OF MEDICAL SCIENCE 89 VACCINE 1631 4.17 Q1
4 VACCINE 85 4.17 Q3 VACCINES 1424 4.96 Q2
5 FRONTIERS IN IMMUNOLOGY 62 8.79 Q1 JAMA-JOURNAL OF THE AMERICAN 

MEDICAL ASSOCIATION
1385 157 Q1

6 FRONTIERS IN PUBLIC HEALTH 62 6.46 Q1 NATURE 1106 69.5 Q1
7 INTERNATIONAL JOURNAL OF ENVIRONMENTAL 

RESEARCH AND PUBLIC HEALTH
51 4.61 Q1 NATURE MEDICINE 1069 87.2 Q1

8 PLOS ONE 48 3.75 Q2 PLOS ONE 1038 3.75 Q2
9 FRONTIERS IN MEDICINE 39 5.06 Q1 THE LANCET INFECTIONS DISEASE 1026 71.4 Q1
10 JOURNAL OF CLINICAL MEDICINE 33 4.32 Q2 BMJ-BRITISH MEDICAL JOURNAL 900 93.3 Q1

HUMAN VACCINES & IMMUNOTHERAPEUTICS 5



hesitancy), and Cluster #7 (convalescent plasma) exhibit 
the brighter colors, indicating that they were formed ear
lier and research directions lasting longer. On the other 
hand, the remaining clusters, which are concentrated in 
2021 and 2022, are relatively newly established research 

areas. In particular, Cluster #3 (cerebral venous sinus 
thrombosis) contains the top two co-cited references, sug
gesting it to be the most popular research hotspot.

Figure 6b demonstrates that most of the strongest citation 
bursts appeared in 2020 and 2021, except for the World Health 

Table 4. Top 10 co-cited references.

Rank
Co- 

citation Centrality Author Title Journal
IF 

(2021) Quartile

1 935 0.23 Polack FP Safety and Efficacy of the BNT162b2 mRNA COVID-19 Vaccine THE NEW 
ENGLAND 
JOURNAL OF 
MEDICINE

176.079 Q1

2 585 0.02 Baden LR Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine THE NEW 
ENGLAND 
JOURNAL OF 
MEDICINE

176.079 Q1

3 316 0.02 Voysey M Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against 
SARS-CoV-2: an interim analysis of four randomized controlled trials in 
Brazil, South Africa, and the UK

LANCET 202.731 Q1

4 250 0.03 Greinacher A Thrombotic Thrombocytopenia after ChAdOx1 nCov-19 Vaccination THE NEW 
ENGLAND 
JOURNAL OF 
MEDICINE

176.079 Q1

5 230 0.02 Lazarus JV A global survey of potential acceptance of a COVID-19 vaccine NATURE 
MEDICINE

87.241 Q1

6 205 0.03 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 202.731 Q1

7 194 0.08 Walsh EE Safety and Immunogenicity of Two RNA-Based COVID-19 Vaccine 
Candidates

THE NEW 
ENGLAND 
JOURNAL OF 
MEDICINE

176.079 Q1

8 190 0.12 Menni C Vaccine side-effects and SARS-CoV-2 infection after vaccination in users of 
the COVID Symptom Study app in the UK: a prospective observational 
study

THE LANCET 
INFECTIONS 
DISEASE

71.421 Q1

9 182 0.04 Ramasamy MN Safety and immunogenicity of ChAdOx1 nCoV-19 vaccine administered in 
a prime-boost regimen in young and old adults (COV002): a single-blind, 
randomized, controlled, phase 2/3 trial

LANCET 202.731 Q1

10 167 0.03 Jackson LA An mRNA Vaccine against SARS-CoV-2-Preliminary Report THE NEW 
ENGLAND 
JOURNAL OF 
MEDICINE

176.079 Q1

Figure 7. CiteSpace network visualization map of keywords.
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Organization (WHO) appearing in 2022. The reference with 
the strongest burst is “Gautret P” with a burst strength of 
10.78, which has attracted the greatest attention.

Keywords and co-occurring keywords

The knowledge map of keyword co-occurrence in the context 
of adverse reactions to COVID-19 vaccines was generated, as 
given in Figure 7. It presents 42 keywords that appear at least 
50 times in the literature. Additionally, Table 5 lists the top 20 
keywords, with 19 of them being used more than 100 times, 
indicating their frequent use. Notably, “COVID-19 vaccine” 
(N = 473) ranks first in terms of usage frequency, significantly 
surpassing other keywords. However, its centrality is 0. In 
addition, keywords ranked 3rd, 4th, 8th, 11th, 14th, and 16th 

also exhibit a centrality of 0. The keyword with the highest 
centrality is “vaccination,” ranked 12th. This observation sug
gests that the usage frequency of keywords is not closely related 
to centrality.

Furthermore, a knowledge map of keyword co-occurrence 
clusters was generated by the CiteSpace (Figure 8a and Table 
S3). Cluster #7 (covid-19 vaccine) is produced early and con
tains the keyword “covid-19 vaccine,” which ranks among the 
top 10 most cited keywords. However, it currently has fewer 
nodes, with just one in 2022, suggesting that it may no longer 
be a primary focus of research. Conversely, Cluster #1 (vaccine 
acceptance) incorporates one of the top 10 most cited key
words “vaccine hesitancy” and possesses a lot of nodes distrib
uted in 2020, 2021, and 2022, suggesting that it may be a hot 
line of research.

The hotspots and research frontiers over time was depicted 
in Figure 8b demonstrate that the burst typically start in 2019 
or 2020 and generally conclude within two years. Notably, 
“replication” holds the strongest burst of 4.45, suggesting its 
prevalence.

Discussion

Analysis of basic information

The macroscopical application of bibliometrics in knowledge 
network holds an important role in evaluating and analyzing 
the research results and trends.20 According to the WoSCC 
data from 2019 to 2023, a total of 329 authors from 150 
countries and 355 institutions published 3,746 articles on 
adverse reactions associated with COVID-19 vaccines.

Since the outbreak of COVID-19 in 2019, the research 
and development of COVID-19 vaccines have attracted 
increasing attention, and a particular focus on adverse reac
tions. In 2021, Doroftei et al.21 discussed the adverse reac
tions linked to various vaccines, but many of these vaccines 
have just been approved with incomplete available data. 
Concurrently, Kaur et al.11 concluded that the COVID-19 
vaccines did not exhibit serious adverse reactions. In 2023, 
Wang et al.22 explored the prevalence of adverse reactions 
and demonstrated that it was similar to that of the general 
individuals with underlying diseases and those aged 60 years 
and older. These outcomes offer a scientific basis for the 
safety of vaccination in these populations. In this study, the 
studies focusing on adverse reactions to COVID-19 vaccines 
from 2019–2023 were searched. During the search process, it 

Table 5. Top 20 keywords.

Rank Count Centrality Year Keywords Rank Count Centrality Year Keywords

1 473 0 2021 covid-19 vaccine 11 128 0 2021 covid-19 vaccination
2 269 0.02 2021 vaccine hesitancy 12 122 0.17 2020 vaccination
3 207 0 2020 covid 19 13 121 0.02 2021 mrna vaccine
4 175 0 2021 side effect 14 117 0 2021 sars cov 2
5 164 0.06 2020 infection 15 114 0.01 2019 adverse effect
6 150 0.01 2021 hesitancy 16 113 0 2020 risk
7 149 0.02 2020 safety 17 106 0.02 2019 adverse reaction
8 143 0 2021 adverse event 18 103 0.02 2020 coronavirus
9 141 0.08 2020 vaccine 19 101 0.03 2020 immunogenicity
10 137 0.12 2020 united states 20 98 0.02 2019 efficacy

Figure 8. Analysis of keywords. (a) CiteSpace network visualization map of keywords cluster timeline view; (b) Top 10 keywords with the strongest citation burst.
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is observed that there are extremely increasing number of 
annual publications until 2023. This trend is likely attributed 
to the rising vaccination rates, which have led to increased 
public concern about adverse reactions to COVID-19 vac
cines. This indicates that future public health policies are 
more inclined to research the adverse reactions of COVID- 
19 vaccines, to develop COVID-19 vaccines that are safer 
and efficient.

Among the top 12 productive countries/regions and insti
tutions, three are from Iran, two are from the United States, 
and two are from China. What’s more, the centralities for the 
United States, the United Kingdom, Germany, and Saudi 
Arabia are all higher than 0.1, indicating the pivotal roles of 
these countries in the research network focusing on adverse 
reactions to COVID-19 vaccines. One possible explanation is 
that countries with different economic levels invest differently 
in health research, leading to research bias in the same field. In 
the meantime, due to the different reporting systems for vac
cine adverse events in countries, the availability of vaccine 
adverse reactions varies for each country. The United States 
stands out as the foremost contributor, both in the highest 
number of published articles and the highest centrality, sig
nifying its dominant position in the study about adverse reac
tions associated with COVID-19 vaccines. This may be 
because the United States experiences a developed economy 
and a good scientific research foundation, leading to stronger 
“transnational cooperation attribute” in their published 
papers. Although the number of published articles in China 
is second only to the United States, it maintains a centrality of 
0, indicating a lower research quality compared to the United 
States. Nevertheless, the role of China in the study of adverse 
reactions to COVID-19 vaccines cannot be denied, but it still 
needs to consider strengthening international cooperation and 
publishing higher-quality articles in this field.

The primary authors contributing to the study of adverse 
reactions to COVID-19 vaccines are Riad, Abanoub, Chen, 
Wei, and Li, Xue, who occupy the top three positions in the 
number of published articles. However, none of the top 10 
authors exhibit notably high centralities. Figure 4a reveals that 
Wang, Hui, who ranks fourth, and Jiang, Zhiwei, who is not in 
the top 9, engage in more cooperation with other authors. It 
prompts that the authors should strengthen international 
cooperation while increasing output. Among the top nine co- 
cited authors, Polack FP and Baden LR not only receive the 
highest number of citations but also actively engage in co- 
authorship with others. This emphasizes that strengthening 
cooperation can improve the quality of articles.

“VACCINES” emerges as the most significant among the 
top 10 journals, which published four times as many articles as 
the runner-up. The IF values of these top-10 journals range 
from 3.752 (“PLOS ONE”) to 8.786 (“FRONTIERS IN 
IMMUNOLOGY”), with most journals falling within 3–4. 
Moreover, 5 journals are placed in Q1, 4 are in Q2, and 1 is 
in Q3. This suggests that the authors prioritize publishing 
high-end articles and tend to choose the right journals. 
However, it is noteworthy that many articles find their way 
into the top journals. This inference is also supported by the 
fact that the top 2 co-cited journals are not in the top 10 
journals. Figure 5 illustrates that citation journals and 

reference journals are always mutual, signifying a high level 
of academic communication about adverse reactions to 
COVID-19 vaccines.

Analysis of reference

One top 10 co-cited reference was a global survey on the 
potential acceptance of the COVID-19 vaccine, and the 
remaining nine were clinical trials on the safety and effi
cacy of different vaccines, such as mRNA 1273 SARS-CoV 
-2 vaccine, BNT162b2 mRNA COVID-19 vaccine, and 
ChAdOx1 nCov-19 vaccine. These studies reveal that 
most adverse reactions to COVID-19 vaccines are local 
adverse reactions, such as pain at the injection site, with 
rarely severe adverse reactions. These studies have been 
cited hundreds of times and yielded high IF values, indi
cating their reliable reference values for subsequent rele
vant studies. Meanwhile, the “Safety and Efficacy of the 
BNT162b2 mRNA Vaccine for Covid-19,” focusing on the 
efficacy and safety of BNT162b2, a nucleoside-modified 
RNA vaccine, exhibits a centrality of 0.23.23 The results 
unveil that BNT162b2 could induce pain at the injection 
site, with rarely serious adverse reactions, which are similar 
to the mRNA 1273 SARS-CoV-2 vaccine. This underscores 
the significance attached to the clinical studies of each 
vaccine, with a particular emphasis on adverse reactions, 
which plays a crucial determining role in the wide applica
tion of the vaccines.

It is worth noting that Cluster #0 - Cluster #12 con
tinues to the present (Figure 6a), indicating that they are 
the current hot pot on adverse reactions in COVID-19 
vaccines. Cluster #5 (allergic reaction) and Cluster #11 
(subacute thyroiditis) are adverse reactions to the 
COVID-19 vaccines. Since the introduction of the first 
COVID-19 vaccine, 13.2 billion people have been vacci
nated, mainly with multiple doses of messenger RNA 
vaccine. After the COVID-19 vaccination, there were 
mild local and systemic adverse reactions, allergic reaction 
was the main one.24 An increasing number of studies 
suggest a possible relationship between subacute thyroidi
tis and the SARS-CoV-2 vaccine. A prospective study 
evaluating cases of acute thyroiditis during COVID-19 
showed that only 6 out of 64 cases were vaccine- 
related.25 At the same time, 98 cases of subacute thyroi
ditis induced by SARS-CoV-2 vaccine have been recorded 
in English literature.26 However, no clinical trials are 
evaluating the efficacy and safety of vaccines for this 
side effect, and further research may be needed in this 
area in the future. In addition, several new topics emerged 
and made their way into the top 12 topics. These topics 
include cancer patients, pregnant women, and rheumatic 
patients. The acceptance of COVID-19 vaccines varies 
among different cancer patients, especially among 
younger patients.27,28 Limited data are available on the 
safety of COVID-19 vaccines for pregnant women, as 
they were initially excluded from the Phase 19 clinical 
trials of the COVID-19 vaccines.29 Rheumatic patients 
are considered to be at high risk of contracting COVID- 
19 due to their underlying conditions and the use of 
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immunosuppressants, making them an urgent population 
in need of vaccine protection.30

After comprehensively analyzing the top 10 co-cited refer
ences with the most vigorous citation burst and network 
visualization map of references cluster timeline view, we sup
port the hotspots of future research that may focus on the 
evaluation of the effectiveness and safety of the COVID-19 
vaccines for special populations, such as cancer patients, preg
nant women, and rheumatic patients. In the meantime, further 
clinical trial evaluation will be conducted for vaccine-specific 
adverse reactions such as subacute thyroiditis.

Analysis of keywords

The majority of the top 20 keywords are COVID-19 vac
cines and related hesitancy. Vaccine hesitancy, character
ized by people refusing or delaying vaccinations despite 
vaccine availability,31 varies among different groups.32 

Ranking 12th, “vaccination” is the most central of the 
top 20 keywords, indicating the critical role of COVID- 
19 vaccines in controlling the pandemic. Research on 
adverse reactions to COVID-19 vaccines may indeed con
tribute to reducing vaccine hesitancies. In addition, “myo
carditis” and “systemic lupus erythematosus” are present 
in the top eight network visualization maps of keywords 
cluster timeline view (Figure 8a). Clinical evidence sug
gests that COVID-19 vaccines can indeed induce 
myocarditis.33,34 Most COVID-19 vaccine-associated myo
carditis is associated with a second dose of mRNA vacci
nation, but most recover rapidly and serious 
complications are rare.35 While adverse reactions to the 
COVID-19 vaccines are more common, but not more 
severe, in patients with systemic lupus erythematosus.36 

Nevertheless, patients with systemic lupus erythematosus 
have a higher risk of COVID-19 infection, hospitalization, 
severe illness, and death due to immunosuppressant use 
and other factors.37 These patients are excluded from 
clinical trials,38 so they represent a unique population 
for the study of adverse reactions to COVID-19 vaccines.

As depicted in Figure 8b, notably, topics such as mono
clonal antibodies, interferons, and traditional Chinese med
icine have garnered significant attention, demonstrating the 
diverse range of research on COVID-19 vaccines. This 
emphasizes the importance of studying the adverse reac
tions of various vaccine types. Of particular significance, 
adverse reactions, mainly myocarditis and some special 
disease groups, should also be studied more. These findings 
collectively indicate that the COVID-19 vaccines have been 
studied since early in the pandemic. As these vaccines are 
increasingly applied in clinical practice, there is a growing 
focus on understanding their adverse reactions, solidifying 
adverse reactions to COVID-19 vaccines as a prominent 
research hotspot.

It can be seen that there should increase in the evalua
tion of the safety and effectiveness of the COVID-19 
vaccines used by special populations and the implementa
tion of some targeted public health interventions to solve 
vaccine hesitancy, especially the special population, 
COVID-19 vaccine uptake, to improve the vaccination 

rate of the population. At the same time, increase the 
research on some adverse reactions of the COVID-19 
vaccine, such as myocarditis, and reduce the correspond
ing adverse reactions.

Limitations

This study has some limitations. To begin, to increase the 
reliability of the publications in this study, the data only 
came from the WoSCC database, indicating a certain lack of 
data sources. Secondly, the language used is limited to English, 
and literature other than English is excluded. Finally, our 
analysis was selected from 2019-01-01 to 2023-01-11. 
However, with the research progress, publications are con
stantly increasing, so future research should add new 
publications.

Conclusion

This study marks the first bibliometric analysis of adverse 
reactions to COVID-19 vaccines. While research on COVID- 
19 vaccines has increased year by year since the outbreak of 
COVID-19 in 2019, studies specifically investigating adverse 
reactions to these vaccines began gaining prominence in 2021. 
Using the bibliometric method, this study searched the litera
ture from January 1, 2019 to January 11, 2023, and evaluated 
the current research status of adverse reactions to COVID-19 
vaccines. This study encompasses various aspects, including the 
number of publications, authors, countries and institutions, 
journals, references, keywords, and more. The United States 
and China have made the most important contribution in this 
regard. On the other hand, the journal VACCINES exhibits the 
highest number of published papers. Polack FP is the most 
influential author. The top three authors (Riad, Abanoub, 
Chen, Wei and Li, Xue) all carefully studied the specific adverse 
reactions of different COVID-19 vaccines and concluded that 
the vaccines demonstrate a good safety profile. In recent years, 
research on adverse reactions linked to COVID-19 vaccines has 
focused more on specific diseases, exploring potential compli
cations (such as myocarditis) and targeting special population 
groups (such as lupus erythematosus).

In this study, bibliometrics were employed to investigate the 
adverse reactions of COVID-19 vaccines. This approach can 
allow for an objective assessment of the safety of COVID-19 
vaccines and offer insights into the potential direction of 
COVID-19 vaccines. In this field, reducing adverse reactions 
to COVID-19 vaccines and enhancing its safety are important 
measures to weaken people’s concerns about vaccine injection 
and increase the coverage rate of COVID-19 vaccines. 
Consequently, it is an important part of the anti-epidemic work.

When considering the future research direction of adverse 
reactions to COVID-19 vaccines, it is imperative to focus on 
two key aspects. On the one hand, it is recommended to 
strengthen international cooperation and academic exchanges. 
On the other hand, investigation of adverse reactions of patients 
with specific diseases after vaccination is of high clinical sig
nificance to facilitate the implementation of the research results.
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