Rendiconti Lincei. Scienze Fisiche e Naturali (2022) 33:663-672
https://doi.org/10.1007/5s12210-022-01088-3

RESEARCH PAPER q

Check for
updates

Global network mapping research landscape and trends
of the endogenous retroviruses: a look through bibliometric analysis

Gul Zaib"2 - Hengmi Cui? - Xuming Hu?

Received: 2 April 2022 / Accepted: 19 July 2022 / Published online: 9 August 2022
© The Author(s), under exclusive licence to Accademia Nazionale dei Lincei 2022

Abstract

Endogenous retrovirus (ERV) research amalgamates host-retroviral coevolutionary, phylogenomic, infection, immunity, and
cellular studies in various hosts ranging from fish to humans. Henceforth, a bibliometric analysis of these publications may
aid in the identification of trends in ERV research. It was the foremost bibliographic study, with the key aim to conduct the
bibliometric network analysis (e.g. co-authorship, co-occurrence, citation, bibliographic coupling, and co-citation analysis)
to find the most prolific authors, organizations, and countries in ERV research, based on the mapping of bibliographic data.
Second, the mapping based on text data comprised to chalk out the research trend over the time. The global literature about
endogenous retroviruses published between 1985 and Sep 2021 was searched in the Web of Science (Core Collection) data-
base using the “ENDOGENOUS RETROVIRUS” keyword. The bibliometric analysis of this dataset was carried out using
VOSviewer version 1.6.17. According to findings, English was the de facto language of these publications, and 2157 were
original articles. Among 2939 published documents, “endogenous retrovirus” was the most frequent keyword. Moreover,
it revealed the United States as a core contributor to studies on the ERV. The Journal of Virology published a substantial
amount of manuscripts in ERV. Robert Koch Institute and Harvard University were leading organizations for research in
this field. The application of ERV research from China could be the research hotspot to follow in the coming years. Current
bibliometric analysis provides a comprehensive picture of ERV research progress and has highlighted the contribution of
different stakeholders.

Keywords VOSviewer - Core collection - Bibliometric analysis - Networking - Research trends - Co-authorship -
Co-occurrence - Bibliographic coupling - Co-citation

1 Introduction humans (Hayward et al. 2015; Herniou et al. 1998). Gener-

ally among eukaryotes, about forty-three viral families are

The endogenous retroviruses (ERVs) are integrated retro-
viral fossil signatures in the vertebrate genome (Malfavon-
Borja and Feschotte 2015) that are vertically transmitted by
standard Mendelian inheritance mechanisms and retained
in the host genome over millions of years of molecular fos-
sil of infection (Aiewsakun and Katzourakis 2017; Herniou
et al. 1998). The abundant and diverse ERVs are found
in the genome of various vertebrates ranging from fish to
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known to have forged endogenous relationships with their
hosts. These endogenous viruses (EVs) are hosted by sim-
plest life forms like amoeba, algae to higher taxa such as
amphibians, annelids, arachnids, avians, cnidarians, collem-
bolids, crustaceans, echinoderms, fish, fungi, ichthyospore-
ans, insects, mammals, molluscs, nematodes, oomycetes,
plants, platyhelminths, reptiles, tunicates, and unspecified
heterokonts (Hurst 2022). The ERVs constitute a significant
part of the host genome. For example, in humans, almost
8% and 14% in chickens (Malfavon-Borja and Feschotte
2015; Naville and Volff 2016). ERVs are the most powerful
tool for studying host-retroviral coevolution. They provide
a primary perspective into the deep retroviral evolutionary
phylogenomics history of infection and immunity (Hay-
ward et al. 2015; Naville and Volff 2016). The integration
event of ERVs did not lead to drastic mutations in the host
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genome. ERVs provide regulatory sequences, beneficially
altering the genetic networks, cellular functions, and gene
regulation (Geis and Goff 2020; Robbez-Masson and Rowe
2015; Schlesinger and Goff 2015; Ye et al. 2020). Denovo
DNA methylation of ERVs within the host genome tends to
leave epigenetic marks during the early stages of embryo-
genesis. This DNA methylation protects the genome against
disadvantageous transcriptions (Geis and Goff 2020). ERV-
encoded products (RNA, cDNA, and proteins) can directly
contribute to various disease conditions, such as cancer,
senescence, and chronic inflammations in aberrant amounts
(Cosby et al. 2019; Geis and Goff 2020).

The bibliometric network analysis is regarded as a hall-
mark in research publications, and scientists work as team-
mates to achieve mutual research goals. The study of the
social network and co-authorship networks are dominant
tools to assess the collaboration trends and identify lead-
ing scientists, journal sources, and organizations (Fonseca
Bde et al. 2016). Previously, studies have been conducted to
address viral infectious diseases such as COVID-19 (Farooq
et al. 2021; Yu et al. 2020), Zika virus (Albuquerque et al.
2017), Dengue (Maula et al. 2018; Zyoud 2016), Ebola
(Kawuki et al. 2020; Yi et al. 2016), and West Nile virus
(Al-Jabi 2017). Other research studies were mainly focused
on assessing bacterial infections and parasitic diseases,
including campylobacteriosis, tuberculosis, Kala-azar, and
malaria (Groneberg et al. 2015; Ramos et al. 2013; Sweileh
et al. 20164, b).

The bibliometric networking analysis shows that the
nodes of test items are highly interconnected to form a mesh
of interaction and interlink network among authors, organi-
zations, articles, countries, and institutions. Hence, in this
perspective, the bibliometric study falls in the collaborative
network domain. A collaborative network (CN) is a network
made up of a variety of entities (e.g., organizations and peo-
ple). They are mainly autonomous, geographically dispersed,
and heterogeneous in terms of the operating environment,
culture, science, social capital, and goals but work together
to achieve common or compatible goals (Newman 2001).
In a bibliographic study, “total link strength” indicates “the
number of articles in which two terms occur together.” Total
link strength attributes show connectivity between items and
contain weight attributes, i.e., Occurrences, documents, cita-
tions, and norm citations (Pinto et al. 2014; Waltman and
van Eck 2013). In the bibliometric study, the co-author-
ship networks have their descriptive and synthetic power
to describe the evolution of research communities because
social networks play a significant role in the generation of
knowledge (Biscaro and Giupponi 2014). It also helps to
chalk out the interlinked global recognitions and landmark
articles based on prior works of scientists, organizations, and
countries. Another key aspect of the bibliometric analysis
is science mapping, which relies on bibliographic coupling,
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textual analysis, and co-citation analysis (Glanzel and Czer-
won 1996; Waltman and van Eck 2012). The articles are the
vertices of the bibliographic coupling, and an edge is formed
when they share at least one reference (Biscaro and Giup-
poni 2014). Co-citation analysis examines the structure and
development of scientific communities and areas.

This methodology is robust and reliable because the cita-
tion is a valid and reliable indicator of the relevance of an
article, journal, or scientist in scientific communication.
Two approaches have emerged in recent decades within
this framework: document co-citation (focused on docu-
ments and publications) and author co-citation (focused on
researchers) (Reyes-Gonzalez et al. 2016). These analyses
help to map the structure of scientific and technological
fields and their evolution over time. The latest advances in
bibliometric tools allow scientists to identify research pro-
ductivity, knowledge gaps, and research trends in different
fields. Among bibliometric tools, VOSviewer offers to map
research trends, productivity, and productivity (van Eck and
Waltman 2010).

In the field of ERV, the research productivity has not
been explored to date. The current study bibliometrically
analyzed the languages, yearly publications, countries and
collaboration patterns, institutions, journals, and citations in
the Web of Science (Core Collection). This study analyzed
the global research output for ERVs. Present investigation
documented research output and trends among scientists to
explore ERVs. Moreover, it also revealed the preference and
current research trends in biomedical journals. Our study
has implications for future research trends and direction in
ERVs.

2 Materials and methods
2.1 Data collection and analysis

We conducted this comprehensive study to identify ERV
research directions and trends of publications available in
the Web of Science, Core Collection database. The duration
of the search was from 1985 to Sep 2021.

2.2 Data inclusion and exclusion criteria

We included all relevant articles about Endogenous Retro-
viruses. Our research comprised reviews, books, editorials,
letters, and conference abstracts. In addition, articles pub-
lished in other languages were also included. We excluded
Scopus or other databases in our analysis.
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2.3 Data analysis

The dataset was obtained in Tab-delimited file format, using
the keyword “ENDOGENOUS RETROVIRUS.” Data were
analyzed by VOSviewer version 1.6.17 (van Eck and Walt-
man 2010). The study included aspects: co-authorship, co-
occurrence, bibliographic coupling, and co-citation patterns
among documents, authors, organizations, countries, and
prolific journals. Furthermore, we also analyzed the themes,
abstracts, and keywords of the published data source avail-
able on WOS (Core Collection) to date.

3 Results
3.1 Evaluation of the dataset from WOS

The study corpus was comprised of 2939 documents pub-
lished on WOS (Core collection) in the studied period
between Jan 1985-Sep 2021. This database consists of
original articles (2157; 73.39%) and reviews articles (459;
15.61%). Most of the published material was in English
(2912; 99.08%), followed by French (12, 0.408%), as men-
tioned in Table 1. A total of 80 countries contributed to the
scientific output in the field of ERV research. Among them,
the top 10 are mentioned in Table 1. The United States pub-
lished most papers (1032; 35.11%), followed by Germany
(466; 15.85%) and England (303; 10.31%). According to the
findings, 2250 research institutions play their role; the ten
most proliferative institutions are in Table 1. Centre National
De La Recherche Scientifique (CNRS) contributed most in
the scientific community with 138 publications (4.69%).

3.2 Bibliometric analysis of the themes, trends,
and keywords

In the co-occurrence map based on text, data revealed the six
themes of the research over time. The red cluster included
terms like evolution, phylogeny, DNA methylation, gene
expression, and molecular characteristics of cancer cells, and
the green cluster comprised HERYV, transcription, and trans-
posable elements. The main key terms in the yellow cluster
were porcine endogenous retroviruses, ERV expression, and
transmission. The blue cluster indicated xenotransplantation,
clinical trials on xenotransplantation for liver failure, and
diabetes treatment. The yellow cluster was associated with
DNA methylation, multiple sclerosis, and pathogenesis in
primates, more specifically in humans (human endogenous
retroviruses HERVs). The purple cluster complicated mela-
noma transcriptional activity in HERVs. The light blue clus-
ter elaborated on factors related to HERVs and their role in
placentation. (Fig. 1a).

The co-occurrence map of titles and abstracts showed that
ERYV research trends mainly focused on porcine endogenous
retrovirus, transplantation, treatment, multiple sclerosis,
pathogenesis, HERV, HERV-K, promotors, evolution, and
phylogenetic (Fig. 1b). Based on the occurrence (minimum
five times) of author-provided keywords, documents in the
dataset were selected to analyze. Out of the 4112 keywords,
253 met the analysis threshold, revealing that 253 keywords
appeared in 11 clusters with 2747 links and 4892 total link
strength. The keyword “endogenous retrovirus” (occurrence
313; total link strength 587) appeared most, followed by
“xenotransplantation” (occurrence 222; total link strength
458), “human endogenous retrovirus” (occurrence 125; total
link strength 277), and “porcine endogenous retrovirus”
(occurrence 100; total link strength 192) (Fig. 1c, d). Table 2
shows the top ten most occurring author-provided keywords
based on higher values of total link strength.

3.3 Bibliometric analysis of the citation

Eight hundred and twenty-two journals have published
about ERVs in different ways, and we selected the criteria
as five minimum numbers of publications. According to this
criterion, 117 publications met the analysis threshold and
revealed the “Journal of Virology” documented 182 publica-
tions with 8559 citations (Fig. 2a). In the document citation
analysis, we calculated document citations. One thousand
research publications are in 8 clusters with 15,033 links.
Document citation analysis revealed the top-ranked arti-
cle authored by Gibbs (2004). Gibb's manuscript was cited
14,78 times (Fig. 2b).

The citation analysis of authors was categorized based
on the number of publications and citations. Eleven thou-
sand four hundred seven authors (11,407) contributed to
ERV research, and 387 met the threshold analysis. The
387 authors are in ten clusters with 15,834 links and
68,422 total link strength (Fig. 2c). Mallet F appeared
as a most-cited author in analysis, with 1973 citations
and total link strength of 1719. A total of 2416 organiza-
tions contributed to the ERV research during the study.
According to the default analysis setting, 310 organiza-
tions meet the thresholds (Fig. 2d). The organizations
with the greater link strength analysis revealed that Har-
vard University was top-ranked (61 documents; 3650
citations). In the country viz citation analysis, out of
80 countries, 40 met the analysis threshold., i.e., 1027
documents with 39,919 citations and 17,516 total link
strength (Fig. 3a). It revealed the USA as a major con-
tributing country to ERV research. However, China has
contributed more significantly than other countries in
the past few years. The top-cited article was published in
Nature in 2004. Since then, it has been cited 1487 times
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Table 1 WOS (Core Collection) is the publication type and language of documented publications globally in ERV research

Sr.No Parameters Sum | Percentage
1 Publication | Articles 2157 73.392
type Review Articles 459 15.618
Meeting Abstracts 217 7.383
Proceedings Papers 102 3471
Editorial Materials 60 2.042
Letters 29 0.987
Book Chapters 18 0.612
Corrections 14 0.476
Early Access 10 0.340
News Items 2 0.068
2 language English 2912 99.081
French 12 0.408
German 4 0.136
Spanish 4 0.136
Chinese 2 0.068
Russian 2 0.068
Korean 1 0.034
Polish 1 0.034
Turkish 1 0.034
3 Country of | USA 1032 35.11
origin Germany 466 15.85
England 303 10.31
France 290 9.86
Japan 238 8.09
China 220 7.48
Canada 157 5.34
South Korea 150 5.10
Italy 146 4.96
Switzerland 120 4.08
4 Funding United States Department Of Health Human Services 528 17.965
Agencies National Institutes Of Health (NIH) the USA 525 17.863
European Commission 187 6.363
NIH National Institute Of Allergy Infectious Diseases (NIAID) 178 6.056
Nih National Cancer Institute (NCI) 140 4.764
National Natural Science Foundation Of China (NSFC) 104 3.539
NIH National Institute Of General Medical Sciences (NIGMS) 89 3.028
Pennsylvania Commonwealth System of Higher Education
(PCSHE) 179 1.77%
University of London 161 1.59%
US Department of Veterans Affairs 147 1.45%

with 82.61 average citations per year. A clear change
in research hubs was noted. This highlights a shift in
research hubs, and this shift has moved from western
countries to China (Fig. 3b).

3.4 Bibliometric analysis of co-authorship
In the co-authorship network analysis, the metrics of

authors’ positions to build a map based on the author’s pub-
lications, countries, and organizations, as the co-authorship
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networking and bibliographic coupling network comprised
many components. The current study revealed that the USA
ranked on top with 38 links, 632 total link strength, 1017
documents, and 39,423 citations (Fig. 4a). Totally 11,408
authors contributed to the scientific world of ERV publica-
tions. Among them, 135 appeared highly connected. Dan-
ner Joachim has co-authored 53 articles with 1408 citations
(Fig. 4b). The literature search revealed that 2416 organiza-
tions had published related papers, and among them, 305
organizations had the most extensive set of collaboration
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Fig. 1 Bibliometric analysis of research themes based on the terms
used in titles. a The distribution of the themes. Six clusters of vari-
ous colors are shown according to their categories and relevance.
The cluster size depends on the sum of the terms used. Out of 6916
terms from the title field, 77 were 60% more relevant for analysis.
b The network visualization map shows the research trend based on
the titles and abstracts of the publications. The size of nodes indi-
cates the rate of appearance of a specific term. The distance between
nodes denoted their correlation. Out of 50,547 research trends, 815

Table2 Top ten most occurring author-provided keywords based on
higher values of total link strength

Keywords Occurrences  Total link
strength
1 Endogenous retrovirus 313 587
2 Xenotransplantation 222 458
3 Human endogenous retroviruses 125 277
4 Multiple sclerosis 96 258
5 Porcine endogenous retrovirus 100 192
6 HERV 65 175
7 HERV-K 60 165
8 Retrovirus 82 162
9 Pig 47 156
10 HERV-W 44 153

connections. Robert Koch Institute has published 85 docu-
ments with 2891 citations, followed by UCL (75 papers with
2459 citations). The leading partner of the organization is
UCL and Harvard University, respectively. Most of the

®)

most relevant ones were categorized into four clusters. ¢ The biblio-
metric analysis of the co-occurrence of author-provided keywords in
the publications. The size of the nodes represents the occurrence fre-
quency, and the curves among the nodes indicate their co-occurrence
in the same publication. The shorter distance between two nodes, the
larger the co-occurrence of the two keywords. d The density visuali-
zation of co-occurrence of author-provided keywords in the publica-
tions

research mainly concentrates on the immunological aspects
of ERVs (Fig. 4c¢).

3.5 Bibliometric analysis of bibliographic coupling
and co-citation

When multiple authors quote one or more articles in com-
mon, they are said to be bibliographically connected. On
the other hand, co-citation analysis primarily focuses on
detecting pairs of highly cited works. Co-citation analysis
is essentially a forward-looking approach, whereas bib-
liographic coupling is retrospective (Boyack and Klavans
2010). The bibliographic coupling diagrams of documents
and journals, authors, countries, and organizations are
shown in Fig. 5. Among 2924 documents, 1000 highly liked
publications were categorized into three clusters. The core
article was published in the “Microbiology and Molecular
Biology Reviews” by Voisset et al. in 2008 (Fig. 5a). Among
816 journals, “Journal of virology” appeared as a core
journal due to 182 ERV-based publications and 8559 cita-
tions with 147,285 total link strength (Fig. 5b). In Fig. 5c,
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Fig.2 The bibliographic analysis of the citations. a The most influ-
ential journals on ERV literature worldwide are categorized based on
their citation. These 118 journals were distributed in 6 clusters. b The
citation of the document. The bigger bubble size referred to the high-
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Fig.4 Bibliometric analysis of the co-authorship, the thickness of
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width of the lines denotes the link strength of the countries. b The co-

Danner Joachim appeared as the core author (53 documents;
1408 citations; 99,716 total link strength). And the Rob-
ert Koch Institute appeared as a core organization with 85
publications, 2891 citations, and 178,707 total link strength
(Fig. 5d); it showed a strong connection with UCL (7303
link strength). In a bibliographic coupling analysis of coun-
tries, the USA (documents 1017, citations 39,423; total link
strength 1,053,611) appeared as a core country (Fig. 5e).

The bibliometric analysis of the total cited references
yielded 783 out of 72,457 items in 5 clusters with total link
strength of 394,074 (Fig. 6a). The node’s size indicates the
total number of co-citations, and the distance represents
how these are related to each other. Authors 984/48542 meet
thresholds. Co-citation of authors 984 items in 5 clusters
links 164,957 and total link strength 966,741. The repre-
sentative journal with a minimum of 20 co-citation criteria is
“Journal of Virology” with 118,429 co-citations and 635,846
total link strength, followed by “Proceedings of National
Academy of Sciences” with 6700 co-citations and 514,908
total link strength (Fig. 6c, d).

®

authorship map of authors, which shows the authors that cooperate in
the field of ERVs. ¢ The network co-authorship map of the organiza-
tions. The bubble’s size indicates the count of publications produced
by organizations. The Robert Koch Institute has more publications
and citations

4 Discussion

The current bibliometric study sheds light on ERVs’
research dimensions developed during the past few decades.
This study also presents the main research topics and trends
over time, which comprises the leading countries, organiza-
tions, and sources (journals) related to ERV. Current find-
ings indicated English as the de facto language, followed by
French. Past studies also revealed the same trend. Al-Jabi
(2017) and Koo (2017) found that original articles constitute
a significant research count compared to review articles and
English as a de facto language of the publications. In all of
the findings (co-authorship, citation, bibliographic coupling,
and co-citation), the USA ranked higher worldwide in the
bibliometric analysis due to the maximum number of pub-
lications and citations. Our outcomes are also in line with
other researchers who reported the USA is the key player in
the respective scientific contributions (Adams and Gurney
2018; Al-Jabi 2017; Farooq et al. 2021; Yi et al. 2016).

On the other hand, data from the last decade indicated
China has been emerging as a future hotspot for ERV-based
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(@

Fig.5 Bibliometric analysis of the bibliographic coupling and the
bibliographic co-citation in ERV research. a Bibliographic coupling
analysis of documents; b bibliographic coupling of sources; ¢ Net-

research and contributing to other countries such as Ire-
land, Iran, Thailand, Greece, Argentina, Turkey, Portu-
gal, etc. These findings are similar to other scientists who
mentioned China as the leading country in their research
domains (Chahrour et al. 2020). This scenario puts a signifi-
cant responsibility on the Chinese researchers to contribute
more and unveil more ERV research aspects.

The co-authorship, citation, bibliographic coupling, and
co-citation analysis also revealed that the “Journal of Virol-
ogy” count in terms of publications and citations was more
than other journals contributing to ERV research. These
findings are not in line with different bibliographic results
(Al-Jabi 2017; Farooq et al. 2021; Maula et al. 2018; Ramos
et al. 2013). But strongly comply with the study published
in BMC Research mentioned (2016) about Ebola research
(Yietal. 2016).

The co-authorship analysis of social networks helped to
distinguish between strong and weak collaboration patterns.
Moreover, it also evaluated an author’s contribution to their
team. The current findings also showed that the co-author-
ship relationship in network analysis boosts the paper’s cita-
tion count, which aligns with the previous study (Biscaro
and Giupponi 2014). In the citation analysis, Harvard Uni-
versity appeared as the most-cited organization. In contrast,
in bibliographic coupling, co-authorship, and co-citation
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analysis, Robert Koch Institute appeared as a noteworthy
organization in the bibliographic co-authorship analysis, dif-
ferent from another study revealing the University of Texas’s
top ranking in the chikungunya virus research (Fonseca Bde
et al. 2016).

5 Conclusions

The current study was the first novel bibliometric analy-
sis of ERV research that used data extracted from the Web
of Science (Core Collection) for co-authorship, citation,
bibliographic coupling, co-citation analysis, and visualiza-
tion network mapping. Moreover, this study shows themes,
trends, prolific authors, core journals, leading and collabo-
rating countries, and ERV research clusters. This study pro-
vided a systematic overview of productivity and visibility of
research work in ERV research over time. The present find-
ings may pave our understanding regarding ERV research
dimensions. The findings revealed United States was the
most significant contributor to studies on the ERV. The Jour-
nal of Virology was most productive in ERV research. The
Robert Koch Institute and Harvard University were leading
organizations for research in this field. The application of
ERYV research from China could be the research hotspot to
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Fig.6 Bibliometric analysis of the bibliographic co-citation in the
ERV research. a The network visualization of co-citation of cited ref-
erences in network visualization. The size of the nodes symbolizes
the total counts of co-citations. b The network visualization of the
co-cited authors. ¢ The network map of the co-citation of journals.

follow in the coming years. Our research had a limitation.
The main focus was devoted to Web of Science search (core
collection) from Jan 1985 to Sep 2021. However, we showed
research trends and productivity in Endogenous Retroviruses
publications in WOS (Core Collection). Future studies may
include all other collections including Scopus to find out
the comparison and elaborate on the further aspects of ERV
research for a comprehensive bibliometric study of the pros-
pects. Present findings have implications for future research
trends and topics in Endogenous Retroviruses.
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