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ABSTRACT

Background: In the wake of the pandemic, open data has made possible mapping, evaluating, and
monitoring the COVID-19 rate of transmission at a local, national, and global level. Such a strategy
follows WHO's efforts to provide updated and useful information in order to tackle public health issues
and provide resources for research in the health sciences. Methods: A bibliometric analysis of the
literature was conducted. Results: Published papers on open data impact on infection risk and rate
dramatically increased in the observed period of time (2018-21). Furthermore, it becomes apparent that,
while COVID-19-related literature led to such a "critical mass" of publications in 2018-21, papers about
open data, antimicrobial resistance, and Antimicrobial Resistance and Healthcare Associated Infections
are very few or absent. Conclusion: An open data strategy is beneficial in tracking, studying, and
adopting measures not only for Covid-19 but also for providing nurses and allied healthcare
professionals with rock-solid evidence upon which to develop health plans.

Keywords: Antimicrobial Resistance; COVID-19; Healthcare Associated Infection; Infection
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INTRODUCTION

In the past two years, scientific research has focused a great deal of effort on the COVID-19 pandemic with the
aim of contrasting its dramatic effects. Since the beginning of the pandemic, an open data strategy (Gkiouras et al.,
2020) has been adopted to avoid data restrictions among healthcare providers, research centers, and governments,
all suddenly united in the challenge against COVID-19 (Blake et al., 2020).

However, while COVID-19 stood, equally important global threats like healthcare-associated infections
(HAIs) and antimicrobial resistance (AMR) (Laxminarayan et al., 2022) continued to impact negatively in the
shadows. In this bibliometric analysis of the literature, we aimed to verify the extent to which research on HAIs and
AMR used open data before and during the pandemic. Moreover, a comparison was made based on the evidence of
the use of open data for the above-mentioned issues with COVID-19 ones in the years 2020-2021. Epidemiological
data in Public Health Emergencies and the need for sharing them (Modjarrad et al., 2016) had already been brought
to attention during Ebola and Zika outbreaks (Chretien et al., 2016; Moran et al., 2016). Further studies confirmed
that the early availability of epidemiological, clinical, and laboratory data in an epidemic is crucial to understanding
risk factors for infection, supporting the public health decision-making process (Morgan, 2019) and forecasting
(Desaietal.,2019), and providing the baseline for limiting the impact of disease.

In just over two years, more than 750 million confirmed cases of COVID-19 and almost 7 million deaths in the
world have been reported to the World Health Organization (WHO, 2020). Since the beginning of the pandemic, a
community of researchers has developed online interactive dashboards to track and trace reported cases of COVID-
19 in real time (Dong, Du, & Gardner, 2020). Pandemic open data-based applications started being used in the
United States of America (Xu & Kraemer, 2020) and in other countries (Tung & Thanh, 2020), while researchers
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began to publish several papers using such data (Blake ez al., 2022; Lucas-Dominguez et al., 2021). Since COVID-
19 appeared and catalyzed attention from the world of science and the public, healthcare-associated infections
(HAIs) (Haque et al., 2018) and antimicrobial resistance (AMR) (CDC, 2021) have yet to be properly addressed.

HAIs, which occur when a patient is receiving care (WHO, 2022), still represent a major Public Health
problem because of their high prevalence rates of 4% in the United States of America (Haque et al., 2018), 5.7% in
the European Union (Cassini et al., 2016), and 7.1% in Italy (Salzo et al., 2021). However, further investigation is
needed to better understand the impact of environmental hygienic interventions (Peters et al., 2022; Christenson et
al., 2021). Only high-quality research papers reported greater infection rates for developing countries (Allegranzi
et al.,2011), while HAIs are also playing their part in significantly increasing healthcare costs in countries with
advanced healthcare systems (Marchetti & Rossiter, 2013; Zimlichman et al., 2013). The World Health
Organization and several research teams agree that the spread of AMR is an urgent issue that needs to be addressed
by a global, coordinated action plan (Antimicrobial Resistance Collaborators, 2022; CDC, 2021). In fact, AMR isa
"multifaceted phenomenon" (Prestinaci, Pezzotti, & Pantosti, 2015) whose impact on health and economy should
push policy makers and health authorities to work together cooperatively to find a global solution and to consider it
as one of the first priorities to be addressed in national health plans (Laxminarayan et al., 2013; Prestinaci, Pezzotti,
& Pantosti, 2015; Anderson et al.,2019).

In the course of the COVID-19 pandemic, even trial data were made freely available online in a format that
allowed their re-use for multiple purposes (Li ef al., 2021). Open Data can be defined as structured data that is
machine-readable, freely sharable, and usable without any restriction (Theodi, 2022). Moreover, according to a
five-star model (Masuzzo, 2022), "open data" should fulfill at least the requirements for the first three stars: an open
license and a structured, open, and non-proprietary file format (Besancon et al., 2021), which is freely available and
reusable.

The COVID-19 pandemic has shown that there are at least three reasons for adopting open data by the
scientific community, which are: a) the enhancement of experimental reproducibility, which is the minimal
standard for research validity (same data, same analysis code, same results); b) the acceleration of discoveries and
solutions (i.e., vaccine development); and ¢) knowledge delivery in an open scientific framework (Pecoraro &
Luzi, 2021). The COVID-19 pandemic made possible reworking the relationship between scientific research and
open data, but it also brought a new insight on how science should reorganize itself to undertake better research
(Kucharski, Funk, & Eggo, 2020).

Despite being recognized as equally important Public Health problems, the COVID-19 pandemic, AMR, and
HAIs have been seen from different perspectives. In fact, the scientific community and governmental health
agencies emphasized the use of the open data strategy in the management of the COVID-19 pandemic only
(Uohara, Weinstein, & Rhew, 2020; Kraemer ef al., 2020; Xu et al., 2020) and invested considerable funds for
further research in this area. Consequently, we hypothesize that the researchers who have been dealing with HAIs
and AMR have not had the opportunity to avail themselves of open data.

This bibliometric analysis aims to suggest how different global health issues could be tackled similarly by the
scientific community and to demonstrate that the COVID-19 pandemic represents an exception in the adoption of
open data strategies in battling infection risk issues.

METHODOLOGY
Abibliometric analysis of the literature was conducted to answer the following research question:
Has the successful open data strategy adopted for the COVID-19 pandemic been used for tackling HAI and AMR?

Prior to the beginning of the study, ethics approval was sought and successfully obtained in writing from the
President of the University Research Ethics Board.

The analysis of the literature covered publications from 2012 to 2021, divided into different search time spans:
2012-2021,2018-2019, and 2020-2021.

The analysis of the literature was conducted on four search engines (PubMed, CINAHL, Google Scholar, and
Scopus), providing a strong representation of the scientific production in nursing and allied health sciences. In
order to focus more on the possible "pandemic effect" of literature about open data and infection risk, the following
period of time was considered: 2012-2021;2018-2019;2020-2021.
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RESULTS

The initial hypothesis of the research was that the use of open data in nursing and allied health sciences
publications relating to healthcare-related infections and antibiotic resistance (AMR) was minimal before the
COVID-19 pandemic. According to the results, the use of open data is still almost exclusively limited to SARS-
CoV-2 infections. As previously described, the literature search was carried out using four search engines, such as
PubMed, CINAHL, Scopus, and Google Scholar. Although the latter is not a database, it indexes the full text or
metadata of academic literature also available in repositories not indexed by PubMed and other repositories. Thus,
Google Scholar was included with the aim of taking into consideration any existing gray literature. Given the
absence of a common thesaurus among the four search engines, specific search strings were then considered for
each database. The identified databases were searched according to the following keywords:

- Opendataand equivalents
- Infectionrisk and equivalents
- COVID (both MeSH and term)
- Cross infections and equivalents
- Antimicrobial resistance (AMR) equivalent
And subsequent combinations:
- Open dataand equivalents + infection risk and equivalents
- COVID-19 and equivalents + open data and equivalents
- Cross infections and equivalents + open data and equivalents
- AMR and equivalents + open data and equivalents
Literature search PubMed results are shown in table 1, table 2, table 3 and table 4.
Table 1: PubMed Literature Search Results

QUERY RESULTS
2012 2018 2020
2021 2019 2021
(("dataset"[Title/Abstract] OR open access to information"[Title/Abstract] 94524 23307 37963

OR "open data"[Title/Abstract] OR "sharing data"[Title/Abstract] OR
"data sharing"[Title/Abstract] OR "public data"[Title/Abstract] OR "patient
data"[Title/Abstract]))

(infection risk[MeSH Terms]) 102320 21064 25368
(infection risk[Title/Abstract]) 4452 922 1798

Table 2: PubMed Literature Search Results with Regards to COVID-19 and Open Data (results for 2020-2021 only)

(COVID [MeSH Terms]) 150498
(COVID|Title/Abstract]) 213086
(COVID [MeSH Terms]) AND (("dataset"[Title/Abstract] OR "open access to information" 1443

[Title/Abstract] OR "open data"[Title/Abstract] OR "sharing data"[Title/Abstract] OR "data
sharing"[Title/Abstract] OR "public data"[Title/Abstract] OR "patient data"[Title/Abstract]))

(COVIDJTitle/Abstract]) AND (("dataset"[Title/Abstract] OR "open access to information" 2734
[Title/Abstract] OR "open data"[Title/Abstract] OR "sharing data"[Title/Abstract] OR "data
sharing"[Title/Abstract] OR "public data"[Title/Abstract] OR "patient data"[Title/ Abstract]))
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Table 3: PubMed Literature Search Results with Regards to AMR and Open Data

((antimicrobial resistance[Title/Abstract]) OR (antibiotic resistance [MeSH Terms])) 347 78 150
AND (("dataset" [Title/Abstract] OR "open access to information" [Title/Abstract] OR
"open data" [Title/Abstract] OR "sharing data"[Title/Abstract] OR "data sharing"
[Title/Abstract] OR "public data "[Title/Abstract] OR "patient data" [Title/Abstract]))

Table 4: PubMed Literature Search Results with Regards to HAIs and Open Data

("cross infection" [Title/Abstract] OR "nosocomial infection" [Title/Abstract] OR 12277 2649 3768
"health care associated infections"[Title/Abstract] OR "healthcare associated
infections" [Title/Abstract] OR "HCAI"[Title/Abstract] OR "hospital acquired
infections" [Title/Abstract] OR "hospital acquired infection"  [Title/Abstract] OR
"HAI" [Title/Abstract])

(("cross infection" [Title/Abstract] OR "nosocomia I infection" [Title/Abstract] OR 100 17 37
"health care associated infections" [Title/Abstract] OR "healthcare associated
infections" [Title/Abstract] OR "HCAI" [Title/Abstract] OR "hospital acquired
infections" [Title/Abstract] OR "hospital acquired infection"[ Title/Abstract] OR
"HAI" [Title/Abstract])) AND (("dataset" [Title/Abstract] OR "open access to
information" [Title/Abstract] OR "open data" [Title/Abstract] OR "sharing data"
[Title/Abstract] OR "data sharing" [Title/Abstract] OR "public data" [Title/Abstract]
OR "patient data" [Title/Abstract]))

CINAHL doesn't allow for articulated search strings. The identified keywords were entered in the single fields,
and a literature search was performed in the title and abstract of the indexed articles. CINAHL literature search
results with regards to COVID-19 and open data are shown in Table 5.

Table 5: CINAHL Literature Search Results with Regards to COVID-19 and Open Data

data sharing AND COVID-19 (TT) 5

data sharing AND COVID-19 (AB) 10

Google Scholar allows the use of advanced search tool thus the combination of different keywords while
including in the search all articles with no chance to exclude papers based on the abstract content. Google Scholar
literature search results are shown in table 6.

Table 6: Google Scholar Literature Search Results with Regards to Open Data, AMR, and HAI

“COVID 19” AND “Open data” everywhere in the article
2018-2019: 359 results

2020-2021: 179.000 results

“Cross infection” AND “Open data” everywhere in the article
2018-2019: 37 results

2020-2021: 267 results

""Antibiotic resistance' AND "Open data" everywhere in the article
2018-2019: 220 results

2020-2021: 308 results

“Antimicrobial resistance'" AND "Open data' everywhere in the article
2018-2019: 256 results

2020-2021: 367 results
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Literature search results on SCOPUS about HAIs and AMR are shown in Table 7.
Table 7: Scopus Literature Search Results with Regards to Open Data, AMR and HAI

"Open data"

Range: 2012-2021: 13209 results
Range: 2018-2019: 3458 results
Range: 2020-2021: 3859 results

“Open data” AND “infection risk”
Range: 2012-2021: 32 results
Range: 2018-2019: 4 results

Range: 2020-2021: 23 results

“Open data” AND “hospital infection”
Range: 2012-2021: 13 results

Range: 2018-2019: 3 results

Range: 2020-2021: 9 results

“Antibiotic resistance”

Range: 2012-2021: 98106 results
Range: 2018-2019: 22014 results
Range: 2020-2021: 27028 results

“Open data” AND “antibiotic resistance”
Range: 2012-2021: 3 results
Range: 2018-2019: 1 result
Range: 2020-2021: 2 results

DISCUSSION

The bibliometric analysis has documented the number of publications pertaining to open data and COVID-19
published in 2020 and 202 1. During the COVID-19 pandemic, institutions and researchers around the world shared
invaluable open data (Althaus, 2020; Grantz, Metcalf, & Lessler, 2020), as confirmed by the present literature
search. Real-time statistical analysis and timely reports have provided crucial information on virus rates of
transmission, mutation, and severity (de Jesus et al., 2020).

The most representative part of the retrieved literature was indexed by PubMed. Therefore, we compared the
literature produced from 2012 to 2021 with the one published two years before and two years after the beginning of
the pandemic.

The results we had by combining COVID-19 and open data in the queries are the following: 1,443 as results
from a MeSH search and 2,734 from title or abstract terms. Considering that open data, databasing, and other
similar keywords are synonyms, it is worth highlighting that searching by free keywords doubled the results in
comparison to the use of MeSH. This could depend on the fact that there are not yet matching MeSH to index open
data and/or that open data have not been considered relevant, at least until the pandemic outbreak.

In fact, when it comes to generic queries over a ten-year span, the number of scientific publications concerning
infection risk has increased progressively in the studied period of time, showing a peak in the last two years,
doubling the number of studies published two years earlier. A significant increase in publication in this area may be
well attributed to a "COVID-19 effect". The risk of SARS-CoV-2 infection and the effectiveness of the related
preventative measures have monopolized research in recent years. It is indeed true that the number of publications
pertaining to "open data" and "infection risk" in the two-year period 2020-2021 has almost doubled compared to
the previous two-year period. In fact, while 15 relevant full-text papers were published in 2018-2019, 28 full-text
publications appeared in 2020-2021. Similarly, in the same studied period of time, respectively, 922 and 1,798
relevant papers were found relevant as per their title and/or abstract.
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A similar publication trend has been identified for healthcare-related infections. Keywords such as
"healthcare-associated infection and synonyms, when used to search in the title and/or abstract, let us identify
12,277 relevant articles. This result has confirmed to what extent this issue is perceived by the nursing profession
and allied health professions (Al-Tawfiq & Tambyah, 2014). The number of publications increased progressively
in the decade under review, with a peak in the last two years of over 40% in comparison with the previous two. Once
again, this could be well considered a COVID-19 pandemic effect. The same trend was observed when keywords
such as "healthcare associated infections" and synonyms and "open data" and synonyms were combined in
performing the literature search.

The number of publications in the last two years has more than doubled when compared to the previous two,
going from 17 to 37. Over the same period of time, the number of relevant articles searched by title and abstract
increased from 2,649 to 3,768. With regards to "AMR" and synonyms and "open data," a literature search showed
that only 347 articles were published in the 10-year observed period of time and that a slight increment in
publication production occurred between 2018 and 2019 (78) and after the pandemic breakthrough (150).

Open data policy has a dedication to transparency, with the utilization of both traditional and social media for
public awareness, and regular updates from the Department of Health and Health Services Executive have all
garnered praise (Kennelly et al., 2020). These efforts have resulted in a strong adherence among the general
populace to the government's implementation of non-medical measures. Researchers have been showing an
increasing interest in AMR and open data, as shown by the apparent positive trend in literature publications in the
past ten years, which doubled in the last two studied years. Health care professional like nurses must increase their
knowledge and skills (Priyantini, Irawandi, & Poddar, 2022) and must keep track of the e-health information
system (Sachdeva et al., 2019). In this way further study may help to ensure that open data strategy are maintained
at high levels which will assist to mitigate future pandemic.

CONCLUSION

In the last two years, the number of publications valuing the importance of "open data" has increased by more
than 60%. This significant trend has been clearly documented in this bibliometric analysis of the literature. The
pandemic appears to have maintained the correlation between "open data," "infection risk," and increased
publication production. When it comes to HAIs and AMR and the role of open data in tackling them, literature
search results from research are almost absent. Given the unprecedented situation caused by the COVID-19
pandemic, open data has been adopted since the beginning of'its spread, as confirmed by the literature. The creation
of global open data sets for tackling HAIs and AMR should be a priority for the international scientific community
and governmental agencies. Open data plays an essential role in the successful management of the COVID-19
pandemic, and it would be paramount to introduce and equip researchers, policymakers, and practitioners all
around the world with such a tool. This would definitely contribute to creating more resilient, smart, and cost-
effective healthcare systems and communities.
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