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Abstract
In this paper we seek to examine the co-authoring pattern of a select group of researchers 
that are affiliated with a specific country. By way of making use of standard bibliomet-
ric analysis, we explore the publication evolution of all COVID-19-related peer reviewed 
papers that have been (co)-authored by researchers that are affiliated with Greek institu-
tions. The aim is to identify its advancement over time, the institutions involved and the 
countries with which the co-authors are affiliated with. The timeframe of the study spans 
from the moment that WHO Director-General declared the novel coronavirus outbreak a 
public health emergency of international concern (WHO, 2020. Archived: WHO timeline-
covid-19. Retrieved from Archived: Who Timeline-COVID-19. https:// www. who. int/ news/ 
item/ 27- 04- 2020- who- timel ine--- covid- 19. Accessed on 10 May 2020., Archived: WHO 
timeline-covid-19), January 2020, to October 2020. Findings indicate that there is a steady 
increase in the number of publications as well as the number of scientific collaborations 
over time. At a cross-country level, results suggest that the affiliated institutional sectors 
such as the Higher Education Sector (HES) and the Government Sector (GOV) contributed 
the most in terms of scientific output. On an international scale, the evolution of the scien-
tific collaboration is imprinted and distributed as a chain of affiliations that linked nations 
together. Such chains are represented as clusters of countries, in which the scientific con-
nections between different countries can be visualised. It can be reasoned that a significant 
amount of publications (20%) is affiliated with countries having “traditionally” major sci-
entific impact on the field of Medicine.
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Introduction

Responding to the COVID-19 pandemic requires a fully-blown science-based approach. 
This has been the case so far. Policy makers, researchers and funders alike have mobilized 
to come up with a solution that puts a stop to the devastating effects of this coronavirus. 
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This global-scale, war-like mobilization is a corresponding measure to the detrimental 
consequences of the pandemic, foremost in the form of human casualties, the significant 
and long-term health problems for those recovering and the important social and economic 
side-effects from lockdowns and social distancing rules, such as income and job loss, in 
turn, directly affecting well-being (Bonaccorsi et al., 2020).

Scientists corresponding to the Medical and Health Sciences (Frascati manual) have 
been at the forefront of attempting to come up with a solution against COVID-19. Yet, 
it would do injustice not to mention that this pivot towards addressing the results of this 
coronavirus (and the attempts to mitigate its downsides) has not been the case for all other 
research communities. To name just a very few: social and behavioural scientists have 
attempted to examine the impact on productivity (Dingel & Neiman, 2020), employment 
(Fana et al., 2020), fiscal policies, inequality (Blundell et al., 2020), while engineers have 
been quick to address the challenges posed by the pandemic. In the latter case, the field 
has reoriented itself towards addressing the pandemic. To name just a very few cases, see, 
for example, in the case of electrical engineering (Paaso et al., 2020) as well as mechani-
cal (Botenga, 2020). Similarly, reporting on how mega-technological scientific fields (e.g. 
artificial intelligence (OECD, 2020a), digital education (OECD, 2020b) can contribute into 
achieving this objective/goal have been rising steadily.

It should be noted, however, that this cumulative effect is not without its downsides. 
Indeed, this has already been identified in the case of patent and litigation filings where 
individuals and/or organisations scramble to take positions in the vaccine race in the post-
COVID-19 world (Fraizer & Auvil, 2020) even when policy makers (Botenga, 2020) are 
calling for vaccines to be considered as global public goods with intellectual property on 
coronavirus vaccines be shared freely (Nature, 2020). A related concern points to the direc-
tion of COVID-19 research dwarfing every other field of research. While this, obviously, 
should be attributed to the need to come up with a solution against the raging pandemic in 
a timely fashion, this, potentially, can lead to long term imbalances among scientific fields 
(Pai, 2020; Prudêncio & Costa, 2020).

Concerning research as a distinct policy field, a number of COVID-19-induced modifi-
cations can be identified from the usual conduct. For one, huge, urgent and with less strings 
attached to them sums of funds are being expediently provided by the public sector (EU 
Commission, 2020). In most cases, these are coupled by private funding sources of the 
same magnitude (ScienceBusiness, 2020a, b). Similarly, central public innovation-related 
initiatives (e.g. public sector innovation) are being modified to fit the need to address the 
pandemic (OPSI, 2020). A second one refers to the time from submission to acceptance 
and subsequent publication of peer reviewed articles. As the only measure to boost the 
research validity of any potential breakthrough against the pandemic, editorial practises 
have been significantly diminished in terms of the necessary time to proceed to the review 
process (Horbach, 2020). One could only hope that potential mishaps (Collins et al., 2020) 
due to the cutting down of methodological corners is just a rare phenomenon.

Responding against COVID-19 has been enabled by existing trends in the conduct of 
science policy. First and foremost has been global research collaboration. With one out 
of five research articles having authors from more than one country (NSB, 2019), science 
outputs, such as publications, have become a global undertaking involving scholars from 
different countries and environments (Wagner & Graber, 2018). Indeed, this pays out since 
internationally-authored publications attract a greater number of citations as opposed to 
publications that have been authored by exclusively domestically-based researchers (NSB, 
2019). COVID-19 only increased this trend (Zhang et al., 2020; Fry et al., 2020; Homolak 
et al., 2020). While the response is actually in the making and thus the monitoring of the 
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global partnerships that have been initiated as a result of the pandemic is a current phe-
nomenon not yet settled, past pandemics can provide lessons (Lee & Haupt, 2020). This is 
closely associated with another existing science-related trend—open science. Free distribu-
tion of research in the interest of strong science and the public good has only been made 
an even higher objective during the pandemic in the attempt to remove obstacles to the free 
flow of research data and ideas, and thus accelerate the pace of research critical to combat-
ing the disease (OECD, 2020c).

Indeed, this emphasis by scientists on all things COVID-19-related has been observed 
in a number of secondary studies that examine the rate of science outputs. Bibliometrics 
and the overall study of examining the evolution of science is important in that it helps 
understand the rate, priorities of science and helps document this systemic approach to 
help curb COVID-19 (Benjamens et  al., 2020). These analyses bring testament to this 
scientific pivot. For example, bibliometric studies (Palayew et  al., 2020; Hossain, 2020; 
Kambhampati et al., 2020) document this steep increase in terms of science outputs during 
and as a direct result of this pandemic. It is on this strand of the existing bibliography that 
this paper stands upon. Specifically, by way of making use of bibliometric approaches, we 
seek to explore the bibliographic performance relating to COVID-19 of a select group of 
researchers that are located (affiliated) within a specific country. In terms of the existing 
bibliometric bibliography, rather than seeking to identify the trends in a global scale or the 
growth patterns of closed versus open publications, we zoom in on a country case. Rather 
than a rupture with existing bibliography, this would shed light on the performance capac-
ity of a national research system against a ranging pandemic, all the more so since reacting 
to the pandemic has been, first and foremost, a public policy task at the national level.

Objective and Scope

The objective of this paper is to identify and explore the COVID-19 related scientific 
publications (co)authored by researchers that are affiliated with tertiary education and/or 
research centers located in Greece (hereafter abbreviated as “COVID-19 related Greek 
publications”). By the term ‘identify and explore’, it should be taken to mean to inquire 
and provide a range of relevant metrics that would help understand the productivity of this 
group of researchers over time as well as its collaborative pattern. The idea behind the pro-
vision of such metrics is to enable the authors to determine the response of the scientific 
community throughout the pandemic—as measured through the production of scientific 
publications, its number, etc. as well the researcher’s network.

The scope of this paper is built around the field of bibliometrics and its endeavour to 
explore the metadata of the COVID-19 related Greek publications. Focusing on the sci-
entific publications produced by researchers (herein, the concept is considered identical 
to scholars, scientists, authors), we aim to describe the level of academic activity that the 
need to understand and come up with an appropriate answer against this pandemic has 
been initiated. Focusing on a country-case, the paper seeks to examine the number and rate 
of such academic output (i.e. publications) over time. Moreover, this paper seeks to iden-
tify the collaborative networks in which these authors have been participating in to produce 
this scientific output. Importantly, the identification of these networks takes into considera-
tion the parameter of time and, thus, identify the evolution of the network from the begin-
nings of the pandemic to October 2020.
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Structure

The structure of the paper is as follows.
The next section (“Methodology”) outlines the methodology followed and the target 

population. It, also, describes the process of collection, retrieval and validation of the 
data and variables upon which the analysis is based. Section “Analysis” unfolds the con-
ducted bibliometric analysis’ approaches. It is followed by the “Findings” section where 
descriptive statistics on the COVID-19 related Greek scientific publications and affili-
ations, as well as graphs concerning the depiction of international scientific collabora-
tion between the affiliated countries are laid out. Additionally, insight into the main out-
comes of the object of study, including the national scientific collaboration level and the 
international collaboration among the affiliated countries over time, is provided. This is 
succeeded by the discussion where the findings are contextualised and set within spe-
cific considerations. Last is the formulation of points for further research.

Methodology

In this section, the steps towards identifying the population are described, the bibliomet-
ric data collection process is laid out and the variables’ selection process is presented.

Target population

This paper has a strong national focus—that is, it explores the research performance of 
a specific population group of researchers located (affiliated) within Greek institutions. 
There are a number of reasons for focusing on a country-level analysis. First of all, this 
is a valid bibliometric research strategy, inasmuch bibliometrics analyze the science-
output performance of, among others, national innovation systems. Secondly, Greek sci-
ence stands as a competitive research ecosystem. This is attested, for example, a sys-
temic over-performance in competitive European collaborative projects (Horizon, 2020) 
and an increasingly good bibliometric performance (Sachini et al., 2020b). In addition, 
Greek highly educated individuals (Sachini et  al., 2020a) occupy a disproportionately 
high number of academic and research positions in US’ IVY league universities (Yuret, 
2017). Indeed, its human capital to be this mobile, it stands to reason for this paper to 
examine the collaborative pattern that has been initiated by Greek researchers during 
and as a direct result to the COVID-19 pandemic.

There are a number of wider reasons supporting the national case. One is that Greece 
has fared really well in mitigating the effects of the pandemic (Mariolis et  al., 2020). 
This is mostly attributed to policy makers that gave the front seat to the medical experts 
that had had a significant leverage into the everyday policy directions. This was trans-
lated into a list of proactive, lockdown measures, that were, also, taken in view of the 
decade-long economic crisis taking its toll into the public health system. As such, 
one would be willing to examine how the science system of Greece responded to the 
COVID-19 pandemic in terms of the coronavirus-related science output.



5229Scientometrics (2021) 126:5225–5244 

1 3

Data collection

A two-stage process was used to collect the bibliometric data of the COVID-19 related 
Greek publications. Regarding the first stage, a query process was performed in order to 
identify the target population. At a second stage, within the context of the data collection, 
certain variables relevant to the researcher profile were retrieved from the Pubmed data-
base for analysis purposes.

Regarding the first stage, four bibliometric databases were examined. Scopus, Web of 
Science (WoS), Pubmed (PM) and Pubmed Central (PMC). With respect to Web of Sci-
ence database the core collection indices SCIE, SSCI and AHCI were utilised. The afore-
mentioned databases are widely considered to be the most comprehensive bibliometric 
datasets, worldwide (Zhu & Liu, 2020). Aware of potential discrepancies between the 
databases (Kokol & Vošner, 2018; Mercer University, 2020), this paper followed a multi-
pronged approach. Queries relevant to the object of study were used as input in each bib-
liometric database. Following Kousha and Thelwall (2020), the queries were designed 
to be as inclusive as possible for the database in terms of document type and part of the 
document searched. Specifically, the queries included full text, when available, other-
wise all metadata fields (e.g., title, abstract, keywords). Although the publication year is 
not predefined, given the obvious emphasis on COVID-19, the queries included the most 
recent research focusing on the issue, assuming that it includes the current official disease 
description (see Table 1).

The combined queries did function in all bibliometric databases. Table  2 shows the 
identified publications in each bibliometric database. As publications, the results included 
reviews, letters, articles, notes, editorials and conference papers. For each publication, the 
DOI, Pubmed ID, date of publication (where plausible), author names, author affiliation 

Table 1  COVID-19 related queries for a range of bibliometric sources

Scopus TITLE-ABS-KEY (*covid-19) OR TITLE-ABS-KEY (*COVID19) OR TITLE-ABS-
KEY (*COVID2019) OR TITLE-ABS-KEY (*SARS-CoV-2) OR TITLE-ABS-KEY 
(*2019-nCoV) OR TITLE-ABS-KEY (*2019 coronavirus) OR TITLE-ABS-KEY 
(*coronavirus disease 2019) AND AFFILCOUNTRY ( Greece)

WoS (TS = covid-19 OR TS = COVID19 OR TS = COVID2019 OR TS = SARS-CoV-2 OR 
TS = 2019-nCoV OR TS = 2019 coronavirus OR TS = coronavirus disease 2019) 
AND CU = Greece

Pubmed (covid-19 OR COVID19 OR COVID2019 OR SARS-CoV-2 OR 2019-nCoV OR 2019 
coronavirus OR coronavirus disease 2019) AND (Greece[Affiliation])

Pubmed Central (covid-19 OR COVID19 OR COVID2019 OR SARS-CoV-2 OR 2019-nCoV OR 2019 
coronavirus OR coronavirus disease 2019) AND (Greece[Affiliation])

Table 2  Identified COVID-19 
related Greek publications in 
each bibliometric database

For document matching, DOI and PubmedID/PMCID were comple-
mentary utilised

Bibliometric database Scopus WoS Pubmed Pubmed Central

Publications 570 423 601 600
Publications with DOI 561 419 591 584
Publications with Pub-

medID/PMCID
426 402 601 600
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(where plausible) and document title were downloaded. Obviously, some of the identified 
publications did appear in more than one bibliometric database. To address that issue and 
thus obtain unique documents, the DOI and the Pubmed ID of each document were com-
plementary utilised. Particularly, the DOI, as a unique identifier for each document was 
used for matching documents (Visser et al., 2020). Whenever a DOI was missing the Pub-
med ID of each document was utilised in a similar manner. In total, 663 unique publica-
tions—in terms of DOI and Pubmed ID were identified (see Table 3). Scopus recorded 42 
distinct documents, WoS 18 documents and PMC 1 document (see Eqs. 1–3). Pubmed had 
the best coverage indexing 602 publications. This can be potentially attributed to the fact 
that Pubmed indexes solely records of biomedical literature and relevant content on life 
sciences.

At this point, additional cross-checking of the results with the rest of the downloaded 
variables was performed. The document title, author names, author affiliation and date of 
publication were sequentially examined for duplicate values. In total, 7 documents were 
found having the same title and thus removed.1 As a result, the final dataset consisted of 
656 uniquely identified publications (647 from DOI and 9 from Pubmed ID intersections, 
see Table 3).K 

Variables

As the second stage, the retrieval of the DOI’s as well as Pubmed IDs enabled the research 
and allowed the locating and downloading of information relevant to researchers’ biblio-
graphic profile.

Bibliometric analysis can yield different types of information depending on the biblio-
metric indicators used. The main objective of the analysis is to identify and explore the GC 
related publications in terms of (a) determining the response of the scientific community 
throughout the pandemic (b) enhancing our understanding of the international scientific 
collaboration networks as well as (c) the relevant institution categories’ contribution across 

(1)(WoS ∪ PM ∪ PMC)c ∩ Scopus = 42

(2)(Scopus ∪ PM ∪ PMC)c ∩ WoS = 18

(3)(Scopus ∪WoS ∪ PM)c ∩ PMC = 1

Table 3  Uniquely identified 
publications in terms of DOI and 
Pubmed ID

Variables Removal of duplicate documents Unique 
docu-
ments

DOI Scopus ∪ WoS ∪ PM ∪ PMC—(Sco-
pus ∩ WoS ∩ PM ∩ PMC)

647

Pubmed ID Scopus ∪ WoS ∪ PM ∪ PMC—(Sco-
pus ∩ WoS ∩ PM ∩ PMC)

9

1 This occurred due to the fact that although Pubmed ID’s have different values, they sometimes refer to the 
same document.
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different sectors (HES, GOV, BES, PNP). Accordingly, complementary to the documents’ 
DOI and Pubmed ID, the following variables were selected to be retrieved: author names, 
date of document publication, author (co)affiliation.

As indicated in the previous subsection ("Target population"), not all bibliometric data-
bases support the extraction of the”date of publication” as a feature variable of a document 
found therein. For example, Scopus does not offer this option at all, while WoS offers par-
tial results. On the other hand, Pubmed allows only the export of a feature named ‘Create 
Date’ which refers to the date the record was added to the database and not the actual date 
of publication (Nahin 2008). Given the fact that Pubmed had the best coverage in terms of 
GC related publications the authors opted to retrieve all the aforementioned variables by 
making use of the Pubmed database.

To download the variables an algorithm using all 656 documents’Pubmed ID as input 
was implemented within the Python environment (3.8.5). An API key was initialized to 
gain access to the NCBI interactive documentation.2 Below the steps followed with respect 
to the variable retrieval are presented.

Retrieval of document title, author names and publication dates

Using the Pubmed ID as an input, the document title, author names and date of publica-
tion for each document was parsed (forming XPath queries). All author names and docu-
ment titles were downloaded. For each retrieved date, the relevant month was extracted and 
saved for analysis purposes. However, in 13 out of 656 cases the actual date (month) of the 
publication was not provided. For such cases, further research was carried out. Specifically, 
given each document title, internet sources (journal homepages, related search engines) 
and social media (LinkedIn and Twitter) were manually examined. All 13 cases of missing 
months were identified.

Retrieval of author affiliation and country

To retrieve the country in which each paper was published (i.e. affiliation country) the 
author’s affiliation needed to be extracted. This is based on the assumption that geographic 
location of the affiliated institution named by the author as her/his postal address stands 
as the country to which the specific article should be ‘measured’ for—this is an important 
assumption that cuts through the entirety of this paper. Text processing techniques such 
as capitalisation, stemming and lemmatization were applied in order to extract the corre-
sponding author affiliation. Furthermore, this affiliation was parsed (forming XPath que-
ries) to obtain the corresponding affiliation country.

By creating certain queries (utilising built-in XML parser), each document was parsed 
and all the aforementioned bibliometric variables were retrieved.

Within the Python (3.8.5) environment, a dictionary for each document Pubmed ID was 
created. This dictionary uses the document Pubmed IDs as “keys” and the Author names, 
Author affiliation, Month of Publication of each document as “values”. Below, an example 
describing the structure of the finalised researcher profile is presented.

2 https:// www. ncbi. nlm. nih. gov/ pmc/ tools/ devel opers/# pmc- apis.

https://www.ncbi.nlm.nih.gov/pmc/tools/developers/#pmc-apis
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Dictionary structure {‘Pubmed ID′: (Document title, Author names, Author affiliation, 
Country of Affiliation, Month of Publication)}.

The data collection as well as variable retrieval were last updated on 23/10/2020. For 
the complete dataset refer to Online Appendix.

Analysis

The bibliometric data were analysed in order to perform a descriptive analysis of the scien-
tific outputs, the national institutional sectors’ contribution to the scientific output as well 
as the evolution of the international scientific collaboration. In view of this and in order 
to imprint the international scientific collaboration network, graph analysis is additionally 
conducted.

COVID‑19 related Greek publications: output and collaboration status

With regards to descriptive analysis, as a means to measure the scientific output, the total 
number of publications on a monthly basis were calculated. By observing the relevant 
data, 5 publications had been published in a date prior to the year 2020. Since the COVID-
19 outbreak was originally identified in early 2020 (WHO, 2020), the authors decided to 
examine the context (abstracts) of these publications. The subject of analysis concerned 
coronaviruses—yet other types than COVID-19 types since coronaviruses have long been 
recognized as human pathogens (Deming & Chen, 2020). It was decided, thus, to exclude 
those publications from the dataset, leading to a total yield of 651(= 656–5) COVID-19 
related publications that have been (co)authored by researchers affiliated with Greek insti-
tutions. For each publication month—that is, the month that each specific scientific publi-
cation was published (see "Variables" section)—a plot depicting the scientific activity rel-
evant to COVID-19 publications was created. The timeframe of the analysis concerns the 
interval between February—when the first COVID-19 cases in Greece were identified—
(Worldometers, 2020a) and late October (23/10/2020).

National institutional sectors: participation and contribution

Moreover, for the purposes of understanding the national institutional sectors’ contribution 
to the scientific output, the affiliated institutions were distributed according to the accepted 
institutional sectors HES, GOV, BES, PNP3 and its subclasses following OECD’s Frascati 
taxonomy (OECD, 2015).

The above classification enabled the analysis and allowed the exploration of each insti-
tutional sector in the following twofold way: (a) in terms of institutional sector’ participa-
tion to the COVID-19 related Greek scientific output, and (b) in terms of each sector’s 
contribution relevant to the COVID-19 related Greek scientific output. Below, both ways 
are elucidated.

3 Higher Education Sector (HES), Government Sector (GOV), Business Sector (BES), Private Non Profit 
Sector (PNP).
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1. The participation of each institutional sector is determined by calculating the frequency 
of the appearance of such a sector across all identified institutional affiliations (see 
Table 6 in “Findings” section).

2. The contribution of each institutional sector is determined by calculating the (normal-
ised) number of publications that the specific sector is affiliated with across all identified 
scientific publications (see Table 6 in “Findings” section).

International scientific collaboration: imprint, evolution and network

While science has been a global collaborative endeavour (Wagner & Graber, 2018), 
COVID-19 only increased this trend (Zhang et al., 2020). As a result, and in the context of 
this paper, it is attempted to imprint the international scientific collaboration that has been 
identified within the publications that have been (co)-authored by scholars affiliated with 
Greek institutions as well as present its evolution and network.

Imprint

To imprint the international scientific collaboration, the affiliation countries of each publi-
cation were examined. Specifically, for the purposes of the analysis, the ‘country’ variable 
had been downloaded for each publication that had been (co)-authored by a scholar affili-
ated with a Greek institution. Herein, each country’s participation was considered unique 
for each publication regardless of the number of times the specific country appeared in a 
given publication.

For example:
Four (4) authors have (co)-authored one (1) scientific publication “X”. X has been 

authored by researchers affiliated with the following four (4) institutional affiliations: 
“National and Kapodistrian University of Athens, Athens, Greece”, “Department of Ani-
mal Medicine, Production and Health (MAPS), University of Padua, Italy”, “School of 
Pharmacy, University of Camerino, Camerino, Italy” and “Department of Movement Sci-
ence, Chatham University, Pittsburgh, PA, USA.” The above sentence, in the context of 
this paper, is abbreviated as follows: The scientific publication “X” is affiliated with three 
(3) countries: Greece, Italy and the USA.

Within the context of this analysis, 101 such countries were identified.

Evolution

In order to schematically point out the evolution of the international scientific collabora-
tion a map containing the co-affiliation countries (see subsection Retrieval of author affilia-
tion and country) in a monthly basis manner is presented. The map was constructed taking 
into consideration the monthly contribution (in terms of number of publications) of each 
country.

Specifically, the purpose was to show the evolution of the contributors in this scientific 
matter and showing this evolution on a world map. After creating this chart, it is hard not 
to appreciate its side effects, such as easily and simply comparing the quantity of contribu-
tions of each country. For this chart, Mathematica was used—the type of chart was Geo-
RegionValuePlot. On a global map, this function colours the selected countries using a 
colouring scheme. This gets more intense (less bright) proportionately to the number of 
scientific publications authored from each country.
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Network

Herein, the methodological framework as discussed in Sachini et  al. (2020a) in the 
“Graph analysis” section is followed.

Specifically, for constructing the scientific connections between the target country, 
Greece, as well as different groups of countries, an undirected graph was constructed. 
Each node represents the affiliation country and each edge represents at least one co-
affiliated publication from the current country to another (Table 4).

Both theoretical and empirical results indicate that co-occurrence data can best be 
normalized using a probabilistic measure. This provides strong support for the use 
of the association strength in scientometric research (Van Eck & Waltman, 2009). 
Hence, the associated strength was used for normalising the co-occurrence frequencies 
between every pair of nodes (countries), thus meaning, the frequency of any linked 
pair of nodes.

For distributing the connections between the nodes (countries) a unified approach of 
VOS node mapping and clustering technique was selected (Waltman et al., 2010). The 
higher the association strength of two nodes, the stronger the attractive force between 
the nodes hence the closer they appear. In our case, the closer two countries are located 
to each other, the stronger their scientific collaboration.

In a similar manner as described in Sachini et  al. (2020a), the unified methods of 
mapping and clustering allow us to visualise in a largely comprehensive way the inter-
national scientific collaboration of researchers. Specifically, in addition to the identifi-
cation of countries with strong scientific collaborations (as a result of the application 
of the mapping technique), one can additionally distinguish various collaboration pat-
terns (as a result of the application of the clustering technique). That is, groups as well 
as neighborhoods of countries that constitute focal points on the COVID-19 related 
Greek scientific publications.

The graph was constructed within the Python (3.9.0) environment, saved in an out-
put file (.gml) and used as input for the software visualisation tool VOSviewer (Van 
Eck & Waltman, 2018).

Table 4  Paper terminology (in parenthesis) in tandem with the VOSviewer software terminology (Van Eck 
& Waltman, 2018)

Term Description

Items (nodes) Objects of interest (countries)
Link (edge) Connection or relation between two items (co-authorship among 

countries)
Link strength Attribute of each link expressed by a positive numerical value 

(association strength)
Network Set of items connected by their links
Cluster Sets of items included in a map. One item can belong only to one 

cluster
Weight attribute: number of links The number of links of an item with other items
Weight attribute: total link strength The cumulative strength of the links of an item with other items
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Findings

COVID‑19 related Greek publications: output and collaboration status

As indicated above, the total number of COVID-19 related Greek publications identified 
amounted to 651. Figure 1 plots the monthly trends of such publications. According to 
the documentation provided, the first COVID-19 related scientific article (co)authored 
by Greek researchers was published in January 2020. Since then, the number of publica-
tions is gradually increasing each month. With regard to the period June—July a slight 
decrease in the number of publications is observed (from 123 to 120). This difference 
can safely be neglected considering the overall publication trend. In September, scien-
tific publications reached their global maximum (amounting to 134 documents) until 
decreasing for the next month (25 documents). Such a decrease can be attributed to the 

Fig. 1  Distribution of the COVID-19 Greek related publications status over time (in months)

Fig. 2  Author collaboration status of COVID-19 related Greek publications over time (in months)
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fact that this research is conducted in late October—document recording in scientific 
databases regarding this period is still ongoing.

By way of comparing the two figures (Figs. 1, 2), it is made evident that the increase 
in the number of publications is strongly correlated with the increase in the number of co-
authors. This points to the mobilizing effect COVID-19 has had on researchers as well as 
the latter’s intent on contributing (through the form of a co-authorship) to the global battle 
against this coronavirus.

National institutional sectors: Participation and contribution

Table 5 presents the COVID-19 related Greek publications’ affiliation status. The results 
suggest that in terms of frequency, there are no great differences among the status of affili-
ated publications. Although this research scope is to focus on the scientific output related to 
COVID-19 on a national level, we observe that more than 50% of such output is authored 
through an international collaboration. This corroborates the fact that COVID-19 as a cata-
strophic and urgent event accelerates trends in international collaboration and requires a 
transnational response (Fry et al., 2020).

In Table 6 the distribution of institutional sectors in terms of (a) sector contribution and 
(b) sector participation intertwined with the COVID-19 related Greek scientific publica-
tions is presented (for the difference between contribution and participation, refer to sec-
tion “National institutional sectors: participation and contribution”).

The greatest portion of the scientific publications (67.6%) is authored by research-
ers affiliated with the HES sector. That is, the HES sector significantly over-contributes 
when compared to the other sectors (GOV, BES, PNP) in respect to the total number of 
COVID-19 scientific publications. As shown in Fig. 3, Universities contribute the most 
scientific publications of the HES sector (51.9%) while University Hospitals contribute 

Table 5  COVID-19 related 
Greek publications’ affiliation 
status

Frequency Percentage

Publications affiliated solely 
with Greek institutions

285 43.8

Publications affiliated with 
Greek and foreign institutions

366 56.2

Total Publications 651 100

Table 6  Distribution of 
institutional sectors in terms of 
(a) sector participation and (b) 
sector contribution with respect 
to the COVID-19 Greek related 
scientific publications

(a)The participation of each 
institutional sector

(b) The contribution of 
each institutional sector

Frequency Percentage Frequency Percentage

HES 44 31.4 440 67.6
GOV 65 46.4 176 27.1
BES 16 11.4 18 2.7
PNP 15 10.7 17 2.5
Total 140 100.0 651 100.0
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15.6% of them.The limited number of medical oriented institutions is a factor that jus-
tifies the lower participation rate of the HES sector with respect to the GOV.

Despite this contribution, in terms of participation this is not the case for HES. 
Rather, its performance amounts to 31.4%. In this case, the GOV sector has the great-
est participation share with respect to the rest of the institutional sectors (46.6%). That 
is, although the HES institutional sector authored the majority of scientific publica-
tions, it yields to less number of participating institutions. Conversely, in the GOV 
sector, more participating institutions have been mobilized to participate into related 
research endeavours. The above, in our view, can have twofold interpretation.

With the aim of exploring the pandemic effects, the GOV sector mobilized its full 
array of participating institutions, such as Public Hospitals, Research Centres super-
vised by the General Secretariat for Research and Technology (RC-GSRT), Other Pub-
lic Research Institutions, Other Public Institutions, etc. into contributing to the global 
academic response against COVID-19. These subclasses of the GOV category have 
significant research output according to the nationwide bibliometric analysis carried 
out by the EKT (Sachini et al., 2020b). The significant participation of the public hos-
pitals can be accredited to the medical oriented context relevant to COVID-19 research 
output. Considering the contribution level in terms of (co)authoring COVID-19 related 
scientific publications, in reference to the GOV sector (27.1%, Fig. 3), public hospitals 
stand out (23.7%, Fig. 3).

However, the HES sector, although with lower participation rate performed better in 
terms of number of research output. This can be attributed to the fact that the HES sec-
tor is inherently more involved in the research and everything pragmatic intertwined 
with it (scientific publications, conferences etc. compared to every other institutional 
sector.

Concerning BES, its participation (11.4%) despite being low in relation to both 
GOV and HES, is significantly higher compared to its overall contribution (2.8%) 
pointing to a select few pharmaceutical and biological firms that have been competent 
enough to participate in a number of such science outputs with a view on capitalizing 
this know how for putting out COVID-19-related products and services.

Fig. 3  Research output contribution of Greek institutional affiliations classified by sector and subsector



5238 Scientometrics (2021) 126:5225–5244

1 3

International scientific collaboration: imprint, evolution and network

Imprint

Figure 4 presents the top 30 countries in terms of co-occurrence frequency in the number 
of scientific publications. Among the countries that participated the most in the publica-
tions that have been (co)authored by researchers affiliated with Greek institutions are: Italy, 
USA, the UK, Germany, France and Spain. That is, researchers affiliated with institutions 
in those countries.

Considering the intersection with the top 10 countries of the country list as displayed in 
Fig. 4 and those top 10 countries addressed by SCImago Journal selecting the subject area 
of ‘Medicine’4 (United States, United Kingdom, Germany, Canada, Japan, France, Italy, 
Netherlands, Australia, China) it appears that the majority of publications is affiliated with 
countries having ‘traditionally’ significant scientific impact on the field of Medicine. Spe-
cifically, it can be concluded that each of the following countries; Italy, USA and the UK 
(co)authored almost 20% (135, 134 and 125 publications respectively) of the COVID-19 
related Greek scientific publications.

Evolution

Figure 5 presents evidence of the monthly evolution of the international scientific collabo-
ration network of co-authors in those scientific publications that have been (co)authored 
by researchers affiliated with Greek institutions. This monthly analysis allows the reader to 
explore the pattern of collaboration at the country level; the colour in each country corre-
sponds to the number of publications for the specific month that corresponds to each chart. 
The colour intensity (yellow, orange and red) is analogous with the number of scientific 

Fig. 4  The imprint of the international scientific collaboration. Distribution of the country’s participation 
(in terms of co-occurrence frequency with the target) to the scientific publications (top 30)

4 https:// www. scima gojr. com/ count ryrank. php? order= ci& ord= desc& area= 2700, accessed 23/10/2020.

https://www.scimagojr.com/countryrank.php?order=ci&ord=desc&area=2700
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publications authored by each country; the more intense colour the greater number of sci-
entific publications (see scale, Fig. 5).

Since the early months of 2020 (February, March) when the international commu-
nity first received notice of the pandemic (WHO, 2020), scientific publications had been 
authored mostly by researchers affiliated with intra-EU institutions. US contribution 
lagged behind (Fig.  5). As realisation of the global consequences of the pandemic is 
reached, non-EU countries begin to co-author. This is mostly the case with the USA, 

Fig. 5  The international scientific collaboration evolution
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Canada and Central Europe (including the UK). These countries become steady co-
authoring contributors from then on. Few other countries such as Asian (China, Japan, 
Indonesia, Thailand) and African ones (South Africa, Cameroon, Ghana, Nigeria), 
South America (Brazil, Argentina, Uruguay, Colombia) & Australia (New Zealand) 
sporadically co-author publications.

Validating findings by Lee & Haupt (2020) and Zhang et  al. (2020), the exploited 
dataset in this paper indicates that as time goes on, more countries are added to the 
international collaboration map (peaking in September) while the colouring becomes 
more intense. This is indicative of the steady increase in the number of collaboration 
countries as well as the number of scientific contributions (in terms of number of publi-
cations) attributed to each country.

It is to be noted that Greece remains colourless in all eight (8) maps on purpose since 
the authors opted to imprint the evolution of the international collaboration. The target 
country, Greece, was taken as a given.

6.3.3 Network

The collaboration network analysis of countries provided 101 results. Applying a 
threshold of a minimum of 20 documents published per country (around 3% of the total 
number of publications), 81 countries were selected. The analysis generated five different 
clusters (shown in yellow, red, green, purple and blue). Every cluster depicts the scientific 
connections between the collaboration countries (Fig. 6). Considering the inherent sparsity 

Fig. 6  The international scientific collaboration network
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of the co-authorship network, the attraction and repulsion parameters were set to 2 and − 2 
respectively (Van Eck & Waltman, 2015).

The first five (5) countries based on total link strength are shown in Table  7. These 
constitute the top five countries with the most connections among all the countries in the 
international scientific collaboration network. Considering Europe, such countries have the 
greatest number of total COVID-19 cases among the rest of the European countries (Worl-
dometers, 2020b). This indicates a positive correlation between the number of scientific 
publications and the COVID-19 total cases at a European level.

By visualising Fig.  6, observing the countries’ positioning in the network, and being 
guided as well by the node size, it is evident that countries such as Italy, USA, the UK, 
France and the Netherlands are examples of countries which collaborated the most with 
Greece with respect to the rest of countries. In reference to Fig. 4, these are countries with 
the greatest participation in the COVID-19 related publications, in terms of co-occurrence 
frequency with the target. Such countries have a high association strength with Greece 
indicating a high degree of similarity (Van Eck & Waltman, 2014). The word “similarity” 
in this study should be interpreted in terms of the amount of co-authoring scientific publi-
cations related to the COVID-19 pandemic.

On the other hand, countries such as Nepal (purple cluster), Indonesia (blue cluster), 
Thailand (red cluster), Kyrgyzstan (yellow cluster) and Moldova (green cluster), are coun-
tries which collaborated the least with Greece with respect to the rest of the countries.5

Discussion

This study attempted to imprint the scientific outputs related to the COVID-19 pandemic 
that have been (co)authored by the science base at the country level. In addition, it sought 
to highlight the respective international level of collaboration. In relation to the research 
findings, the number of publications as well as the number of scientific collaborations indi-
cates a steady increase over time. At a cross-country level, affiliated institutional sectors 
such as HES and GOV contributed the most in terms of scientific output.

On an international scale, the evolution of scientific collaboration reveals a signifi-
cant, increasing author participation over time. Overall, 101 different countries have been 
involved in (co)authoring these publications. This corroborates the fact that the pandemic 
and its effects increased the international collaboration trend (Fry et al., 2020; Zhang et al., 
2020).

Table 7  Distribution of the top 5 
countries according to their total 
link strength

Total link strength Countries

Italy 79
Turkey 77
UK 75
Germany 74
Spain 72

5 The term “with respect to the rest of the countries”, in a quantitative manner, is justified and interpreted 
by the selection of the association strength as a probabilistic normalising measure (see section “Network”).
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The scientific collaboration is alternatively distributed in terms of a connected co-
authorship network. Such a network depicts a chain of affiliations wherein nations are 
linked together. Such chains are represented as clusters of countries, in which the scientific 
connections between different countries can be visualised. In terms of countries with the 
most scientific connections among all the countries in the international scientific collabora-
tion Italy, Turkey, the UK, Germany and Spain stand out.

With regard to the COVID-19 related Greek scientific publications, it can be reasoned 
that a significant amount of them (20%) is affiliated with countries having “traditionally” 
major scientific impact on the field of Medicine.

Further research

Exploring the networking evolution of other countries based on the co-authoring pattern of 
their science base is a potential avenue for further research—especially in those instances 
where a highly performing human capital and/or a strong in terms of science output coun-
try is the case.

The hypothesis that the co-authoring patterns have been initiated ex nihilo due to the 
urgency imposed by the need to come up with a solution against COVID-19 or were built 
upon existing research collaboration is something that can be tested. This a potential fur-
ther avenue that can be tested in the case of Greek researchers.

Similarly, exploring the co-authoring patterns of researchers dependent on sex and pro-
fessorial and researcher level is of interest, in addition to examining the correspondence 
between standard bibliometric indicators to alternative ones, such as bookmarks on refer-
ence managers like Mendeley, and mentions on social networks such as Twitter.

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s11192- 021- 03952-9.
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