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ABSTRACT

The purpose of the present study is thematic analysis and scientific collaborations of research related
to COVID-19 vaccine in Iran and the world based on scientific products indexed in Web of Science (WOS).

The present study is a descriptive-analytical study with a scientometric approach and using the
methods of content analysis and techniques of co-word analysis, hierarchical clustering, Strategic graph and social network
analysis. The research population is scientific products related to COVID-19 vaccine in the world and in Iran. Data analysis
was performed by HistCite, Bibexecl, Gephi and SPSS software; and the data mapping is done by VOS viewer.

m Between 2019 and 2021, 6005 related studies were retrieved. Unites states is followed by India and China, and the
United Kingdom has the most Links. Iran’s rank is 10th with 196 studies. Hierarchical clustering in global research led to the
formation of 3 clusters (vaccine development strategy, medical prevention and immunotherapy) and in Iranian research led
to the formation of 4 clusters (immunotherapy, diagnosis and treatment cycle, medical prevention and immunology). From
scientific collaborations at the country level in world and Iranian studies, 5 clusters were formed, at the level of institutions,
17 and 10 clusters, respectively, and at the level of researchers, 10 and 8 clusters, respectively.

Analysis and comparison of world and Iranian studies leads to a better understanding of the prevailing currents,
Gaps and discourse in order to increase the quantity and quality of studies, followed by controlling and the eradication of
COVID-19 in the shortest possible time.

Coronavirus, COVID-19, SARS-CoV-2, vaccine, vaccination, co-word, co-authorship, map knowledge, social network
analysis
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Introduction

New coronavirus known as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was first identi-
fied in Wuhan, China, and was confirmed by the World
Health Organization (1) followed by rapid spread
throughout the world. The disease is highly contagious
and unknown in terms of origin, symptoms, routes of
transmission and spread, prevention, diagnosis, treat-
ment, effective medications, mortality rate, and vacci-
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nation (2, 3). Therefore, researchers in diverse scienti-
fic fields designed and conducted related studies in th-
e world (4) as the number of valid investigations grew
considerably in citation databases in a short time (5).

Coronavirus is one of the viruses first transmitted
among animals and then to humans. It was named due
to crown-like spikes (protein spikes) on the surface (6,
7). The signs of this disease, including fever, cough,
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fatigue, sputum, headache, hemorrhage, diarrhea,
dyspnea, and lymphopenia present in 2-5 days and are
similar to Influenza and SARS (8). However, being a
contagious and severe respiratory failure in some
people leading to mortality is among the unique signs
of this disease (9, 10).

Design and development of an efficient vaccine was
the priority of governments, scientific centers, and
researchers since the beginning of the pandemic
because of the increasing number of affected individ-
uals and mortality, the lack of influential treatments,
and the presence of asymptomatic carriers in society
(11, 12). In other words, vaccination along with
hygienic protocols are considered the most reliable,
most cost-effective, and most influential preventive
measures against fatal infectious diseases. A vaccine is
a biological preparation that provides active acquired
immunity against a special disease (12). Diverse types
of vaccines entail live-attenuated, inactivated, sub-
unit, recombinant, polysaccharide, conjugate, and
toxoid vaccines (13).

Complete information concerning antigenic proper-
ties, adjuvant, as well as vaccine production and deli-
very system, should be available for designing a
vaccine (14). The availability of SARS-CoV-2 genomic
and structural data allowed the production of various
vaccines for this virus (15). Therefore, efforts for
vaccine development started at the beginning of the
pandemic and are still ongoing as over 100 vaccines
are currently being tested in terms of efficacy in
animals. Moreover, many vaccines are under clinical
trial in humans and some have reached the final test
step. About 15 vaccines have been approved and are
being inoculated as governmental vaccination pro-
grams (16).

According to the latest international records, 11
SARS-CoV-2 vaccines are currently in phase Il clinical
trial. Several vaccines, namely Russian Sputnik, Amer-
ican Pfizer and Moderna, English Oxford, and Chinese
Sinovac received approval for injection. In this regard,
numerous studies have been published since the
beginning of the pandemic on different phases,
including laboratory evaluations, design and prod-
uction, animal tests, clinical trials, mass production,
public vaccination, and other issues. Iranian resear-
chers also played role in these investigations.

Currently, Iran has the eleventh rank among 16
SARS-CoV-2 vaccine producers in the world regarding
the number of vaccines despite international sanc-
tions. According to the Ministry of Health and Medical
Education, 12 teams are working on the production of
SARS-CoV-2 vaccine, including the Execution of Imam
khomeini's Faraman and Barekat Institute, Pasteur
Institute of Iran, Razi Vaccine and Serum Research
Institute, some universities of medical sciences, Mini-

Year 15, Issue 4 (July & August 2021)

stry of Defense and Armed Forces Logistics, and sever-
al science-based companies and institutes. Eight proj-
ects have been reported to be more active now (17).

In such conditions, researchers in diverse domains,
such as biochemistry, molecular biology, immunology,
virology, experimental medicine, medical research,
pharmacology, and infectious diseases cooperate for
investigation and vaccine production against SARS-
CoV-2. Consequently, interdisciplinary domains, res-
earch cooperation, and novel research fields will eme-
rge in national and international research and techno-
logy domains that might lead to changes in the future.

Interdisciplinary fields resulting from emerging sci-
entific collaboration present the most relevant and
most effective researchers in the field of SARS-CoV-2
vaccine research (18). On the other hand, researchers
develop the scientific future of their specialty. The
regular identification and assessment of scientific
outcomes are of high priority for obtaining knowledge
concerning the existing conditions (19, 20). In this
regard, drawing the map (structure) of scientific
domains has attracted attention as one of the most
important aspects of Scientometrics studies in recent
decades (21).

Scientometrics is aimed to evaluate science
structure in scientific domains and benefits from varia-
ble techniques, such as co-citation, co-word, and co-
authorship. The main concepts of a specific field could
be recognized using co-citation and a suitable under-
standing is provided, in addition to the evaluation of
changes during the time (22). In the co-word method,
utilizing common concepts in title, abstract, keywords,
and text in scientific publications demonstrates the
closeness of the concepts and subjects of these studi-
es. As a result, the structure, concepts, and compo-
nents of a scientific field could be determined (23).

The considerable difference between co-word and
co-citation analyses from He viewpoint is that co-
citation requires citing references (citing papers, citing
authors) and cited reference (cited author, cited
document) (24). On the other hand, research-acad-
emic centers and researchers share their ideas in scie-
ntific collaboration and promote scientific publica-
tions qualitatively and quantitatively (25). Therefore,
evaluating the co-authorship of scientific publications
in different countries considers the aspects and
extend of scientific collaboration, countries, organiza-
tions, and researchers that are remarkable in terms of
scientific outcome (26). Here, we review the studies
performed with the mentioned approaches in the field
of the SARS-CoV-2 vaccine.

A Scientometrics investigation by Surulinathi et al. in
2020 evaluated the research outcomes in SARS-CoV-2
and coronavirus vaccine domains. The latter study
analyzed 7181 investigations in the field of corona-
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virus vaccine indexed in the Web of Science during
1971-2020. A total of 4402 studies in 2020 showed
growth in investigations. Documents published in
Vaccine journal had the highest number of 203 papers
followed by Virology and Nature with 104 and 96
publications, respectively. The most productive
countries were the United States of America, China,
India, and England with 2178 (H-index: 114), 1068 (H-
index: 75), 678 (H-index: 26), and 614 (H-index: 53)
papers, respectively (27).

Another study by Surulinathi et al. in 2021 aimed to
draw the science map of highly cited researches in the
SARS-CoV-2 vaccine domain. A total of 433 investiga-
tions on the COVID-19 vaccine that had 52567 citat-
ions were assessed. The mean number of citations for
each study was 121.4. Studies in this field peaked in
2020 with 97 research that received at least 500
citations and the highest number of citations (14623)
in 2021. The USA had the largest share (229 studies)
and received 29027 citations followed by China with
13798 citations for 114 research, England with 4314
citations for 35 studies, Germany with 3404 citations
for 33 investigations, and Netherland with 28 citations
for 28 publications.

The mentioned study indicated that India recorded
705 citations for 9 investigations. The National
Institute of Allergy and Infectious Diseases from the
USA had 39 studies and 6076 citations, followed by
University N Carolina with 31 studies and 4118
citations, the University of Hong Kong with 23
research and 3546 citations, New York Blood Centre
with 21 studies and 2931 citations. Virology journal
with 5724 citations for 53 studies, Science journal with
4163 citations for 13 research, the National Academy
of Sciences of the United States of America with 3113
citations for 20 investigations, Nature journal with
2250 citations for 13 studies, and Lancet with 1528
citations for 8 papers had the best records. Among
these studies, 18 publications had one author and
2906 investigations had several authors (28).

Ahmad et al. in a Scientometrics study evaluated
research trends in SARS-CoV-2 vaccine studies. The
latter study conducted on 12 January 2020 in WOS
analyzed 916 investigations performed by 4392
authors and published in 376 journals. Their findings
demonstrated that most retrieved studies were
articles (372 research, 40.6%). The authors with the
highest number of studies were Dhama K and Hotez PJ
(10 research, 1.1%). The most active institute was
Oxford University (24 research, 2.6%) and the most
important journal was Human Vaccine and Immuno-
therapeutics (43 research, 4.7%). The most common
keywords entailed “COVID-19” (597 studies, 65.2%)
and “Vaccine” (521 studies, 56.9%). The USA was the
most productive country (352 studies, 38.4%) (29).
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In the study completed by Ay et al., on 20 January
2021, total of 2765 research with 24202 citations
existed on the Web of Science. Immunology, internal
medicine, and experimental medicine research were
had the highest ranks. Active universities in this field
encompassed the universities of Harvard, California,
and London. Biomolecular Structure Dynamics public-
shed the highest number of studies. The USA was the
most active country among the contributing countries
followed by China and India (30).

Therefore, considering the high prevalence of SARS-
CoV-2, the increased number of patients and mortal-
ity, and the importance of using vaccines for managing
this crisis, followed by increased research related to
the SARS-COV-2 vaccine from various perspectives
and based on background review that have only
provided a kind of report on studies in this field, and
considering over the past few decades, the study of
scientific maps and collaboration as one of the most
important aspects of measurement studies of science,
has gained great importance in various fields (31), the
present study aimed to identify and analyze the main
and newly emerged research subjects, in addition to
the international and national scientific collaboration
in SARS-CoV-2 vaccine investigations based on co-
word, co-authorship, and indices of Web of Science.
Recognizing the science structure in this field allows
government, the Ministry of Health, scientific centers,
researchers, and interested people to conduct and
guide their studies toward applicable subjects and
higher knowledge. In other words, the present study
aimed to analyze and compare the concepts and
words of studies indexed in the WOS database and the
scientific collaboration of researchers in investigations
on SARS-CoV-2 in the world ad Iran. In this regard, we
answer the following questions:

1. How is the condition of studies on the SARS-CoV-
2 vaccine in the world and Iran in terms of study
design, language, countries, institutes, cooperating
researchers, research fields, and journals?

2. What are the clusters and subjects of researches
on the SARS-CoV-2 vaccine in the world and Iran based
on co-word analysis and hierarchical clustering? What
is the position of obtained clusters regarding maturity
and development in the strategic chart?

3. How are the networks of a scientific corporation in
studies on SARS-CoV-2 vaccine in the world and Iran?

4. Who are the best researchers of Iran and the
world in studies on the SARS-CoV-2 vaccine based on
the central indices of social networking?.

Materials and Methods

This descriptive-analytical research was performed
with the Scientometrics approach and content
analysis method along with co-word analysis,
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hierarchical clustering, strategic chart, co-authorship,
and social network analysis. Co-word analysis utilized
in the current study was one of the content analysis
methods. In network analysis, centrality indices that
show the location of a node relative to other nodes in
scientific maps are used. The statistical population of
the present study included all investigations on the
COVID-19 vaccine in WOS in categories related to
medicine and health domains during 019-2021.

For the accurate recognition and retrieval of related
researches, diverse combinations and names of
COVID-19, as well as the words and terms related to
the vaccine were identified using a thesaurus and
medical subject headings (MeSH). Next, applying
Boolean operators, truncation, and the following
multistage search approach, the studies in the consid-
ered field were retrieved on 16 April 2021, including
6005 studies in text format in the world and 196
studies in text format in Iran:

((TS="COVID-19") OR (TS="coronavirus disease
2019") OR (TS="novel coronavirus") OR (TS="2019
ncov") OR (TS="coronavirus 2019") OR (TS="new
coronavirus") OR (TS="Sars-Cov 2") OR (TS="nCoV-
19")) AND (TS=Vaccin*)

It should be noted that Clarivate Analytics has
determined the maximum download records as 500.
Therefore, data extraction was performed in 14 steps.
Following the retrieval of related records and data
integration, data were analyzed by the Histcite,
Bibexcel, Gephi, UCINET, and SPSS software according
to the aims and questions of the research. The maps
were drawn utilizing the VOSviewer software version
1.6.10. The subjective maps and analysis were carried
out following the control and integration of keywords
by thesaurus generation in the software as similar and
identical keywords, and single and plural forms were
merged and non-specialized keywords were removed.

Hierarchical clustering is applied for co-word anal-
ysis, which can determine the clusters related to each
keyword and indicate the relationships between
them. As a result, hierarchical clustering was perfor-
med using the SPSS software. In the hierarchical clust-
ering method, similar to a tree, each small branch is a
component of a larger branch and finally, all these are
connected to the tree trunk hierarchically. In sum-
mary, the following steps should be passed:

1. Each item should be regarded as a cluster.

2. Among all possible cluster pairs, the two clusters
with lower ESS are selected.
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3. The two selected clusters are combined.

4. Steps 2 and 3 are repeated until all items are in
one cluster or the number of clusters reaches the
considered number.

In order to execute and finalize the co-occurring
analysis, first, some necessary items, including co-
occurring matrix are prepared. Afterwards, the co-
occurring matrix is converted to a relationship matrix.
To prepare the matrix, keywords with the frequency
of 2 and 26 were selected for studies from Iran and
other countries, respectively. Finally, rectangular
matrices of 69x69 and 70x70 were made for invest-
igations in Iran and other countries, respectively. The
diagonal cells of matrices were considered zero and
these matrices were converted to relationship matri-
ces. The clustering of concepts was completed by the
SPSS software version 26.

In the next step, the strategic chart of subjective
clusters was depicted. To this aim, the centrality and
density of clusters were obtained by the UCINET
software after forming separated matrices for the
keywords of each cluster retrieved by a hierarchical
chart. A strategic chart is a description of internal
relations and correlations between distinct clusters. In
this chart, the horizontal axis is commonly utilized to
present centrality (the relationship between clusters)
and the vertical axis is used to give density (the
internal relations of each cluster).

Results

A total of 6005 studies published in the considered
field during 2019-2021 were retrieved by searching
the WOS and using the HistCite software. These
papers had 29473 authors affiliated to 7988
universities and scientific institutes from 147 count-
ries. Table 1 represents different factors of these stu-
dies, including the design, language, countries, involv-
ed institutes and researchers, and research domains.
Each related study had a mean citation of 10.05. The
H-index of this field was found as 109 in the WOS.
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Table 1. Status of Studies on COVID-19 vaccine in the world

First place
(number, percent)

Second place

(number, percent)

Third place (number,
percent)

Fourth place (number,
percent)

Fifth place

(number,
percent)

Doc. Type Article Review Editorial Material News ltem Letter
- 1YP (3001, 50) (1578, 3.26) (721, 12) (215, 6.3) (208, 5.3)
Language English (5837, 97.2) German (51, 0.8) Spanish (40, 0.7) French (18, 0.3) Turkish (11, 0.2)
United States . .
Country (1584, 9.30) India (730, 12. 2) China (663, 11) England (591, 9.8) Italy (396, 6.6)
Researcher Dhama K, Mahase E Baric RS Kumar A Tiwari R Kumars,
(36, 0.6) (25, 0.4) (24, 0.4) (22,0.4) (21,0.3)
Iestite Harvard Med Sch Univ Oxford (103, Univ Washington Chinese Acad Sci Lonc_ir?g:ael-cljyg &
(104, 1.7) 1.7) (85, 1.4) (66, 1.1) (64,1.1)
NIH NATIONAL
DLIJEEEFEPNSIQSIESF NATIONAL NATIONAL NATURAL INSTITUTE OF
Funding Sponsor HEALTH HUMAN INSTITUTES OF SCIENCE FOUNDATION EUROPEAN COMMISSION ALLERGY
g P SERVICES HEALTH NIH USA OF CHINA NSFC (156, 2.581) INFECTIOUS
(506, 8.373) (492, 8.142) (210, 3.475) DISEASES NIAID
, 8. (140,2.317)
BMJ-BRITISH
Journal MEDICAL VACCINES NATURE VACCINE IIT/TI\C/)I[IJ-II:IIERLZI(;\'Y
JOURNAL (133,2.2) (102, 7.1) (96, 6.1) (95, 1.6)
(151, 2.5) r
BIOCHEMISTRY
GENERAL PHARMACOLOGY RESEARCH EXPERIMENTAL MP?IE)IIE.S(JEL\?R
INTERNAL IMMUNOLOGY !
Research Area MEDICINE (830, 13/735) PHARMACY (599, MEDICINE SCIENCE
(874, 14/463) ’ 9.912) (577, 9.548) TECHNOLOGY
! OTHER TOPICS
(519, 5.588)

from the mentioned databases. Table 2 summarizes the
design, language, countries, involved institutes and
researchers, research domains, and journals of studies
in this field in Iran. Any related publication received 6.87
citations on average. Moreover, the H-index of this field
in Iran was 16 in the WOS.

The considerable point is the 10™ rank of Iran among
contributing countries with 196 studies. After limiting
the retrieved results to Iran, 196 related investigations
conducted during 2019-2021 that had 1583 authors
affiliated to 635 universities and scientific institutes
with the cooperation of 76 countries were retrieved

Table 2. Status of Studies on COVID-19 vaccine in Iran

First place (number, Second place Third place (number, Fourth place Fifth place (humber,

percent) (number, percent) percent) (number, percent) percent)
. Article Editorial Material Letter
Doc. Type Review (114, 58.2) (72, 36.7) (7,3.6) (3,15) -
Akbari A, Hemmat N, Iravani S, Khodavirdipour A,
Rezaei N Abadi ATB Lotfi M, Negahdarlpotfr M, Nosr.atl H,
Researcher (8, 1.4) ,2) Pormohammad A, Rahimi F, Ranjbar R,
r ! Sadeghi S, Sahebkar A, Soltani S, Soufi GJ, Zandi M
(3.1.5)
Shahid Beheshti . .
University of Iran University of
. ty Tabriz University of Shiraz university of Medical Sciences, Trabiat Modares
. Medical Sciences, K . K Rk K . . .
Institute Tehran University of Medical Sciences medical sciences Mashhad University University
¥ (20, 10.2) (19,9.7) of Medical Sciences (15, 7.7)

Funding Sponsor

Medical Sciences
(41, 20.9)

TEHRAN
UNIVERSITY OF
MEDICAL SCIENCES
(4,2.041)
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CGIAR, NATIONAL
INSTITUTE OF
GENETIC
ENGINEERING AND
BIOTECHNOLOGY

(18,9.2)

HAMADAN UNIVERSITY OF MEDICAL SCIENCES HAMADAN IRAN,
NATIONAL INSTITUTE FOR HEALTH RESEARCH NIHR, NATIONAL

INSTITUTES OF HEALTH NIH USA,

RESEARCH COUNCIL OF SHIRAZ UNIVERSITY OF MEDICAL SCIENCES

SHIRAZ IRAN,
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First place (number, Second place Third place (number, Fourth place Fifth place (humber,
percent) (number, percent) percent) (number, percent) percent)
NIGEB OF THE TURKIYE BILIMSEL VE TEKNOLOJIK ARASTIRMA KURUMU TUBITAK,
ISLAMIC REPUBLIC OF IRAN S NATIONAL ELITES FOUNDATION
IRAN, PASTEUR (2,1.07)
INSTITUTE OF IRAN,
SHIRAZ UNIVERSITY
OF MEDICAL
SCIENCES
(3,1.531)
ARCHIVES OF MEDICAL RESEARCH, ARCHIVES OF BONE AND JOINT SURGERY-ABIS,
JOURNAL OF BIOLOGICAL PROCEDURES ONLINE, EXPERT REVIEW OF ANTI-INFECTIVE THERAPY,
BIOMOLECULAR INTERNATIONAL IMMUNOPHARMACOLOGY, JOURNAL OF CELLULAR PHYSIOLOGY,
Journal STRUCTURE & BIOMEDICINE & PHARMACOTHERAPY VACCINE,
DYNAMICS PLOS ONE, EUROPEAN JOURNAL OF PHARMACOLOGY,
(8,1.4) REVIEWS IN MEDICAL VIROLOGY ARCHIVES OF CLINICAL INFECTIOUS DISEASES
(4,2) (3,1.5)
BIOCHEMISTRY RESEARCH
PHARMACOLOGY MOLECULAR EXPERIMENTAL IMMUNOLOGY INFECTIOUS
Research Area PHARMACY DISEASES
(39, 19.898) BIOLOGY MEDICINE (19, 9.694) (14,7.143)
(29, 14.735) (22, 11.224)

In the next step of the study, all investigations
extracted from WOS were entered in VOSviewer
software for drawing and analyzing the clusters and
subjects related to the COVID-19 vaccine separated
based on Iran and other countries. Here, you can find
the science map of world and Iran studies, as well as
their keywords based on central indices.

World studies

Seven clusters of words and concepts were identified
following co-word analysis. The study with the most

lopimavir

citation was “Cryo-EM structure of the 2019-nCo-
V spike in the prefusion conformation” by Goldsmith JA,
Corbett KS, Wang NS, Wrapp D, Hsieh CL, Abiona O,
Graham BS, and Mclellan JS published in Science
journal in 2020. Figure 1 demonstrates the map of the
concepts of studies on the COVID-19 vaccine throu-
ghout the world. The larger circles show the higher
application of those concepts for describing the studies
and their colors indicate the cluster of concepts. In
addition, the closeness of keywords in this map reveals
how interrelated the concepts are.
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Figure 1. Concepts and subject clusters of studies on COVID-19 vaccine in the world

Hierarchical clustering was performed and dendro-
grams (hierarchical clustering) of subjects were drawn
using the SPSS software and co-occurrence matrices.
The hierarchical clustering of investigations on the
COVID-19 vaccine is depicted in Figure 2. The clusters
have been divided into several parts for higher
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resolution. In this figure, the height of each cluster
shows the points at which the two intended clusters
are combined. Moreover, the red vertical lines are the
indicator lines of interpretation depicted based on the
ideas of specialists (26).
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Figure 2. Hierarchical clustering of studies on COVID-19 vaccine in the world

According to Figure 2, the keywords of studies
formed three clusters, which will be discussed in the
following parts.

Cluster 1: vaccine development strategy.

The results of the co-word analysis showed that
cluster 1 was the largest cluster with keywords ACE2,
Antibodies, BCG, Cancer, Immune response, Infection,
Clinical trial, Convalescent plasma playing role in the
formation of this cluster.

Cluster 2: immunotherapy.

The keywords of this cluster, including Adjuvant,
Epitope, Immunology, Prevention, Remdesivir, Safety,
Vaccine hesitancy, and Immunization indicated that
this cluster could be named as immunotherapy.

Cluster 3: medical prevention.

Considering the identification and evaluation of the
subjects in cluster 3, such as Trained immunity,
Virology, @ MERS, COVID-19 pandemic, and
Chloroquine, the name medical prevention seemed
suitable.

Following forming a matrix for each of the clusters
and entering in the UCINET software, the centrality
score and density of clusters were determined and a
strategic chart was drawn using these scores (33). The
scores of density and centrality are presented in Table
3. It should be noted that the origin was set at 10.88
and 0.52 considering the mean centrality and clusters
density, respectively.

Table 3. Density and centrality of clusters obtained from the co-word analysis of studies in the world

Cluster number Cluster title
1 Vaccine development strategy
2 Immunotherapy
3 Medical prevention

The first cluster, the vaccine development strategy
cluster, had the highest centrality of 22.47 and the
third cluster had the highest density of 0.58. In other
words, the first cluster, which has the most repeated

Year 15, Issue 4 (July & August 2021)

Density centrality
0.57 22.47
0.42 8.42
0.58 1.75

keywords has the highest centrality in terms of
penetration, relation with other subjects, and links. In
the strategic chart, the horizontal and vertical axes
indicate centrality and density, respectively.
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Figure 3. Strategic chart of studies on COVID-19 vaccine in the world

Considering the variation in the subjects of this field
and the drawn strategic chart (Figure 3), clusters are
in the regions of first, second, and third. As the
strategic chart shows, cluster one is located in the first
region and cluster three is located in the second
region. It is noteworthy that clusters in the second
region are not central but are developed. However,
they are in a lower rank, compared to the clusters
located in the first region. Cluster 2, located in the
third region, was in the lowest rank in terms of
importance and effect in the research field. In other
words, the clusters in the third region are emergent
and might be eliminated because they are less
important subjects and attract less attention due to
low centrality and density.

B. Iran studies: Following the co-word analysis of
studies in Iran on the COVID-19 vaccine, seven clusters
of words and concepts were identified. The research
with the highest citations titled “COVID-19, an emer-
ging coronavirus infection: advances and pros-pects in
designing and developing vaccines, immunetherape-
utics, and therapeutics” conducted by “Sharun, K; Dh-
ama, K; Tiwari, R; Dadar, M Malik, YS; Singh, KP; Chai-
cumpa, W” in journal Human Vaccines & Immuno-
thera-peutics was published in 2020. Figure 4 dem-
ons-trates the concepts map of Iran's studies on
COVID.

In the next step, the dendrogram (hierarchical
clustering) of the research subjects in Iran was drawn.

Year 15, Issue 4 (July & August 2021)

-
silver nan@particlesg,
Y
& nancteghnology &
@ _ antivirgliactivity
-
antiiral (@ cPidemiciosy

diaggosis nfegtions
theapy o

& 3
identification \w

-
@ remdgsivir respiratory syndrome cogonauir @

therageutics L

ov
neutralizi intibodiesimmunoi@iformatics
® ga . il

L

Splk”tein 's‘e t-cell apitopes
- - -

binging imgnity @

clinicgligrials . Inhibitors
B

-
drug repurposing treatment

" acutegespiratory syndrome Webigprver
oufggeak ﬁ“ne@unia .

] W ey @
tgansmission infiugrsa SPAAGIIC

responses t-cell regponses

@ immunespespon: : :
china PO infeetion

vaccingidesign

W
& prevention expression
PYES Protection

angiotensin-conyerting enzyme

e i

&
S8 VOSviewer

Figure 4. Concepts and subject clusters of studies on COVID-19 vaccine in Iran
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Figure 5. Hierarchical clustering of studies on COVID-19 vaccine in Iran

As demonstrated in Figure 5, the keywords of
evaluated investigations formed four clusters.

Cluster 1: immunotherapy.

The results of the co-word analysis revealed that
keywords ACE 2, Clinical trial, Drug, Immunity,
Influenza, Therapeutics, and Treatment played role in
the formation of cluster 1.

Cluster 2: diagnosis and treatment cycle.

The keywords of the smallest cluster, including
Diagnosis, Pathogenesis, Vaccine, and Virus indicated
that this cluster could be regarded as diagnosis and
treatment cycle.

Cluster 3: medical prevention.

The evaluation of subjects in cluster 3, such as Anti-
viral, Cancer, Convalescent plasma, MERS, Outbreak,
Pandemic, Prevention, SARS, and Vaccination demon-
strated that medical prevention was a suitable name.

Cluster 4: immunology.

The name immunology seemed suitable for this
cluster based on 49 subjects in cluster 4, including
Adjuvant, Angiotensin-converting enzyme, Antibodi-
es, Antiviral drug, BCG, Chloroquine, Cytokine storm,
Hydroxychloroquine, Immunization, Immunoinform-
atic, Immunology, and Immunotherapies.

The scores of density and centrality of clusters are
shown in Table 3. It should be noted that the origin of
the graph was set at 2.08 and 0.79 considering the
centrality mean and clusters density, respectively.

Table 4. Density and centrality of the clusters obtained from the co-word analysis of Iran studies

Cluster number ‘ Cluster title
1 immunotherapy
2 diagnosis and treatment cycle
3 medical prevention
a4 immunology

Year 15, Issue 4 (July & August 2021)

Density ‘ centrality
0.66 1.33
1 2
0.5 4
1 1
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The third cluster or medical prevention had the
highest centrality of 4 and clusters two and four had
the highest density of 1. It means that the third cluster,
which has the most repeated keywords has the
highest centrality in terms of penetration, relation

1.2

0.8

0.6

e

0.4

0.2

0.00 1.00 2.00

with other subjects, and links with other keywords. In
the strategic chart, the horizontal axis indicates
centrality and the vertical axis shows density. The
strategic chart is drawn based on the mentioned
scores.

3.00 4.00 5.00

Figure 6. Strategic chart of studies on COVID-19 vaccine in Iran

According to Figure 6, clusters are in the second,
third, and fourth regions with clusters two and four
being located in the second region. The clusters of the
second region are not central but developed. How-
ever, these clusters are in a lower rank than the
clusters of the first region. Cluster one located in the
third region is in the lowest rank regarding importance
and effect in the intended research field. In other
words, clusters in the third region are emergent
because have a low centrality and density and have
attracted low attention. The third cluster is located in
the fourth region of the strategic chart. Clusters in the
fourth region of the chart are central clusters but are
not developed and matured yet.

In the next step of the study, the institutes and
authors of all studies extracted from WOS based on
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being from Iran or other parts of the world were
entered in VOSviewer software for drawing scientific
collaboration maps in the COVID-19 vaccine domain.
Here, you can find the map of scientific collaboration
in studies performed in Iran and the world.

World studies

five clusters of countries were identified following
the co-authorship analysis of the studies at the level of
the cooperation of countries in this field in the world

(Figure 7).
Studies in Iran

five clusters of countries were identified in the co-
authorship analysis of studies at the level of the
cooperation of countries in this field in Iran (Figure 8).
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Figure 7. Map of the scientific collaboration of countries in studies on COVID-19 vaccine in the world
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Figure 8. Map of the scientific collaboration of countries in studies on COVID-19 vaccine in Iran

We present the map of the scientific collaboration Studies in the world
of institutes in studies in Iran and other parts of the . . L
world P Seventeen clusters, including the scientific centers

and institutes, were recognized based on the co-
authorship analysis of studies at the level of the
cooperation of organizations in this domain in the
world (Figure 9).
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Figure 9. Map of the scientific collaboration of organizations in studies on COVID-19 vaccine in the world

Studies in Iran

Ten clusters of the involved scientific centers and analysis of studies at the level of the cooperation of
institutes were recognized based on the co-authorship organizations in this domain in the world (Figure 10).
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Figure 10. Map of the scientific collaboration of organizations in studies on COVID-19 vaccine in Iran

We present the map of the scientific collaboration Ten clusters of authors were identified based on the
of researchers in studies in the world and Iran. co-authorship analysis of studies in this domain in the

world at the level of authors’ cooperation (Figure 11).
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Figure 11. Map of the scientific collaboration of researchers in studies on COVID-19 vaccine in the world

Studies in Iran

Sixteen clusters of authors were identified based domain in the world at the level of authors’
on the co-authorship analysis of studies in this cooperation (Figure 12).
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Figure 12. Map of the scientific collaboration of researchers in studies on COVID-19 vaccine in Iran
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The authors of studies on COVID-19 vaccine in the
world were analyzed based on centrality indices,
relations, and the social network developed between
researchers using the VOSviewer software along with
Bibexcel and Gephi (Table 5). One of the useful indices
for the analysis of social networks is Freeman centra-
lity, including degree centrality, closeness centrality,
and betweenness centrality. Centrality shows the
types and number of the relations of a network
member with other network members (34). Degree
centrality is an indicator node of the number of links
with other nodes in the network (35, 36).

Closeness centrality assesses the distance of a node
with other nodes in the network and indicates the
mean length of the shortest pathway between that
node and other nodes in the network (34). Between-

ness centrality of a node is the times a node is located
between the shortest pathways between node pairs.
Nodes with high betweenness centrality in a premium
situation play the role of a broker for linking the nodes
and groups. It is regarded as a strength index that
directly and indirectly controls the data in the
network.

Moreover, the value of betweenness centrality is O-
1. In 0 condition, nothing happens in the network by
eliminating the node and all nodes remain linked and
even the short distances between them are not elimi-
nated. However, in condition 1, the node is in a
strategic situation, which can be a candidate turning
point with a unique situation (37). Table 5 shows the
five best world researchers in this field based on each
of the centrality indices.

Table 5. Five best researchers of studies on COVID-19 vaccine in the world based on centrality indices

closeness

Researcher degree Centrality Researcher
Dhama K 30 lacobucci G
Tiwari R 22 Mahase E
Kumar P 20 LiuY
Malik YS 20 Shi PY
Patel SK 18 Wang L

Some of the important indices in the scientific
collaboration network of the world are reported here.

Centrality Researcher betweenness Centrality
1 LiuY 1815.93
1 Khan S 1475.12
0.34 Atyeo C 1326.13
0.31 Baric RS 976.14
0.31 Shi PY 972.26

The five best Iranian researchers in this field are
presented in Table 7 in the order of centrality indices.

Table 6. Important indices in the scientific collaboration network of the world

Average Degree
H index
Network density
Ratio of components
Components
Network connection
Network focus
Network separation
Standard deviation distance
Network diameter
Average route length in the network
Network compression

Network size
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7/274 ‘

0.059

0.059

0.867
0.153
0.133
1.984
11
4.295
0.273

0.727
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Table 7. Five best Iranian researchers on COVID-19 vaccine based on centrality indices

Researcher degre? Researcher
Centrality
Mansournia 48 Akbari
Soltani 48 Nabavi
Rezaei 46 Ghaffari
Sahebkar 46 Hedayati
Jalali Nia 44 Sharifi

Some of the important indices in the scientific
collaboration network of researchers in Iran are
reported here.

Table 8. Important indices in the scientific collaboration network
of researchers in Iran

H index 20
Network density 0.065
Ratio of components 0.281
Components 28
Network connection 0.224
Network focus 0.189
Network separation 0.776
Standard deviation distance 1.454
Network diameter 8
Average route length in the 2555
network
Network compression 0.224
Network size 0.122
Discussion

Our results demonstrated that during 2019-2021,
6005 studies by 29473 authors affiliated to 7988
scientific institutes from 147 countries were indexed
in the WOS. Iran with 196 related studies by 1583
authors affiliated to 635 universities and scientific
institutes with the cooperation of 76 countries has the
tenth-ranked among the involved countries. Investi-
gations in the world have been identified to have
diverse designs. According to Table 1, more than 80%
of publications were in journals and other studies
were recorded in the “others” group.

Furthermore, data analysis revealed that the domin-
ant language for science production in this domain is
English and covers 97.2% of the studies. In addition to
English, research in this field has been published in 14
other languages, the most important of which are
German (0.8%), Spanish (0.7%), and French (0.3%). On

Year 15, Issue 4 (July & August 2021)

closene_ss Researcher betweenness Centrality
Centrality

1 Mansournia 682.1

1 Baradaran 351.66

1 Eftekhari 320.1

1 Nosrati 250

1 Rezaei 206/1

the other hand, the evaluation of studies in Iran
demonstrated that all were published in English and
four designs of “evaluation, article, editor’s note, and
letter to the editor”. Harvard Medical School and the
University of Oxford in the world and Shahid Beheshti
University of Medical Sciences and Tehran University f
Medical Sciences in Iran had the highest cooperation.
K. Dhama and E. mahase in the world and N Rezaei and
ATB Abadi in Iran had the most studies. United States
department of health human services provided the
best financial support of researches in this field in the
world and Tehran University of Medical Sciences
provided the best support in Iran.

Co-word clustering of the studies in the world and
Iran on COVID-19 vaccine using the VOSviewer led to
the formation of seven clusters. Four out of these
seven identified clusters (yellow, green, red, and
purple) entailed diverse concepts and words, namely
“Infection, Pneumonia, Pandemic, Spike protein,
SARS, Protein, Transmission, Chloroquine, Convales-
cent plasma, and ACE 2”. Therefore, these clusters
were in a central and remarkable position because of
repeated and common keywords with the most
important interests of researchers of this domain in
the world being in this cluster. Three of the seven
clusters identified in Iran studies (blue, red, and
purple) encompassed keywords “Spike protein, SARS,
Infection, Pneumonia, Pandemic, Treatment, Conva-
lescent plasma, ACE 2, and Cytokine storm” had a
central and considerable position.

Hierarchical clustering in investigations in the world
resulted in the formation of three clusters, including
vaccine development approach, medical prevention,
and immunotherapy. Among the three identified
clusters related to world studies, the clusters vaccine
development strategy and medical prevention were
developed. On the other hand, the immunotherapy
cluster is an emergent cluster with less important
clusters that attract less attention. The hierarchical
clustering in studies in Iran led to four clusters, namely
immunotherapy, diagnosis and treatment cycle, medi-
cal prevention, and immunology.

Among four identified clusters, “diagnosis and
treatment cycle” and “immunology” clusters were
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developed but not central clusters. On the other hand,
the immunotherapy cluster is emergent with less
important subjects. The medical prevention cluster is
central but not developed. In other words, this cluster
is not mature yet.

Scientific collaboration in the country at the level of
world and Iran studies led to five clusters. Although
the USA, India, and China had most investigations,
most links were for England and the USA, as shown in
Figure 3. Moreover, clusters green and blue are of a
central role because remarkable nations are in these
clusters. It is noteworthy that Iran, China, Canada, and
Saudi Arabia are in the same cluster. Iran cooperated
with 76 countries in this field. In addition, Iran had the
most cooperation with the USA and India in this
domain.

Furthermore, the results of the current study
revealed that 17 and 10 clusters resulted from
scientific collaboration at the level of institutes in the
world and Iran, respectively. According to Figure 5,
most studies and links were related to the University
of Oxford and Harvard Medical School. Clusters
orange, green, and pink were in a central and impor-
tant position because active institutes were in these
clusters. In terms of citation, the three institutes Nati-
onal Institute of Allergy and Infectious Diseases, Fred
Hutchinson Cancer Research Center, and Pasteur Insti-
tute were in the third ranks.

In the domain of Iran studies, although Tehran
University of Medical Sciences and Shahid Beheshti
University of Medical Sciences equally had the most
studies and relationships, Shahid Beheshti University
of Medical Sciences received the highest citations. As
could be seen in Figure 6, clusters yellow and pink are
regarded among important and central clusters due to
possessing active Iranian institutes. Moreover, 10 and
8 clusters were formed by scientific collaboration at
the level of researchers in studies in the world and
Iran, respectively.

In the network of the cooperation of world
researchers, although K. Dhama and E. Mahase had
the most investigations and S. Ralph had the most
studies and links. Regarding citations, S. Jason with
seven investigations was in the first rank. Clusters
brown and red were the important and central
clusters in the cooperation of researchers due to the
best researchers being in these clusters. According to
the findings, K. Dhama, R. Tiwari, and P. Kumar had the
best ranks in terms of centrality among world
researchers.

In terms of closeness centrality, G. lacobucci, E.
Mahase, and Y. Liu had the best ranks. In addition, Y.
Liu, S. Khan, and C. Atyeo were ranked 1-3 in bet-
weenness centrality. In the cooperation network of
researchers in Iran, Nima Rezaei received the most
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citations. Amin Talebi and Farid Rahimi made more
relations, compared to other researchers, and formed
a cluster with two nodes. However, other clusters had
one member. Among Iran researchers, Mansournia,
Soltani, and Rezaei had the highest centrality, and
Akbari, Nabavi, and Ghaffari had the highest closeness
centrality. Furthermore, Mansournia, Baradaran, and
Eftekhari had the highest betweenness centrality.

Concerning the remarkable countries in the
production and publication of studies, the results of
the present investigation were in line with the findings
of Surulinathi et al. (27) and Ahmad et al. (29). In
addition, our results in terms of active researchers and
institutes in this field were consistent with the findings
of Ahmad et al. (29) and Ay et al. (30). In terms of the
location of published studies and active institutes in
the COVID-19 vaccine domain, the findings of the
current investigation were congruent with the
research of Ahmad et al. (29). Immunology, internal
medicine, and experimental medical studies had the
highest share in COVID-19 studies, especially in Iran.
The latter finding is also consistent with the study
performed by Ay et al. (30).

Conclusion

Considering the high prevalence of COVID-19 and
increased mortality throughout the world, research on
the COVID-19 vaccine in different aspects has become
the priority of governments, scientific centers, and
researchers in the world. Analysis and comparison of
studies in the world and Iran in the field of COVID-19
vaccine in terms of subject and scientific collaboration
lead to a better understanding of involved groups
aimed to elevate investigations quantitatively and
qualitatively followed by COVID-19 control in the
shortest possible time. In other words, subjective
analysis of studies and scientific collaboration can
clarify the common subjects, in addition to identifying
the existing limitations and activists. Consequently,
the present situation is understood, and scientific,
managerial, and executive policies are enhanced. As a
result, novel research pathways might emerge.

Considering the importance of the COVID-19
vaccine and the published studies in this field,
practical steps could be taken to further benefit in line
with the international science borders. Some of these
steps may entail identifying distinct aspects, proce-
dures, tools, and technologies in the field of the COVI-
D-19 vaccine based on the recognized words and con-
cepts. Afterwards, planning and preparation could be
completed using these steps in related execution and
research projects. Based on the current study, the foll-
owing recommendations could be made for future
studies:

Subjective analysis of studies in this field in other
indexing databases, such as Scopus and Google
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Scholar to evaluate research in this domain in the
world and Iran comprehensively.

Analysis of the content, concepts, and words of
scientific documents related to COVID-19 vaccine in
scientific databases in Persian in Iran and comparison
of the structure of studies in Iran and the world.

Analysis of the content, concepts, and words of
scientific documents in obtained domains and clusters
from Iran and the world to identify the existing
limitations.

Year 15, Issue 4 (July & August 2021)
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