s/

Revista Prevencao de
Infeccao e Saude

The Official Journal of the Human Exposome
and Infectious Diseases Network

ORIGINAL ARTICLE

DOI: https://doi.org/10.26694/repis.v6i0.10659

Big data in health and open science: a contribution to the management
of knowledge in COVID-19

Big data em saulde e a ciéncia aberta: um contributo para a gestao do conhecimento em COVID-19

Big data en salud y ciencia abierta: una contribucion a la gestién del conocimiento en COVID-19

Jorge Magalh&es?, Zulmira Hartz?, Luc Quoniam?, Gabriela de Paula Pereira*, Adelaide Maria de Souza Antunes®

How to cite this article:

Magalhdes J, Hartz Z, Quoniam L, Pereira GP, Antunes AMS. Big data in health and open science: a contribution to the management of knowledge in COVID-19. Rev Pre
Infec e Saude [Internet]. 2020;6:10659. Available from: https://revistas.ufpi.br/index.php/nupcis/article/view/10659 DOI: https://doi.org/10.26694/repis.v6i0.10659

" Public Health Researcher, Technological
Innovation Center of Farmanguinhos-NIT FAR,
Oswaldo Cruz Foundation/FIOCRUZ, Ministry
of Health of Brazil, Rio de Janeiro, Brazil.

2 |nstitute of Hygiene and Tropical Medicine,
NOVA University Lisbon, Lisboa, Portugal.

3 Université du Sud-Toulon Var, Toulon,
France, visiting professor at Federal
University of Mato Grosso do Sul, Mato Grosso
do Sul, Brazil.

4 Oswaldo Cruz Foundation/FIOCRUZ, Ministry
of Health of Brazil, Rio de Janeiro, Brazil.

5 National Institute of Industrial
Property/INPI, Federal University of Rio de
Janeiro, Department of Chemical and
Biochemical Process Engineering, Rio de
Janeiro, Brazil.

Corresponding author:

Jorge Magalhdes

Address: Avenida Comandante Guaranys,
447, Jacarepagua

CEP: 22775-903 — Rio de Janeiro, Rio de
Janeiro, Brasil

Telephone: +55 (21) 3348-5050

E-mail: jorge.magalhaes@far.fiocruz.br

ABSTRACT

Introduction: The 21st century is marked by the exponential era of data available daily
on the web. This era of knowledge is characterized by the pressing need for new
technologies to manage the brutal amount of data. In health, it is no different: scientific
and technological information needs to be identified, extracted, treated and made
available the essential information for decision making. The objective is to contribute
to knowledge management in times of Big Data in health with COVID-19. Outline: The
work was carried out using a retrospective analysis of the big health data opened for
COVID-19. Results: They demonstrate the great worldwide effort in science and
technology for the topic in question. The Medline database features over 36,000 articles
available. In the European Patent Office base there are 2,871 family of patents, with 3
patents being made available and the pharmaceutical company Pfizer leading the
technological research. Implications: It is concluded that the translation of knowledge
has been occurring in an urgent way, since, although there is no vaccine or medicine for
the cure so far, never in history has there been so much available volume of science and
technology in such a small space of time. time, generating scientific and technological
production for the advancement of science.
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INTRODUCTION

The 21st century presents itself as an era with
40% of the population connected to the Internet." In
this sense, O’Reilly suggested the term Big Data as a
gigantic database updated in real time, which easily
reaches thousands of terabytes of storage in different
formats.? Traditional relational database management
systems cannot handle these large masses of data.3*
Big Data drives a new generation of methodologies
developed to extract economic and strategic value
from a large and varied volume of data (structured and
unstructured), allowing high speed capture and
analysis.>¢

Big Data refers to the third generation of the
information age.”" Initially, this exponential volume of
data met the criteria of 3 Vs: Volume, Variety and
Speed; 9 later, 2 Vs were added: the attributes of
Veracity and Value. Some authors even attribute the
last 3 Vs, such as Veracity, Versatility and Viability,
where the combination of all “Vs” generates the “V”
of Value.'® Big Data is divided into a perfect data
storm, a perfect convergence storm and a perfect
computing storm, the latter resulting from 4
phenomena: Moore’s law, mobile computing, social
networks and cloud computing. This data collection
must be treated to present information searched in a
selective and objective way to increase business
intelligence, besides allowing an improvement in the
decision making process. "

As we reflect on health, it is considered as a
global public good: that it is not exclusive, that is, that
no one or any community is excluded from its
possession or consumption; and that its benefits are
available to everyone. There is also the apparent
consensus that health is not competitive, and that
there is no rivalry, that is, the health of a person
cannot be at the expense of excluding other people.'?
15

In the health spectrum, it carries challenges and
opportunities in the globalization process, which 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,'® however it is indisputable that
we are living Health in times of globalization."

Thus, it is necessary to seek to identify, extract
and treat the Big Data of Health in this globalized
world, in order to focus on the essential information
for the decision makers of 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 opposite to closed laboratory research.
The term also refers to the generation of research
materials shared openly, without the need for patents.
In this context, the European Community has shown
maturity in this area with the promotion of Open
Science,'® as well as some institutions in Brazil, such
as, for example, Fiocruz’s proposal for Open Science
in its Terms of Reference: management and opening of
data for research at Fiocruz.™

In this way, organizations that deal with health
research have to seek better management of the
knowledge management of Big Data in Health,
increasingly in an open science, to portray a
collaborative and constructive intelligence for society.
Therefore, this work aims to contribute to knowledge
management in times of Big Data in health and with
COVID-19; through an overview of scientific and
technological information.

The methodology used was to identify the state
of the art in indexed databases such as PubMed, Scielo,
Scopus and Web of Science. Likewise, official websites
such as the World Health Organization (WHO) and the
Brazilian Government’s Transparency Portal
(https://transparencia.registrocivil.org.br/registral -
covid). The keywords used in the COVID-19 spectrum
were “Coronavir * or MERS-CoV * or SARS-CoV * or

COVID * or HCoV or SARS or MERS”.
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INFORMATIONAL EVOLUTION OF DATA AND
COLLABORATIVE INTELLIGENCE FOR
GLOBAL HEALTH

It can be considered that the development of an
investigation is no longer linear. The speed of this
evolution has a fast pace. The pace of change of
paradigm, of new ideas has been very fast in the world
of the knowledge era. It is noteworthy that the first
changes, although apparently rapid, took years to
develop. It can be exemplified by the fact that the
sequencing of HIV (human immunodeficiency virus)
took 15 years, while the sequencing of SARS (severe
acute respiratory syndrome) was obtained in just 21
days.?%2' Nevertheless, the same occurs in COVID -19;
where it can be seen that in just about 06 (six) months,
the sharing of networked data and scientific and
technological information grew exponentially, as will
be discussed in the next item.

With technological advances in all areas of
science, it is necessary to deal with the large volume
of data, and even more, data related to health. It
should be noted that 43% of all daily bytes on the Web
are related to Health and 47% of these are public
health.? In this way, the exhaustive volume of data
requires organization and structuring for the possible
support to the decision maker, which has led
organizations to create search tools on specific
websites on the Web, in order to extract and process
the data to obtain essential information.?* More and
more, information science is becoming more present
and useful for any other area of science due to the
growing amount of data of any kind. However, as an
example, immunotherapy treatments have received
great contributions from artificial intelligence.?*

Free or paid access search tools are increasingly
common and have an infinity in this competitive and /
or collaborative intelligence, such as textmining,
datamining software, etc. The practical result of the
extracted and processed data generates essential
information and is configured as useful, reasonable
and strategic to streamline the decision process.?

Collaborative intelligence contributes strongly to the

change of knowledge and power from the individual to
the collective.?® The open source of collective
intelligence will eventually generate results superior
to the knowledge generated by proprietary software
developed within corporations. Education and the way
people are learning to participate in knowledge
cultures outside formal learning contexts is crucial in
the new global context. Learning through the means of
collective intelligence is crucial, as it is important for
the democratization of science, since it is
interconnected with the culture based on knowledge
and supported by the sharing of collective ideas,
therefore, contributing to a better understanding of
society’s diversity,??° with data open to institutions’
science.3%3 |n this sense, new information science
tools provide the facility, agility and synergy for
collaborative work in a scientific and technological
network, in such a way that the knowledge generated
in the area can be explored and monitored for better
action by decision makers; as in the case of epidemics
and the COVID-19 pandemic.

COVID-19 GENERAL KNOWLEDGE

Large corporations also use the concept of open
innovation as a way to provide innovation in their
processes and / or products with contributions from
any researcher, company etc.3+3> and in health, it also
translates into an opportunity.3® Coronaviruses are a
group of large, enveloped, positive-sense viruses and
single-stranded RNA, belonging to the order
Nidovirales, family  Coronaviridae, subfamily
Coronavirinae. At the end of 2019, a new type of
coronavirus was discovered, provisionally called 2019-
nCoV and later named SARS-CoV-2, due to its similarity
to SARS-CoV. The disease caused by the virus was
officially called Coronavirus Disease 2019 (COVID-19)
by WHO.3#8

Two studies describe that by 2019, only six
coronaviruses caused disease in humans: HCoV-229E,
HCoV-0C43, HCoVNL63, HCoV-HKU1, coronavirus with
severe acute respiratory syndrome (SARS-CoV) and

coronavirus with respiratory virus in the Middle East
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(MERS -CoV).3*%0 The first four are locally endemic and
have been associated mainly with mild and limiting
diseases, while the last two can cause serious diseases.
SARS-CoV and MERS-CoV are betacoronaviruses and are
among the pathogens included in the World Health

Organization’s Model List of Priority Diseases.3?

Figure 1 — Confirmed cases of global COVID-19.

In order to understand the global scenario of
COVID-19 cases, Johns Hopkins University provided the
information dealt with Big Data in COVID-19, referring
to the global epidemiological scenario (Figure 1) with
4,413,597 confirmed cases. As of May 14, 2020, Brazil
had 196,375 confirmed official cases and a lethality of
13,555 cases.
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Source: COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University, 2020.

Brazil stands out in fifth place with 4.5% of
deaths compared to the world ranking with a total of
300,315 deaths. The USA is the current epicenter of
the pandemic with 1,405,961 confirmed cases and
85,066 deaths.

SCIENTIFIC KNOWLEDGE IN COVID-19

The biomedical literature base Medline, with
more than 30 million citations in PubMed, has 36,687
scientific productions for the search term “Coronavir *
or MERS-CoV * or SARS-CoV * or COVID * or HCoV or SARS
or MERS”. Obviously extracting all documents from the
base and studying them on time would take a long time
to analyze. However, using search engineering
algorithms and subsequent treatment of this volume,
essential information can be obtained preliminarily to
assist in knowledge management. For example, the
free platform Carrot Search Lingo4G®.*' In this way,

the contribution of information science to the

evolution of the algorithmic basis is observed, where
it enables faster and better processing, enabling the
dissemination of scientific and technological
knowledge produced.

With the same terms provided in PubMed, 100
most relevant documents were extracted. Of these,
they were aggregated in sub-themes that correlate
with new keywords that were most characterized
(appeared) within each scientific production analyzed
by the algorithm. As shown in Figure 2, in the central
theme 23 documents were recovered (COVID-19
pandemic), in COVID-19 Patients 12 were separated,
and for Coronavirus Disease 7 etc. It is worth
mentioning that after data “mining”, the more
“evident” terms in the search term searched, the new
terms that are repeated more often are segregated
and generate the cluster of the 100 most relevant in
relation to the initial 36,687 in the PubMed database.
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Figure 2 — Result of MEDLINE scientific documents on COVID-19.
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Source: Extracted by the authors in CarrotLingo4g.

Regarding the number of authors, it was
observed that there is participation in a varied
network, from the opinion of one author to works with
11 (eleven) authors participating and with several

international institutions.

TECHNOLOGICAL KNOWLEDGE IN COVID-19

Technological knowledge can be measured by
the indicator of patents deposited in an industrial and
/ or intellectual property office in some country.
Patents are a strong indicator of innovation in science
and technology.*s# Even with the extremely recent
pandemic environment of COVID-19, one can observe
the synergy of scientists and companies in the world,
uniting the collaborative intelligence and open
science, and that an exponential amount of scientific
work has been produced, as seen previously, as well as
in patents.

A challenge in the technological area is to

combine the socialization of patent knowledge on an

equal basis with scientists from any research group,
even if there are no emergency situations of public
calamity in the countries. According to the Intellectual
Property Law (N°. 9,279 / 96), a patent application is
kept confidential for 18 (eighteen) months from the
date of filing. Therefore, considering that COVID-19
was discovered in late 2019, it is to be expected that
there will be no results for a patent. Thus, a search
was performed with the synonyms of Coronavirus
(family Coronaviridae; Severe Acute Respiratory
Syndrome (SARS); Acute Middle East Respiratory
Syndrome (MERS)). So, 03 (three) patent families were
found: a Chinese CN110960532, by an independent
inventor, a Korean KR10-2020-0032050 and an Indian
IN202041010021.

In this sense, the search was carried out in an
expanded way with other coronaviruses. Thus, Chart 1
shows 2,871 patent families found and distributed by
the company holding the patent. Pharmaceutical

company Pfizer stands out with 67 patents.
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Chart 1 — Major filers of patent families for Coronavirus.

Patent families by Assignees

PFIZER

US GOVERNMENT

KOREA RESEARCH INSTITUTE OF BIOSCIENCE AND BIOTECH ..
BOEHRINGER INGELHEIM

CHINESE ACADEMY OF SCIENCES

HARVARD COLLEGE

MERCK

TSINGHUA UNIVERSITY

KINETA

NATIONAL INSTITUTE FOR VIRAL DISEASE CONTROL & PRE...
TIANJIN INTERNATIONAL JOINT ACADEMY OF EIOTECHNOLO...
UNIVERSITY OF CALIFORNIA

GLAXOSMITHKLINE

CHINESE ACADEMY OF MEDICAL SCIENCES

INSTITUT PASTEUR

SCHERING

UNIVERSITY OF NANKAIL

UNIVERSITY OF NORTH CAROLINA

UNIVERSITY OF TEXAS

BAYLOR COLLEGE OF MEDICINE

Assignees

67
47
30
26
26
25

3B
NR

20

T T T T
20 30 40 50 60 70
Count of patent families

Source: Extracted by the authors of the European Patent Office by Questel Orbit®. May 2020.

Figure 3 shows the countries where patents were
applied for by the filers of Chart 1 and / or the location

of their inventors.

Figure 3 — Countries of patent family filers for Coronavirus.

¥

1 / 4636

Source: Extracted by the authors of the European Patent Office by Patent Inspiration®. May 2020.

In order to better stratify the knowledge
generated and favor a quick understanding for the
management of this knowledge, the essential data
plotted on the map, assist the decision maker, in a
practical observational understanding by the plotted
figure. Therefore, in Figure 3, it is noted that the
darker the color displayed in the country, it represents

the country with the highest number of technological

knowledge expressed in patent deposit. Note that the

most accentuated color for red (USA) is where most.

CONCLUSION

The 21st century brought new challenges and
great opportunities due to the growing volume of new
data added to the Web on a daily basis. In Health, it is

no different. Scientific and technological knowledge
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has advanced exponentially never seen before. Thus,
new ways to identify, extract and treat Big Data in
health becomes fundamental for decision making.
Open science policies have been increasingly
widespread in this new era of the 21st century, as a
way of responding to this scientific and technological
advance. In this sense, to help knowledge
management, new solutions have been created, in

order to speed up the arduous task of decision-making,

highlighting the limitation of “closed science”, for
example, the result (knowledge) generated in the plot
of Chart 1, was obtained by the Questel Orbit®
information search and analysis system. Therefore, the
organization that does not have the license will not be
able to use it. However, it can be concluded that
individual research has lost academic space in recent
times, providing collaborative intelligence.

The scientific and technological data identified

especially in Health, especially in times of pandemic. and the respective essential information made

As a contribution to the management of available, generating an essential framework for

knowledge acquired in record time of the pandemic decision making, confirm the fundamental role of

COVID-19, the scientific ballast reached about 37 information science for all areas of Science -

thousand publications in the PubMed database alone, fundamental for Health. Digital convergence and

03 (three) families of patents and 2,871 family of synergy collaboration are preponderant factors for

patents related to the Coronavirus. knowledge management in Health Big Data.

The results indicate that open science provides

the synergy of results and networking. It is worth

RESUMO

Introducéo: O século 21 é marcado pela era exponencial de dados disponiveis diariamente na web. Esta era do conhecimento
caracteriza-se pela necessidade premente de novas tecnologias para gerenciar a quantidade brutal de dados. Na area da salde
nao é diferente: informacdes cientificas e tecnoldgicas precisam ser identificadas, extraidas, tratadas, e disponibilizadas as
informacoes essenciais para tomada de decisao. Objetiva-se contribuir com a gestao do conhecimento em tempos de Big Data em
saude com COVID-19. Delineamento: O trabalho foi realizado utilizando analise retrospectiva dos grandes dados de salde abertos
para COVID-19. Resultados: Demonstram o grande esforco mundial na area da ciéncia e tecnologia para o tema em questao. A
base Medline apresenta mais de 36.000 artigos disponiveis. Na base European Patent Office ha 2.871 familia de patentes, sendo
03 patentes disponibilizadas, e a empresa farmacéutica Pfizer liderando a pesquisa tecnoldgica. Implicagées: Conclui-se que a
translacao do conhecimento vem ocorrendo de maneira urgente, uma vez que, embora, nao haja vacina ou medicamento para a
cura até o momento, jamais na historia houve tanto volume disponivel de ciéncia e tecnologia num espaco tao pequeno de lapso
temporal, gerando producao cientifica e tecnoldgica para o avanco da ciéncia.

DESCRITORES
Salde Publica; Big Data; Gestao do Conhecimento; Infeccdes por Coronavirus; Coronavirus.

RESUMEN

Introduccioén: El siglo XXI esta marcado por la era exponencial de los datos disponibles a diario en la web. Esta era del conocimiento
se caracteriza por la urgente necesidad de nuevas tecnologias para gestionar la brutal cantidad de datos. En el area de la salud
no es diferente: es necesario identificar, extraer, tratar la informacion cientifica y tecnologica y disponer de la informacion
esencial para la toma de decisiones. El objetivo es contribuir a la gestion del conocimiento en tiempos de Big Data en salud con
COVID-19. Delineacion: El trabajo se llevo a cabo utilizando un analisis retrospectivo de los grandes datos de salud abiertos para
COVID-19. Resultados: Demostrar el gran esfuerzo mundial en el area de ciencia y tecnologia para el tema en cuestion. La base
de datos de Medline cuenta con mas de 36.000 articulos disponibles. En la base de la Oficina Europea de Patentes hay 2.871
familias de patentes, de las cuales 03 patentes estan disponibles, y la compaiia farmacéutica Pfizer lidera la investigacion
tecnoldgica. Implicaciones: Se concluye que la traduccion del conocimiento se viene dando de forma urgente, ya que, aunque
hasta el momento no existe una vacuna o medicamento para la cura, nunca en la historia se ha contado con tanto volumen de
ciencia y tecnologia disponible en tan poco tiempo, generando produccion cientifica y tecnoldgica para el avance de la ciencia.

DESCRIPTORES
Salud Pdblica; Macrodatos; Gestion del Conocimiento; Infecciones por Coronavirus; Coronavirus.

REFERENCES

1. McKinsey Global Institute. Big data: The next frontier for innovation, competition, and productivity. 2011. Available from:
http://www.mckinsey.com/insights/mgi/research/technology_and_innovation/big_data_the next_frontier_for_innovation

revistas.ufpi.br Rev Pre Infec e Saude. 2020;6:10659 7



Big data in health and open science: a contribution to the management of knowledge in COVID-19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

O’Reilly T. What is Web 2.0: Design Patterns and Business Models for the Next Generation of Software. Rochester, NY: Social Science
Research Network; 2007. Available from: http://papers.ssrn.com/abstract=1008839

Magalhaes JL, Quoniam L. Perception of the Information Value for Public Health: A Case Study for Neglected Diseases: Library and
Information Science Book Chapter. In: Rethinkin the Conceptual Base for New Practical Applications in Information Value and Quality.
IGI Global; 2013. p. 345. Available from: http://www.igi-global.com/chapter/perception-information-value-public-health/84218

Quoniam L, Lucien A. Intelligence compétitive 2.0: organisation, innovation et territoire. France: Librairie Lavoisier; 2010. Available
from: http://www.lavoisier.fr/livre/notice.asp?ouvrage=2139418&pos=8

Gray J, Chambers L, Bounegru L. The Data Journalism Handbook, O’'Reilly Media, 2012 - InfoVis: Wiki; 2012. Available from:
http://www.infovis-

wiki.net/index.php?titte=Gray,_J._and_Chambers,_L._and_Bounegru,_L., The_Data_Journalism_Handbook, 0%27Reilly_Media,_ 2
012

Sivarajah U, Kamal MM, Irani Z, Weerakkody V. Critical analysis of Big Data challenges and analytical methods. J Busin Resear
[Internet]. 2017; Jan [cited 31 Mar 2020]; 70:263—286. Available from: https://doi.org/10.1016/j.jbusres.2016.08.001

Magalhaes JL, Quoniam L. Percepg¢do do valor da informagéo por meio da inteligéncia competitiva 2.0 e do Big Data na saude. In:
Tarapanoff, K. Andlise da Informacéo para Tomada de Decisdo: desafios e solugdes. Brasil: InterSaberes; 2015. p. 365.

Raghupathi W, Raghupathi V. Big data analytics in healthcare: promise and potential. Health Inf Sci Syst [Internet]. 2020 Feb [cited 31
Mar 2020];2. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4341817/

Laney D. 3D Data Management: Controlling Data Volume, Velocity, and Variety. 2001 Available from: http://blogs.gartner.com/doug-
laney/files/2012/01/ad949-3D-Data-Management-Controlling-Data-Volume-Velocity-and-Variety.pdf

Aleixo JA, Duarte P. Big data opportunities in healthcare. How can medical affairs contribute? Rev Port Farmacoter [Internet]. 2015
Feb [cited 31 Mar 2020]; 7:230-6. Available from:
https://pdfs.semanticscholar.org/2066/744d3646ad986ec33c2f582¢9ef05773213c.pdf

Minelli M, Chambers M, Dhiraj A. Big Data, Big Analytics. EUA: John Wiey & Sons, Inc.; 2013.

Buse K, Waxman A. Public-private health partnerships: a strategy for WHO. Bull World Health Organ [Internet]. 2001 Jan [cited 31 Mar
2020]; 79(8):748-54. Available from: https://pubmed.ncbi.nim.nih.gov/11545332/

Haines A, McMichael AJ, Smith KR, Roberts |, Woodcock J, Markandya A, et al. Public health benefits of strategies to reduce
greenhouse-gas emissions: overview and implications for policy makers. Lancet [Internet]. 2009 Dec [cited 31 Mar 2020];
374(9707):2104-14. Available from: https://doi.org/10.1016/S0140-6736(09)61759-1

Hartz ZMA. Meta-evaluation of health management: Challenges for “new public health”. Cienc Saude Coletiva [Internet]. 2012 Feb
[cited 31 Mar 2020]; 17(4):832—4. Available from: https://doi.org/10.1590/S1413-81232012000400004

Vance K, Howe W, Dellavalle RP. Social Internet Sites as a Source of Public Health Information. Dermatol Clin [Internet]. 2009 Feb
[cited 31 Mar 2020]; 27(2):133-6. Available from: https://doi.org/10.1016/j.det.2008.11.010

Fortes PA de C, Ribeiro H. Saude Global em tempos de globalizagdo. Saude Soc [Internet]. 2014 Jun [cited 31 Mar 2020]; 23(2):366—
75. Available from: https://doi.org/10.1590/S0104-12902014000200002

Koplan JP, Bond TC, Merson MH, Reddy KS, Rodriguez MH, Sewankambo NK, et al. Towards a common definition of global health.
Lancet Lond Engl [Internet]. 2009 Jun [cited 31 Mar 2020]; 373(9679):1993-5. Available from: https://doi.org/10.1016/S0140-
6736(09)60332-9

Resolugdo Conselho de Ministros. Resolugdo do Conselho de Ministros n.° 20/2016. Diario da Republica n.° 70/2016, Série | de 2016-
04-11. Série | de 2016-04-11, 70/2016 abr 11, 2016. Available from: http://legislacaoportuguesa.com/resolucao-do-conselho-de-
ministros-n-0-202016-diario-da-republica-n-0-702016-serie-i-de-2016-04-11/

FIOCRUZ. Grupo de Trabalho em Ciéncia Aberta. Termo de referéncia: gestao e abertura de dados para pesquisa na Fiocruz. Rio de
Janeiro: FIOCRUZ/Presidéncia; 2018. Available from: https://www.arca.fiocruz.br/handle/icict/26803

Goes ACS, Oliveira BVX. Projeto Genoma Humano: um retrato da construgdo do conhecimento cientifico sob a 6tica da revista Ciéncia
Hoje. Ciénc. educ. (Bauru) [Internet]. 2014 Sep [cited 31 Mar 2020]; 20(3):561-577. Available from: https://doi.org/10.1590/1516-
73132014000300004

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 [Internet]. 2012 [cited 20 Apr 2020]. Available from: https://www.emc.com/leadership/digital-
universe/2012iview/index.htm

Magalhaes JL, Quoniam L. Perception of the Information Value for Public Health: A Case Study for Neglected Diseases. In: Magalh&es
JL, Quoniam L. Rethinkin the Conceptual Base for New Practical Applications in Information Value and Quality. Pennsylvania, USA:
Information Science Reference; 2014. p. 345.

Tarapanoff, K. Andlise da Informagéo para Tomada de Decisdo Desafios e Solucdes. vol. 1. Brasil: Editora InterSaberes; 2015.

Rev Pre Infec e Saude. 2020;6:10659 revistas.ufpi.br



Magalhé&es J, Hartz Z, Quoniam L, Pereira GP, Antunes AMS

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Jabbari P, Rezaei N. Artificial intelligence and immunotherapy. Expert Rev Clin Immunol [Internet]. 2019 Jul [cited 31 Mar 2020];
15(7):689-91. Available from: https://doi.org/10.1080/1744666X.2019.1623670

Magalhées JL, Oliveira DA, Costa JCS, Hartz Z. Strategic Vision on the Chain of Decision in Modern Competitive Scenarios: A Case
Study in Material Planning in a Public Company. Pennsylvania, USA: IGI Global; 2020.

Bonabeau, E. Decisions 2.0: The Power of Collective Intelligence. MIT Sloan Manag Rev [Internet]. 2009 Jul [cited 31 Mar 2020]; 45—
52. Available from: https://sloanreview.mit.edu/article/decisions-20-the-power-of-collective-intelligence/

Burke RR. Reasoning with empirical marketing knowledge. Int J Res Mark [Internet]. 1991 Apr [cited 31 Mar 2020]; 8(1):75-90.
Available from: https://doi.org/10.1016/0167-8116(91)90008-U

Collective intelligence. In: Wikipedia, the free encyclopedia. 2016. Available from:
https://en.wikipedia.org/w/index.php?title=Collective_intelligence&oldid=732642532

Trigo MR, Gouveia LB, Quoniam L, Riccio EL. Using competitive intelligence as a strategic tool in a higher education context. Nr
Reading: Academic Conferences Ltd; 2007.

Pordes R, Petravick D, Kramer B, Olson D, Livny M, Roy A, et al. The open science grid. J Phys Conf Ser [Internet]. 2007 Jul [cited 31
Mar 2020]; 78(1):1-12. Available from: https://doi.org/10.1088/1742-6596/78/1/012057

Molloy JC. The Open Knowledge Foundation: Open Data Means Better Science. PLOS Biol [Internet]. 2011 Dec [cited 31 Mar 2020];
9(12):1-12. Available from: https://doi.org/10.1371/journal.pbio.1001195

David PA. Understanding the emergence of ‘open science’ institutions: functionalist economics in historical context. Ind Corp Change
[Internet]. 2004 Jan [cited 31 Mar 2020]; 13(4):571-89. Available from: https://doi.org/10.1093/icc/dth023

Errington TM, lorns E, Gunn W, Tan FE, Lomax J, Nosek BA. An open investigation of the reproducibility of cancer biology research.
eLife [Internet]. 2014 Dec [cited 31 Mar 2020]; 3:1-12. Available from: https://doi.org/10.7554/eL ife.04333

Celadon KL. Knowledge Integration and Open Innovation in the Brazilian Cosmetics Industry. J Technol Manag Innov [Internet]. 2014
Sep [cited 31 Mar 2020]; 9(3):34-50. Available from: https://www.jotmi.org/index.php/GT/article/view/1612

Michelino F, Cammarano A, Lamberti E, Caputo M. Knowledge Domains, Technological Strategies and Open Innovation. J Technol
Manag Innov [Internet]. 2015 Jul [cited 31 Mar 2020]; 10(2):50-78. Available from:
https://www.academia.edu/29792874/Knowledge_Domains_Technological_Strategies_and_Open_Innovation

Chaifetz S, Chokshi DA, Rajkumar R, Scales D, Benkler Y. Closing the access gap for health innovations: an open licensing proposal
for universities. Glob  Health [Internet]. 2007 Feb [cited 31 Mar 2020]; 3(1):1-10. Available from:
https://globalizationandhealth.biomedcentral.com/articles/10.1186/1744-8603-3-1

Bastos LFCS. https://www.facebook.com/pahowho. OPAS/OMS Brasil. Folha informativa: COVID-19 (doenca causada pelo novo
coronavirus). / OPAS/OMS. Pan American Health Organization. Brasilia: WHO; 2020. Available from:
https://www.paho.org/bra/index.php?option=com_content&view=article&id=6101:covid19&Itemid=875

Coronavirus disease 2019. Genebra: WHO; 2019. Available from: https://www.who.int/emergencies/diseases/novel-Coronavirus-
2019?9gclid=CjOKCQjw2PP1BRCIARISAEqv-pTucWCIRp6LtBdglo321_Dzgbm-9Kky2CPJgXWBNcwyzKp29uelLpcOaAgarEALw_wcB

Saxena SK. Coronavirus Disease 2019 (COVID-19): Epidemiology, Pathogenesis, Diagnosis, and Therapeutics. Springer Nature
[Internet]. 2020 Jul [cited 31 Jul 2020]. Available from: https://link.springer.com/book/10.1007/978-981-15-4814-7

Bonilla-Aldana DK, Holguin-Rivera Y, Cortes-Bonilla I, Cardona-Trujillo MC, Garcia-Barco A, Bedoya-Arias HA, et al. Coronavirus
infections reported by ProMED, February 2000-January 2020. Travel Med Infect Dis [Internet]. 2020 Feb [cited 31 Mar 2020]. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102564/

Magalhdes J, Bastos AC, Barroso W. Cenério Global e Glocal das Tendéncias Cientificas e Tecnoldgicas em Diabetes: Uma
Abordagem do Big Data em Saude no Século 21. Rev Gest Em Sist Saude [Internet]. 2016 Jun [cited 31 Mar 2020]; 5(1):1-14. Available
from: http://www.revistargss.org.br/ojs/index.php/rgss/article/view/191

Freitas CCG, Segatto AP. Science, technology and society from the perspective of social technology: a study from the Critical Theory
of Technology. Cad EBAPEBR [Internet]. 2014 Jun [cited 31 Mar 2020]; 12(2):302—-20. Available from: https://doi.org/10.1590/1679-
39517420

Leitdo DM. O conhecimento tecnoldgico e sua importancia. Possibilidades de sua transferéncia internacional. Ciénc Informacao
[Internet]. 1981 May [cited 31 Mar 2020]; 10(2):1-12. Available from: http://revista.ibict.br/ciinf/article/view/149

Antunes A, Mercado A. A aprendizagem tecnoldgica no Brasil: a experiéncia da indUstria quimica e petroquimica. Editora E-papers;
2000.

revistas.ufpi.br Rev Pre Infec e Saude. 2020;6:10659 9



Big data in health and open science: a contribution to the management of knowledge in COVID-19

COLLABORATIONS

Jorge Magalhaes (JM) and Zulmira Hartz (ZH) planned the article. JM and Gabriela de Paula Pereira developed the data collection
together with Adelaide Antunes (AA) and the writing of the present work. Luc Quoniam and ZH analyzed, discussed the final
revision of the work with JM and AA.

ACKNOWLEDGMENTS

Authors would like to thank the infrastructure of Farmanguinhos/FIOCRUZ and Gestec/FIOCRUZ for the availability of Questel
Orbit databases, National Institute of Industrial Property (INPIl) and Institute of Hygiene and Tropical Medicine (IHMT) at NOVA
University Lisbon.

AVAILABILITY OF DATA
Not applicable.

FUNDING SOURCE
Own institutional funding.

CONFLICTS OF INTEREST
There are no conflicts of interest to declare.

10 Rev Pre Infec e Saude. 2020;6:10659 revistas.ufpi.br



