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Abstract

Background: Scientific publications related to epidemic diseases are crucial for controlling and treating such
diseases. The present study aimed to explore and analyze international publications on monkevpox through scien-
tometric methods.

Methods: This review is an applied research conducted using the scientometric method with an analvtical meth-
od. All world scientific publications on monkevpox were extracted from the Web Of Science (WOS) citation data-
base firom January 1972 to May 2022 through an appropriate search strategy. Moreover, Excel and the VOS view-
er Bibliometrix package of the R programming language were used for data analvsis.

Results: In total, 1130 publications related to monkeypox were extracted from the WOS citation database. Most
of the publications were original papers published in 2010. The United States, Germany, and the Congo had the
most publications on monkeypox. The topic clusters of scientific publications on monkeypox have been in four top-
ic orientations: prevention, epidemiology, treatment, and imimune response.

Conclusion: The findings of the present investigation provided a clear picture of the publications and scientific
productions of world researchers in the field of monkevpox. Accordinglv, researchers and policvinakers on mon-

kevpox can better understand the scientific publications on this disease and its dimensions.
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Introduction

In addition to being still one of the global health chal-
lenges recently, infectious diseases are one of the
leading causes of death worldwide (1). Scientists
have made significant progress in recent decades in
treating and preventing infectious diseases such as
HIV, viral hepatitis, and tuberculosis (2). However,
many other infectious diseases, such as H5N1 and
H7N9 bird flu, Middle East Respiratory Syndrome,
Ebola virus, Zika virus, and COVID-19, have
emerged in recent years; therefore, humans are al-
ways at risk of emerging infectious diseases (3).
Monkeypox. a common disease between humans and
animals, is caused by the monkeypox virus, which
belongs to the Poxviridae family. the Chordopoxviri-
nae subfamily, and the Orthopoxvirus genus. It is

closely related to the variola virus (smallpox) and
leads to smallpox-like disease (4).

Monkeypox has been a rare disease native to Africa
but is now spreading to western and central Africa.
Confirmed cases of monkeypox have been more com-
mon since 2016 than in the last 40 years (5). the
World Health Organization (WHO) reported on the
monkeypox outbreak in some countries (6).

In order to control and treat the disease. diagnostic
test kits, medications, vaccines, and other health
measures should be developed based on a thorough
understanding of the biological properties and patho-
genic mechanisms of this infectious disease: there-
fore, extensive research is needed in this field (7). In
addition, one way to respond to this disease and con-



trol its outbreak is to conduct relevant research on all
its dimensions (6). Accordingly, researchers have pub-
lished various studies in different scientific fields in
scientific databases, especially in health, for which
quantitative and qualitative evaluations are necessary
(8).

Scientometrics is an effective and efficient way to as-
sess scientific progress and identify various aspects of
scientific publications (9).

These methods are used to quantify the growth of re-
search productivity, determine the countries and insti-
tutions with high numbers of publications, develop
research materials, and determine significant research
gaps (10). By taking into account the statistical data of
scientometric studies, it is possible to reach a general
understanding of global publications in a particular
field. such as the number of studies. research capacities
of different countries, leading research institutes, main
journals, and other research parameters. which can be
used to identify the research status, dominant areas.
and main gaps for strategic planning and scientific re-
search (9).

In this respect, scientometric methods were extensively
applied to evaluate the knowledge growth in research
related to health science and diseases. including influ-
enza (11), coronaviruses and COVID-19 (12, 13). bru-
cellosis (14, 15), tuberculosis (16), and other infectious
diseases (17. 18).

Mayta-Tovalino et al. (2022) (19) analyzed the trend of
scientific production on monkeypox between 2018 and
2022 using bibliometric indicators. The results of this
study indicated the most important journals, institu-
tions, and authors in this field . Zeeshan et al. (2022)
(20) have also used bibliometric techniques to analyze
the research trend of monkeypox between 2001 and
2021. The results of this study showed the growth of
documents, distribution of sources, and collaborations
at the national and international levels, as well as the
relationship between authors and co-authors . In anoth-
er study, Lin et al. (2022) (21) demonstrated that the
mumber of scientific publications on human-related
monkeypox has increased since 2003 through analysis
of scientific publications on monkeypox from 1975 to
2022. Infection, vaccine, and efficacy have been the
main topics of these publications .

Given the importance of the subject, the present study
has also analyzed the scientific publications on mon-
keypox using bibliometric and scientometric tech-
niques.

Research questions

This study applied scientometric techniques with an
analytical approach to answer the following questions:
What are the types of scientific publications in the field
of monkeypox?

What is the trend of publishing scientific publications
on the subject of monkeypox?

Which countries have the most scientific publications
in the field of monkeypox?

What is the scientific cooperation of countries in the
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field of monkeypox?
In what topics have scientific publications related to
monkeypox disease been published?

Methods

Search strategy and inclusion criteria

The statistical population is all the scientific publica-
tions on the subject area of monkeypox in the WOS
database. The main keywords for designing the
search strategy were identified using the Medical
Subject Headings Database (MeSH) and consulting
with specialists in the field of infectious diseases.
Afterward, in the advanced search of the WOS data-
base. publications on monkeypox disease were ex-
tracted using the following search strategy by filter-
ing the English language on May 28, 2022.

It should be noted that the search strategy was re-
viewed and approved by subject matter experts who
were also authors of the present study. The search
operation was performed by one author and then re-
viewed and approved by the other authors, who were
subject matter experts in the field.

The timeframe considered in the search strategy was
from January 1972 until the date of extraction of the
publications, and the search strategy in topic fields in
all WOS databases was as follows: (Monkeypox OR
Monkeypox OR monkeypox viridae OR monkeypox
viridae)

Moreover, eligibility criteria for scientometrics anal-
ysis were all types of documents extracted based on
the search strategy. The reason for using the WOS
database was that it is the most authoritative, exten-
sively used. and oldest citation database (22).
Considering that the objective of the present investi-
gation was the scientometric analysis of scientific
publications in the field of monkeypox: therefore, all
the monkeypox scientific publications indexed in the
WOS in the search strategy were included as inclu-
sion criteria.

Data extraction and data analysis

After conducting a search in the WOS database, the
results obtained were extracted in the form of a
plaintext file. The excel and VOS viewer software
were applied to perform scientometric analysis and
visualization. The VOS viewer software is one of the
most powerful and standard software for analyzing
data from citation databases. which clusters the most
relevant documents and their relationships (23).
Moreover, this software allows drawing maps based
on terms.

A term map is a two-dimensional map in which the
number of term occurrences is defined by label size,
and the distance between two terms can be interpret-
ed as an indication of the relatedness of these terms
based on the number of term co-occurrences in the
studied corpus file (24).



The Biblioshiny graphical interface tool based on the
Bibliometrix package in R programming language was
employed to analyze the data. Bibliometrix is a tool for
visualizing information in bibliometric analyses based
on scientific productions and publications in nations and
regions, journals, authors, articles, keywords, and re-
search institutes (25). It should be noted that KeyWords
Plus has been applied to draw conceptual maps in each
of the publications.

The thematic map uses the Keywords Plus field. The
Keywords Plus is associated with Thomson Reuters edi-
torial experts supported by a semi-automated algorithm.
Keywords Plus terms can capture an article's content
with greater depth and variety (26).

Results

What are the types of scientific publications in the
field of monkeypox?

A total of 1.130 scientific publications on monkeypox
over the past 50 vears were extracted from the WOS
database. Table (1) indicates the types of scientific pub-
lications conducted on monkeypox. According to Table
(1), original articles, reviews, editorials. and other publi-
cations accounted for 71.95%, 10.53%, 5.22%, and
5.22% of scientific publications on monkeypox, respec-
tively.

Table 1. Most types of scientific publications con-
ducted on monkeypox.
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Which countries have the most scientific pub-
lications in the field of monkeypox?

Table 2. Number of publications of countries
in the global publications on monkeypox 1972-

2022

o T ewny
USA 687 60.80%
Germany 97 8.58%
?_gﬁ‘goRep 75 6.64%
England 59 5.22%
Switzerland 53 4.69%
Russia 48 4.25%
France 42 3.72%
Belgium 37 3.27%
Canada 36 3.19%
Nigeria 28 2.48%

Article Type gllllll}]llllz‘ illtligt:'ls Percentage
Original Article 813 71.95%
Review Article 119 10.53%
Editorial Material 59 5.22%
Meeting Abstract 56 4.96%
Letter 31 2.74%
Book Chapter 26 2.30%
Proceeding Paper 24 2.12%
News Item 22 1.95%
Note 8 0.71%
Correction 7 0.62%

Characteristics of socio-demographics, vaccination,

According to Table (2), the United States has the
most publications related to monkeypox. with
687 patients accounting for 60.80%. followed by
Germany with 97 publications (8.58%), and the
Republic of Congo with 59 publications (6.64%).
Moreover, Figure (3) indicates the trend of publi-
cations in the ten countries with the most scien-
tific productions on monkeypox.

Since 2000, the United States has had the highest
growth rate in global scientific publications on
monkeypox, as demonstrated in Figure (2).
Moreover, there has been a consistent trend in
scientific publications on monkeypox in Germa-
ny and the Congo. Since 2017. Nigeria has also
published scientific publications on monkeypox.

What is the scientific collaboration of coun-
tries in the field of monkeypox?

Figure (3) depicts the international collaboration
network of different countries in publications on
monkeypox when it comes to scientific collabo-
ration between countries.
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Figure 1. Trend of scientific publications on monkeypox from 1972-2022 .

Figure (1) indicates that the highest number of publications was in 2010, 2009, and 2011.
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Figure 2. Trend of publications in ten countries with the most scientific productions on monkeypox from 1972-

2022.
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Figure 3. Collaboration of countries in
the global publications on monkeypox
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In what topics have scientific publications related to
monkeypox disease been published?

Figure (4) shows the topic clusters of monkeypox publi-
cations based on the keyword co-occurrence.

Figure 4. Network visualization based on the co-

occurrence of monkeypox publications.

The frame sizes in Figure (4) represent the frequency of
each keyword. Larger frames are related to higher fre-
quencies. The frames and connections between them are
depicted in four different colors in this figure. Each col-
or represents a keyword cluster that frequently appears
in monkeypox publications.

As a result, the red color denotes the subject of preven-
tion. blue indicates the epidemiology. green implies the
treatment. and yellow represents the immune response.
The density of authors' keywords in scientific publica-
tions on monkeypox is also displayed in Figure 5.

5‘&, VOSviewer

Figure 5. Density visualization based on occurrences
of monkeypox publications
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The density of the keyword network is depicted
by the yellow-to-blue color spectrum in Figure
(6). The weight density is represented by yellow,
green, and blue from top to bottom. The most
commonly used keywords are shown in the yel-
low sections. The higher the density, the more
vellow the map would be. The scientific publica-
tions on smallpox had the highest co-occurrence
of closely related keywords. As a result. the
terms Monkeypox. Smallpox. and Orthopoxvirus
were most frequently used and repeated in scien-
tific publications regarding monkeypox.
Moreover. Figure (6) indicates the frequency of
words and their co-occurrence over time. In this
figure, lighter-colored frames indicate the most
commonly used keywords in recent scientific
publications on monkeypox. while darker-
colored frames depict older keywords in monkey-
pox-related articles.

Figure 6. Overlay visualization based on the
occurrences of monkeypox publications.

Therefore, "Outbreak," "Infection," "Nigeria,"
"Africa." and "Congo" have been the keywords in
scientific publications on monkeypox in recent
years and after 2016.

Moreover, Figure (8) demonstrates the thematic
evolution trends in the monkeypox publications
over time in four time periods, 1953-2000, 2001-
2010, 2011-2020, and 2021-2022.
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Figure (7) indicates that the protein, human monkeypox,
monkeypox., human transmission. assay, congo. trans-
mission, neutralizing antibodies. and emergence were
important topics in 2021-2022. Moreover, the congo has
also been an important topic recently repeated in 2001-

2010 and 2021-2022.

Figure (8) indicates the strategic diagram of the thematic
map to demonstrate the significance and development of
research topics. Moreover, it shows the thematic map
based on density (y-axis) and centrality (x-axis). The
centrality measures the importance of the selected
theme. and density measures the development of the

chosen theme.

Figure 8. Thematic map based on density (y-axis) and
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In Figure (8). the upper-right quadrant indicates
the motor themes. They are characterized by
both high centrality and density. Moreover. there
is not any topic in this quadrant. In the upper left
quadrant, the niche themes are observed, which
are peripheral and specific topics for the research

field. "Smallpox wvaccine," '"nonhuman- pri-
mates," and "protection" are in this quadrant. In
addition, "emergence." surveillance." and "west-

nile-viruse" are in this quadrant.

The basic themes are demonstrated in the lower
right quadrant. These are basic. general. and
transversal themes in the research field.
"monkeypox." "vaccinia virus," and "monkevpox
virus" keywords are basic themes, also
"infection," "smallpox," and "human monkey-
pox" are in this quadrant. Finally, there are
emerging or declining themes in the lower left
quadrant. There is not any topics in this quad-
rant.

Discussion

Scientometric methods are helpful in determin-
ing increased scientific activity and organizing
the intellectual and scientific structure that
makes up a topic area (27). This study revealed
the structure of scientific publications on mon-
keypox using scientometric methods over the last
50 years.

According to the findings, scientific publications
on monkeypox have increased significantly since
2000, with most publications occurring in 2010,
2009, and 2011. Furthermore, the majority of
scientific publications were original articles. Lin
et al. also showed that the increase in publica-
tions on monkeypox has been since 2003 (21).
The increase in infections in endemic areas of
the disease and humans' close contact with mon-
keys could explain the upward trend in scientific
publications on monkeypox infectious disease. a
common disease between humans and animals
(zoonotic disease) (28) since 2000. Consequent-
ly, studies have indicated that the monkeypox
virus was first discovered in monkeys in a Dan-
ish laboratory in 1958 (29). In 1970, a 9-month-
old baby boy in the Democratic Republic of the
Congo was diagnosed with the disease for the
first time (30). Recent studies have also indicated
that the highest incidence of this disease has
been in African countries, although it has been
reported in other parts of the world in recent
years (2, 31).



From 2009 to 2012, for three years in a row, pub-
lished articles about monkeypox were higher than in
past years. One of the reasons for this could be the
disease's periodic outbreak and spread in endemic
areas. Since 2000, the overall trend of studies has
been upward. Although the outbreak of the disease
has fluctuated slightlv over the years, the number of
studies on this virus has remained high. This prob-
lem highlights the importance of paying attention to
the monkeypox disease, as a lack of attention has
resulted in a steady increase in disease cases over
the years. The increase in the number of publica-
tions indicates the progress of the scientific commu-
nity on the subject. Moreover. the increase in the
number of monkeypox publications shows the im-
portance of the issue (20).

On the one hand. modern transportation and in-
creased communication between different parts of
the world, as well as the rapid movement of humans
between countries and even continents. have result-
ed in the rapid and easy transmission of viruses.
while on the other hand, a lack of attention to mon-
keypox disease in recent years and a reduced focus
on the disease has resulted in the outbreak this zoon-
otic disease. On the contrary, since the global out-
break of the coronavirus pandemic, all of the world's
attention and medical resources have been focused
on this disease. Other diseases, on the other hand,
have had more time to spread. and monkeypox cases
have now been reported all over the world.

The United States, Germany, Congo, the United
Kingdom, and Switzerland have the most publica-
tions in this field, according to the results of the
present study. Furthermore, in terms of scientific
publications on this disease, these countries have the
highest level of scientific communication and col-
laboration. According to Phoobane et al. (17) on
infectious diseases in Africa, the United States, the
United Kingdom, South Africa, Switzerland, and
Kenya have the most publications in this area.
Moreover, in this field, these countries have the
most international scientific collaboration. Due to
the significant investment in various disease re-
search in the United States, the study of their vari-
ous aspects is at the forefront. The United States, for
example, has the most global publications on tuber-
culosis (15, 32) and COVID-19 (33). In this regard.
studies have found that a higher level of the out-
break of diseases increases researchers' interest in
research and publication in those countries (34).
Furthermore, country income is another reason for
increased scientific publications. Accordingly, high-
income countries have more scientific publications.
and low-income countries have fewer scientific pro-
duction (35. 36).
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Furthermore, the presence of the protein, human mon-
keypox virus, and monkeypox itself, along with the
potential for human transmission, have been major
focus of the research community in 2021-2022. This
indicates that researchers have been working to
develop improved assays for detecting the virus and
neutralizing antibodies, as well as studying the emer-
gence of monkeypox in areas such as the Congo.

The keywords "monkeypox." "vaccinia virus," and
"monkeypox virus" are significant in the research field
of monkeypox. Monkeypox is a rare but potentially
fatal viral disease that is similar to smallpox, caused
by the monkeypox virus. One of the treatments for
monkeypox is the smallpox vaccine, which is based on
the vaccinia virus (37,38). Smallpox vaccination using
the vaccinia virus has been shown through historical
data to be approximately 85% effective against mon-
kevpox (39).

These keywords are also transversal themes, which
means that they are relevant and applicable across dif-

ferent research fields, such as virology. epidemiology,
and infectious diseases.

Conclusion

The present investigation provides a comprehensive
and clear picture of monkeypox scientific publications
over the last 50 years. According to the findings, sci-
entific publications on monkeypox have increased.
Furthermore, since 2000, the growth in scientific pub-
lications in this field has been at its highest rate. Mon-
keypox has been the subject of scientific publications
in four areas of epidemiology. prevention, treatment,
and immune response. Furthermore. American. Afri-
can, and European countries have the highest partici-
pation in scientific publications on this disease.
Furthermore, according to the results, researchers and
policymakers gain a better understanding of scientific
publications on monkeypox by having access to some
information such as the most important countries, au-
thors, keywords, and topics of scientific publications.
Furthermore, by analyzing the results obtained from
studies that use these keywords, researchers can gain
valuable insights into the epidemiology, pathogenesis,
diagnosis, treatment, and prevention of monkeypox,
which can ultimately contribute to the development of
effective strategies for controlling this disease.
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