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Abstract

In times of pandemic, rapid sharing of research data is urgently needed, as is the intensification of
networking. The COVID-19 pandemic brought a new perspective in relation to knowledge management
in various organizational means, whether through the search for innovation or the improvement of its
processes. Thus, to calculate the state of the art and track scientific and technological knowledge in the
COVID-19 spectrum, the keyword “Coronavir*” was used in the PubMed and Espacenet databases.
Data were processed by Carrot Search Lingo4G® and Patentlnspiration®. In the Pubmed database,
1,000 documents were retrieved, which were organized into 81 groups of sub-themes, with emphasis
on the sub-theme “treatment during coronavirus disease”, with 188 articles (18.8% of the total).
Regarding technological innovation, China and the United States were the countries that filed the most
patent applications, especially in 2020 and 2021, corresponding to 68.5% of the total. The first 4 (four)
applicants with the highest number of patents were Pfizer, Gilead Sciences Inc., Center Nat Rech, Crucell
Holland. The results obtained over a period of time demonstrate a partnership between universities and
companies towards the fight against the pandemic. The tools for identifying, extracting and processing
data (or free), are needed efficiently in the management of scientific and technological knowledge in
COVID -19, thus being able to contribute to more assertive decision-making at various organizational
levels.
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Introduction

The 21st century is known as the information age and has 40% of the population
connected to the Internet (Magalhaes et al., 2017; McKinsey Global Institute, 2011). In this
sense, O'Reilly (2007) suggested the term Big Data as a gigantic database updated in real time.
Big data easily reaches thousands of terabytes of storage in different formats (O’Reilly, 2007a).
Traditional relational database management systems cannot handle these large masses of data
(Magalhdes & Quoniam, 2013; Quoniam, & Lucien, 2010). Big Data drives a new generation
of methodologies developed to extract economic and strategic value from a large and varied
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volume of data (structured and unstructured), enabling high-speed capture and analysis (Gray
et al., 2012; InfoVis: Wiki, n.d.; O’Reilly, 2007b).

Initially, this exponential data volume met the criteria of 3Vs: Volume, Variety and
Velocity (Laney, 2001); later, 2 Vs were added: the Veracity and Value attributes. Some authors
even attribute the last 3 Vs, such as Veracity, Versatility and Feasibility, where the combination
of all "Vs" generates the "V" for Value (Aleixo & Duarte, 2015). According to Minelli et al
(2013), Big Data is divided into perfect data storm, perfect convergence storm and perfect
computing storm, and the latter is the result of 4 phenomena: Moore's law, mobile computing,
social networks, and computing in cloud (cloud computing). This collection of data must be
treated to present information researched in a selective and objective way to increase business
intelligence, in addition to allowing for an improvement in the decision-making process (Minelli
etal., 2013).

Regarding Health, it is considered a global public good (Buse & Waxman, 2001; Haines
etal., 2009; Vance et al., 2009). Reflecting on Health brings with it challenges and opportunities
in the globalization process. This process is the catalyst for the evolution of the term “Global
Health”. Global health can be understood at the same time as a condition, an activity, a
profession, a philosophy, a discipline, or a movement. However, it must be considered that
there is no consensus on what Global Health is, nor a single definition, and its field of action
has imprecise limits (Fortes & Ribeiro, 2014), however, it is indisputable that health is lived in
times of globalization (Koplan et al., 2009). Therefore, it is essential to seek to identify, extract
and treat the Big Data of Health in this globalized world, to focus on essential information for
decision makers in the present century.

Nevertheless, the management of this knowledge is not considered trivial since the Open
Science approach is imminent. Open science is a model of scientific practice that, in line with
the development of digital culture, aims to make information available in a network, as opposed
to closed research in laboratories. The term also refers to the generation of openly shared
research materials without the need for patents. In this context, the European Community has
shown maturity in this area with the promotion of Open Science (Resolu¢do Do Conselho
de Ministros n.° 20/2016 — Diario Da Reptiblica n.> 70/2016, Série 1 de 2016-04-11, 2016).
Thus, organizations that deal with health research must seek a better management of knowledge
management of Big Data in Health, increasingly in an open science, portraying a collaborative
and constructive intelligence for society.

The Covid-19 pandemic was first reported in December 2019 in Wuhan, China's Hubei
province, and isolated for the first time on January 7, 2020 (Agbehadji et al., 2020; Esakandari
et al., 2020). The outbreak of the new coronavirus 2019 disease (COVID-19) has been declared
by the World Health Organization as a global public health emergency of international concern
(Strabelli & Uip, 2020). The new virus was initially referred to as "new coronavirus 2019"
(2019-nCoV) and later as "Severe Acute Respiratory Syndrome Coronavirus type 2" (SARS-
CoV-2), resulting in a global human tragedy like never before in other pandemics (Zhou et al.,
2020). In just a few weeks, the COVID-19 pandemic caused a deep crisis that changed political,
economic and social dynamics.

Due to advances in the fields of computing and communication technologies, Big Data
can help to process the large amount of data from public health surveillance and thus corroborate
for the monitoring of epidemic outbreaks in real time (Wong et al., 2019). Therefore, this work
aims to contribute to knowledge management in times of Big Data in COVID-19 through an
overview of scientific and technological information.
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Research Methodology

The methodology used was to identify the state of the art in indexed databases such as
PubMed and Web of Science. Likewise official websites like the World Health Organization
(WHO). The keyword used to track scientific and technological knowledge in the COVID-19
spectrum was “Coronavir*”. The basis for exemplifying scientific knowledge was PubMed:
abstracts of medical papers from the PubMed database provided by NCBI. As for technological
knowledge, it was Espacenet (a free online service for searching patents and patent applications —
developed by the European Patent Office — EPO).

With regard to the extraction and processing of scientific and technological Big Data, the
Carrot® search engine was used (https://search.carrot2.org/#/search/web) e o patentinspiration
(https://www.patentinspiration.com/ ), respectively.

Research Results

A worldwide overview of COVID-19 cases is provided by Johns Hopkins University.
The data are already processed and Big Data information available in COVID-19 regarding
the world epidemiological scenario (figure 1). As of December 13, 2021, there are 270,650,863
confirmed cases, 8,475,424,722 total vaccine doses administered and 5,310,785 deaths by
Covid-19.

Figure 1
Global Cases of COVID-19
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Source: COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins
University, 2021 (https://coronavirus.jhu.edu/map.html ).

As described in the methodology, the scientific knowledge in covid-19 was identified,
exemplified in the Medline biomedical literature base — base with more than 33 million citations
in PubMed, has 233,262 scientific productions for the search term “Coronavir* or MERS-
CoV* or SARS-CoV* or COVID* or HCoV or SARS or MERS”. However, aiming to focus
on a single term for scientific and technological productions, as well as to identify clusters
and knowledge networks, the term “coronavir*” was used for both, where 1,000 most relevant
documents were retrieved. These results and their correlations are visualized in Figure 2. These
documents were aggregated into sub-themes that correlate with new keywords that were most
characterized (appeared) within each scientific production analyzed by the algorithm.
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Based on the central theme (coronavir*), subthemes were organized according to the [105
new keywords identified by the algorithm as 'most relevant'. Thus, after “mining” the data, the
most “evident” terms (the most repeated), generated 81 clusters within 06 major themes (see
figure 2).

Figure 2
Covid-19 Scientific Knowledge Cluster in the PubMed Database
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Source: created by the author using Carrot®.

Regarding the technological knowledge expressed by patents, 6,036 documents were
identified (Figure 3).
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Figure 3
Countries of Patent Family Applicants for Coronavirus
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Source: created by the authors using European Patent office by Patent Inspiration®. December, 2021.

It is noteworthy that the darker the color displayed in the country, it represents the
country with the greatest number of technological knowledges expressed in patent filing. Note
that the most accentuated color for red (China and USA) is where most are patents registered.

Figure 4 shows the evolution of patents over the last 20 years. Highlight for an abrupt
growth in the years 2020 and 2021.

Figure 4
Evolution of Patents from 2002 to 2021
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Source: created by the authors using European Patent office by Patent Inspiration®. December, 2021.
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Discussion

As the world lives the exponential era of data in all areas of science and, in Health
it is no different, the development of scientific investigation is no longer linear. The speed
of this evolution is accelerating. There is a new research paradigm, with new ideas and a
very accelerated change in this new era of knowledge. As an example, one can mention the
sequencing of HIV (human immunodeficiency virus) taking 15 years. The sequencing of SARS
(Severe acute respiratory syndrome) was obtained in just 21 days (Projeto Genoma Humano:
Um Retrato Da Construcdo Do Conhecimento Cientifico Sob a Otica Da Revista Ciéncia Hoje,
n.d.; The Digital Universe in 2020: Big Data, Bigger Digital Shadows, and Biggest Growth in
the Far East by John Gantz and David Reinsel Sponsored by EMC, 2012).

For technological advances in all areas of science to continue rapidly, it is necessary to
treat large volumes of data in an innovative way. Quoniam et al (2015) highlights that 43% of
all daily bytes on the Web are related to Health and 47% of these are public health (Magalhaes
& Quoniam, 2015). Thus, the exhaustive volume of data requires organization and structuring
for the possible subsidy of the decision maker, which has led organizations to create search
tools on specific websites in order to extract and process the data to obtain essential information
(Kira TARAPANOFF (org.), 2015).

Open or paid search tools are increasingly common and present a plethora of competitive
and/or collaborative intelligence, such as text mining, datamining, etc. The practical result of
the extracted and processed data, generate essential information and are configured as useful,
reasonable and strategic to streamline the decision process (Magalhaes et al., 2020).

Coronaviruses are a group of large, enveloped, positive-sense, single-stranded RNA
viruses belonging to the order Nidovirales, family Coronaviridae, subfamily Coronavirinae
(Bastos, 2020). In late 2019, a new type of coronavirus was discovered, provisionally called
2019-nCoV and later called SARS-CoV-2, due to its similarity to SARS-CoV. The disease
caused by the virus was officially named Coronavirus Disease 2019 (COVID-19) by the WHO
(Coronavirus Disease, 2019.).

Saxena et al (2020) and Bonilla-Aldana et al (2020) describe that until 2019, only six
coronaviruses caused disease in humans: HCoV-229E, HCoV-OC43, HCoVNL63, HCoV-
HKUTI, coronavirus with severe acute respiratory syndrome (SARS -CoV) and coronavirus
with respiratory virus in the Middle East (MERS-CoV) (Bonilla-Aldana et al., 2020; Saxena,
2020). The first four are endemic locally and have been mainly associated with mild and
limiting diseases, while the last two can cause serious illness. SARS-CoV and MERS-CoV are
beta-coronaviruses and are among the pathogens included in the World Health Organization's
Model List of Priority Diseases (Coronavirus Disease, 2019).

To identify, extract and process all scientific knowledge on coronavirus in a trivial way
would be extremely tiresome and flawed by human limitation; since extracting all documents
from the base and studying them punctually would take a long time of individual analysis.
However, using search engineering algorithms and subsequent processing of this volume, it
was possible to obtain, preliminarily, essential information to help in knowledge management.
For example, the free platform Carrot Search Lingo4G® (Magalhies et al., 2016).

The 1,000 results, from scientific knowledge, plotted in practical data visualization form
(Figures 2 and 3), provide quick identification for decision making. 81 sub-theme clusters are
highlighted. The first 6 are: “treatment during the coronavirus disease (118)” (18.8%), “risk of
coronavirus disease (160)” (16.0%), “group for coronavirus (153)” (15.3%), “patients reported
(144)” (14.4%), “develop severe disease (137)” (13.7%), “causes severe (136)” (13.6%).

Regarding technological knowledge, it can be measured by the indicator of patents filed
in some industrial and/or intellectual property office in a country. Patents are a strong indicator
of innovation in science and technology (Antunes & Mercado, 2000; Freitas & Segatto, 2014;
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Leitdo, 1981). Even in the extremely recent pandemic environment of COVID-19, one can
observe the synergy of scientists and companies in the world, uniting collaborative intelligence
and open science, an exponential amount of scientific work has been produced, as seen above,
as well as in patents. According to the Intellectual Property Law (No. 9,279/96), a patent
application is kept confidential for 18 (eighteen) months from the date of its filing. Therefore,
considering that COVID-19 was discovered at the end of 2019, few results of patent filings
were to be expected. However, the sharing of scientific and technological data, provided a speed
and development of techniques, processes, diagnostic kits and vaccines, in such a way, never
seen in the history of mankind.

Regarding patents (technological knowledge), it is noted that 68.5% refer to the years
2020 and 2021. This fact is justified, since the declaration of pandemic by the WHO occurred
almost 02 (two) years ago. Figures 3 and 4 show this evolution and the strong presence of
companies, universities and research groups around the world in search of technological
innovations and, consequently, a response to the pandemic of the present century. The first 4
(four) applicants with the highest number of patents are Pfizer, Gilead Sciences inc., Center Nat
Rech, Crucell Holland. The 10 (ten) countries with the highest number of patents are China
(1403), USA (1357), Republic of Korea (240), Netherlands (129), United Kingdom (128),
Germany (123), Russian Federation (123), France (100), Japan (94), Canada (84).

Conclusions

The 21st century has brought new challenges and great opportunities due to the increasing
volume of new data added to the web daily. In the area of Health, it is no different. Scientific
and technological knowledge has advanced in an exponential way never seen before. Thus,
new ways to identify, extract and treat Big Data in healthcare are essential for decision making.

Open science policies have been increasingly widespread in this new era of the 21st
century, as a response to this scientific and technological advance. In this sense, to help manage
scientific and technological knowledge, new solutions have been created to speed up the arduous
task of decision-making, especially in Health and in times of pandemic.

As a contribution to managing the knowledge acquired in record time from the
COVID-19 pandemic, the scientific backing reached 233,262 thousand publications in the
PubMed database alone — originating 81 clusters with 1,000 important documents, 6036 patents
related to the coronavirus.

The results indicate that joint efforts of universities and companies towards a greater
objective (in this case the coronavirus pandemic), provides effective networking, leading to
synergy of results in a short period of time. In this way, tools for identification, extraction, and
processing of data (paid or free), favor the quick identification of information for decision-
making. The scientific and technological big data in coronaviruses, after being shared in essential
information, configures a collaborative intelligence made available as an aid in knowledge
management.
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