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Bluetongue virus (BTV) is an arbovirus, causes bluetongue (BT) disease of ruminants
responsible for mortality and trade limitation. The objective of this study was to provide a
descriptive review analysis of global research activity for the period 2000 to 2020. The
number of articles, temporal evolution, geographical distribution, countries, funding
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agencies, authors, research theme, and the source was analysed and presented in
visualization maps. Search query resulted in 3878 documents from 5681 authors, and 2017
articles were analysed. The annual number of publications showed a steep increase from
2005 to 2020 related to attention to BT as an exotic disease in Europe, as well as the
interest in vector over-distribution due to climate change. Most of the studies were

performed in Europe, followed by Asia and North America. The top active countries in
article production were the United Kingdom and the United States. A considerable
international collaboration network of the UK with the USA and European countries was
observed. However, the collaboration was weak with Asian and African countries. The
major research themes are genomic viral studies, the role of Culicoides as a vector,
serological and molecular epidemiology, and vaccination. In conclusion, an increase in
scientific production and international collaboration was noticed during the last two
decades. However, international collaboration needs more attention to African, and South
American countries. The current study provides useful references for the policymaker,
academics, animal health professionals, and funding agencies to follow the past and except
the future BTV themes.
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Introduction animal disease including BT (6). BT is caused by the
bluetongue virus (BTV), a double-stranded RNA (dsRNA)

Bluetongue (BT) is an infectious, non-contagious of the Orbivirus genus within the Reoviridea family (7).

disease of ruminants (1). BT causes a great economic loss
as a result of reducing international trade, high morbidity,
mortality rates, abortion, stillbirth, and neonatal death (2-4).
The World Organization for Animal Health (OIE) listed BT
as multiple species, notifiable disease (5).

Besides, the Food and Agriculture Organization (FAO)
established a special program known as the Emergency
Prevention System (EMPRES) to control transboundary
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Currently, BTV has been listed in 28 different serotypes
distributed around the world based on the genomic
sequence (8).

The arbovirus is an (arthropod-borne virus) is
transmitted by an insect vector known as Culicoides biting
midges (9) as well as transplacental transmission resulting
in severe congenital malformations (10).
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The disease is reported worldwide, commonly located in
developing country particularly Asia, the Middle East, and
Africa (1,11,12); where resources for scientific research and
control measures and are inadequate. The global review
analysis describes the trend of scientific activities, research
outputs, publications, and analyzes professional
collaboration (13). Currently, it is widely used as a
powerful tool to measure the flow of publication among
countries, research institutes, authors, disciplines, and other
groups to assess the global strategic alliance and the
coordination of research productivity. Analysis of various
animal viruses has been published (14,15).

Very few global reviews of studies have been published
related to BTV research activity, therefore, the current
study was designated to provide a descriptive assessment of
the global scientific articles on BTV. A Dbetter
understanding of the state of research on BT is required to
assist efforts when initiating a project, find collaborations,
and financial sponsors.

Materials and methods

Data source

In the current study, data retrieved on January 1, 2021,
from the Scopus database. Scopus affords basic and
advanced search options. Its content covers more than 75
million records, >23,000 golden impact journals worldwide
including Open Access journals (16).

All documents published in Scopus have an English title
and abstract; allow publication searching without a
language restriction. Besides, Scopus is allowing retrieve
documents from other database sources e.g. Pubmed (17).

Inclusion and exclusion criteria

The study question was set as 'What is the global
distribution of published scientific articles related to the
Bluetongue virus?'. The search query was adopted after
reviewing scientific publications to set of relevant
keywords to be used in the search (18,19).

In this study, the search strategy was based on a search
joined by the Boolean operator “OR” to retrieve documents
on BTV: “Bluetongue virus” OR “Bluetongue disease”. The
resulting of all articles were manually reviewed.
Publications indexed either as review, conference, editorial,
theses, posters, or errata were removed. EndNote program
was used to check for article duplication (20).

The retrieved publications were closely looking at the
temporal evolution of publication, geographical location,
countries, international research collaboration, funding
agencies, institutions, authors, research theme, and journal
source. VOSviewer program was used to construct the
visualization maps and assess the international research
collaboration between countries, the author's collaboration,
and research theme (21).
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Results

The search query implemented in the Scopus database
retrieved 3878 research documents from 5681 authors. The
majority of the retrieved articles (n = 3302; 85.14 %) were
research articles. Review articles (n = 294; 7.58%),
conference papers (n = 41; 1.06%), notes (n = 58, 1.49%),
letter (n = 76, 1.96%), book chapter (n = 41, 1.06%),
editorial (n = 31, 0.79%), short survey (n = 14, 0.36%) and
book (n = 3, 0.08%) were removed. Additionally, erratum
(n = 18, 0.46%) was excluded. Articles were limited to the
published period 2000-2020 (n = 2017).

Temporal evolution

The temporal analyses of the 2017 documents,
originated from different sources published between 2000
and 2020 (20 years) are shown in Figure 1. The annual
scientific production has been increasing since 2003, with
marked growth since 2005, reaching a peak between 2010
and 2014 (Figure 1).
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Figure 1: The number of publications on BTV by year from
2000 to 2020.

Geographical distribution

Most of the articles were performed in Europe (n
1719), followed by Asia (n = 495), North America (n
370), Africa (n = 255), South America (n = 78), Oceania (n
= 63), and 54 articles not identify the study location.There
is an overlapping of articles between geographical location
and countries. The top ten active countries on the BTV
article production were listed in table 1.

International research collaboration

Countries with a minimum co-author contribution of 30
documents were visualized to assess international research
collaboration among active countries (Figure 2). Link
strength is represented by the thickness of the line between
the counties. Three clusters with 18 countries appeared on
the map. The first cluster (green) is composed of UK, USA,
Canada, China, Australia, Brazil, and India. The UK has
368 total link strength, collaborated with all countries on
the map, and with 435 articles; 60 with France and 58 with
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the USA. The USA in second place with collaborated with
15 countries and 328 articles. Brazil has the lowest
international collaboration among these countries with 7
connections, 36 articles, and total link strength of 10. The
second cluster (red) includes France, Spain, Belgium,
Poland, Sweden, Germany, Italy, Turkey, and Switzerland.
France is the leading country in this cluster with a
collaboration with 15 countries, 294 total link strengths,
and 276 articles. Most of the French collaboration was with
UK, Belgium, and Germany (total link strength = 60, 48,
and 30 respectively). This last cluster (blue) includes South
Africa and The Netherlands (13 and 12 international
collaborations respectively). Most of the international
collaboration of South Africa was with the UK and
Netherlands (total link strength = 37 and 30 respectively).
The link strength was higher than 30 for most countries
indicative of adequate international research collaboration
(Figure 2).

Table 1: List of top ten active countries in BTV article
publication from 2000 to 2020

Country No. of articles
United Kingdom 437
United States 329
France 277
India 199
Italy 172
Spain 160
Germany 144
South Africa 132
Netherlands 123
Belgium 114

Funding agencies

Of all retrieved publications, 159 funding agencies were
found, supported 873 articles (20.03%). Table 2 shows the
top ten agencies and the article's numbers. United Kingdom
is the leading country that supports BTV research, with

three out of the top ten funding agencies. This is also clear
with the number of research articles and international
collaboration (Figure 2). Asian countries also contributed
through the Indian Council of Agricultural Research India
and the National Natural Science Foundation of China. Two
funding agencies from the USA: National Institutes of
Health and the U.S. Department of Agriculture. No African
and South American funding agency appears in the top 10
list (Table 2).
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Figure 2: Network visualization map of international co-
authorship research among countries with minimum
research output of 30 documents on Bluetongue virus. The
thickness of the connecting lines represents the strength of
research collaboration between any two countries. The
connecting line between the USA and the UK represents the
strongest research collaboration due to its thickness relative
to other lines.

Authors

In this study, 5681 authors’ contributions to the 2017
articles were analyzed. The top ten active authors are
shown in table 3. The first nine are from the European
region and the last one from India. The leading author is
Zientara, S. from the “Agence Frangaise de Sécurité
Sanitaire des Aliments- France was the leading author with
95 articles, 17 links, and total link strength of 248.

Table 2: Top ten funding agencies in BTV articles from 2000 to 2020

Funding agencies Country No. of Articles
Biotechnology and Biological Sciences Research Council UK 118
Seventh Framework Programme EU 61
European Commission EU 54
Indian Council of Agricultural Research India 36
Dept for Environment, Food and Rural Affairs, UK Government UK 28
National Institutes of Health USA 28
National Natural Science Foundation of China China 24
Wellcome Trust UK 24
U.S. Department of Agriculture USA 22
European Food Safety Authority EU 11
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Table 3: Top ten authors in BTV article research from 2000 to 2020

Author Institute Country
Zientara S AgenceFrancaise de Sécurité Sanitaire des Aliments France 96
Roy P Ili/?:(ljjilgnzf Infectious and Tropical Diseases, London School of Hygiene and Tropical UK 78
Sailleau C AgenceFrancaise de Sécurité Sanitaire des Aliments France 69
Savini G IstitutoZooprofilatticoSperimentaledell' Abruzzo e Molise “G. Caporale”. Italy 65
Mertens PC  School of Veterinary Medicine and Science, University of Nottingham. UK 60
Mellor PS The Pirbright Institute, Pirbright, UK 59
Carpenter S The Pirbright Institute, Pirbright, UK 55
Bréard E Laboratoire de Sapté A.nimalc?d’Alfort, ANSES, ENVA, INRA, UMR 1161 France 47
VIROLOGIE, Université Paris Est
Viarouge C Laboratoire de Sapté A.nimalc?d’Alfort, ANSES, ENVA, INRA, UMR 1161 France 46
VIROLOGIE, Université Paris Est
Maan S College of Veterinary Sciences, LLR University of Veterinary and Animal Sciences. India 45

The co-authorship between authors with a minimum of
30 articles is shown in Figure 3. Five clusters of authors
with 119 links reflect the good collaborations between the
participants in this field (Figure 3). The strength of
collaborative work with authors in different institutes in the
same countries frequently co-occurred together as shown
from clusters in Figure 3. However, collaborative work
with researchers, from different countries also is clear.
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Figure 3: Network visualization map of co-authorship
research among authors with minimum research output of
30 documents on Bluetongue virus. The thickness of the
connecting lines represents the strength of research
collaboration between authors.

Research themes

Figure 4 shows the network visualization map of the
most frequent 20 keywords with more than 30 times
occurrence in articles of the retrieved literature on BTV
during the study period from 2000 to 2020. The four
clusters represent the major research themes in the retrieved
literature. The most linked term is ““bluetongue™ (red)
represented research on the basic viral studies, with 19 links
and 382 total link strength (articles number = 430). Clusterl
includes 6 keywords: African Horse Sickness (AHS),
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bluetongue, surveillance, Culicoides, and vector. This
cluster concerns the role of Culicoides as the vector for
transmission and risk factors of BT and the related disease
in the horse. Cluster 2 (green), with 17 links and 151 total
link strength (n = 103) includes 6 keywords: cattle, sheep,
goat, seroprevalence, vaccine, and vaccination represent
articles on serological epidemiological assessments of the
disease and hosts response to vaccination. The third cluster
(blue) shares 19 links, 312 total link strength (n = 437)
includes 4 keywords: bluetongue virus, enzyme-linked
immunosorbent assay (ELISA), Reverse transcription-
polymerase chain reaction (RT-PCR), and epidemiology.
These words are connected to serological and molecular
epidemiology identification and differentiation of BTV
serotypes. The last cluster (yellow) with 15 links, total link
strength 73 (n = 61) includes 4 keywords: Orbivirus (the
genus of BTV), arbovirus, BTV, and vector. The words
match the concern of the research on the evolutionary
dynamics and characterization of BTV in the vector (Figure
4).
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Figure 4: Network visualization map of most frequent 20
keywords with more than 30 times occurrence in articles of
the retrieved literature on BTV from 2000 to 2020. The four
clusters represent the major research themes in the retrieved
literature.
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Journal source

The top ten journals are listed in table 4. The top ten
sources are located in Europe (Netherlands and UK) and the
USA. The top five journals in the field of BTV publishing
are: Veterinary Microbiology (n = 91), Veterinary Record
(n = 90), PLOS ONE (n = 87), Transboundary And
Emerging Diseases (n = 81) and Medical And Veterinary
Entomology (n = 65).

Table 4: Top ten journal sources in BTV article research
from 2000 to 2020

Avrticle Source No Country
Veterinary Microbiology 91 Netherlands
Veterinary Record 90 UK
PLOS ONE 87 USA
Transboundary Emerging Diseases 81 UK
Medical Veterinary Entomology 65 UK
Journal Of Virology 64 USA
Preventive Veterinary Medicine 64  Netherlands
Journal Of Virological Methods 61 Netherlands
Parasites And Vectors 56 UK
Vaccine 55  Netherlands

The temporal trend of publication of these journals over
the study period is presented in figure 5. . Journal of
Veterinary Microbiology shows a predominance until 2011,
then, PLOS ONE appeared as the major publisher. This
could be explained by the current focus of Veterinary
Microbiology on the basic, genomics, and virological
research topics, while PLOS ONE has a broader coverage
of animal health topics. Starting from 2015, the increase of
applied animal BTV epidemiology, diagnostics, genomics,
vaccine development, and reporting of new outbreaks;
cause directed the publication toward high interest to
journals with these topics, mainly Journal Transboundary
And Emerging Diseases and Journal of Veterinary Records
to increase (Figure 5 ). The number of articles in other
journals decreased dramatically.
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Figure 5: Temporal trend of BTV article sources by year
from 2000 to 2020.

345

Discussion

The present study provides a global review analysis of
scientific articles related to the Bluetongue virus in the last
two decades. The research has aroused during this period as
BT emerged as an exotic disease for most countries (22),
(23). Climate change and increase vector distribution pay
attention to the BTV as arboviruses (24). In 2006, BTV
serotype 8 (BTV-8) emerged unexpectedly in the North of
Europe, affecting Belgium, France, Germany, Luxembourg,
and the Netherland, encourage the vaccine development
industry and scientific research efforts (25). The large
majority of Research and Development (R&D) spending
and foreign direct investment (FDI) takes place in the three
major economic regions of the world, North America, the
EU, and Asia place in the three major economic regions of
the world, North America, the EU, and Asia (26). European
countries came out with high productivity in BTV articles,
indicating the abundance of BTV serotypes, vector, and
virus  re-assortment in  domesticated and  wildlife
populations (27). Besides, the role of industry supporting
vaccine production and R&D expenditure is strongly
funded by governmental and non-governmental
organizations in these countries. The findings of the current
study indicated the presence of good collaboration
networks, with a marked number of collaborations of the
UK with the USA and European countries. With exception
of South Africa, the collaboration of leading countries (UK,
USA, and France) is weak with Asian and African
countries, even though BTV is spreading so quickly, can re-
assortment and emerge of novel serotypes, which has the
potential to cause great economic damage in livestock
worldwide (28). For this, more connections should be made
between developing (particularly in Asia and Africa) and
developed countries.The considering of BT disease by the
OIE and FAO and as potentially devastating, growing, and
potentially economically important disease of livestock
worldwide (29), funding agencies should be contributed to
greater support in the future to enhance healthcare and
reducing extreme poverty globally, especially for poor
countries.

The global aspect of BTV and funded projects enhance
the partners in disseminating and sharing knowledge in
practice. For example, BTV-GLUE is a collaboration
between the MRC-University of Glasgow Centre for Virus
Research, the University of Nottingham, the Pirbright
Institute, and the PALE-Blu (Pathogen Livestock
Environment interaction involving bluetongue) project (30).
Another example is the research project co-funded by the
Biotechnology and Biological Sciences Research Council
(BBSRC) (a part of UK Research and Innovation) and the
Department for International Development (DFID) is
supporting a collaboration between UK and Indian
researchers investigating bluetongue virus in India (31).
Despite the wide distribution of BT and the vector in
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Africa; no funding agency, author, institute, were appearing
in the top 10 list. The international collaboration should be
improved toward the developing countries in Africa and
South America.

Authors tend to publish in journals with scope to
veterinary disease reporting rather than basic science
journals, presenting an increased interest of the scientific
community with BTV epidemiology, vector, and serotyping
topics. Also, a cumulative increase in virus-vector
interactions related publications was noticed, being more
aware of the role of important climate change in vector
overgrowth and distribution. Furthermore, RT-PCR,
ELISA, and vaccine methods were more current diagnosis
tools.

Conclusion

This study demonstrates the importance of global
review analysis of BTV research trends, providing a helpful
reference for the policymaker, R&D at the industrial
company, animals health professional, one health system,
and funding agencies to follow the past and expect the
future BTV themes. During the last two decades, progress
in trends of BTV publication has occurred. Increase the
awareness of the role of climate change and vector
overgrowth and distribution is important in BT control.
Furthermore, the international collaboration between
developed and developing countries, sharing the resources,
transferring ideas, and ensuring satisfying financial support
from countries and foundations are required to successfully
struggle against BTV.
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