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ABSTRACT
BACKGROUND: Since the date of declaring the COVID-19 outbreak a pandemic by the World Health 
Organization (March 11, 2020), vaccine studies have been initiated. In this article, we aimed to investigate 
highly cited articles on vaccines and guide researchers for future studies. 
MATERIAL AND METHODS: Publications with 6 or more citations (highly cited publications) were extracted 
from Web of Science (WoS) database. These publications were investigated according to the number of 
citations, language, publication year, WoS categories, publication types, organizations involved, authors, 
countries and research areas. Additionally, top 20 articles were investigated in detail. 
RESULTS: A total of 126 publications were determined. When WoS categories were investigated, 18 
pertained to immunology (14.2 %), 17 to biochemistry (13.4 %) and 17 to multidisciplinary sciences (13.4 %). 
There were three types of publications, namely 80 original articles (63.4 %), 46 reviews (36.5 %) and 11 early 
access publications (8.7 %). Top universities were Harvard University (n=9, 7.1 %), Chinese Academy of 
Medical Sciences (n=7, 5.5 %) and University of California system (n=7, 5.5 %). Top authors were Qin CF 
with 4 articles (3.1 %), Wang L with 4 articles (3.1 %) and Baric RS with 3 articles (2.3 %). Top journals with 
the highest number of publications were Journal of Biomolecular Structure Dynamics (n=8, 6.3 %), Nature 
(n=8, 6.3 %) and Science (n=6, 4.7 %). Top countries were the United States of America (USA) with 45 
articles (35.7 %), People’s Republic of China with 44 articles (34.9 %), and India with 15 articles (11.9 %). 
Research areas of the publications were science technology other topics (n=21, 16.6 %), immunology (n=18, 
14.2 %) and pharmacology (n=18, 14.2 %).
CONCLUSION: Vaccine studies play a pivotal role in the warfare against COVID-19. Our results revealed that 
under the leadership of the USA, China and India, the number of scientists focusing on vaccines is increasing 
and gratifying results are obtained from vaccine studies (Tab. 3, Ref. 40). Text in PDF www.elis.sk
KEY WORDS: vaccine, COVID-19, citation, publication.
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Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) also known as the novel coronavirus responsible for coro-
navirus disease-19 (COVID-19), primarily attacks the human re-
spiratory system. COVID-19 is a rapidly transmitted respiratory 
disease that has recently attracted the worldwide public health at-
tention since it has been declared a pandemic by the World Health 
Organization (WHO) on March 11, 2020 (1). Since then, the disease 
has affected healthcare systems and social life like never before. 

The most common signs and symptoms are fever, cough, and 
shortness of breath. These symptoms may appear 2‒14 days after 
the exposure. The disease has a high infectivity and is transmitted 
from person to person in hospital and family settings. The limita-
tion of human-to-human transmission in order to reduce secondary 
infections is essential. A proper diagnosis of COVID-19 is based 
on an algorithm which involves a combination of polymerase 
chain reaction (PCR) and thorax computed tomography (CT) (2). 

A return to normality and limitation of further spread of infec-
tion depends on the success of vaccine trials (3). Besides, the suc-
cess of vaccines depends on trust and confi dence in any COVID-19 
vaccine (4). Hence, transparency is required when declaring the 
results of vaccine studies. The peer-reviewed literature is grow-
ing at an unprecedented speed with articles published in various 
leading medical and related journals (5).

Material and methods

This study was conducted by entering the keywords “coro-
navirus” and “vaccines” to the Web of Science (WoS) database 
on December 5, 2020. WoS allows researchers to use its database 
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for scientifi c purposes and helps obtain statistical information in 
a specifi c fi eld. We preferred WoS as our main data source be-
cause it provides data analysis for publications and citations and 

allows the results to be sorted according to 
the number of citations. In addition, WoS 
attribution data are considered more repro-
ducible and reliable than other databases, 
and WoS is used as standard by certain of-
fi cial organizations (6). 

Scientometrics, also known as “science 
of science,” is a popular statistical method 
analyzing scientifi c literature thoroughly in 
a certain fi eld (7).

We extracted “highly cited publica-
tions” in the database. Highly cited publi-
cations are those with 6 or more citations. 
We determined 126 publications confi rmed 
to be in line with this defi nition. Then we ex-
tracted statistics of these highly cited publi-
cations. The publications were investigated 
according to the number of citations, lan-
guage, publication year, WoS categories, 
publication types, organizations involved, 
authors, countries, and research areas. 

Also, top 20 articles were summarized 
and presented in form of a table. Data were 
given as numbers and percentages.

Due to the nature of the study, no ethi-
cal approval was required.

Results

A t otal of 126 publications were ex-
tracted from WoS database. These publi-
cations were cited 10,201 times (average 
citations per item: 80.9). All publications 
were in English language and published in 
the year 2020. 

When WoS categories were investigat-
ed, it was determined that 18 (14.2 %) per-
tained to immunology, 17 (13.4 %) to bio-
chemistry, 17 (13.4 %) to multidisciplinary 
sciences, 16 (12.6 %) to pharmacology and 
11 (8.7 %) to virology.

There were three types of publications, 
namely 80 original articles (63.4 %), 46 
reviews (36.5 %) and 11 early access pub-
lications (8.7 %). 

Top organizations involved in vaccine 
studies were Harvard University (n=9, 
7.1 %), Chinese Academy of Medical Sci-
ences (n=7, 5.5 %), University of California 
system (n=7, 5.5 %;), National Institutes for 
Food and Drug Control (n=6, 4.7 %) and 
Wuhan University (n=6, 4.7 %). 

Top funding agencies were National Institutes of Health (n=20, 
15.8 %), United States Department of Health Human Services 
(n=20, 15.8 %), National Natural Science Foundation of China 

Categories n  % Ranking
Immunology 18 14.2 1
Biochemistry 17 13.4 2
Multidisciplinary sciences 17 13.4 3
Pharmacology 16 12.6 4
Virology 11 8.7 5
General internal medicine 10 7.9 6
Microbiology 10 7.9 7
Experimental medicine research 9 7.1 8
Biophysics 8 6.3 9
Cell Biology 6 4.7 10

Type of Publications
Original article 80 63.4 1
Review 46 36.5 2
Early access publication 11 8.7 3

Institution
Harvard University 9 7.1 1
Chinese Academy of Medical Sciences Peking Union Medical College 7 5.5 2
University of California system 7 5.5 3
National Institutes for Food and Drug Control 6 4.7 4
Wuhan University 6 4.7 5
Chinese Academy of Sciences 5 3.9 6
Harvard Medical School 5 3.9 7
University of North Carolina 5 3.9 8
University of North Carolina Chapel Hill 5 3.9 9
Academy of Military Medical Sciences China 4 3.1 10

Funding Agencies
National Institutes of Health (NIH) USA 20 15.8 1
United States Department of Health Human Services 20 15.8 2
National Natural Science Foundation of China (NSFC) 16 12.6 3
NIH National Institute of Allergy Infectious Diseases (NIAID) 8 6.3 4
Bill Melinda Gates Foundation 6 4.7 5
Burroughs Welcome Fund 3 2.3 6
Canadian Institutes of Health Research CIHR 3 2.3 7
Hong Kong Research Grants Council 3 2.3 8
National Key Research and Development Program of China 3 2.3 9
National Science and Technology Major Project 3 2.3 10

Authors
Qin CF 4 3.1 1
Wang L 4 3.1 2
Baric RS 3 2.3 3
Chen W 3 2.3 4
Deng YQ 3 2.3 5
Fan CF 3 2.3 6
Wang HY 3 2.3 7
Wang Y 3 2.3 8
Yang Y 3 2.3 9
Zhang L 3 2.3 10

Countries
USA 45 35.7 1
People’s Republic of China 44 34.9 2
India 15 11.9 3
England 9 7.1 4
Germany 8 6.3 5
Italy 8 6.3 6
Switzerland 6 4.7 7
Netherlands 5 3.9 8
Canada 4 3.1 9
Iran 4 3.1 10

Tab. 1. Characteristics of highly cited publications.
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(n=16, 12.6 %), NIH National Institute of Allergy Infectious 
Diseases (n=8, 6.3 %) and Bill Melinda Gates Foundation (n=6, 
4.7 %). 

Top auth ors on the list were Qin CF with 4 articles (3.1 %), 
Wang L with 4 articles (3.1 %), Baric RS with 3 articles (2.3 %), 
Chen W with 3 articles (2.3 %), and Deng YQ with 3 articles 
(2.3 %). 

Top journals with the highest number of publications were 
Journal of Biomolecular Structure Dynamics (n=8, 6.3 %), Nature 
(n=8, 6.3 %), Science (n=6, 4.7 %), Viruses-Basel (n=4, 3.1 %) 
and Cell (n=3, 2.3 %).

When publications were distributed according to countries, 
the results were as follows: 45 articles (35.7 %) from the USA, 
44 articles (34.9 %) from the People’s Republic of China, 15 ar-
ticles (11.9 %) from India, 9 articles (7.1 %) from England and 8 
articles (6.3 %) from Germany.

Research areas of the publications were scie nce technology 
other topics (n=21, 16.6 %), immunology (n=18, 14.2 %), pharma-
cology (n=18, 14.2 %), biochemistry (n=17, 13.4 %) and general 
internal medicine (n=11, 8.7 %). See Table 1 for characteristics 
of the highly cited publications. Also, a brief summary of top 20 
articles is presented in Table 2.

Discussion

To our knowledge, this is the fi rst study to investigate highly 
cited vaccine-related publications. Scientifi c journals play an es-
sential role in enhancing the social value of scientifi c validity 
because up-to-date information is required in the fi ght against 
COVID-19 (8). A great number of publications and citations on 
COVID-19 vaccines determined in our study is an indicator of 
intention of humanity to contain the pandemic.

In the fi rst months of the pandemic, topic popularity trends 
indicated that the prevention and control of COVID-19 were the 
most important issues, and drug therapy or vaccine studies were 
the weak point in the response to COVID-19. As vaccines are the 
ultimate solution to the pandemic, a need for studies and publica-
tions regarding vaccines has emerged (9).

In a study investigating COVID-19 publications, medicine was 
the main area of publication in the fi eld of health while the fi elds 
of internal medicine, and public environmental occupational health 
were upfront as subgroups (10). Another study revealed that in-
fectious diseases and pharmacology were the most common fi elds 
(11). When vaccines are considered, our results revealed that im-
munology and biochemistry were the leading fi elds. 

In their study, Martinez-Perez et al investigated COVID-19 
studies published between January and July 2020. A total of 14,409 
publications and 42,377 citation networks were found in WoS. Of 
these publications, 39.90 % were articles, 26.42 % were editorial 
material, 18.73 % were letters, 9.93 % were reviews, 4.3 % were 
news items, and 0.8 % were edits, book reviews, retractions, or 
meeting abstracts (10). In another study, among 7,185 articles 
regarding COVID-19, 2,898 were articles, 2,275 were editorial 
materials, 2,646 were early access publications, 1,621 were letters 
and 711 were reviews and other contributions (5). Accordingly, in Jo
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our study, 63.4 % of the publications were original articles, fol-
lowed by reviews (36.5 %) and early access publications (8.7 %). 
When the importance of results of comprehensive vaccine trials 
is considered, research articles are the mainstays of vaccine de-
velopment efforts.

It has been reported previously that the authors with the largest
number of publications on COVID-19 were Wang Y (0.55 %), 
Mahase E (0.47 %) and Li Y (0.43 %) (10). Top authors on our 
list were Qin CF with 4 articles, Wang L with 4 articles and Baric 
RS with 3 articles. We need experienced researchers to share their 
experiences in order to collect updated and rapid information on 
vaccines.

The most preferred journals in our study were Biomolecu-
lar Structure Dynamics, Nature, and Science. The reason why 
these journals were chosen may lie in their scope, visibility, and 
impact factor. Scientometric analyses on COVID-19 revealed 
that leading journals were Journal of Medical Virology, which 
has the most publications, followed by Chinese Journal of Tu-
berculosis and Respiratory Diseases (n=9), Journal of Travel 
Medicine (n=8), Journal of Clinical Medicine (n=8), The Lan-
cet (n=7), Radiology (n=6) and JAMA (n=5) (10). However, in 
such a dynamic process, results may vary. For instance, in another 
study, it was reported that the British Medical Journal published 
the highest number of papers (n=129) and The Lancet had the 
most citations (n=1439) (12). We determined that authors often 
choose journals with high impact factors and open access policy. 
This result may be attributed to the intentness of authors to reach 
a wider audience.

The most productive country in our study was the USA with 45 
articles followed by China with 44 articles. A similar competition 
between these superpowers is observed in COVID-19 publications. 
Until the emergence of the pandemic in 2019, the USA ranked fi rst 
in coronavirus literature followed by China (13). When COVID-19 
publications are considered, various scientometric studies reveal 
that the USA has a superiority. Till date, the leading countries ac-
cording to publication rates were the USA, China and Italy (5,10). 
In a more detailed investigation with keywords “coronavirus” and 
“COVID-19” separately, the results revealed that while research-
ers in the USA have contributed the highest number of research 
items to the topic of coronaviruses, followed by Chinese authors, 
this order was reversed in the literature published on COVID-19. 
On COVID-19, nearly 30 % of all published studies were found 
to originate in China, with the USA accounting for nearly 14 % 
(14). We believe that a closer collaboration between different in-
stitutes in different countries may contribute to the efforts in vac-
cine development. 

In a study, the categories of COVID-19-related articles were 
found to be medicine, internal and general medicine, and infec-
tious diseases. However, the number of studies in virology and 
microbiology was relatively low (15). According to WoS, sci-
ence technology, immunology, pharmacology, and biochemistry 
were the most studied fi elds in vaccine literature. As mentioned 
above, the vaccine development is fi rmly attached to techno-
logical development, and importance given to immunological, 
pharmacological, and biochemical trials. It is not surprising that 

these fi elds have come into prominence. When vaccine studies 
are compared with COVID-19 studies, it is observed that fi elds 
of interest shift from general medicine to technological and im-
munological areas.

Top 20 most cited articles on COVID-19 were analyzed in a 
study. Seventeen were on symptoms, viral transmission, and ex-
perimental treatment methods. Two of them addressed unusual 
clinical symptoms and fi ndings, and 1 was on the effects of co-
morbidities in COVID-19 patients (10). When it comes to top 20 
most cited articles on vaccines, we determined that 10 articles 
were on search for an ideal protein target that vaccines should be 
aimed at (16, 17, 18, 19, 20, 21, 22, 23, 24, 25) (Tab. 3). Particu-
larly, human angiotensin-converting enzyme 2, SARS-CoV-M-
pro (mediates virus replication and transcription), CD (+) T cells, 
spike proteins, and nucleocapsid proteins (two latter proteins 
show no mutations which makes them good targets for vaccines) 
were put forward by researchers. Second most investigated fi eld 
of interest was the selection of candidates for vaccination with 5 
articles (26, 27, 28, 29, 30). Also, groups under the risk of pos-
sibility of not becoming eligible for vaccination, such as children 
and pregnant women, were discussed. Two articles were related 
to host-pathogen interactions (31, 32). While one article was shar-
ing previous experiences with coronaviruses, the other two were 
a review regarding vaccine types and analysis of top vaccine ar-
ticles (33, 34, 35). Accordingly in another study, it was reported 
that researchers focused mainly on potential targets of vaccines, 
safety, and effi cacy against COVID-19 (4). 

In 2020, 58 vaccines have been developed against COVID-19 
in trials and some of them have been reported to have 90 % effi cacy 
(4). There are four main categories of COVID-19 vaccines, namely 
live attenuated vaccine (LAV), inactivated virus vaccine, subunit 
vaccine, viral vector-based vaccine, DNA vaccine and RNA vac-
cine (36). Chimpanzee adenovirus vector-based vaccine ChAdOx1 
nCoV-19 (AZD1222) developed by Oxford–AstraZeneca had an 
effi cacy of more than 90 % in adults aged ≥ 18 years (4). Pfi zer’s 
mRNA vaccine was 95 % effective 28 days after the fi rst dose 
(37). The vaccine BNT162b2 is based on a modifi ed RNA that 
encodes a version of the SARS-CoV-2 spike protein containing 
mutations that lock the protein into a conformation that can induce 
neutralizing antibody responses. Although the vaccine needs to 
be stored at −70 °C, it is to its advantage that its overall effi cacy 
was reported to be 95 % (3). Another developer, Sinopharm from 
China declared a vaccine with 86 % effi cacy (38). As the vaccines 
are being administered on a global scale, the number of publica-
tions on vaccine availability, determination of vaccine candidates, 
challenges brought about by mass vaccination and complications 
related to vaccines are likely to increase in the literature. 

Limitations

As in all scientometric analyses, our study also has some limi-
tations. Due to the time-dependent nature of such studies, results 
may vary according to the period the study was conducted in. Also, 
there may be valuable studies that have been excluded from our 
study due to their relatively low numbers of citations. 
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Conclusion

Most vaccines have taken decades to develop while it has taken 
less than a year for COVID-19 vaccine to progress from theory 
to wide implementation (3). The development of vaccines is a vi-
tal part of any pandemic response. However, in all cases, starting 
with the great infl uenza pandemic of 1918–1919, the timeline for 
vaccine development, testing, approval, and production have been 
inadequate to have a substantial effect on mitigating the spread and 
impact of each pandemic. The fi rst 2–3 waves are most likely to 
occur within 12–15 months of the virus originating and therefore 
it is crucial to focus on mitigating interventions targeting infection 
prevention strategies (39)

When faced with this crisis, humanity needs policymakers and 
emergency managers to elucidate their decisions through scien-
tifi c evidence. For this purpose, rapid and timely accumulation of 
knowledge and empirical evidence is critical (14). 

Justifi ably, the journals are now actively seeking research on 
COVID-19 to be published quickly and with open access policy 
(40). According to our results, there is a growing interest in vaccine 
publications. Numerous institutions explain results of clinical trials 
under the leadership of the USA, China and India. Top articles fo-
cus on sites on the virus surface that vaccines should be aimed at. 
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