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Use of Free/Libre Open Source Software
in Sepsis ‘‘-Omics’’ Research:

A Bibliometric, Comparative Analysis Among
the United States, EU-28 Member States, and China

Nikolaos Evangelatos,1–3 Kapaettu Satyamourthy,4 Georgia Levidou,5 Helmut Brand,6

Pia Bauer,2 Christina Kouskouti,7 and Angela Brand1,8

Abstract

‘‘-Omics’’ systems sciences are at the epicenter of personalized medicine and public health, and drivers of
knowledge-based biotechnology innovation. Bioinformatics, a core component of omics research, is one of the
disciplines that first employed Free/Libre Open Source Software (FLOSS), and thus provided a fertile ground for
its further development. Understanding the use and characteristics of FLOSS deployed in the omics field is
valuable for future innovation strategies, policy and funding priorities. We conducted a bibliometric, longitudinal
study of the use of FLOSS in sepsis omics research from 2011 to 2015 in the United States, EU-28 and China.
Because sepsis is an interdisciplinary field at the intersection of multiple omics technologies and medical spe-
cialties, it was chosen as a model innovation ecosystem for this empirical analysis, which used publicly available
data. Despite development of and competition from proprietary commercial software, scholars in omics continue
to employ FLOSS routinely, and independent of the type of omics technology they work with. The number of
articles using FLOSS increased significantly over time in the EU-28, as opposed to the United States and China
(R = 0.96, p = 0.004). Furthermore, in an era where sharing of knowledge is being strongly advocated and pro-
moted by public agencies and social institutions, we discuss possible correlations between the use of FLOSS and
various funding sources in omics research. These observations and analyses provide new insights into the use of
FLOSS in sepsis omics research across three (supra)national regions. Further benchmarking studies are warranted
for FLOSS trends in other omics fields and geographical settings. These could, in time, lead to the development of
new composite innovation and technology use metrics in omics systems sciences and bioinformatics communities.

Keywords: commons, sepsis, open source software, omics research trends, innovation and technology policy

Introduction

The sequencing and analysis of the human genome
signaled the advent of a new era in biomedicine, where

‘‘-omics’’ technologies and Big Data have started revolutionizing
our approach to screening, prevention, diagnosis, and treatment

of diseases, making personalized medicine a reality (Lander,
2011; Obermeyer and Emanuel, 2016). The anticipated down-
stream benefits are not restricted to biomedicine alone, but extend
to practically every aspect of public health (Brand et al., 2016).

Apart from implications for research, clinical practice, and
public health, omics technologies and Big Data have been
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key drivers of the knowledge-based biotechnology innova-
tion ( Jimenez-Sanchez and Philp, 2015). The latter relies, by
and large, on the modular knowledge base generated by
omics technologies and is evidently distinct from traditional
economic models, in that, it promotes new kinds of cooper-
ation, often in the form of commons arrangements, between
the economic actors (Evangelatos et al., 2016).

Advancements in molecular biology and biochemistry that
gave birth to the new era have been largely based on parallel
developments in theoretical biology as well as on disruptive
progresses in information and communication technologies
(ICT) (Portin, 2002). To gain a sense of proportion, in the last
decades, modern hardware equipment has increased our
ability to sequence DNA and RNA molecules by several
orders of magnitude, allowing for accurate and affordable
whole-genome sequencing (Heather and Chain, 2016).

Advancements in the instrumentation, however, need to be
complemented by appropriate software solutions that allow
for the generation, analysis, and interpretation of Big Data.
High-resolution instruments place huge strains both on the
computing hardware and the instrument vendors’ software,
and the need for accurate data visualization and complex
statistical methods sets practically new standards in research,
where open collaboration is indispensable (Levine and
Prietula, 2014).

Free/Libre Open Source Software (FLOSS) is a prominent
example of open collaboration and has been a core element of
the bioinformatics tools employed in the analysis and inter-
pretation of biological data. Indeed, the predecessors of
FLOSS in the modern thriving field of bioinformatics are
traced in the post-WWII period, when pioneers in molecular
biology and biochemistry were, in many instances, prompted
to generate unique software scripts, using appropriate
scripting languages, to produce, analyze, and eventually put
complex data in context (Needleman and Wunsch, 1970). As
such scripts and software programs were often made freely
available to colleagues, who were able to modify and use
them according to their own needs, bioinformatics may be
considered one of the disciplines that first employed FLOSS
and provided fertile ground for its further development
(Higgins and Sharp, 1988; Searls, 2010).

The attributes of FLOSS, as a model of open collaboration
in the healthcare sector, are at great extent determined by the
peculiarities of the latter, with the most significant domains of
employment being the fields of bioinformatics (mainly in
omics research) and healthcare delivery (Paton and Karopka,
2017). Despite a considerable growth over the last years, the
use of FLOSS in the healthcare sector, compared to the ICT,
is still lagging behind (Karopka et al., 2014) and attempts to
assess its use, especially in the field of omics research, are
still missing.

In this article, we argue that collaboration and sharing of
knowledge, in the form of FLOSS, are an essential, integral
component of omics research and that, despite the existence
of proprietary software solutions, researchers working with
omics nowadays still employ FLOSS routinely and inde-
pendent of the type of omics technology they work with.
Furthermore, taking into consideration the importance of
FLOSS for the (supra)national economic performance, we
investigate the differences in the use of FLOSS in omics
research along national lines as well as the level and form of
change over time. Last, in an era where sharing of knowledge

is being strongly advocated and promoted by public agencies
and social institutions (Archibugi and Filippetti, 2015;
Taichman et al., 2017), we investigate possible correlations
between the use of FLOSS and various funding sources in
omics research.

To address these issues, we focused our empirical lens on
omics research in the highly heterogeneous syndrome of
sepsis. As a syndrome, sepsis encompasses a broad spectrum
of clinical situations and the relevant studies’ populations
present substantial variability. Because of this heterogeneity,
research in sepsis is being conducted in different settings and
the omics research agenda is broad, ranging from the bench to
bedside and including practically every step in the omics
cascade between the genome and the phenome, such as, for
example, genomics, transcriptomics, proteomics, and meta-
bolomics (Skibsted et al., 2013). Therefore, it may be argued
that the use of FLOSS in omics research in sepsis is, at least
qualitatively, representative of the relevant trends in omics
research in biomedicine in general.

Materials and Methods

We conducted a retrospective, bibliometrical, longitudinal
study of the use of FLOSS in omics research in sepsis, along
the type of omics technologies employed and the (supra)na-
tional settings. To portray both the level and form of change
over time and not just provide static measurements of the
various percentages, we preferred a longitudinal study to a
cross-sectional one (Ployhart and Vandenberg, 2010). In-
tending to augment reliability and avoid measurement errors,
we conducted multiwave consecutive measurements for the
period between 2011 and 2015.

We chose to begin with the year 2011, that is, 10 years after
the announcement of the completion of the Human Genome
Project (International Human Genome Sequencing Con-
sortium, 2001), which essentially signaled the dawn of the era
of omics and Big Data. This way, we allowed enough time for
the development of proprietary software that may have sub-
stituted FLOSS in omics research.

All articles in omics research in sepsis published as free
full texts in the Medline database in the consecutive years
between 2011 and 2015 were retrieved using an inclusive
MeSH strategy. The articles were reviewed for the presence
of FLOSS and the type of omics technologies used, as well as
for the (supra)national setting and the funding sources, and
those rendered suitable were included in the analysis.

The inclusion criteria were as follows: full free text, arti-
cles with bioinformatics analysis, and English language (see
MeSH Strategy section in Supplementary Data). For the
purpose of our analysis, FLOSS referred to open-source
software used for statistical analysis, data visualization, or
every other type of bioinformatics analysis employed in the
publication.

We differentiated between publications from the United
States, EU-28, and China based on the affiliation of the first
author. Despite the fact that some authors may have per-
formed their research in a different national setting than the
one of her/his primary affiliation (e.g., as visiting fellows),
the resulting bias has not been considered significant for our
research purposes. The same holds for the inclusion criterion
of the English language, since the majority of the relevant
research is, indeed, published in English.
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We differentiated among the various omics regimes based
either on the technologies employed (such as in genomics and
transcriptomics, where the use of certain methods, such as
sequencing, is almost a prerequisite) (Heather and Chain,
2016) or on the conceptual framework of the research (such
as in proteomics and metabolomics, where a multitude of
different technologies, ranging from immunoassays to mass
spectrometry, can be employed) (Altelaar et al., 2013;
Holmes et al., 2008).

We used publicly available data (free full texts) from the
Medline database. Despite an increasing number of govern-
mental and social initiatives that require the provision of free
access to de-identified patient data from publicly and
industry-funded research, these requirements remain to be
fulfilled. Therefore, with no access to all relevant articles, a
selection bias may confound the results of an analysis.
However, our study focuses on comparisons between (su-
pra)national entities. Therefore, the selection bias of relying
on free full texts from Medline is systematic (affects equally
the [supra]national entities under comparison) and does not
affect the methodological integrity of the study.

Furthermore, working with publicly available data allows
for control of result reproducibility by external reviewers,
who have access to the same free data sets. In an era where
knowledge has been increasingly conceptualized as a public
good, bibliometric studies based on open access material
reinforce the confidence of the academic community in the
latter and prompt researchers to make their findings available
to others with obvious benefits.

In our case, it may be legitimately argued that researchers
who use FLOSS tend to publish their work in journals that
provide open access to their articles more frequently than
those who do not use FLOSS. This hypothesis rejects the null
hypothesis upfront; nevertheless, it still raises a methodo-
logical concern. A possible solution would be to conduct a
series of case studies to gain insight into the relevant behavior
of the academic community. However, to the best of our
knowledge, such studies are still missing and conclusion as to
the magnitude of the effect cannot be drawn. Moreover, re-
search has indicated that the penetration of the so-called
open-source ethos beyond traditional software markets is not
as substantial as initially thought (Lerner and Tirole, 2005).
Therefore, it may be argued that the effect of the relevant bias
does not have a substantial impact on our conclusions.

Results

In all, 1426 articles were retrieved for the years 2011–
2015. Of those, 513 were unsuitable for inclusion in the
analysis (336 not related, 117 reviews, 2 case reports, and 37
others, e.g., double entries). Of the rest 913 articles, infor-
mation regarding the software and bioinformatics tools used
were available for 833 of them. The results from the analysis
of these 833 articles are depicted in Figures 1–3 as well as
Tables 1 and 2.

The percentage of publications with omics research in
sepsis that use FLOSS does not seem to change significantly
over time, with the exception of 2013, where there is a sig-
nificant worldwide decrease (Fig. 1).

The EU-28 shows a higher frequency of FLOSS in publi-
cations with omics research in sepsis when compared to the
United States and China (Wilcoxon matched-pairs signed-

ranks test, p = 0.0431 for both comparisons). Furthermore,
and in contrary to the United States and China, the number of
articles using FLOSS increases significantly over time in the
EU-28 (R = 0.9568 p = 0.004, Table 1).

As to the frequency of FLOSS across different omics
platforms, the highest frequency of use of FLOSS in total is
observed in publications on genomics and the lowest in
publications on metabolomics. However, the differences
across different omics platforms did not reach statistical
significance (total 60.36%, 47.83% in metabolomics, 50% in
epigenomics, 53.85% in transcriptomics, 60.61% in pro-
teomics, and 62% in genomics, Fischer’s exact test, p = 0.290,
Fig. 2).

Only in China, this relatively higher frequency of FLOSS
in the publications on genomics (81.25%), when compared to
other omics platforms, achieved statistical significance
(42.86% in transcriptomics, 60% in proteomics, and 25% in
metabolomics, Fischer’s exact test, p = 0.018, Fig. 2).

Figure 3 depicts the differences in the use of FLOSS be-
tween single layer analysis (i.e., research within only one of
the omics regimes that extend between the genome and the
phenome) and multiomics approaches (i.e., research that
employs more than one omics technologies and is being
conducted in more than one omics layers). In this study, only
the EU-28 shows a higher frequency of use of FLOSS in
publications with multiomics when compared to publications
with only one omics technology (67.61% vs. 61.88% re-
spectively), a difference which, however, failed to attain
statistical significance (Fischer’s exact test, p = 0.468, Fig. 3).

On the contrary, in China, the use of FLOSS is mostly
observed in publications within a single omics regime
(67.35%) and less frequently in multiomics research efforts
(29.63%) (Fischer’s exact test, p = 0.002, Fig. 3).

When it comes to funding, university-funded research ef-
forts in the United States and in EU-28 seem to show a lower
frequency of FLOSS employment when compared with
publications based on only government/state or nongovern-
ment/state and nonuniversity funding (Table 2). This differ-
ence, however, did not reach statistical significance (Fischer’s
exact test, p > 0.10 for all comparisons).

Discussion

Context of the study

Over the past several decades, omics technologies have
been reshaping both public health and the economic land-
scape, facilitating the emergence of knowledge-based bio-
technology innovations ( Jimenez-Sanchez and Philp, 2015).
The interdisciplinary field of bioinformatics is a core element
of omics research and, at the same time, one of the disci-
plines that has provided fertile ground for the development
of FLOSS. The Bioinformatics Open Source Conference
(BOSC, 2018), and the Open Bioinformatics Foundation
(OBF, 2018) are examples of resources dedicated to pro-
moting and facilitating the open source development of
bioinformatics tools within the biomedical research
community.

The increasing importance of FLOSS is highlighted by the
fact that, as of February 2018, the website SourceForge.net,
an open source community resource providing free services
to open source software projects, listed over 430,000 projects
and hosted over 3.7 million registered users (Sourceforge,
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2018). Attempts to assess the economic impact of open
source software on the innovation capacity and the compet-
itiveness of the ICT sector have identified the direct and in-
direct economic relevance of FLOSS and the relative
strengths and weaknesses in the United States and EU-28
(UMIC, 2006). However, similar studies for the healthcare
sector are still missing.

In this study, we sought to investigate the characteristics of
FLOSS use in omics research and its differences among
(supra)national entities using sepsis as our empirical unit of
analysis. FLOSS may be preferable over proprietary plat-
forms in omics research for a variety of reasons. The active
community of developers (most often consisting of the re-
searchers who are users themselves) built around a source

code allows for open inspection and provides technical sup-
port and prompt fix of bugs. Furthermore, lack of costs as-
sociated with proprietary software lowers the entry barrier in
omics research, especially in low-resource environments.

However, lack of software validation and educational
support as well as difficult to use interfaces, and abandon-
ment and fragmentation of projects render the use of FLOSS
on occasion problematic (Earl, 2012). Coupled with the
dissemination and maturation of omics technologies, these
facts have given rise to the development of proprietary, user-
friendly, stand-alone packages, which offer multiple bioin-
formatics tools together (Smith, 2015). Consensus to the
relative virtues of FLOSS and proprietary software remains
elusive, and studies that have sought to investigate the

FIG. 1. Percentages of publications using FLOSS according to their origin 2011–2015. FLOSS, Free/Libre Open Source
Software.

FIG. 2. Percentages of publications using FLOSS across different ‘‘-omics’’ platforms 2011–2015.
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advantages and market share of each platform have not fo-
cused on the use of FLOSS in omics research. Furthermore,
while studies have shown that academic users are more likely
to use FLOSS, when compared to private firms, possible
correlations between the use of FLOSS and funding sources
have not been investigated (Lemley and Shafir, 2011).

Key findings

Our results show that the percentage of FLOSS use in
omics research in sepsis is high and does not change signif-
icantly over time (Fig. 1). This suggests that, despite the
development of commercial software platforms, the relative
virtues of FLOSS are indispensable in omics research. Ac-
cordingly, with the exception of China, the frequency of
FLOSS use does not differ significantly across different
omics platforms (Fig. 2). Moreover, the use of FLOSS does
not differ significantly between research efforts within a
certain omics regime and research efforts that span multiple
layers in the omics cascade that extends from the genome to
the phenome (i.e., multiomics). These findings suggest that
the use of FLOSS does not depend on the peculiarities of the
different omics regimes and further reinforce the conviction
that FLOSS is an innate part of omics research.

In total, the highest frequency of FLOSS use is observed in
genomics research and the lowest in metabolomics. Although
this may be, to a certain extent, the result of the later emer-
gence of metabolomics studies, the explanation for this dis-

crepancy may also lie with the different technological
platforms used in each of these omics regimes. More specifi-
cally, the technological prerequisites for genomics research
(e.g., sequencing) are more affordable and much more ac-
cessible compared to the ones for metabolomics, where ad-
vanced instrumentation, such as mass spectrometers, is
needed. Instrument-specific, as in the case of mass spec-
trometers, built-in vendors’ software saves data in proprietary
format and export of data in open, common formats, even
when possible, may lead to loss of data.

Taken together, these facts may lead many researchers to
use compatible commercial software for the further proces-
sing of metabolomic or proteomic data, whereas they can
more heavily rely on FLOSS for the processing of genomic
data. This explanation is in line with the fact that in 2013,
where the use of FLOSS decreases significantly worldwide,
there is the highest percentage of publications with pro-
teomics and/or metabolomics in sepsis (data not shown). It
also raises interesting questions as to the relationship of
hardware and software and how the former may determine
the possibilities for development of FLOSS.

In an era where research is closely related to the
knowledge-based biotechnology innovation (Azoulay et al.,
2015), the differential use of FLOSS in omics research may
have implications for the economic performance of the var-
ious (supra)national economic actors. Interestingly, not only
is the use of FLOSS in sepsis higher in the EU-28, compared
to the United States and China, but it also increases over time

FIG. 3. Percentages of articles using FLOSS in articles using one ‘‘-omics’’ technology compared to those using mul-
tiomics 2011–2015. Results of Fischer’s exact test.

Table 1. Number of Articles and Percentages of Articles Using Free/Libre Open Source Software

According to Article Origination for the Years 2011–2015

N, (%) 2011 (%) 2012 (%) 2013 (%) 2014 (%) 2015 (%) Total (%) R

US 21 (61.76) 30 (61.22) 28 (49.12) 52 (65.00) 37 (64.91) 168 (60.64) R = 0.3695; p = 0.165
EU-28 20 (68.97) 25 (69.44) 31 (51.67) 42 (67.74) 43 (65.15) 161 (63.64) R = 0.9568; p = 0.004a

China 2 (40.00) 9 (69.23) 4 (36.36) 15 (55.56) 11 (55.00) 41 (53.94) R = 0.3598; p = 0.169
Other 19 (59.38) 23 (50.00) 13 (37.14) 24 (55.81) 44 (61.97) 123 (54.19) R = 0.4771; p = 0.197
Total 62 (62.00) 87 (60.42) 76 (46.63) 133 (62.74) 135 (63.08) 493 (59.18) R = 0.7606; p = 0.034a

The bibliometric analysis is based on the Medline database and focused on the open-access (free full text) publicly available research
studies in English language. Results of the Spearman’s correlation coefficient.

aStatistical significance.
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at a statistically significant rate. Moreover, the EU-28 shows
a higher frequency of FLOSS in publications with multiomics
when compared to single omics research efforts, most prob-
ably a result of the increased use of FLOSS among the Eu-
ropean research community.

These findings may be of relevance to the placement of the
EU-28 and its performance regarding knowledge-based bio-
technology innovation. As mentioned earlier, based on the
modularity of omics data, the knowledge-based biotechnol-
ogy innovation promotes the formation of new forms of
collaboration, often in the form of commons arrangements.
The modular base of Big Data generated by omics technol-
ogies allows for the formation of many modified commons
arrangements with social and economic relevance (Hafen
et al., 2014). Commons arrangements typically consist of a
shared resource and a community built around it that operates
on the ground of a self-regulation model, relying on a moral
code. The institution of the commons has been mainly studied
in the setting of nonexcludable, but rivalrous common-pool
natural resources (Ostrom, 2010).

On the other hand, despite the fact that many consider
knowledge a global public good (Archibugi and Filippetti,
2015), it has been argued that knowledge goods are non-
rivalrous, but excludable, suggesting that knowledge goods,
such as FLOSS, are in essence club goods (Evangelatos et al.,
2016). FLOSS is a prominent example of open collabora-
tions, where the source code, along with the right to copy,
modify, and distribute it at will, is freely available under one
of the many existing public licenses (Laurent, 2004). In that
sense, researchers who develop or modify FLOSS for use in
omics research are essentially forming a modified commons
arrangement (in the sense of a club good), even if unaware of
it or unknown to each other. In this study, commoners are the
researchers/developers of the FLOSS, the latter is the shared
resource, and the operating principles are those determined
by the public license used, which essentially embodies the
moral code on the basis of the so-called open source ethos.

The use of FLOSS in research produces knowledge spill-
overs and, therefore, added value to the research community,
in ways that the use of commercial software cannot. More
specifically, being freely available after development and
modification, FLOSS can be further used and customized by
researchers elsewhere for their own scopes. This way, the
added value conferred on the software every time that is used
and modified can be utilized by others in an ever enriching
circle with obvious benefits.

Commons arrangements of this kind transcend conven-
tional national, academic, and industrial barriers. This is es-
pecially relevant in low-resource environments, such as the
developing countries, where the absence of license fees and

adaptability to local needs have proven the utility of FLOSS
as a sustainable technology and knowledge transfer tool, and
effectively lower entry barriers for omics research (Alkhatib
et al., 2008). Especially in the case of sepsis, FLOSS may be
proven an indispensable element of Research and Develop-
ment (R&D) reshaping as well as technology transfer reor-
ientation, next to other open innovation initiatives, such as
innovative funding designs (e.g., crowdsourcing) and new
R&D modes (Özdemir and Hekim, 2016).

Our results indicate that with omics research at the center
of the knowledge-based biotechnology innovation and
FLOSS being a core element of the former, the lead of the
EU-28 may result in differences in its relative performance in
this field, in terms of both commercial and academic pro-
ductivity, compared to the United States and China. This
could suggest that researchers in the EU-28 capitalize on
previous efforts by using, modifying, and improving FLOSS
to their benefit, whereas researchers from the United States
and China rely more on commercial vendors.

Our results are in line with previous studies, which have
shown that Europe, followed by the United States, has the
lead in terms of FLOSS developers, whereas Asian countries
lag behind (Crowston et al., 2012). It could be thus argued
that, although with great discrepancies between the member
states, the mentality of the European research community,
regarding open collaboration, is closer to the basic premises
of the new knowledge-based biotechnology innovation. In
that sense, our approach could provide the basis for the
development of future performance indicators for the new
economic environment. In this study, future research is
needed to verify the validity of these assumptions.

On the other hand, when researchers use commercial
bioinformatics tools, the main beneficiary is the commercial
vendor of the software platform. Coupled with the expected
benefits from the shared knowledge in the form of FLOSS,
this has prompted many public agencies to promote the
adoption of FLOSS by the research community (Comino and
Manenti, 2005). Indeed, taking into consideration the ex-
pected benefits, one may expect that the state would heavily
subsidize the use of FLOSS in research by setting it, for
example, as a funding requirement for research efforts.

However, in our study, we have not found any statistically
significant correlations between the different sources of
funding and the use of FLOSS (Table 2). Interestingly, the
increased use of FLOSS in the EU-28 does not correlate with
an increased public funding of omics research. These results
may reflect reluctance, from the side of the states, to subsidize
the use of FLOSS due to the free-rider problem (Hardin, 1968).

Responding to the challenge posed by FLOSS platforms
and their support by many public agencies, commercial

Table 2. Percentages of Articles Using Free/Libre Open Source Software According to the Source of

Funding 2011–2015

Source of funding Total US EU-28 China Other

Only University 12/31 (38.71%) 1/3 (33.33%) 2/10 (20.00%) 1/1 (100%) 8/17 (47.06%)
Only government/state 176/310 (56.77%) 80/134 (59.7%) 38/67 (56.72%) 18/32 (56.25%) 40/77 (51.95%)
Nongovernment/state and

nonuniversity
25/44 (56.82%) 5/10 (50%) 15/25 (60%) 0/1 (0%) 5/8 (62.5%)

The bibliometric analysis is based on the Medline database and focused on the open-access (free full text) publicly available research
studies in English language.
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developers have been interacting with FLOSS projects in a
number of ways. Although improvements of FLOSS are not
appropriable, to be fully updated, many firms offer comple-
mentary services to FLOSS projects that are not fully sup-
plied by the FLOSS community and they even subsidize and
participate in FLOSS projects. As a result, FLOSS and
commercial platforms coexist in a selective ecosystem with
relationships that range from competitive to symbiotic
(Lerner and Tirole, 2005). Our data show that researchers use
simultaneously FLOSS and commercial platforms in their
work, irrespective of the (supra)national setting.

In all, our results suggest that with ‘‘-omics’’ research at
the center of the knowledge-based biotechnology innovation
and FLOSS being a core element of the former, the lead of the
EU-28 may result in improvements in its relative perfor-
mance in this field, compared to the United States and China.
Further research, building on our present benchmarking
findings, is needed to shed light on this evolving situation.

Conclusions

FLOSS is an integral part of omics research in sepsis and
hence plays a significant role in the new knowledge-based
biotechnology innovation. Our data indicate that research
conducted in the EU-28 relies on FLOSS at a statistically
significant higher rate compared to other (supra)national
settings. These observations provide new insights on use of
FLOSS in sepsis omics research across three (supra)national
regions. Further benchmarking studies are warranted for
FLOSS trends in other omics fields and geographical settings.
This might eventually lead to the development of composite
indicators for open source software use performance across
omics innovation ecosystems.
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