edited by
Chaudhery Mustansar Hussain | Gustavo Marques da Costa

LIVING WITH COVID-19

Economics, Ethics, and Environmental Issues




LIVING WITH COVID-19




FOR REFERENCE PURPOSES ONLY

Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com



https://taylorandfrancis.com

FOR REFERENCE PURPOSES ONLY

LIVING WITH COVID-19

Economics, Ethics, and Environmental Issues

edited by
Chaudhery Mustansar Hussain
Gustavo Marques da Costa

JENNY STANFORD
PUBLISHING



FOR REFERENCE PURPOSES ONLY

Published by

Jenny Stanford Publishing Pte. Ltd.
Level 34, Centennial Tower

3 Temasek Avenue

Singapore 039190

Email: editorial@jennystanford.com
Web: www.jennystanford.com

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

Living with COVID-19: Economics, Ethics, and Environmental Issues
Copyright (© 2022 Jenny Stanford Publishing Pte. Ltd.

All rights reserved. This book, or parts thereof, may not be reproduced in any
form or by any means, electronic or mechanical, including photocopying,
recording or any information storage and retrieval system now known or to
be invented, without written permission from the publisher.

For photocopying of material in this volume, please pay a copying
fee through the Copyright Clearance Center, Inc., 222 Rosewood Drive,
Danvers, MA 01923, USA. In this case permission to photocopy is not
required from the publisher.

ISBN 978-981-4877-78-7 (Hardcover)
ISBN 978-1-003-16828-7 (eBook)


http://www.jennystanford.com
mailto:editorial@jennystanford.com

FOR REFERENCE PURPOSES ONLY

Contents

Preface

1 COVID-19 in the Environment
Gabriela Zimmermann Prado Rodrigues,
Aline Belem Machado, Juliana Machado Kayser,
Glinther Gehlen, and Daiane Bolzan Berlese
1.1 Definition and Origin of COVID-19
1.2 Transmission of COVID-19
1.3 Environmental Impacts
1.4 Prevention of COVID-19

2 Environmental Fate of COVID-19

Daniela Montanari Migliavacca Osério, Alessa Maria Ceratti,

Darlan Daniel Alves, Eduarda Sthefanie Mittelstadt,

Fernando Luzardo Rabelo, Filipe Brochier, Julia Luz Bohrer,

Vanusca Dalosto Jahno, and Daniela Miiller de Quevedo

2.1 COVID-19 Lifetime on Surfaces

2.2 Presence of COVID-19 in Atmospheric Air/Decline in
Air Pollution due to COVID-19 Lockdown
2.2.1 Presence of COVID-19 in Atmospheric Air
2.2.2 Decline in Air Pollution due to COVID-19

Lockdown

2.3 Studies of COVID-19 in Sewage Water

2.4 Protocols for Managing Health-Care Waste with
COVID-19

2.5 Conclusion

Xi

[colE I NS R

19

20

22
22

25
28

30
32



FOR REFERENCE PURPOSES ONLY

vi | Contents

3 Health Hazards of COVID-19 39
Aline Belem Machado, Gabriela Zimmermann Prado
Rodrigues, Jorge Henrique Burghausen, Giinther Gehlen,
and Daiane Bolzan Berlese
3.1 Pathways of Entry of the Virus into the Human Body 39

3.2 Proteins Involved 41
3.3 Effects on Human Health 42
4 Personal Protective Equipment and Coronavirus Disease 51

Daniela Patricia Freire Bonfim, Bruno de Araujo Lima,
Tayanna Cristina Passos Pereira, Marilia Sonego,

Alessandro Estarque de Oliveira, Vadila Giovana Guerra, and
Mobénica Lopes Aguiar

4.1 Importance of Using PPE in Disease Prevention 52
4.2 Transmission of Bioaerosols 59
4.3 Standards Currently in Force for PPE 61
4.3.1 Respiratory PPEs 64
4.3.1.1 Masks 64

4.3.1.2 Respirators 65

4.3.1.3 Homemade masks 68

4.4 Results/Effectiveness in Previous Epidemics 74
4.5 PPE Modifications to Combat SARS-CoV-2 78
4.6 Final Considerations and Perspectives 81

5 Health Service Waste and COVID-19: Monitoring, Risk

Assessment, Approaches, and Challenges 93
Gustavo Marques da Costa and Chaudhery Mustansar Hussain
5.1 Introduction 94
5.2 Sources, Transport, and Environmental Fate of

COVID-19 96
5.3 Monitoring and Analysis Techniques for COVID-19 97
5.4 COVID-19 in the Socioeconomic Spectrum 98
5.5 Risk Assessment Tools for COVID-19 99
5.6 Challenges for COVID-19 99

5.7 Conclusions and Future Directions 101



FOR REFERENCE PURPOSES ONLY

Contents | vii
6 Coronavirus: Exposure and Risk to Workers’ Health 105

Catia Aguiar Lenz and Michele Antunes
6.1 Historical Trajectory of Occupational Health 106
6.2 Exposure of Workers to the Environment Labor 111
6.3 Risks and Risk Perception 112
6.4 Occupational Exposure and Human Health Risks 114
6.5 Severe Acute Respiratory Syndrome Coronavirus 2 118
6.6 Prevention and Control of the Transmission of

SARS-Cov-2 within Health Services: Exposure and

Occupational Risk 120

7 Ethical Issues in COVID-19 133

Haide Maria Hupffer, Maicon Artmann, and
Wilson Engelmann
7.1 Introduction 134
7.2 Ethical Challenges 135
7.3 Risk and Harm: Patients and Tests? 139
7.4 Fake News 145
7.5 Patent Rights for the Common Good: A Necessary

Discussion 148
7.6 Conclusion 153

8 Brazil against COVID-19: Analysis from a Typology of Public
Policies to Face the Pandemic with Development 157
Madrio Jaime Gomes de Lima and lara Regina Chaves
8.1 Public Policies as Instruments of Social Welfare in

Territories 158
8.1.1 The Public Policies 158
8.1.2 Public Policies and Development in the
COVID-19 Context 160
8.2 Policies of Federated States to Combat the Negative
Effects of COVID-19 on Development 163
8.2.1 Contextualization of COVID-19 in Brazil 163

8.2.2 Public Policies Developed by Brazilian
Federated States to Fight the Effects of
COVID-19 166



FOR REFERENCE PURPOSES ONLY

viii | Contents

8.2.2.1 COVID-19 in Brazil
8.2.2.2 Public policies developed by the
Brazilian Federated States
8.3 Conclusions

9 Economic Effects of COVID-19 on Brazil in the Twenty-First

Century

lara Regina Chaves and Mdrio Jaime Gomes de Lima

9.1 Introduction

9.2 Overview of Influenza around the World

9.3 The History of Influenza in Brazil

9.4 The Influenza and the Brussels International Finance
Conference

9.5 The Return of the Virus in the Twenty-First Century

9.6 Economic Crisis in the EU in Times of the Pandemic

9.7 Economic crisis in Brazil in Times of the Pandemic
9.7.1 COVID-19 and the Labor Market
9.7.2 The Different Sectors of the Economy and

COVID-19
9.8 Small and Medium-Sized Enterprises
9.9 Final Considerations

10 New Legalization for COVID-19
Marcio Teixeira Bittencourt, Germana Menescal Bittencourt,
and Katiucia Nascimento Adam
10.1 Universal Access to Health in Brazil and the
Responsibility of the Federated Entities
10.2 The Federal Law N° 13,979/2020 and the
Competencies to Legislate about COVID-19
10.3 Sanitary Control: Case Study
10.3.1 The Lockdown Declaration and the
Mandatory Use of Protective Masks in
Brazil
10.3.2 Lockdown Decree and Use of Protective
Masks in the State of Para
10.4 New Regulatory Framework for Sanitation in
Brazil

166

170
182

187
187
188
190
191
192
194
197
199
205

207
213

217

218

220

222

222

226

228



FOR REFERENCE PURPOSES ONLY

Contents | ix

10.5 Flexibilizing Environmental Legislation During the
COVID-19 Pandemic and the Consequent

Environmental Degradation 231
10.6 Conclusions 235
11 Modern Policy and Decision Making about COVID-19 239
Wilson Engelmann, Jéferson Alexandre Rodrigues, and
Haide Maria Hupffer
11.1 Introduction 240
11.2 COVID-19 Pandemic: Prelude, Reflexes, and
Consequences 241
11.3 The Metamorphosis of the World: Globalization of
Risks in the Face of the Pandemic 245
11.4 The Law of the Fourth Industrial Revolution and
Decision Making about the Risks 246
11.5 Conclusion 250

12 Physical Barrier against COVID-19: Materials to Inhibit or
Eliminate the Virus 255
Alessandro Estarque de Oliveira, Karine Machry,

Bruno José Chiaramonte de Castro,
Gustavo Cardoso da Mata, André Bernardo,
Vadila Giovana Guerra, and Médnica Lopes Aguiar

12.1 Current Standards in Air Filtration 256
12.2 Physical Barriers in Filter Media 262
12.3 Filtration of Bioaerosols 266
12.4 Filter Media in Removing Airborne Virus 268
12.5 Electrostatically-Assisted Air Filtration 272
12.6 Biocidal and Virucidal Agents to Control the Spread

of Diseases Applied to Air Filtration 273
12.7 Final Considerations 278

Index 291



FOR REFERENCE PURPOSES ONLY

Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com



https://taylorandfrancis.com

FOR REFERENCE PURPOSES ONLY

Preface

At the end of 2019, the world came across a virus, SARS-CoV-
2. This new coronavirus causes a disease classified as COVID-19.
The virus is highly transmissible and causes an acute respiratory
syndrome that ranges from mild symptoms in about 80% cases
to very severe symptoms with respiratory failure in 5% to 10%
cases. The World Health Organization has declared the outbreak of
COVID-19 to be a pandemic and classified it as a high global risk.
Among the risks, we have risk of exposure and, in this way, we can
assess occupational exposure to waste from health services. Human
health risk assessment is a process of gathering and analyzing
environmental and health information, using specific techniques
to support decision-making, and executing, systematically, actions
and articulation within and between sectors to promote health,
improving the social and living conditions of the populations. The
risk assessment for COVID-19 needs to consider and document
all relevant information available at the time of the assessment.
The government and funding agencies need to constantly invest
in research involving treatments, vaccines, diagnosis, pathogenesis
and natural history of the disease, disease burden, health care,
prevention, and control in the COVID-19 area. This book addresses
in detail the challenges posed by the virus and presents up-to-date
knowledge on the economics, ethics, and environmental issues of
COVID-19.

The book is divided into 12 chapters involving topics such as
behavior of the COVID-19 virus in the environment; protective
equipments for personnel dealing with it; and ethical, economic,
and legal issues related to it. The book is important because it
contributes significantly to the development of scientific and tech-
nological support required to confront and understand COVID-19
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and its consequences. It is a good source of knowledge for advanced
undergraduate and graduate students and provides guidelines for
their studies. In addition, the book will be of significant interest to
researchers and scientists working on the basic issues related to
COVID-19, and due to its multidisciplinary nature, it will prove to be
a good reference book for all those who are involved and interested
in the challenges and discoveries of new security risks of COVID-19
as well as advancements in different areas related to the virus.

We are thankful to all chapter authors, who are subject experts
from academia and industry, for their enthusiastic efforts in bringing
out this book. We also extend special thanks to the team at Jenny
Stanford Publishing for their support in publishing it. We are sure it
will turn out to be a milestone in this subject.

Chaudhery Mustansar Hussain
Gustavo Marques da Costa
Summer 2021
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Chapter 1

COVID-19 in the Environment

Gabriela Zimmermann Prado Rodrigues,
Aline Belem Machado, Juliana Machado Kayser,
Giinther Gehlen, and Daiane Bolzan Berlese

Feevale University, ERS-239, 2755, 93525-075, Novo Hamburgo,

Rio Grande do Sul, Brazil

gabizpr@gmail.com, linebmachado@hotmail.com, ju.kayser@hotmail.com,
guntherg@feevale.br, daianeb@feevale.br

1.1 Definition and Origin of COVID-19

The first outbreaks of the current pandemic were reported in
December 2019, among patients who were hospitalized and initially
diagnosed with pneumonia. Subsequently, it was observed that
these individuals had epidemiological links with the wholesale
market for wet animals and seafood in Wuhan, Hubei Province,
China [1]. The first atypical case of pneumonia recognized as the
result of contamination by a new coronavirus was confirmed by the
World Health Organization (WHO) on December 31, 2019 [2], and
26 days later, 2033 cases and 56 deaths had already been confirmed
[3]- As of January 21, 2021, the virus had infected 95,321,880 people
and caused 2,058,226 deaths across the world.
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Severe acute respiratory syndrome (SARS) is caused by the new
coronavirus 2 (SARS-CoV-2)—a virus classified as a group 2B g CoV,
one that has atleast some similarity in the genetic sequence to SARS-
CoV-1 [4], which was responsible for the zoonosis that originated
in China and caused 8903 cases of infection in 2002 and 2003 [5].
The clinical spectrum of SARS-CoV-2 pneumonia varies from mild to
severe, and further details will be discussed in the following topics
of this chapter.

1.2 Transmission of COVID-19

The new coronavirus 2, as well as the other existing coronaviruses,
belong to the family Coronaviridae (subfamily Coronavirinae) and
are found in both humans and animals. Structurally, it consists of a
single-stranded RNA surrounded by a fat-coated substance. They are
considered enveloped viruses, and the longest among RNA viruses
[6, 4], with a size ranging from 80 nm to 120 nm and five single-
stranded positive-sense RNA genomes, between 26.2 and 31.7 kb in
length [6]. The symptoms caused range from the common cold to the
more extreme respiratory, enteric, liver, and neurological symptoms
[7], including inflammatory-based infections [8].

Viral entry depends on a good virus-host cell interaction. The
infection is initiated by the interaction of the viral particle with
specific proteins on the cell surface [6]. Enveloped viruses need to
fuse their envelope with the host cell membrane to deliver their
nucleocapsid to the target cell, and in the case of coronavirus 2,
the spike protein acts by mediating in this receptor binding as
well as in the membrane fusion [6]. This protein is responsible
for the denomination of “crown” that the virus has received—it is
grouped on the surface of the virus [6]. But it should be noted that
viruses, in general, exploit their host cells to first express viral genes,
then optimize the cell environment, and then fully activate the viral
replication program [9].

To infect a new host, coronaviruses need to adapt to the host’s
receptor (mutation or recombination); SARS-CoV, for example,
appeared in live animal markets, also in China, in 2002, and these
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animals were recognized as the intermediate hosts during the jump
in the species [6]. In the specific case of coronavirus 2, which,
as already mentioned, is a betacoronavirus, the main receptor is
the angiotensin-converting enzyme 2 (ACE2) [6], which is a type
[ integral membrane protein, expressed in the lung tissue and
responsible for the hydrolysis of angiotensin II [6]. But it is already
known that the coronavirus is capable of exploring uncountable
other cell-surface molecules in order to infect the cell, as is the case
of calcium-dependent lectins [6].

Briefly, SARS-CoV and SARS-CoV-2 bind with and negatively
regulate ACE2 in the cell [10], which basically regulates vasocon-
strictor and proinflammatory effects through the p38 protein [11].
Therefore, the loss of ACE2 activity after viral entry into the cell
can result in uncontrolled inflammation [12]. Since the way of
entering the cell is relatively simple, it should be emphasized that
these infectious agents can spread from their natural reservoir to
a susceptible host through different pathways [13] which will be
addressed later in this chapter.

Infected people transmit the viral particles whenever they
speak, sneeze, or cough, and such particles are encapsulated in
mucus globules, saliva, and water, and their destinations depend
on their respective sizes [13]. Larger droplets tend to fall before
evaporation, while smaller particles evaporate more quickly as
aerosols, remaining in the air and moving further away than droplets
[13-15]. Therefore, respiratory particles can be differentiated into
droplets and aerosols on the basis of the particle size [16]. The WHO
[17] considers particles larger than 5 um as droplets and particles
smaller than 5 um as aerosols.

Consequently, aerosols pose a greater risk of spreading COVID-
19, although over long distances or over time virus dilution and
inactivation may occur [18]. In general, aerosols are also responsible
for most infections in the alveolar tissues of the lower respiratory
tract, precisely because of their small size, while the larger droplets
are trapped in the upper airways [19]. Regardless of the particle size,
the risk of transmission of the virus in social contacts is high, and for
this reason, the measure adopted worldwide as a way of containing
the rapid spread of the pandemic is social distance.

3



FOR REFERENCE PURPOSES ONLY

4 | COVID-19 in the Environment

The risks are similar to those of any other infectious disease
transmitted by any other respiratory virus or other sources. For
example, surgery and medical procedures, tap water, and flushing
also generate aerosols that may contain the pathogen [13], just
as physical contact between an infected individual and a possible
susceptible host or indirect contact with infectious secretions can
also cause the transmission of the pathogens by contact [20]. In
addition, in the specific case of COVID-19, Ong et al. [21] analyzed
the exhausts of air in a hospital room with patients with the disease.
The result was positive, suggesting that small aerosols loaded with
viruses could be displaced by the airflow.

Wang and colleagues [22] investigated the fecal contamination of
205 COVID-19 positive patients in China and reported viral load in
29% of the stool samples. Consequently, the virus has been reported
in sewage waters in several countries [23-25]. A recent study also
indicated that the virus remains on plastic and steel surfaces for up
to 72 hours, in small but still viable amounts [26], indicating that
transmission via contaminated surfaces is also possible in the case
of COVID-19.

When mucus or saliva is ejected from an infected person, its
trajectory is determined mainly by the size of the droplets and
the airflow patterns that govern the movement paths [27]. For this
reason, scenarios such as field hospitals and other health centers
specialized in the treatment of COVID-19 are high-risk environments
for infection—due to the continuous and cross flow of air [13].

Under normal conditions, a distance of 2 m is considered
“safe” to prevent the transmission of contaminated particles from
the infected person to the possible host. However, like any
pandemic, new studies are constantly changing theories built
at the beginning of the problem. For example, Loh et al. [28]
demonstrated that droplets carrying pathogens can travel about 7-
8 m in a sneeze and about 2 m during coughing, regardless of the
particle size.

Numerous environmental factors, in addition to the air direction,
as already mentioned, can interfere with the viral load and
consequently the degree of infection of the disease, and Jayaweera
et al. [13] bring together a large number of these factors in their
study. Ambient temperatures of 22°C-25°C associated with relative
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humidity <20% or >80%, for example, enable higher rates of SARS-
CoV survival on smooth surfaces, simulating typical air-conditioning
environments [29]. In contrast, temperatures of 38°C with relative
humidity >95%, simulating tropical climates, demonstrate loss
of viability of SARS-CoV [29]. Rapid and unexpected changes in
temperature, simulating hot and cold days, resulted in an increase
in SARS-CoV cases [30].

However, in conditions outside the laboratory, these rules are
not always repeated. Brazil, for example, reported the first case
of COVID-19 in mid-February 2020 and is currently in the third
position in the ranking of countries with the highest number of
cases, behind only the United States and India. It should be noted
that in Brazil, the highest incidence in the number of cases is
found in regions where the climate is typically tropical, with high
temperatures, indicating that probably the virus has undergone
an adaptation or alteration in its genetic material, resulting in an
increase in its virulence. So, different populations around the world
have adopted different habits to reduce the spread of the virus,
especially the population groups that need to continue with their
work activities, which will be addressed in the following sections of
this chapter.

1.3 Environmental Impacts

The COVID-19 pandemic has caused countless problems worldwide,
such as health issues, economic crisis [30], starvation, and unem-
ployment [31]. The environment was also impacted by this virus
and, as the other problems mentioned above, will probably last for
an unevaluable period.

The viruses could enter the environment from affected people,
symptomatic or asymptomatic, through their excreta [32]. SARS-
CoV-2 RNA was detected in water systems in India [33], Australia
[23], Japan [24], and Italy [25]. These studies demonstrated the
environmental pollution caused by COVID-19 and the anthropogenic
effects in the aquatic systems.

Although fecal-oral transmission is not yet proven and well
established [34], it can be a threat to the environment [35]. The

5
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capacity of SARS-CoV-2 to spread in the environment by sewage
sludge and wastewater must be taken into consideration. SARS-
CoV-2 RNA was found in different water systems worldwide [33].
Wastewater-based epidemiology is being performed to monitor the
prevalence of SARS-CoV-2 among the population [23]. These studies
can also demonstrate the environmental impact that coronavirus is
causing in different aquatic systems.

When the WHO declared COVID-19 as a pandemic and the virus
was spreading rapidly, cities around the world started the lockdown.
In Wuhan city, China, the epicenter of the pandemic, 200 tons of
clinical trash was produced by 11 million people in just 1 day
(February, 24, 2020), which was four times over the capacity the
dedicated facility could incinerate in a day [36].

Another worldwide issue related to waste disposal is the use
of masks, gloves, and hand sanitizers. As the pandemic grew, there
grew a necessity for personal protective equipment (PPE) as a way
to prevent both health-care workers and the population in general
[37] from getting infected (symptomatic or asymptomatic), leading
to the generation of huge amounts medical waste contaminated with
the virus [38] around the world, a matter of huge concern.

A mask can be worn no longer than 1 day, and used masks
and empty bottles of hand sanitizers are being discarded in huge
amounts by the population, sometimes erroneously, and ending up
in the environment [36]. For the world population of 7.8 billion, it
is estimated that 129 billion face masks and 65 billion gloves are
being used per month. Used gloves and masks are being found in
public spaces, which will probably remain in the environment for
decades, resulting in the contamination of the biota and biological
systems [39].

Other indirect negative effects caused by the pandemic were the
suspension of recycling programs in the United States due to the
risk of contamination by the recyclable trash and the restriction of
sustainable waste management in European countries. For example,
Italy prohibited infected residents from sorting their waste. The
lockdown imposed by the authorities has increased online ordering,
such as for food, which has resulted in an increase in the domestic
waste as well [40].
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The waste generated during the pandemic, such as plastics and
drugs, particularly waster that is not biodegradable, will persist for
a longer period in wastewater [41].

Though COVID-19 caused and will continue causing negative
impacts on the environment, positive impacts have also occurred
during the pandemic, which can be described as good, such as
a reduction in the environmental noise, cleaner beaches, and a
decrease in the air pollution [40].

The necessity and obligation of social distancing in many
different countries have caused the absence of tourists on beaches,
which resulted in cleaner waters around the world, such as in
Mexico, Spain, and Ecuador. Also, because of the same distancing
measures imposed by the authorities to prevent the spread of the
virus, many changes occurred in the daily activities, such as the
decreased use of private and public transportation and the halt of
commercial activities, resulting in a considerable reduction in the
noise level worldwide [40].

When the outbreak of COVID-19 epidemic occurred in China,
the country’s major industries operated at lower levels than usual.
The use of coal and crude oil also decreased during the lockdown.
These measures all together resulted in a CO, emission reduction
of 25% or more, which means that carbon emissions were reduced
by around 1 million tons in 2020, compared to the emissions in
the same time period of 2019, which is equal to 6% of the global
emission [42].

Nitrogen dioxide (NO;) gas is harmful to our health. It can
corrode the lung tissue, and exposure to high concentrations
can cause respiratory symptoms. The sources of this gas are oil,
coal, and natural gas combustion and vehicular exhaust [42]. The
European Space Agency (ESA) and the National Aeronautics and
Space Administration released satellite images of air pollution
from around the world [43]. These agencies estimated a decrease
of around 30% in NO; gas during the lockdown period of
the country under analysis (Italy, Spain, France, China, and the
United States).

The ESA reported a decrease of around 40% in sulfur dioxide
(SO;) gas during the pandemic. Sulfur dioxide can be produced by
natural processes, such as volcanoes, but also from anthropogenic

7
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sources, such as power plants burning fossil fuels [44]. The decrease
in air pollutants emphasizes the positive impacts of the COVID-
19 pandemic. However, this impact is temporary because once the
industrial activity returns to its normal level, the concentration of
air pollutants will increase to the prepandemic levels.

Therefore, the COVID-19 pandemic has had both negative and
positive impacts on the environment. Unfortunately, the positive
impacts will last for a shorter time than the negative ones—it is still
uncertain how long the negative impacts will last and how bad they
will be for the environment in general.

1.4 Prevention of COVID-19

COVID-19 is considered a global threat, and it has been the cause of
deaths of thousands of people around the world [45]. Government
agencies have adopted preventive measures with the aim of limiting
the global spread of the virus on the basis of the current scientific
knowledge [46]. However, one of the challenges is to achieve social
commitment not only in the public health sector but in all areas that
encompass society [47].

First of all, the population should be well informed about the
virus and how to prevent contamination [45, 48]. The authorities
have to use different means of communication to provide and diffuse
information in a timely and accurate manner to build trust and avoid
panic [48]. At the beginning of the pandemic, most of the countries
elaborated strategies to limit the virus spread, such as large-scale
testing, contact tracing, and isolation of suspected and confirmed
cases [49, 50]. Nevertheless, the best preventive measure would be
vaccination, but it is impossible to have an effective and safe vaccine
available in a short period of time, considering that it is a new
virus [51]. The potential vaccines for COVID-19 that are in clinical
trials are using different approaches, including live-attenuated virus,
viral vectors, inactivated virus, virus-like particles, subunit vaccines,
and DNA and RNA vaccines [52]. Regarding therapeutic treatment,
there are no drugs currently approved by the US Food and Drug
Administration, although several antiviral agents are being tested
[53-55]. This situation reinforces the need for alternative measures
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to prevent the infection while knowledge about the virus is still
scarce.

Alternative preventive measures were defined by the WHO in
order to reduce the risk of contracting SARS-CoV-2 [56]. One of the
recommendations is washing hands regularly with soap and water
or using an alcohol-based hand sanitizer to remove the pathogen
from the skin [57]. This is possible because soap has a surfactant
in its composition that binds with the phospholipid layer of the viral
envelope [58, 59]. The act of washing with water helps break the
virus’s coat, destroying its viability [59]. The antimicrobial activity of
the alcohol-based hand sanitizer occurs in an alcohol concentration
between 60% and 90% [60]. Alcohol is capable of denaturing
proteins by damaging their cytoplasmic membranes, resulting in the
release of the genetic material of the virus, capsid destruction, and
viral inactivation [61]. In spite of the utmost importance of these
hygiene practices, approximately 3 billion people worldwide do not
have access to handwashing facilities and 40% of the health facilities
lack hand hygiene at points of care [62]. These data reveal the need
for better hygiene conditions as a way to maintain the health and
quality of life of the population.

To prevent the spread of COVID-19 and other respiratory
infections, the WHO also recommends the use of PPE and practice
of respiratory hygiene [63]. Face masks, for example, are capable
of protecting the wearer from liquid and airborne particles [64].
For this purpose, medical masks or N95 respirators can be used,
but the medical mask is effective in preventing larger droplets from
reaching the mouth and nose, while the N95 respirator can block
out 95% of the smaller (0.3 ©) particles [61]. It is important to
highlight that these masks must be worn properly and have to be
fit-tested to ensure effectiveness and wearer protection [61, 65].
Considering that hospitals are at risk of running out of masks,
the WHO does not recommend that these types of masks be
used by people without respiratory symptoms in the community
[63]. Currently, it is recommended to wear fabric masks in public
settings to reduce transmission from potentially asymptomatic or
presymptomatic people [63, 66]. Practicing respiratory hygiene is
also recommended, which is the act of covering the mouth and nose
with a tissue or with the elbow when coughing or sneezing in order

9
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to reduce the transmission through droplets [66]. The preventive
measures described here allow people to leave their homes for
essential activities, although much has changed in several public and
commercial establishments.

Social distancing and quarantine are ways to reduce exposure to
SARS-CoV-2 [47]. In community transmission, where links between
cases are unclear, social distancing is a useful measure to avoid
direct contact with people possibly infected [67]. It involves
maintaining a distance of at least 2 m between any two people,
prohibiting mass gatherings, limiting the number of people entering
stores and supermarkets, and even temporarily closing schools,
office buildings, and public spaces [67, 45]. Quarantine was a
practice adopted at the start of the COVID-19 outbreak to restrict
people who may have been exposed to the virus before it was known
they will become ill [68]. In quarantine, home office working is
highly encouraged when possible [67]. In cases where home office
working is not possible, preventive measures should be adapted to
the type of work and the risk of exposure as per the previously cited
WHO recommendations [69].

As previously addressed in this chapter, the preventive measures
must be strictly followed in health-care facilities because such
facilities are at the greatest risk of COVID-19 infection [49]. The
concern is not only protecting health-care professionals from illness
but also avoiding virus transmission to other patients [65]. For
this purpose, it is essential to practice hand hygiene and correctly
don and doff PPE [70, 71]. For health-care professionals, the
use of masks, gloves, gowns, and goggles is necessary to protect
the skin and mucosae from infected body fluids [72]. Rooms
should be regularly decontaminated, and the number of visitors
have to be limited [67]. In aerosol generating procedures, such
as intubation and suction, other airborne precautions should be
taken and the equipment must be sterilized before use [71, 65].
Another important issue requiring attention is hospital waste and
wastewater, considering that an estimated 25% of the total waste
produced by hospitals is hazardous and infectious [73]. Before
disposing of, hospital waste and wastewater must be properly
treated and disinfected to reduce environmental pollution and the
consequent human health risks during the COVID-19 pandemic [55].
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Considering the burden on the health-care system, laboratory-
confirmed COVID-19 patients with mild disease and no risk factors
can be isolated at home [74]. Different from quarantine, isolation is
the separation and restriction of ill people to prevent the spread
of contagious diseases, like COVID-19 [68]. Even in cases where
care is provided at home, many precautions have to be taken and
should be adhered to by the patient and household members [74]. A
patient must be placed in a well-ventilated single room and personal
items that are potentially infectious must not be shared, to avoid
virus transmission [71, 74]. Other preventive measures previously
mentioned must be taken, such as practicing hand and respiratory
hygiene, using PPEs, and maintaining distance from the ill person
[65]. In this case, patients and caregivers should use medical
masks, while gloves are necessary to handle infectious waste and
disinfect surfaces [67, 63]. These wastes, as well as clinical waste,
are hazardous to people and have to be identified and collected
following strict infection control and hygiene standards [74, 75].
After two negative polymerase chain reaction tests, collected at
least 24 hours apart, patients can be released from home isolation
[65, 74].

There is still much to understand about SARS-CoV-2, and
scientists around the world are sparing no efforts to find answers.
Meanwhile, the population should adjust to the new normal with
preventive measures and environmental awareness to reduce global
spread and avoid future pandemics.
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At the end of 2019, the world faced a new virus, SARS-CoV-2,
which is currently present in almost every country in the world.
In this sense, the World Health Organization (WHO) has classified
the pandemic as a high global risk, which made important the
actions to understand and elucidate the behavior of this new virus,
as well as its consequences for humanity. We are still trying to
understand how it propagates in the environment, whether through
air, via object surfaces, or even by wastewaters and natural waters.
In atmospheric air, studies indicate an association between the air
quality index (AQI) and the confirmed cases of COVID-19 in several
cities in China, as well as an association between the transmission
of COVID-19 by air and meteorological variables, suggesting that
temperature conditions in the range of 10°C-20°C and humidity
between 10% and 20% may present risks. In contrast, some studies
indicate an improvement in the air quality due to a reduction in
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vehicle and industrial emissions, enforcement of social distance,
and even lockdown. Analyses of wastewaters from domestic sewage
have revealed the presence of viral genetic material in the feces
and urine of infected individuals, which proves the presence of the
virus in this matrix. It was also noticed that SARS-CoV-2-like viruses
persist in natural waters and sewers for more than 10 days. The
transmission of the virus via the fecal-oral route due to contact
with contaminated sewage water has not yet been proven and,
therefore, this possibility cannot be ruled out. Also, a deep reflection
on the establishment of protocols for the management of solid health
residues with eminent contamination by COVID-19 is necessary.
Given the questions and doubts regarding the behavior of this new
virus in the environment, this chapter will compile studies related to
the transport of COVID-19 in the environment, in order to assist in
the development of preventive and protective measures against this
new virus.

2.1 COVID-19 Lifetime on Surfaces

According to recent research, Coronavirus Disease 2019 (COVID-
19) can remain on different surfaces of materials for up to 9 days
[8, 22]. Transmission among the population occurs both in hospital
and family settings, and it is important to avoid any spread in the
public and in health-care facilities. The transmission of COVID-19 on
contaminated surfaces has been studied more because it facilitates
self-infection through the mucous membranes of the eyes, mouth,
and nose [17, 31].

Previous studies have shown that the severe acute respiratory
syndrome (SARS) coronavirus and other coronaviruses can survive
on environmental surfaces and inanimate objects. However, the
new 2019 coronavirus has not been reported in the environment.
According to the WHO, there is no certainty about how long the
COVID-19 virus survives on surfaces, but it appears to act like
other coronaviruses. Preliminary studies show that coronaviruses,
including the COVID-19 virus, can remain on surfaces from several
hours to several days. This can vary under different circumstances
(e.g., type of surface, ambient temperature, and humidity).



FOR REFERENCE PURPOSES ONLY

COVID-19 Lifetime on Surfaces | 21

A study published by Suman et al. [43] on the sustainability of
the coronavirus on different surfaces indicated that the viral load of
SARS-CoV-2 was higher in plastics and stainless steel, at 72 hours
and 48 hours, respectively, and in aerosol, it can remain viable for
3 hours. However, on copper and cardboard surfaces, viral viability
was not identified in 4 and 24 hours, respectively. The same behavior
of SARS-CoV-2 was observed in the experiment proposed by van
Doremalen [16], where the virus remained viable in aerosols for 3
hours, with a reduction in viral load from 103.5 to 102.7 TCID50 per
liter of air, showing the same behavior with other materials, plastic,
stainless steel, copper, and cardboard. SARS-CoV-2 is also more
stable on smooth surfaces [10]. Table 2.1 shows the persistence of
coronavirus on different surfaces.

SARS-CoV-2 can be highly stable in a favorable environment, that
is, environmental conditions can favor its permanence for a longer
time, which is a common characteristic of enveloped viruses, such
as human coronaviruses. Environmental parameters such as heat,
humidity, pH, and type of surface influence the viability of these
viruses, and environmental surfaces are likely to contribute to the
spread of viral infections derived from hospitals [21, 34].

Table 2.1 Coronavirus persistence on different surfaces

Surface Maximum viability time
Aerosol 3 hours (half-life 1.2 hours)
Plastic Up to 72 hours (half-life of 6.8 hours) in a study

comparing SARS-CoV-1 and SARS-CoV-2 /up to 9 days
under review with other coronaviruses

Stainless steel Up to 72 hours (half-life 5.6 hours)
Copper 4 hours
Cardboard 24 hours
Aluminum 2-8 hours
Metal 5 days
Wood 4 days
Paper 5 days
Glass 5 days
Glove (latex) 8 hours
Disposable apron 2 days
Ceramics 5 days

Source: Adapted from Refs. [16, 22].
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The survival time of the virus that causes COVID-19 on surfaces
is not yet adequately known, but it apparently resembles that of
other coronaviruses. Recently, a review of the viability of human
coronaviruses on surfaces revealed a high survival capacity, in the
range of 2 hours to 9 days [46]. Encapsulated viruses showed
more sensitivity than nonencapsulated viruses when the liquid-air
interface was lower (when there was less relative humidity in the
environments) [21] and can also survive for days or even weeks on
dry, hydrophobic surfaces [18, 45]. Coronaviruses are encapsulated
and usually have greater vulnerability to acidic pH, basic pH, and
heat, and their casing is sensitive to dryness, which, in this case,
facilitates their sterilization process [18, 45].

Surface contamination in hospitals was investigated by Razzini
et al. [33]. They reported that 35% of the surfaces in the COVID-
19 patients’ ward were contaminated with COVID-19, 50% of
the surfaces in the undressing room were contaminated with the
same, and there was no COVID-19 contamination of surfaces in
the clean area. The most contaminated surfaces were dispensers
of hand disinfectants, medical equipment, touch screens of medical
equipment, shelves for medical equipment, grids, and handles. Virus
inactivation can be achieved after 1 min. with the use of surface
disinfectants such as ethanol (62%-71%), hydrogen peroxide
(0.5%), or sodium hypochlorite (0-1%), but other biocides, such
as benzalkonium chloride (0 4 0.5% to 0 & 2%) or chlorhexidine
digluconate (0 4= 0.2%) were less effective [22].

2.2 Presence of COVID-19 in Atmospheric
Air/Decline in Air Pollution due to COVID-19
Lockdown

2.2.1 Presence of COVID-19 in Atmospheric Air

Since the WHO public health emergency declaration of international
interest issued on the SARS-CoV-2 virus on January 30, 2020, when
there were still less than 100 cases and no deaths outside China,
studies have been evaluating the association between confirmed
cases and mortality by COVID-19 and the concentration of air



FOR REFERENCE PURPOSES ONLY

Presence of COVID-19 in Atmospheric Air/Decline | 23

pollutants, such as particulate matter (PM), nitrogen dioxide (NO;),
nitrogen monoxide (NO), sulfur dioxide (SO;), carbon monoxide
(CO), and ozone (03) [3, 12, 26, 35, 37]; meteorological factors [1,
24, 25, 37, 54, 55]; and decrease in atmospheric pollution due to
lockdown [9, 24, 26, 30, 37, 39].

Air pollution has been shown to be responsible for killing about
7 million people a year [47]. As if that were not enough, studies have
been showing that exposure to high levels of air pollutants in the
short and long term contributes to an increase in the cases of COVID-
19 [12, 54].

However, in order to contain the increase in COVID-19 cases,
many countries have adopted the lockdown method, with the
aim of keeping the population in social isolation [2, 26], which,
consequently, has been improving local AQIs [2, 30, 37].

Almost a third of Chinese cities joined the lockdown, improving
local air quality, which made it possible to verify that the effects of
the blockade were greater in colder, richer, and more industrialized
cities. Consequently, due to the reduction in atmospheric pollution,
an evident health benefit was perceived. However, the economic
interruption caused by a lockdown can negatively impact health in
the long term [19].

According to the Center for Research on Energy and Clean Air,
social isolation and the drop in industrial and vehicular activities
in Europe resulted in a reduction of approximately 40% in the NO,
levels and 10% in the PM levels in just 30 days; as a result, there
were 11,000 fewer deaths by air pollution. In addition to the drop of
1.3 million days of absenteeism at work, there were 6000 fewer new
cases of asthma among children, 1900 fewer visits to emergencies
due to asthma exacerbation, and 600 fewer premature births due to
chronic exposure to air pollutants [7].

However, lockdown is an inefficient measure to achieve pollution
reduction; there are numerous other, cheaper strategies to achieve
this environmental goal [19]. It should be noted that the COVID-19
crisis has had immeasurable impacts on the population worldwide,
and these data indicate that not only the air quality but also the
quality of life for all of humanity can improve rapidly as the main
pollution sources are eliminated. This is just a demonstration of
how public health can be improved once sustainable measures
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are adopted [7]. However, for scientists, researchers, students,
and individuals in general, it is an opportunity to understand
through the application of the lockdown the interaction and the
behavior of the levels of atmospheric pollutants in the face of an
economic slowdown, aiming to find an alternative for the long
term [44].

Researchers realized that airborne transmission of the COVID-19
virus is a real risk [29] and that exposure to air pollution, coupled
with specific weather conditions, is probably contributing to the
spread of the virus [7, 13, 55], especially among populations living
in areas with high levels of pollutants, as they are already living in
an environment that induces a chronic inflammatory process, which
makes them more susceptible to respiratory and cardiovascular
diseases [12].

At the epicenter of the disease in Italy, in the city of Bergamo,
research showed the presence of SARS-CoV-2 RNA in PMyy. This
was the first research to find the virus RNA in PM, suggesting its
possible use as a recurrence indicator epidemic, especially as high
levels of pollution decrease the natural defenses of the human body,
making it more likely to contract viral diseases, such as Sars-Cov-2
[36].

In Italy, the population of the north of the country was also
studied for the risk of exposure to air pollutants. Also studied were
the effects of short-term exposure to PM;y and NO, in Lombardy,
where increased concentrations of pollutants were associated with
increased mortality and hospital admissions. According to the study,
it can be assumed that prolonged cellular oxidative stress, induced
by inhaled pollutants, can predispose a person’s respiratory system
to a severe impact of viruses. In this context, it is possible that
some pollutants, specifically PM; s and PM1y, may favor not only the
pathogenicity of the virus but also its spread. Bearing in mind that
they are inhalable particles, they constitute a health risk, increasing
the risk of mortality from infections and respiratory diseases [35,
49, 50]. As the virus survives for a few hours and even days, it can
be assumed that specific atmospheric conditions can facilitate its
spread [35].
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2.2.2 Decline in Air Pollution due to COVID-19 Lockdown

Several countries have taken measures to mitigate the transmission
of SARS-CoV-2 in order to stem the spread of the disease. These
measures have generated economic and social impacts, reflecting
in the drop in industrial activities and vehicular traffic, positively
impacting air quality in several regions in the world [4, 11, 30, 44].

It was possible to verify that air quality can improve quickly as
soon as pollution sources are suppressed [14, 44], as observed in
countries like China [44], India [26], Italy [11], Malaysia [23], and
Brazil [14, 30].

A reduction can be seen in the main air pollutants, including
PM,; s, PMyp, CO, SO, NO,, NH3, NO,, and benzene. In contrast, an
increase can be seen in O3 [11, 14, 24, 26, 30, 37, 44], which may
be due to the decrease in the levels of PM and NO, [37], since NO
is responsible for the titration of tropospheric O3 [38]. However,
climatic conditions influence the concentration of pollutants present
in the atmosphere [37]. Meteorological factors play an independent
role in the transmission of COVID-19, favoring transmission in a
climate with low temperature, light daytime temperature range,
and low humidity [25, 54]. Meteorological indicators are significant
and essential in the forecast and prevention of the transmission of
COVID-19 [55].

It should be noted that although the lockdown may have
contributed to the improvement in the world’s air quality, one must
take into account the social and economic negative impacts that the
pandemic has brought to society [30].

The air pollution in the megacity of Delhi, India, after 3 weeks
of lockdown, showed a considerable decrease in its levels, with
decreasing trends in the concentrations of PM1y, PM; 5, NO,, and CO;
there was a decrease of 51.84% and 53.11% in the concentrations
of PMyy and PM; 5, respectively, in relation to the months before the
lockdown. However, when compared to the same period of previous
years, the concentrations indicated a variation of —56.55% and
—32.62% in the concentrations of PM;y and PM; 5, respectively [26].

In the United States, a study was carried out in approximately
3000 municipalities, covering over 85% of the population, where
the relationship between exposure to air pollutants and COVID-19
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mortality was analyzed. It was concluded that an increase of only
1 ug/m3 in PM; s levels is associated with a 15% increase in the
mortality rate due to COVID-19 [51].

The effect of the lockdown on air quality was assessed in four
southern European cities (Nice, Rome, Valencia, and Turin) and in
the Chinese city of Wuhan, focusing on the concentrations of Os.
Compared to the same period from 2017 to 2019, the average daily
03 concentrations increased in urban stations by 24% in Nice, 14%
in Rome, 27% in Turin, 2.4% in Valencia, and 36% in Wuhan during
the lockdown of 2020. The increase in O3 occurred mainly due to a
large decrease in NO emissions, largely from the transport sector.
On the other hand, during the lockdown, domestic activities that
emit precursors of O3 increased, such as CO and volatile organic
compounds. Also due to lower concentrations of PM1y and PM; s, an
increase in solar radiation favored the formation of O3 [38].

In the United States, the State of California has the worst
air quality according to recent studies. Of the country’s 25 most
polluted cities, 10 are in California. The establishment of the
mandatory lockdown resulted in a reduction in environmental
pollutants by up to 60%. Data were collected from March 4 to
April 24, 2020, to assess air pollutants. Significant correlations were
found between PM1g, PM5 5, SO,, CO, and NO and the total cases and
total deaths in the state in both Spearman and Kendall correlations.
However, the magnitudes of the correlation coefficients for PMyy,
PM; s, SO2, Pb, and NO; were higher in the Spearman correlation
test. The study suggests that the adoption of environmental laws
should be promoted as a measure to protect human life, especially
the lives of children and older adults, who are the most vulnerable
to infectious diseases [3].

As a probable side effect of the 69.85% reduction in mobility,
production, and consumption activities, many regions recorded
a decrease in air pollution, strongly associated with mobility
restrictions during the pandemic. On average, the AQI decreased
by 7.8% and the levels of the pollutants SO;, PM;s, PM;, NO3,
and CO decreased by 6.76%, 5.93%, 13.66%, 24.67%, and 4.58%,
respectively. PM;y and NO, showed the biggest reductions. This
is due to the fact that these pollutants result primarily from
the vehicular exhaust and road dust generated in transportation
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activities. For the AQI, PM; 5, and CO, the relationship was partially
mediating between the movement of people and the reduction in
pollutants. As for SO,, PMyg, and NO,, the relationship was totally
mediating, that is, 100% of the pollutant variation was due to the
reduction in population mobility [2].

In Malaysia, researchers have studied the effects of lockdown
on air quality due to the reduction in PM; s levels recorded by
all 68 monitoring stations in the country. Before and during the
implementation of the lockdown, PM; 5 concentrations ranged from
5.3 to 42.5 pg/m? and from 3.9 to 69.2 ug/m3, respectively. The
reductions occurred in a total of 34 monitoring stations—50% of the
stations. The station with the highest level of reduction (Politeknik
Kota Kinabalu) recorded a 58.5% decrease in PM; s concentrations.
In Malaysia, the lockdown was divided into two phases, included in
the study, and a third phase was implemented after the studies was
carried out [1].

Chauhan and Singh [9] assessed the pollutant PM; s and the
atmospheric precipitation in the period of December 2019 to March
2020 and compared these with periods of previous years (2017 to
2019) for the cities of New York, Los Angeles, Zaragoza, Rome, Dubai,
Delhi, Mumbai, Beijing, and Shanghai, which were in a lockdown
mode in March 2020. In New York, for the month of March 2020,
there was a 32% reduction in the PM; 5 level compared to the level
in March 2019 and a 20% reduction compared to that in February
2020. In Los Angeles, there was a reduction of 4% in the PM; 5
level when compared to the levels in March 2020 and March 2019
and a 30% reduction compared to that in February 2020, and in
this case, the influence of precipitation on the results was verified.
In Zaragoza, Spain, there was a 58% reduction in PM;s levels
compared to the levels in March 2020 and 2019. In Rome, Italy, in
March 2020, the PM; s level was 24% lower when compared to the
level in March 2019. In Dubai, the reduction in the PM; 5 level in the
same months was 11%. In India, in the cities of Delhi and Mumbai, a
reduction of 35% and 14%, respectively, was observed. Finally, in the
Chinese cities of Beijing and Shanghai, reductions of 50% in PM; s
levels were observed in the month of March 2020 in comparison to
the level in the same month in 2019.
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Through the studies presented, the importance of public policies
aligned with the reduction of air pollutants is verified, given the
indisputable association between the AQI and public health and,
as evidenced by the pandemic COVID-19, between the AQI and
anthropogenic activities [2, 6, 38, 44].

2.3 Studies of COVID-19 in Sewage Water

COVID-19is an infectious disease whose causative agent is the SARS-
CoV-2 virus. Its main symptoms are fever, cough or sore throat,
and/or difficulty in breathing. However, in some cases, the disease
can cause gastrointestinal symptoms, like diarrhea.

The transmission of COVID-19 can occur through two main
routes: the airway and contact with contaminated aerosols. How-
ever, recent research suggests a third route of transmission, the
fecal-oral, where the individual comes in contact with wastewater.
As it is a very complex mechanism of transmission, this is a
possibility, but it is not conclusive [5]. In recent months, due
to the virus’s high dissemination around the world, studies have
revealed the presence of fragments of the viral genetic material in
the excretions of infected individuals and, consequently, in sewage
waters [42]. Contaminated wastewaters increase the circulation
of the virus, in addition to increasing the viral load in the local
sewage system [28]. The persistence of SARS-CoV-2-like viruses in
natural waters and sewers was observed for more than 10 days. In
low-income countries, hospital wastewaters are directly discharged
untreated into sewage systems, and this can introduce infectious
agents such as SARS-CoV-2 into the environment, which can cause
both environmental and public health problems [27].

Consideration should be given to the limited access of the general
population to safe drinking water, as well as the lack of basic
sanitation in various locations around the world. In Brazil, despite
the existence of a National Basic Sanitation Plan, only about 60.9%
of Brazilian cities have sewage collection networks. On top of that,
the country’s sewage treatment takes care of only 46.3% of the
estimated wastewaters generated and 74.5% of the sewage collected
[40]. Estimates worldwide indicate that about 1.8 billion people
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consume water contaminated with feces, 2.2 billion individuals do
not have access to safe drinking water, and 4.2 billion individuals are
deprived of safely managed sanitation [20].

Due to the high transmissibility of COVID-19 and the overbur-
dened health services worldwide, the current scenario requires
urgent measures to reduce the progression of the virus, which
can be taken through early diagnosis and social isolation. A tool
that is being used is sewage surveillance, which has been shown
to be a good indicator for monitoring the spread of viruses in
the population, making it possible to notify new outbreaks of the
disease, as well as indicating control of the global pandemic, even
before confirmation of positive cases of COVID-19, serving as an
early warning of new cases. Sewage monitoring actions can assist in
the surveillance and monitoring of the virus circulation among the
population, making it possible to take control measures in a timely
manner [42].

A strategy that has already been used for tracking and signaling
outbreaks of viral diseases is wastewater-based epidemiology
(WBE). Itis effective in detecting viral particles, as it uses the reverse
transcription-quantitative polymerase chain reaction, commonly
known as RT-qPCR, which makes it possible to identify and quantify
RNA in samples [41].

Although there are no absolute data on the viable SARS-CoV-2
load and its transmissibility through the water used for recreational
activities, bathing, and drinking, the best strategy to stop its spread
via the fecal-oral route is to treat the water before ingestion [5].
But the lack of treatment of cloacal sewage in some parts of the
world can enhance this transmission route, which can lead to a
considerable risk of contamination.

Researchers found a high viral titer of SARS-CoV-2 in the
wastewater at an urban treatment plant in Massachusetts, US, in
March 2020 [51]. In the Netherlands, it was possible to observe
a correlation between the increase in viral RNA fragments in
wastewater and the increased prevalence of the disease in the
country [28]. In Amersfoort, Netherlands, virus fragments were
detected in the sewer 6 days before the first cases were reported,
which indicates that sewage can be a sensitive tool for monitoring
the virus in the population [28].
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WBE can be a very efficient strategy for the identification of
SARS-CoV-2 in places where testing for COVID-19 is still incipient or
even insignificant. The process of transmission of COVID-19 through
the oral-fecal route still requires further studies. The presence of
SARS-CoV-2 in the feces of infected patients indicates that it is
necessary to be alert, since insects such as flies and cockroaches
can become important transmitters of COVID-19 once they have
the potential to transmit other pathogens, such as bacteria and
parasites, in addition to other viruses [15].

It should be noted that even if investigations indicate the
presence of SARS-CoV-2 in the feces of infected people, the detection
of viral RNA alone does not indicate the presence of the live
virus, but it is a warning, and researchers from all over the world
are investigating this type transmission route, with some finding
positive results for the presence of SARS-CoV-2 in human feces [53].

Wastewater is an important tool for future studies aimed at
prevention, early detection, and pandemic management and can
help improve the response in terms of safety measures and
containment of the disease [27]. The pandemic is considered
a complex situation, being aggravated by the lack of economic
resources and degradation of environmental conditions, especially
in low-income countries, signaling the need for studies that enable
the development of new schemes and methodologies to combat
SARS-CoV-2 [27].

2.4 Protocols for Managing Health-Care Waste
with COVID-19

Health-care waste carries several pathogenic agents, and this
leads to the risk of contamination, both directly and indirectly,
if the protocols for handling and treatment of this waste are
not strictly followed. Appropriate personal protective equipment
(PPE), such as masks, gloves, long-sleeved aprons, goggles, and
whatever else is needed for the generation site and indicated by
the work environment safety plans, is required for handling this
waste [21].
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With the worldwide establishment of the COVID-19 pandemic,
all actions to contain the virus have produced a huge amount
of solid health waste. The composition of this waste is usually
disposable plastic, often from PPE, drug vials and packaging, and
related products. This is causing an environmental and public health
crisis around the world, especially in countries where there are no
public policies for the management and management of solid health-
care waste [39].

New studies since the beginning of the pandemic indicate that
PPE can be disinfected by methods such as ultraviolet irradiation,
application of spray disinfectants, and application of various types
of infusion (whether with nanotechnology or hydrogen peroxide),
enabling the reuse of the PPE. These disinfection methods are in
the preliminary study phase or have to be applied on a large scale,
which is not economically feasible for many countries. In addition,
it is important to ensure that after being disinfected, the PPE still
maintains its pathogen protection function [32].

The WHO has released guidelines for the disposal of contam-
inated and uncontaminated waste during the COVID-19 outbreak,
and the proportion of uncontaminated waste is greater than 80%
of the total amount of health-care waste generated, which needs to
be collected and disposed of in landfills [47].

The standards of good practice in the management of health-care
waste should be followed, ensuring safe segregation and disposal of
the waste. Whether transmission occurs during handling of health-
care waste is still under study, and infectious waste (infectious,
sharp, and pathological waste) should be safely collected in lined
containers or double plastic bags and clearly identified. This waste
should be treated, preferably on-site, and then safely disposed of.
Everyone dealing with health-care waste should wear PPE (boots,
long-sleeved gown, heavy duty gloves, mask, and goggles or a face
shield) and perform hand hygiene after removing it. It is preferable
to treat these wastes using technological treatment alternatives,
such as autoclave and incinerators.

The COVID-19 pandemic has posed a challenge in the area
of health waste, which will continue to be generated in large
quantities, requiring each country to invest in studies to reduce this
contaminated waste and improve its management.
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2.5 Conclusion

According to the various studies covered in this chapter, it was
possible to identify the presence of SARS-CoV-2 in the air and in
wastewater. Although no study has indicated the spread of the virus
through contact with contaminated water or through air pollution
particles, the relevance of expanding studies in these areas is
evident, such as the identification of its infection potential when
evidenced in these environments. This is a new virus, and science
is still looking for more accurate information about its spread,
effective security measures, and even the possibility of reinfection
and mutations that have already occurred in the virus.

Studies capable of modeling the behavior of the spread of the
virus in conjunction with social and environmental vulnerabilities
will also be of great importance in the establishment of specific and
efficient actions for the containment of the disease and, mainly, for
the protection of individuals from risk groups. It is expected that
positive results in relation to the various vaccines being tested at the
moment will be obtained as soon as possible. However, there is still
a long way to go before the production of an effective vaccine on a
large scale and that can be made available to the vast majority of the
population. Thus, it is expected that actions arising from scientific
research and that expand knowledge about SARS-CoV-2 in terms of
propagation in various media and systems and that result in efficient
protection protocols will emerge.
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3.1 Pathways of Entry of the Virus into the
Human Body

In mid-December 2019, a severe acute respiratory syndrome (SARS)
caused by coronavirus 2 (SARS-CoV-2) triggered in China caught the
world’s attention due to the rapid spread of the epidemic. In two
months, the World Health Organization declared the outbreak as a
public health emergency of international interest, as other countries
reported more and more cases [1].

Clinical data suggest that older adults or those with chronic
health problems are more prone to severe illness, including death.
The pathogenesis of the disease involves the entry of the virus into
the cell, recognition by the body’s defense cells, and inflammatory
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immune response; however, this response can be influenced by
and altered through mutations in the viral genome and even
individual and ethnic variations among the hosts [2]. For example,
the angiotensin-2-converting enzyme (ACE) serves as a receptor
for SARS-Cov-2 in the human body and also acts as an effective
modulator in lung injury, but it has been shown that its levels of
expression and activity are altered under different conditions, as
in individuals with diabetes [3], hypertension [4], kidney [5] and
cardiovascular [6] disease, and smokers [7].

The ACE counterpart, ACE2, also serves as a gateway for the
virus in the cell and is expressed as a membrane-bound protein
by epithelial cells in various human tissues, such as lung, intestine,
heart, kidney, and oral mucosa [8, 9]. After contact with ACE2, a
transmembrane serine protease plays a crucial role in activating the
fusion of the virus with the cell membrane, and the Furin protease
mediates the proteolysis of the S2 subunit of the spike (S) protein
(a unique feature for SARS-CoV-2) [8, 10]. The infected cell has
a reduction in ACE2 levels, leading to synergistic effects in the
induction of pulmonary fibrosis [8].

Then, SARS-CoV-2 (COVID-19) binds to ACE2 by its (S) protein
and allows COVID-19 to enter and infect the cell. In order for the
virus to complete cell entry after this initial process, the (S) protein
must be initiated by an enzyme called protease (TMPRSS2) [11].
After the virus enters the host cell and unwinds, the genome is
transcribed and then translated (the process occurs in the plasma
membranes). For such processes, in addition to RNA polymerase,
RNA helicase, and RNA-dependent protease activity, it has been
reported that for the coronavirus there is the activity of a variety of
RNA processing enzymes that are not (or extremely rarely) found in
other viruses of RNA (putative sequence-specific endoribonuclease,
exoribonuclease 3’ to 5, methyltransferase 2’-O-ribose, 1P-ribose
1’-phosphatase ADP, and in a subset of group 2 coronavirus)
[11,12].

Therefore, it is possible to realize that after entering the cell,
SARS-CoV-2 has the help of numerous proteins to perform its viral
function, which will be addressed later in this chapter.
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3.2 Proteins Involved

The new coronavirus (SARS-CoV-2) is classified as a member of the
genus Betacoronavirus, is characterized by a single-stranded RNA
genome with a positive sense, and is encoded by a relatively low
number of proteins, being classified as structural and nonstructural.
Among the main structural proteins are S glycoproteins, envelope
(E) proteins, membrane (M) proteins, and nucleocapsid (NC)
proteins [13, 14].

It is already reported that the first interaction that triggers the
SARS-CoV-2 virus disease in the human body, at the molecular level,
is the binding of the (S) protein to ACE2 [15]. The S1 and S2 receptor-
binding domain of the (S) protein binds to the ACE2 receptor, as
the viral envelope binds to the membrane and becomes internalized
[16]. The (S) protein gene encodes a 150 KDa glycoprotein with
1255 amino acids. This protein is able to mediate membrane fusion
and induce neutralizing antibodies in the host, which increases the
chances of antibodies against the (S) protein and increases the
chances of early detection and neutralization infection [17].

The (NC) protein is usually involved in the process of replication,
transcription, and packaging of the virus genome and can hamper
the reproductive cycle of the infected cell. This protein is the most
abundant in coronaviruses, has greatimmunogenic capacity, and has
a conserved amino acid sequence, making the protein promising for
the development of vaccines and diagnostic studies [17, 18].

Similar to proteins S and NC, protein E is involved in many stages
of virus infection in the host. This protein has 72 amino acids and
can be found in monomeric and homopentameric forms. In previous
studies, up to 20 copies of the protein were found and showed that
it plays a crucial role in the beginning of the infection [19]. This
protein is located inside the secretory pathways in the interspace
between the endoplasmic reticulum and the Golgi apparatus and is
also considered highly immunogenic, which attracts the attention of
researchers to the development of antigens for immunodiagnostics
and in the development of vaccines [19, 20].

The (E) protein is also involved in several stages of the
virus infection and is located within the secretory pathways in



FOR REFERENCE PURPOSES ONLY

42 | Health Hazards of COVID-19

the interspace between the endoplasmic reticulum and the Golgi
apparatus [21]. During the replication cycle, it occurs abundantly
within the infected cell, but only a small portion is incorporated into
the virion envelope [22]. Recombinant coronaviruses without the
(E) protein exhibit significantly reduced viral titers, impaired viral
maturation, or incompetent production propagation progeny [23].

3.3 Effects on Human Health

The complement system is an old system that contributes to the
innate immune response, and that includes cleavage proteins that
play an important role in the defense against microorganisms,
including viruses [24]. Viral inactivation carried out by the com-
plement cascade involves the action of macrophages, through the
capture of viruses and removal of their coating, resulting in the
impossibility of binding with their cell receptors and viral lysis [25].
The involvement of this system in the specific case of COVID-19
results in the hyperactivation of complement components, including
C5a in sera and C5b-9 in the lungs [26]. Therefore, this pathway
is generally associated with the pathogenesis of SARS-CoV-2, with
depositions of these and other complements observed in pulmonary
and circulating autopsies in severe cases of COVID-19.

These immune reactions in severe COVID-19 can characterize
the cytokine storm that is associated with undesirable clinical-
pathological consequences. The cytokine storm is an uncontrolled
release of cytokines, observed in some infectious and noninfectious
diseases, leading to a condition of hyperinflammation in the host
[24, 27], resulting in aggravated cases of this disease. About
10% of the patients with severe COVID-19 will experience lung
injury, acute respiratory distress syndrome (ARDS), and multiple
organ involvement within 8 to 14 days after the onset of their
disease [28].

Then, the disease caused by the new coronavirus (SARS-CoV-2)
is classified as an acute respiratory infection, having a high rate of
transmission through close contact with infected individuals or by
respiratory droplets present in the air. A person’s first contact with
the new corona virus is associated with mild symptoms, such as
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dry cough, malaise, tiredness, runny nose, and fever, usually present
in other respiratory diseases already known to medicine, and also
with gastrointestinal symptoms, including fever, cough, fatigue,
and diarrhea. These symptoms occur during the virus incubation
period, and it is during this period that SARS-CoV-2 benefits from
multiplication in the host, mainly in the cells of the respiratory
system [16, 29].

COVID-19 patients can be divided into four categories on the
basis of their clinical manifestations: mild, common, severe, and
critical [29]. In all cases, fever and cough are the most common
symptoms, while diarrhea and vomiting are among the rarest [30].
Among symptomatic patients, pneumonia is the most common
complication, followed by ARDS and shock. Thrombocytopenia was
detected in 5%-41.7% of the patients with COVID-19, especially in
the most severe cases, in addition to coagulation disorders [29]. In
addition, patients with severe disease and fatal outcomes show a
decrease in the proportion of lymphocytes compared to nonsevere
patients [31]. Reported thrombocytopenia is mainly derived from
direct attack of hematopoietic/progenitor stem cells and damage
to the lungs by autoantibodies and immune complexes and can
result in disseminated intravascular coagulation and multiple organ
dysfunction syndrome, which lead to the deaths of critically ill
patients [29].

Airborne transmission is linked to ACE2 receptors. A diagnosis
of infection by blood count will show lymphopenia and neutrophilia
without other significant abnormalities, and the treatment indicated
by doctors is for the relief and reduction of symptoms [32].
In more advanced stages of the disease, inflammation and viral
multiplication infect the lungs, where patients can develop viral
pneumonia. And in more severe cases, hypoxia occurs, this being
the stage where most patients need to be hospitalized, receiving
specific treatments according to their clinical conditions. If hypoxia
occurs, patients are likely to need mechanical ventilation, and
corticosteroids are administered and performed judiciously on the
basis of a medical evaluation [32].

The same authors [32] explain that in the third stage of
the disease, classified as severe, where extrapulmonary systemic
hyperinflammation develops in the organisms, a small portion of
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infected patients may have a decrease in the number of auxiliary T
cells, suppressors, and regulators.

In addition to the physical damage that SARS-CoV-2 can cause
to infected people, negative mental health impacts are also present,
both for infected people and those who have not had contact with the
virus, due to the quarantine and social isolation situation, imposed
to prevent the large-scale spread of the new coronavirus. Such
circumstances are capable of triggering an increase in the number
of people with depression, anxiety attacks, and psychological crises,
among other negative emotions [33].

A study developed by Lau et al. [34], which evaluated the
emotional conditions of a population affected by the epidemic
of SARS in 2003, found an increase in mental health problems,
with higher levels of pessimism and negative thoughts, among the
population in view of the situation they were experiencing. A study
by Wang et al. [33], which assessed the prevalence of anxiety
and depression symptoms in the Chinese population in the initial
period of the pandemic caused by COVID-19, found an increase in
the levels of anxiety and depression in the research participants,
especially in cases where family members were infected by
the virus.

Some pre-existing comorbidities have demonstrated to be higher
risk factors for worsening of COVID-19, such as diabetes mellitus
(DM), hypertension, and coronary heart disease [35, 36]. Patients
with COVID-19 and pre-existing DM demonstrated to have more
alterations in laboratory markers and worse prognosis when
compared to COVID-19 patients without DM [37]. In DM, type 1
or type 2, and hypertension the expression of ACE2 is increased
in patients treated with ACE inhibitors and angiotensin II type-
[ receptor blockers (ARBs), which results in an upregulation of
ACE2 [35]. The study by Fang et al. [35] suggests that the use
of these drugs consequently increases the expression of ACE2
in patients with DM, which in turn can facilitate the infection
caused by COVID-19. Therefore, they hypothesize that patients
with DM and hypertension who receive this type of treatment
have an increased risk for developing severe and fatal COVID-19.
However, this hypothesis is not proven in any experimental study
and should be cautiously and carefully taken into consideration,
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since ACE inhibitors and ARBs are the most potent drugs against
cardiovascular disease caused by hypertension [38].

A study performed by Guo and collaborators [39] analyzed if
diabetes is a risk factor for COVID-19. They evaluated 174 patients
with proven SARS-CoV-2 admitted to a hospital in Wuhan. Of these
patients, 37 (21.2%) had diabetes and 43 (24.7%) had hypertension.
A comparison of patients with diabetes and those without diabetes
showed the following: patients with diabetes were older (61 vs.
32), presented with more nausea and vomiting (16.7% vs. 0%),
and had higher mortality (16% vs. 0%). They concluded that
SARS-CoV-2 pneumonia is more severe in patients with diabetes
than those without this comorbidity. Therefore, diabetes patients
should receive more intensive attention regarding the COVID-19
infection.

Significant alterations in blood exams have demonstrated that
COVID-19 patients with comorbidities are at higher risk of tissue in-
jury related to enzyme release, excessive uncontrolled inflammation
responses, and hypercoagulable state, which can result in a poorer
prognosis of COVID-19. This study highlights that comorbidities
can have an impact on the progression and prognosis of COVID-
19 [39]. However, a study performed by Zhu and collaborators [40]
highlights the importance of patients with COVID-19 and DM having
well-controlled glycemia, which results in a marked improvement in
these patients [40].
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Coronavirus disease (COVID-19) is caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), which presents a
clinical picture ranging from asymptomatic infections to severe
respiratory conditions. The new coronavirus, as it is called, was
discovered on December 31, 2019, after cases were registered in
China, and until August 17, 2020, about 21,756 million cases and
771,635 deaths from COVID-19 had been registered worldwide,
according to World Health Organization (WHO) data. Although
the transmission of COVID-19 occurs mainly via droplets during
close contact with contaminated people or contaminated surfaces, a
recent study has shown that SARS-CoV-2 remains viable in aerosols
for many hours. Despite the efforts of the population and the
agencies responsible for epidemiological control on a global scale,
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the spread of SARS-CoV-2 is ongoing, creating a public health
crisis and impacting the population worldwide. In this context,
this chapter presents an updated scenario on the use of personal
protective equipment (PPE) in relation to the combat and prevention
of COVID-19 and the transmission of bioaerosols and a review of
current regulations for the production, use, and certification of PPE.
In addition, the chapter presents the importance of using PPE in
disease prevention, especially using masks, on the basis of studies
of effectiveness in previous epidemics, which allow us to modify and
adapt fabrics and polymeric materials for making homemade masks.

4.1 Importance of Using PPE in Disease
Prevention

The World Health Organization (WHO) declared a global health
emergency associated with COVID-19 on January 30, 2020, and
subsequently declared it to be a pandemic, on March 12, 2020,
due to the global spread. COVID-19, first detected in Wuhan, Hubei
Province, China, has caused concern by expanding rapidly in China
and the rest of the world [87]. Coronavirus disease is caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), a betacoronavirus, similar to the coronavirus of severe acute
respiratory syndrome (SARS-CoV), already known to the medical
community. Seasonal alpha- and betacoronaviruses cause common
colds, croup, and bronchitis, and it is known that the modes of
transmission of coronaviruses in humans are similar, which may
be by droplets, contact, and, sometimes, air routes [58]. Science
explains that the air route is a significant route of virus infection, so it
is extremely important that authorities recognize the reality that the
virus spreads through air and recommend that appropriate control
measures be implemented to prevent the spread of SARS-CoV-2 [64].

In response to this concern and the rapid growth in the number
of cases, the discussion regarding the feasibility of using personal
protective equipment (PPE), especially related to protection against
droplets and aerosols, has become a worldwide matter, mainly
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among the bodies responsible for maintaining health. PPE is needed
in the current scenario, and mainly for the protection of employees
who deal with COVID-19 patients. It is estimated that 40% of
the health-care workforce will be infected and removed from the
workforce due to exposure to the virus, mainly through respiratory
droplets emitted by patients [6]. Several studies report that the use
of PPE can significantly reduce the infection risk associated with the
care of patients with coronavirus disease. As long as there is little
evidence regarding which PPE provides the best protection, training
in dressing and exchange, simulation, and face-to-face instructions is
likely to be beneficial [80]. The main types of PPE used are medical
masks, respirators (mainly N95/FFP2), face shields, goggles, gloves,
and gowns, in association with basic hygiene measures, mainly of
the hands, and they are classified according to the type of precaution
required.

There are several different levels of PPE, including standard,
contact, droplet, and airborne. Standard precautions include hand
hygiene; respiratory hygiene with a cough tag; proper patient place-
ment; and handling/cleaning of equipment, devices, environment,
and laundry; as well as following safety procedures for sharps.
Contact precautions are used when transmission occurs through
direct contact with an infected individual or with contaminated body
fluids or items. Droplet precautions are initiated in cases where
the infection is spread through direct contact with contaminated
droplets—talking, sneezing, or coughing. Airborne precautions are
necessary for airborne diseases, as smaller droplets or pathogenic
particles can travel further and remain suspended in the air for
longer than the bigger droplets, requiring a separate set of droplet
precautionary recommendations. Airborne diseases, such as COVID-
19, tuberculosis, chickenpox, and measles, require patients to stay
in negative pressure rooms, for example. The Centers for Disease
Control and Prevention (CDC) gives different recommendations for
PPE for each of these precaution levels [7]. It is important that the
protocols recommended for the use and removal of PPE are correctly
followed by the entire medical community. The protection offered
by the equipment is related to correct utilization since the most
common errors, such as insufficient PPE, incorrect apron removal,
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touching nonsterile surfaces, and not using the face mask protection,
represent a violation of biosafety and lead to contamination [65, 69].

Recommendations for the use of PPE by professionals caring
for suspected and/or confirmed COVID-19 patients are well
established. Among the PPE, the mask has been given a lot of
prominence, but its isolated use does not provide full protection. To
be effective, it is essential to follow other measures, such as using
other PPE (glasses or face shields, gloves, medical gowns, aprons,
etc.), following correct and regular hand hygiene, isolating suspected
and/or confirmed patients, and monitoring asymptomatic patients
and staff for early identification and isolation of suspected cases.
There are specific protocols for the medical and nursing staff in
relation to the correct measures for the treatment of infected
patients, for isolated areas for the treatment of COVID-19, and also
for family members who want to go to hospitals or in cases of
home isolation. In the fight against COVID-19 the WHO makes some
recommendations for the use of PPE [89]. These rules vary by
location, such as hospital and residential settings, and by type of
personnel, such as workers and patients. The main differences in the
recommendations can be seen in Table 4.1.

Most studies on previous respiratory virus epidemics to date
suggest surgical masks are not inferior compared with N95
respirators. A strong protective effect of both masks has been in
fact demonstrated, especially when used in combination with other
protective measures, like hand washing, eye protection, gowns, and
gloves [14].

The use of facemasks and respirators for the protection of health-
care workers (HCWs) received renewed interest following the
2009 influenza pandemic and emerging infectious diseases, such as
avian influenza, Middle East respiratory syndrome coronavirus (also
known as MERS coronavirus), and Ebola virus. Historically, various
types of cloth/cotton masks (referred to hereafter as “cloth masks”)
have been used to protect HCWs. Disposable medical/surgical
masks (referred to hereafter as “medical masks”) were introduced
into health care in the mid-nineteenth century, followed later by
respirators [60]. Before that, in the seventeenth-century Europe,
doctors who cared for victims of the plague wore a cape that covered
them from head to toe and wore a mask like a long bird’s beak. Even
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Table 4.1 WHO recommendations for PPE use against COVID-19 in hospital and home ambiences

Facility

Locality

Personnel

Activities

Recommendations

Hospital care

Patient room/ward

Health-care workers

Providing direct care
to COVID-19 patients
in the absence of
aerosol generating
procedures

Providing direct care
to COVID-19 patients
in settings where
aerosol generating
procedures are
frequent

e Wear a medical mask.
e Wear a gown.

e Wear gloves.

e Wear eye protection
(goggles or a face
shield).

e Perform hand
hygiene (PHH).

e Use respirator N95,
FFP2, or FFP3
standard or equivalent.
e Wear a gown.

e Wear gloves.

e Wear eye protection.
e Wear an apron.

e PHH.

(Contd.)

uo1uUaNaId aspasiq ul 3dd buisn fo aoupriodwi|

SS



FOR REFERENCE PURPOSES ONLY

Table 4.1 (Contd.)

Facility Locality

Personnel

Activities

Recommendations

Traffic area without
patients (cafeteria,
corridors)

Cleaners

Visitors

Staff

Entering rooms with
COVID-19 patients

Entering rooms with
COVID-19 patients

Doing any activity that
does not include contact
with COVID-19 patients

e Wear a medical mask.

e Wear a gown.

e Wear heavy-duty
gloves.

e Wear eye protection
(if there is risk of
organic materials or
chemical splash).

e Wear closed work
shoes.

e PHH.

e Maintain a physical

distance of at least 1 m.
o Wear a medical mask.

e Wear a gown.

e Wear gloves.

e PHH.

e Maintain a physical

distance of at least 1 m.

e PPE is not required.
e PHH.

99
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Home

Patients with
COVID-19
symptoms

Caregivers

Caregivers

Health-care
workers

Doing any

Entering a patient’s room
but not providing direct
care or assistance

Providing direct care to or
handling stool, urine, or
waste from COVID-19
patients at home
Providing direct care or
assistance to COVID-19
patients

e Maintain a physical

distance of atleast 1 m.

o Wear a medical mask
if tolerated.

o Perform hand and
respiratory hygiene.

e Maintain a physical

distance of at least 1 m.
o Wear a medical mask.

e PHH.
e Wear gloves.

o Wear a medical mask.

e Wear an apron.

e PHH.

eWear gloves.

eWear a medical mask.
eWear a gown.

ewear eye protection.

Source: Adapted from Ref. [89].
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though at the time the use of these protective clothing had no effect,
doctors had already thinking about ways of protecting themselves
from pandemic diseases. Subsequently, these early measures served
as a basis for studies and for the development of PPEs [10].

Meta-analysis of studies in healthy health-care providers (on
whom most studies have been performed) has indicated a strong
protective value provided by both surgical masks and N95 respira-
tors [68] against clinical and respiratory virus infection. Case control
data from the 2003 SARS epidemic suggests a strong protective
value provided by mask use by community members in public
spaces, on the order of 70% [33]. This understanding is essential to
convey that the use of only masks does not give sufficient protection
to fight the new coronavirus and to ensure that PPE can be used
rationally, making certain that there is no PPE scarcity in situations
where its use is indispensable [62]. To facilitate the population’s
access to auxiliary products in the prevention of contagion and
evaluated from the point of view of the risk-benefit ratio so favorable
to patients and the population in general, several exceptional and
temporary measures have been established as a way to minimize the
current health problem for the public.

As has been reported, the coronavirus can spread through
droplets suspended in the air when infected people speak, cough,
or sneeze, and these droplets can be reduced with the use of non-
professional masks. These masks act as physical barriers, reducing
exposure and the risk of infection for the general population. It
is important to highlight that professional masks (industrialized
medical surgical material) must be kept exclusively for use by health
professionals and contaminated patients, where nonprofessional
masks are useless [20, 64].

In summary, the benefit of routine use of face masks by the
general public during the COVID-19 pandemic remains uncertain.
However, several studies in progress suggest a possible strong
potential benefit for the almost universal adoption of weakly
effective homemade masks that can be synergized with, but cannot
replace, other control and mitigation measures. Thus, it is important
that masks not be viewed as an alternative to but as a complement to
other public health control measures (including nonpharmaceutical
interventions, such as social distancing and self-isolation) [58].
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Table 4.2 The transmission routes of some infectious agents

Aerosol Droplet

Pathogen (disease) transmission transmission
Bordetella pertussis (whooping cough) No Yes
Influenza virus (influenza) Yes* Yes
Adenovirus (flu) No Yes
Rhinovirus (flu) Yes* Yes
Mycoplasma pneumoniae (pneumonia) No Yes
Coronavirus (SARS-CoV) (severe acute No Yes
respiratory syndrome)

Group A streptococcus (scarlet fever) No Yes
Neisseria meningitidis (meningitis) No Yes
Mycobacterium tuberculosis (tuberculosis) Yes No
Rubeola virus (measles) Yes No
Varicella-zoster virus (chickenpox) Yes No
Variola virus (smallpox) Yes* Yes
Coronavirus (SARS-CoV-2; COVID-19) Yes* Yes

*There is some evidence of transmission.
Source: Adapted from Ref. [77].

4.2 Transmission of Bioaerosols

Bioaerosols are airborne biological particles with sizes varying from
10 um to 50 nm [49]. They include bacteria, viruses, fungi, and
even DNA fragments that can come in contact with the skin or enter
the human body by the respiratory tract during inhalation, causing
allergies, toxic reactions, and infections [49]. Larger particles
(>5 pum), known as droplets, can also contain infectious pathogens
and transmit infections. Moreover, droplet nuclei (<5 pm) can be
formed after the evaporation of droplets [77]. Table 4.2 shows some
infectious diseases transmitted by aerosols and droplets.

This differentiation based on the transmission routes of aerosols
and droplets is essential for recommending the most appropriate
PPE [23], as can be seen in Table 4.3.

Infectious droplets and aerosols expelled by patients during
breathing, speaking, coughing, and sneezing (Table 4.4) are sus-
pended in the air and able to contaminate healthy people around
them. People can also be infected by touching surfaces contaminated
with infected particles, termed fomites [31, 63, 91].
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Table 4.3 PPE recommended depending on the transmission route of the
infectious agent

Transmission

route When to use PPE

Contact >2 m from patient Gloves and apron
Droplet Within 2 m from patient Gloves, apron,

fluid-resistant surgical
mask, and goggles/visor

Aerosol Aerosol generation procedure  Gloves, fluid-repellent
long-sleeved gown,
goggles/visor, and
respirators

Source: Adapted from Ref. [23].

Table 4.4 The number of droplets and aerosols expelled by humans during
regular activities

Initial
Activity Number of droplets Aerosols velocity (m/s)
Normal breathing A few Some 1
Talking A few to a few dozen Mostly 5
Coughing A few hundred Mostly 10
Sneezing A few hundred thousand to  Mostly 20-50

a few million

Source: Adapted from Refs. [31, 63, 91].

Many factors affect the spread of particles in air, including
their size, their initial velocity, relative humidity, and ventilation
[77, 91]. Large particles fall to the ground quickly; however, they
can travel more than 2 m (coughing) or 6 m (sneezing) due to
higher initial velocities, as represented in Fig. 4.1. Small droplets
evaporate quickly, whereas aerosols may remain suspended in air
for many hours, depending on the Brownian motion, electrical
forces, thermal gradients, and turbulent diffusion [31]. These
particulate dynamics models are probabilistic, and other factors
influence the transmission of infectious disease [63, 77].

The concentration of pathogens in bioaerosols and droplets
affects the respiratory infection transmission risk. For instance, in
susceptible guinea pigs, the inhalation of only one droplet enclosing
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Figure 4.1 Aerosol and droplet movement in the air (adapted from
Ref. [91]).

three tubercle bacilli can result in conversion tuberculin testing
and macroscopic granuloma [61, 84]. The viral load needed for the
transmission of COVID-19 is still unknown; however, many studies
associated a higher viral load and more severe symptoms of the
disease [83].

4.3 Standards Currently in Force for PPE

In addition to recommending the protective equipment to be used
in each situation, the WHO also recommends norms and standards
that each type of equipment must meet. The following are the
recommendations for the main PPE [89]:

e Face shield: It must be made of transparent plastic in order to
provide good visibility for the user and the patient. It should
have an adjustable band for fastening so it can be adapted to
the user’s head and be worn comfortably, completely covering
the sides and the length of the face. It may be reusable (after
cleaning) or disposable. The standards suggested by the WHO
for the face shield are EU PPE Regulation 2016/425, EN 166,
and ANSI/ISEA 7Z87.1 or an equivalent set of standards.
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e Protective goggles: They must seal well with the skin of the
face, have a flexible polyvinyl chloride (PVC) frame to easily fit
all contours of the face with uniform pressure, cover the eyes
and the surrounding areas, have transparent plastic lenses
with fog-resistant treatments and scratches, be a good fit on
the user’s head so as not to come loose during clinical activity,
and may be reusable (after cleaning) or disposable. The
WHO-suggested standards for goggles are EU PPE Regulation
2016/425 Category IlI, EN 166, and ANSI/ISEA Z87.1 or
equivalent.

e Gloves: Gloves can be for examination (nitrile, powder-free,
and nonsterile, with a minimum thickness of 0.05 mm) or
surgical (latex, sterile, and powder-free, with a minimum
thickness of 0.1 mm and long cuffs). The WHO-suggested
standards for examination gloves are EU MDD (directive)
93/42/EEC Class I, EU PPE Regulation 2016/425 Category
I, FDA Class 1, EN 455, EN 374, ASTM D6319, or an
equivalent set of standards. For surgical gloves, the suggested
standards are EU MDD (directive) 93/42/EEC Class Ila, EU
PPE Regulation 2016/425 Category IlI, FDA Class 1, EN 455,
ASTM D3577, EN ISO 11607, and sterility according to USP or
set standards equivalent.

e Gown: The dresses can be examination or surgical, the only
difference being the sterility of the second. They must be
disposable and be long enough to cover up to the middle
of the calf. The WHO-suggested standards for examination
gowns are EU MDD (directive) 93/42/EEC Class I, EU PPE
Regulation 2016/425 Category III, FDA Class 1, and EN 13795
any performance level or AAMI PB70 all levels or ASTM
F3352. For surgical gowns, the suggested standards are EU
MDD (directive) 93/42/EEC Class Ila, EU PPE Regulation
2016/425 Category IlI, FDA Class 2 or equivalent, EN 13795
any performance level or AAMI PB70 all levels, and ASTM
F2407.

e Apron: The heavy-duty apron must be straight with a bib. The
apron must be made of 100% polyester with a PVC coating,
100% PVC, 100% rubber, or other fluid-resistant coating
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material or it must be waterproof, with a handle sewn for
neck and back attachment. The WHO-acceptable standards for
heavy-duty aprons are EN ISO 13688, EN 14126-B and partial
body protection (EN 136034 or EN 14605), and EN 343 for
water and breathability or equivalent.

e Medical masks: They must have good breathability with the
internal and external sides clearly identified. The standards
for medical masks suggested by the WHO are EN 14683 and
ASTM 2100 of any level of classification for patients. For
HCWs, the suggested standards are EN 14683 Type 11, ASTM
2100 minimum Level 1, FDA Class 2, EU PPE Regulation
2016/425 Category III, and EU MDD (directive) 93/42/EEC
Class I or an equivalent set of standards.

e Respirator N95/FFP2 or higher: It must have good breatha-
bility and a design that does not collapse with the mouth.
The respirator standards suggested by the WHO are EN 149
for minimum FFP2, NIOSH 42 CRF 84 for minimum N95,
FDA Class 2, EU PPE Regulation 2016/425 Category III, and
EU MDD (directive) 93/42/EEC Class I or an equivalent set
standards.

The standards and regulations suggested by the WHO for PPE
use are basically European or North American. These standards
standardize the dimensions of the protective equipment, from
the body size of the equipment, the size of strips and fixtures,
and construction materials to the performance characteristics of
the equipment in the protection of the individual. For example,
according to ASTM D6319 [2], the gloves must meet the sterility
requirements, comply with the absence of holes, have consistent
physical dimensions, have acceptable physical characteristics, have
a powder residue limit of 2 mg, and have a maximum recommended
powder limit of 10 mg/dm?. According to ASTM F2407 [4], the gown
must be biocompatible, comply with the level of sterility guarantee,
and comply with the requirements for Class 1 flammable items, and
if it contains latex, it should be reported and the physical properties
should be tested. In addition, it must pass the material conditioning
test. These tests are interrelated.

63



64

FOR REFERENCE PURPOSES ONLY

Personal Protective Equipment and Coronavirus Disease

The main characteristics of the standards for respiratory
protection equipment are described in more detail next since the
main route of transmission of COVID-19 is the respiratory route.

4.3.1 Respiratory PPEs

Respiratory PPE, like masks and respirators, is intended to protect
the user’s airway against a harmful atmosphere. The respiratory
protection devices used to prevent the transmission of infectious
diseases can be divided into the following groups: surgical masks
and respirators (FFP2/N95 and FFP3/N98) for HCWs and patients
(if possible) and cloth masks (homemade) for the general popula-
tion, since commercial ones are scarce.

4.3.1.1 Masks

Surgical masks protect the mouth, nose, and respiratory tract against
droplets and particles. They provide good permeability to air and
steam, resulting in reasonable comfort during use. Surgical masks
are nonreusable and should be discarded after any change in activity,
damage, or contamination by any body fluid. These kinds of masks
retain particles and droplets emitted by the user and do not protect
the user against external pathogens. Therefore, they are used to
prevent disease transmission by the user when he or she speaks,
breaths, coughs, or sneezes.

These masks are regulated by EN 14683 [78] and ASTM
F2100 [3]. EN 14683 is a European standard that describes the
construction and performance requirements and test methods for
medical face masks. The masks specified in this standard are
classified as Type I and Type II depending on bacterial resistance,
and Type II can be divided according to their resistance to splashes
(Type IIR). According to this standard, the medical face mask should
contain a filter layer between the layers of tissue and should be
fitted over the nose, mouth and complain. ASTM F2100 [2019]
[3] is a North American standard that consists of specifying the
performance of the materials used in the masks. Thus, this standard
provides performance classification for a variety of materials used
in mask construction.
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The specified properties represent the sector characterizing the
performance of the material, but they do not include all aspects.
The materials for medical face masks that are within this standard
are classified on the basis of performance in various tests and
can be Level 1, Level 2, and Level 3. Both standards are very
similar since they use methodologies with small variations. The
main requirements for these standards are described in Table 4.5.

Most surgical masks have three main layers, described in Table
4.3. Although polypropylene (PP) is the most common polymer,
polystyrene, polyethylene, polycarbonate, and polyester can also be
used to produce surgical masks.

The inner layer, described in Table 4.6, is essential for moisture
absorption, whereas the outer layer is designed to prevent droplet
passage from the user to the atmosphere. The middle layer is,
in fact, the filtering layer, which is nonwoven and with very thin
fibers, produced by the melt-blowing process. In this process,
when the melted polymer reaches the spinning head of the
extruder, it is drawn into filaments (1-8 um, typically) by a high-
speed/temperature airflow, forming the nonwoven fabric [71].
Moreover, electrostatic finishing can be adopted to improve filtration
efficiency, especially for smaller particles [47].

4.3.1.2 Respirators

Differently from surgical masks, the respirators protect the respi-
ratory tract against particles, droplets, and aerosols. They protect
the user against infectious agents and also prevent their spread and
contagion. Their efficacy mostly depends on their facial fit, needed
for sealing, filtration efficiency of solid and liquid particles, and
breathing resistance.

Respirators can be disposable or not and should be changed after
each activity, when damaged or contaminated, or when breathing
becomes difficult.

In Europe, the minimum requirements of each class of respira-
tors (FFP1, FFP2, and FFP3) are dictated by the EN 149 standard,
the main tests of which are described in Table 4.7. The protection
levels appointed as FFP2 and FFP3 are equivalent to the Americans
N95 and N98, respectively [36].
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Table 4.5 EN 14683 and ASTM F2100 main requirements for surgical masks

EN 14683 ASTM F2100
Test Type I Type II Type IIR Level 1 Level 2 Level 3
Bacterial filtration > 95 > 98 > 98 > 95 > 98 > 98
efficiency (%)
Differential pressure <3 <3 <5 <3 <3 <5
(mmH;0)/cm?)
Submicron particulate Notrequired Notrequired Notrequired > 95 > 98 > 98
filtration at 0.1 um (%)
Splash Notrequired Notrequired 120 (16kPa) 80 120 160
resistance/synthetic
blood resistance
(mmHg pass result)
Flame spread Notrequired Notrequired Notrequired Class1 Class 1 Class 1

Microbial cleanliness
(CFU/g)

<30

<30

<30

Not required

Not required

Not required

Source: Adapted from Ref. [34].
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Table 4.6 Common layers found in surgical masks

Inner layer Nonwoven PP spunbond (18-25 g/m?)

Filtration layer ~ Nonwoven PP melt-blown (25 g/m?) with an
electrostatic finish

Outer layer Nonwoven PP spunbond (18-25 g/m?)

Source: Adapted from Ref. [36].

Table 4.7 Requirements for respirators according to the EN 149 standard

Particle penetration Breathing resistance
(% max.) (mbar)
Internal NacCl Paraffin Inhalation  Exhalation
Class leak (%) 95L/min. 0il95L/min. 95L/min. 160 L/min.
FFP1 22 20 20 2.1 3
FFP2 8 6 6 2.4 3
FFP3 2 1 1 3 3

Source: Adapted from Ref. [36].

An FFP2 or FFP3 respirator usually contains a filter layer
between two support layers. The filter layer includes a nonwoven
mixture of fine fibers and larger resilient fibers, which form a
compact interfelted mass with small pores [46]. The fine fibers,
responsible for the barrier properties, can be made of PVC,
polyamide, or PP. The resilient fibers (rayon, acrylic, PP, polyethy-
lene, polyamide, or polysulfone) avoid the excessive formation of
fine fibers clusters. The filter layer can include 4-20% w/w of fine
fibers, depending on its diameter [46]. Other filter layers can be
made by melt-blow and receive an electrostatic treatment [36]. The
support layers are made of nonwoven fabric with resilient fibers
(rayon, acrylic, PP, polyethylene, polyamide, or polysulfone) with a
density between 20 and 50 g/m?.

Thus, the FFP2/FFP3 respirators can also have exhalation valves,
which improve the wear comfort but do not filter the exhaled
air. Therefore, they do not protect people around the user against
contamination. Table 4.8 gives the different types of protection
provided by masks and respirators.

Specifically for COVID-19 pandemic, the recommendations of
the European Safety Federation according to the communication
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Table 4.8 Protection by surgical masks and respirators against infectious
organisms

Respiratory User protection against Prevention of emission

protective device  infectious organisms of infectious organisms
(one-way protection) (two-way protection)

Surgical mask Yes No

FFP2/FFP3 Yes Yes

respirators without

exhalation valves

FFP2/FFP3 Yes No
respirators with

exhalation valves

European Commission after “concerns following the appeal by many
(health) authorities to produce ‘artisanal’ masks at home or any
possible production site” are surgical masks EN 14683-Type II or
superior and respirators EN149-FFP2 or superior, just like WHO
recommendations.

The PFF2/N95 respirators have a minimum filtration efficiency
of 94% at 0.3 um particle diameter. However, it is not clear whether
these respirators show high filtration efficiency against biological
aerosols smaller than that, like SARS-CoV-2, which have a size
between 0.06 and 0.14 um [92]. A recent study conducted by 3M
tested the filtration efficiency of five different respirators against
aerosols containing two types of influenza viruses (H1N1 and H5N1;
size 0.08-0.12 um). For all respirators tested, the filtration efficiency
for the virus was about 1%-2% higher than for the most penetrating
particle size (in this case about 0.4 um) [1].

4.3.1.3 Homemade masks

The worldwide scarcity of protective masks and respirators during
the COVID-19 pandemic promoted the use of homemade masks
or cloth masks to diminish the spread of the virus. Although the
decision is controversial, an increasing number of countries have
been asking their citizens to wear homemade masks in public
settings during this pandemic [18, 85]. At the same time, many
household fabrics have been tested as filters in the search for the
best homemade mask [27, 37, 47, 67, 74].
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According to Rengasamy et al. [74], the penetration level (inverse
of filtration efficiency) of cloth masks and improvised materials
(sweatshirt, T-shirt, towel, and scarf) of polydisperse NaCl aerosol
at 5.5 cm/s face velocity is in the rage of 74%-90%, much higher
than the 0.12% measured for N95 respirators. For monodisperse
aerosol particles in the range of 20-1000 nm, the fabrics showed
penetration levels between 40% and 97%. Such values agree with
previous measurements of penetration levels of 54% (particle size
of 400 nm) and 59% (particle size of 1000 nm) at 1.5 cm/s
[24]. Although the penetration levels measured for these household
materials are high, they are close to the 51%-89% range obtained
by some surgical masks at the same face velocity. Among the
improvised materials tested, the sweatshirt showed the lowest
penetration level against polydisperse and monodisperse (<60 nm)
aerosols [74]. The authors also argue that filtration performance
depends on the characteristics of the fiber more than the fabric
composition [74].

The filtration efficiency and pressure drop across a wide range
of household materials can be seen in Table 4.9. The tests were
conducted with two microbial aerosols, Bacillus atrophaeus (0.95-
1.25 pwm) and Bacteriophage MS2 (MCIMB10108) (23 nm) [27].
Considering the high filtration efficiency and low pressure drop,
100% cotton T-shirts and pillowcases are the best options for
homemade masks. However, as surgical masks showed the best
filtration performance, improvised masks should only be used as a
protective device as the last possible alternative.

Homemade masks of another variety were tested using optical
scattering measurements, which compare the intensity of light
dispersion by droplets before and after passing through the mask
[37]. In these experiments, the best filtration performance was
achieved by homemade masks with a higher number of layers,
woven fabrics with less porosity, and fabrics with a high cotton
percentage.

An increasing the number of fabric layers, that is, a larger mask
thickness, also contributed to a better filtration performance of
homemade masks [42, 67]. Double-layered masks and masks folded
four times showed filtration efficiencies (particle size range 0.3-
10 um) 1.7-4.6 and 2.3-6.8 times higher than their single-layered
version [42].
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Table 4.9 Filtration efficiency of household materials against microbial aerosols and pressure drop

Bacillus Bacteriophage
atrophaeus MS2

Mean filtration Standard Mean filtration Standard Pressure Standard
Material efficiency (%) deviation efficiency (%) deviation drop deviation
100% cotton T-shirt 69.42 10.53 50.85 16.81 4.29 0.07
Scarf 62.30 4.44 48.87 19.77 4.36 0.19
Tea towel 83.24 7.81 72.46 22.6 7.23 0.96
Pillowcase 61.28 491 57.13 10.55 3.88 0.03
Antimicrobial pillowcase 65.62 7.64 68.9 7.44 6.11 0.35
Surgical mask 96.35 0.68 89.52 2.65 5.23 0.15
Vacuum cleaner bag 94.35 0.74 85.95 1.55 10.18 0.32
Cotton mix 74.60 11.17 70.24 0.08 6.18 0.48
Linen 60 11.18 61.67 241 45 0.19
Silk 58 2.75 54.32 29.49 4.57 0.31

Source: Adapted from Ref. [27].
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Penetration of particles (P) decreases exponentially with filter
thickness (L), according to Eq. 4.1, for a particular particle size [40].

P=eP (4.1)

where § depends on particle size, face velocity, fiber diameter, and
filter solidity.

Penetration decreases with filter thickness since the particles
lose velocity and momentum, being more easily captured when they
pass through the medium. The pressure drop is directly proportional
to the filter thickness at a given face velocity, as the multilayered
medium is made of filters in series in which air resistance must
be added [40]. Therefore, multilayered homemade masks are a
simple strategy to increase filtration efficiency without severely
compromising pressure drop.

Another strategy to improve the filtration efficiency of home-
made masks is to combine mechanical and electrostatic-based
filtration, like cotton-silk, cotton-chiffon, and cotton-flannel multi-
layered masks. Konda et al. [47] made an attempt to analyze the
performance of different fabrics used as cloth masks, besides N95
respirators and surgical masks, using NaCl particles from 10 nm
to 10 um in air at traveling at 12 and 32 ft3/min. The authors
evaluated cloth masks of cotton quilt consisting of two 120 threads-
per-inch (TPI) cotton sheets enclosing an ~0.5 cm thick cotton
batting, 80 TPI quilters cotton, and 600 TPI cotton, besides different
combinations of layers of chiffon (1 and 2 layers), natural silk (1,
2, and 4 layers), and flannel and combinations of these materials.
The results showed that a single layer of fabric provided 5% to
80% of collection efficiency for particles of sizes less than 300
nm and 5% to 95% for particles greater than 300 nm, while the
combinations of different fabrics provided efficiencies above 80%
and 90% for particles less and higher than 300 nm, respectively;
the most closed net of threads provided the highest efficiency, but
none of the cloth masks surpassed the efficiency of the N95 mask, of
95% efficiency to particles higher than 300 nm. Although there is no
report on the fiber size or even the porosity of the filter media, this
work presented interesting results concerning the effect of leakage
through the space between the mask and the face, which led to a
decrease of 60% in the collection efficiency for particles larger than
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Table 4.10 Recommendation when washing cloth masks

Recommended procedures Observations

Using the washing machine The mask can be included with regular
laundry, using laundry detergent and the
warmest temperature.

Washing by hand The mask must be submerged in a bleach
solution for 5 min.

Drying The mask should be dried in the highest heat

setting or in direct sunlight.

Source: Adapted from Ref. [25].

300 nm. The same trend was observed by Cho et al. [21] studying
N95 masks and by Lin et al. [52] studying different decontamination
methods—including bleach, ethanol, and autoclave—in N95 and
nonwoven commercial masks.

One advantage of cloth masks for the general public is that they
are washable and reusable [16, 25]. The CDC recommended that
masks must be washed (Table 4.10) after each use [25].

In fact, decontamination is required to ensure that a mask
continues protecting the wearer from the pathogens, but there can
be risks in this process and great care must be taken. Neupane et al.
[66] evaluated the effect of multiple cycles of washing and drying
and also the effect of stretching on the structure and performance
of commercial cloth masks that had original PM;, efficiencies of
63% to 84%, and surgical masks, with original efficiency of 94% for
PMjy. The results showed that the mean pore size varied between
the cloth masks (81 to 461 um) and the mask with the smallest pore
size had the highest efficiency, which was not better than that of the
surgical mask (whose pore size was not measured). However, both
the stretching and the cycles of washing and drying increased the
pore size of the cloth masks and subsequently reduced the efficiency
for PM( from ~63% to ~20%. There was no information on the
fiber size.

Additionally, Liu et al. [53] focused on the effect of talking and
face washing on the contamination of different masks used by
surgeons in an operating room, reporting that the number of colony-
forming units (CFUs) in the masks were significantly lower in the
case of no speaking and the mask with the highest efficiency and
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the lowest porosity provided the best restraint against bacterial
shedding from the user. The authors observed that face washing
reduced the number of CFUs in the face of the user, but no significant
variation was observed in the mask, which could lead to a risk of
further contamination.

BoskoskKi et al. [14] reported an efficient method of decontamina-
tion of N95 masks and respirators from viral respiratory agents by
highly energetic shortwave ultraviolet germicidal irradiation at 254
nm, but it requires careful consideration of the type of respirator
and of the biological target. Luan and Ching [55] suggest making
a face mask by combining a surgical mask and a cardiopulmonary
resuscitation (CPR) mask, in which the main idea is to place
fragments of the surgical mask in the CPR mask. These masks would
be washable with easy-to-use liquid agents (using 75% alcohol
solution or bleach), and after use the filter would be discarded and
the mask reused. This means that if the surgical mask is cut into six
samples, we can have at least six pieces of filter per piece of face
mask [55].

The effectiveness of a homemade mask against aerosols/droplet
infections greatly depends on a good facial fit, which prevents
leakage from around the mask [27]. A great advantage of PFF2/N95
respirators against surgical masks is that the latter have a fit
requirement ensuring the minimum leakage of particles around
the mask. Several mask prototypes have been proposed to improve
the facial fit [16, 26]. Figure 4.2 shows a prototype mask (size 4)
that reached a fit factor of 67 when tested by the Portacount Plus

(a) ®) _On
TieA St for nose I;
TieB -

Figure 4.2 Homemade mask prototype tested by the Portacount Plus
Respirator Fit Tester: (a) mask view and (b) proper use of the mask. Adapted
from Ref. [26].
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Respirator Fit Tester, which requires a minimum value of 100 for
commercial N95 respirators [26].

4.4 Results/Effectiveness in Previous Epidemics

In view of the uncertainty regarding coronavirus disease, an analysis
of the results of preventive measures and control effectiveness
in the face of previous epidemics allows us to evaluate the use
and development, mainly, of PPEs throughout history. During the
bubonic plague in the Renaissance, some physicians used a beak-
like mask, a coat covered in scented wax, hat, and gloves of goat
leather when attending plague victims, a kind of primordial PPE
[11]. The masks contained holes for breathing and perfume, which
was intended to protect the physician from miasma, or “poisoned
air” Although the costume has been famous since then, it was
not effective against the bubonic plague, as fleas are the disease
vector.

One of the first mentions of mask effectiveness against air-
borne transmission of diseases was during the great Manchurian
pneumonic plague epidemic in 1910-1911 and 1920-1921 [57].
The head of the antiplague efforts, Dr. Wu Lien-Teh, made the
HCWs wear cotton and gauze masks as a way to mitigate disease
transmission [48]. Wu reported a low infection rate and mortality
among physicians (mortality of 5% in 1910-1911 and 9% in 1920-
1921) [48, 51]. Sanitary attendants had a mortality of 19% in the
first outbreak and 43% in the second outbreak. The high degree
of contact with patients, the lack of training, and the frequently
improper use of masks were mentioned as causes for the higher
mortality among the attendants.

In 1918, Capps [17] reported experiments to contain respiratory
infections among soldiers in Camp Grant, IL, US. The use of the face
mask was believed to be the most efficient measure to isolate the
patients and decrease disease transmission.

In the last year of World War I, facial masks were largely
adopted by HCWs and the general public to combat the Spanish
influenza, the first of two pandemics caused by the HIN1 influenza A
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virus. Quarantine for those infected, disinfection/hygiene measures,
closing places of public gathering (schools, church, commercial
establishments), and mandatory use of gauze masks for citizens
were measures adopted in many places, especially in the United
States [12]. In the US city of Tucson-Arizona, the failure to use a
mask in public places could lead to imprisonment, which caused
many arrests during the period. Many people preferred to disregard
the mask ordinance and take the risk of finding a police officer, but
all had “handy masks for an emergency” [56]. However, milder and
late public health interventions were taken in different US cities,
for example, in Philadelphia and Washington, causing considerable
variation in mortality rates in different cities [12]. By looking
at the weekly mortality data reported in 16 cities during the
period, it was possible to estimate the effect of different health
interventions using an epidemic model [12]. The model showed
that the interventions applied could attenuate total mortality by
perhaps 10%-30%, thus having a moderate protective impact,
mostly because the measures were introduced too late and revoked
too early. Transmission rate reductions on the order of 30%-50%
were achieved in San Francisco, St. Louis, Milwaukee, and Kansas
City, where the measures were most effective [12]. The 1918-1919
Spanish Influenza pandemic had many similarities to the COVID-19,
including health system collapse, scarcity of masks, economic crisis,
and public criticism. This previous experience can be instructive
in leading to actions and interventions during this current recent
health crisis.

The use of PPE to constrain contagious diseases like tuberculosis,
Ebola, SARS, and influenza has been investigated [43, 61, 68,
73]. However, it must be stated that proving PPE effectiveness in
interrupting infection transmission is not easy, especially during
the stressful periods of epidemics. Bias and uncertainty come from
many factors: small sample size, comparison of heterogeneous
trials, and self-reported clinical outcomes, among others. The most
reliable conclusion comes from a systematic review of homogeneous
randomized controlled clinical trials, which are scarce. A systematic
review of homogeneous cohort and case-controlled studies is good
and can be done frequently.
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Table 4.11 Meta-analysis from case-control studies on PPE use to prevent
severe respiratory syndrome (SARS)

95% Number 95%
Odds confidence needed to confidence
PPE ratio interval treat (%) interval
Surgical masks 0.32 0.25-0.4 6 4.54-8.03
NO5 respirators 0.09 0.03-0.3 3 2.37-4.06
Gloves 0.43 0.29-0.65 5 4.15-15.41
Gowns 0.23 0.14-0.37 5 2.66-4.97

Source: Adapted from Ref. [43].

A meta-analysis with six case-control studies carried out
between 2003 and 2005 evaluated the impact of wearing masks,
gloves, and gown on interrupt the transmission of SARS [43]. Five
studies used hospital cases whereas one selected case was of people
with probable SARS reported to authorities in Hong Kong. The use
of masks, N95 respirators, gloves, and gowns was found to be an
effective protective measure, as can be checked in Table 4.11.

Another meta-analysis with two randomized controlled trials
also confirmed the beneficial effect of wearing a surgical mask or
NO5 respirators. Masks and respirators are effective against clinical
respiratory illness (risk ratio [RR] = 0.59; 95% confidence interval
[CI]: 0.46-0.77) and influenza-like illness (RR = 0.34; 95% CI: 0.14-
0.82) [68].

During the H1N1 influenza pandemic of 2009, many obser-
vational studies evaluated the use of respiratory PPE by HCWs
against the virus [68]. In California, 21% of the workers in contact
with influenza patients and without PPE contracted the disease,
whereas none of the workers wearing masks or respirators got
sick [41]. Similarly, in Hong Kong, the medical staff wearing
surgical masks remained healthy while 1.5% of the workers without
masks developed pH1N1 seroprevalence [19]. However, four cross-
sectional studies in Japan and Thailand showed no association
between the use of masks/respirators and pH1N1 infection [5, 22,
81, 86].

Most studies are concerned about the transmission of infectious
diseases to HCWs. Differently, a cluster-randomized trial compared
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the self-reported use of surgical masks, use of nonfitted P2 masks,
and no use of masks to prevent the influenza-like transmission
in households [59]. The volunteers were 286 adults from 143
different houses who had been exposed to a child with a respiratory
illness. The study concluded that adherent mask users had a
relative reduction of 60%-80% in the daily risk of contracting a
respiratory infection [59]. However, the adherence to mask use
most of the time was less than 50%. The authors argue that in
a more severe pandemic, the adherence to respiratory PPE may
be higher.

The use of PPE had become emblematic during the Ebola
epidemic in West Africa, starting in 2013. The Ebola virus is found
in body fluids like blood, urine, sweat, vomitus, and stool that
HCWs are likely to come in contact with when attending patients
[32]. According to the WHO, between 2014 and 2015, about 881
HCWs contracted the Ebola virus and 513 of them died [88]. The
PPE to be used when attending Ebola patients should cover all
the skin (scrubs, footwear, coveralls, apron, gloves, face mask and
visor, and headwear) and requires great skill during its removal,
even under the supervision of a trained observer. For example,
it is recommended that hand hygiene with alcohol be performed
multiple times during PPE removal. Recently, a new solution for PPE,
as well as new donning and doffing protocols, was proposed [73].
However, there is a lack of information regarding the effectiveness
of the PPE against Ebola transmission.

Tuberculosis, caused by the bacteria Mycobacterium tuberculosis,
is another endemic disease that has been plaguing human society
for long. Although the disease has been almost eradicated in the
first world countries, many tuberculosis outbreaks took place in
the United States and Europe in the mid-1980s and early 1990s,
resulting in new guidelines for preventing its transmission [45].
The prevalence of tuberculosis in human immunodeficiency virus
coinfection, lapses in infection control practices, and the emergence
of multidrug-resistant strains of tuberculosis contributed to the
disease resurgence [30]. Its occupational risk for HCWs in hospitals
with more than 200 tuberculosis admissions is about 1%-10%
[61]. Surgical masks were previously recommended to prevent the
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expiration of droplets (1-5 um) containing viable tubercle bacilli.
However, such masks fail to block inhalation of the particle in
this particle size range, and thus the use of N95 respirators is
recommended in actualized protocols and guidelines, especially
during aerosol-generation procedures [29, 45, 61]. However, in
practice, such respiratory PPE are infrequently used by HCWs even
during high-risk procedures, at least in developing countries [9, 72,
76]. The lack of knowledge and training, unavailability of PPE, and
discomfort during use are pointed to as reasons for the meager use
of respirators and masks [9, 72, 76].

During the coronavirus disease pandemic, the use of respiratory
PPE has been extensively investigated by systematic reviews and
meta-analysis of previous respiratory infectious disease reports [8,
15, 44, 50, 90]. Until now, the studies have been contradictory
or inconclusive and there is a lack of strong evidence on the
effectiveness of PPE against COVID-19 transmission [38]. However,
waiting for perfect scientific evidence to take simple and potentially
effective measures, such as the use of masks in public places, can cost
many lives [38, 44, 70].

4.5 PPE Modifications to Combat SARS-CoV-2

During the COVID-19 pandemic, a series of supply chain issues,
constant changes in PPE use policy, and higher demand for PPE have
led to shortages in PPE, specifically N95 masks and face shields.
Implementation of decontamination protocols has successfully
allowed N95 mask reuse but requires masks to be unsoiled. Given
the great need for PPE in the face of high demand, several studies
have been reported, giving suggestions such as reuse and readapt
techniques, as mentioned before, and printing of 3D materials [14,
35, 82].

The University of Nebraska Medical Center, Omaha, NE, US,
has produced face shields using a combination of 3D printing
and assembly with commonly available products. Its ability to
rapidly manufacture commercially available desktop FDM printers
combined with open source and readily available materials has
enabled the creation of sufficient face shields to provide protection
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until other, more durable shields can be purchased. A simple
but effective method of decontamination was also created and
implemented, which allowed the reuse of facial masks using the
average log10 reduction in colony counts for Escherichia coli ATCC
8937 and Staphylococcus aureus ATCC 25923 of the American Type
Culture Collection (ATCC, Manassas, VA, US). As per information in
this paper, the rapid production of this product by individuals with
little or no 3D printing experience can be easily accomplished in
times of urgent need [6].

In addition to these changes in existing PPE and reuse tech-
niques, the use of various materials as possible raw materials for
making masks and protective fabrics has been reported in the
literature. Thus, several techniques for making filter media have
been reported as promising for modifying and adapting both fabrics
and polymeric materials for making PPE [79].

Liu and colleagues [54] have successfully electrospun a
biodegradable silk fibroin/poly(lactic-co-glycolic acid)/graphene
oxide (SF/PLGA/GO) microfiber to use as a protective fabric.
The addition of graphene promoted an increase in mechanical
resistance, a higher Young’s modulus, and better thermal stability
to satisfy the requirements of its application. Besides that, the small
pore size of the mat can effectively block particulate pollutants and
pathogenic agents present in the air. The larger surface area and
pore volume of the carpet are adequate for breathability of the
fiber. Thus, the manufactured SF/PLGA/GO microfiber mat presents
exciting features, making this material an efficient protective fabric
[54]. Another biodegradable electrospun material with antibacterial
potential was reported in the literature by Almeida et al. [28]. Exper-
imental results indicated that the cellulose acetate/cetylpyridinium
bromide nanofibers present good permeability and high-efficiency
filtration for aerosol nanoparticles (about 100%), which may
include black carbon and the new coronavirus. This research
provides information for future designs of internal air filters and
filter media for face masks with renewable, nontoxic, biodegradable
characteristics and also antibacterial potential [28].

Polyacrylonitrile/copper oxide (PAN/CuO) nanofibers have also
been reported to have been successfully electrospun with varying
concentrations of CuO to produce nonwoven and antibacterial
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structures. CuO was selected as an antibacterial agent due to its good
antimicrobial properties as well as for its economical production
when compared to that of other metallic nanoparticles. Addition of
CuO nanoparticles transmitted strength to PAN nanofibers, whose
PAN/CuO tensile strength increased significantly (8.43 MPa), in
addition to improved air permeability. The authors concluded
that CuO nanoparticles have potential for antimicrobial and struc-
tural applications, and they recommend PAN/CuO nanoparticles
for antimicrobial respirator applications [39]. Bortolassi et al.
[13] also studied the efficient removal of nanoparticles and the
bactericidal action with nanofibers for air filtration applications.
Filters with high filtration efficiency (~100%) and a high-quality
factor (~0.05 Pa—!) were obtained by adding Ag nanoparticles in
different concentrations to PAN nanofibers. The resultant Ag/PAN
nanofibers showed excellent antibacterial activity against 104
CFU/mL E. coli bacteria. This antimicrobial character is very
promising in the current scenario, which allows us to infer that this
filter medium may be adapted so that the virucidal capacity is also
used [13].

Material in which nanofibers are used in loaded multilayers has
also been reported in the literature as promising for the manufacture
of respirators. According to the study, polyvinylidene fluoride
loaded with six layers of nanofiber filter provides good personal
protection against the airborne COVID-19 virus and pollution based
on the N98 standard but is at least 10 times more breathable
than a conventional N95 respirator. The authors also concluded
that 10-400 nm environmental aerosols can be captured by this
filter with and without charge, with the unloaded nanofiber filter
mainly presenting diffusion and interception capture mechanisms.
In addition, when nanofibers are loaded, dielectrophoresis further
helps to capture aerosols; this is especially true for large aerosols
>80 nm [75].

As reported in the literature, the use of filter media, mainly
nanofibers, has great potential for the manufacture of protective
fabrics, masks, and respirators. In addition to the possibility of
exploring morphological characteristics of these fibers at the time
of their manufacture, which are associated with high filtration
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efficiency along with low pressure drop, there is also a great option
for the functionalization of these nanofibers, giving them a biocidal
character [13, 28, 54].

4.6 Final Considerations and Perspectives

Unfortunately, COVID-19 has caused a very large number of
deaths and infections in the past few months and there is still
a high likelihood of new cases emerging even in regions where
the pandemic has been brought under control. In this sense,
because it is a common and invisible enemy, the maintenance of
protection measures with a global reach is necessary and urgent.
In addition to health professionals, responsible authorities should
be encouraged to use PPE. To try to minimize the problem of
PPE shortages, new production techniques must be continuously
investigated. In the last few years, it was possible to develop
nanomaterials by new technologies and new materials were created
with most diverse applications in society, health, the environment,
and industry due to the wide dissemination of nanoscience concepts
and the rapid advance of nanotechnology. Among the new materials,
micro- and nanofibers have excelled in air filtration, with the
manufacture of highly efficient smart membranes for the collection
of nanoparticles, mainly bioaerosols—they are better than the filters
currently commercialized—and are a very promising technology
for manufacturing masks and PPEs. The manufacture of homemade
masks is also an excellent option for the general population and
offers a satisfactory degree of protection, as demonstrated in
research and also based on the results of effectiveness in previous
epidemics, but it is necessary to create research-based standards
for the use and manufacture of these masks so that effective
commonly available materials are increasingly used. In this sense,
what we hope is that this delicate moment of public health crisis
will be quickly solved by agencies responsible for epidemiological
control on a global scale and that the development of new
materials will continue in order to prevent another collapse in
public health.
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The new coronavirus produces the disease classified as COVID-
19. The virus is highly transmissible and causes acute respiratory
syndrome. This virus can remain on waste surfaces for different
lengths of time. Therefore, it is necessary for institutions to
take precautions with the storage and disposal of health service
waste. The purpose of this article is to present the relationship
between health service waste and COVID-19, assessing the risks of
such waste, as well as the current challenges in the health area.
Waste collection must be carried out by trained collectors using
appropriate PPE. Waste management using automated software can
control the generation of waste and ensure the environmentally
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correct disposal of this waste. The coronavirus disease (COVID-19)
pandemic continues to spread, and its impacts on human health
and the economy have intensified day by day. The risk assessment
for COVID-19 needs to take into account and document all relevant
information available at the time of the assessment. One challenge
is to carry out the best practices at home or in health institutions
so that there is safe management of waste from health services.
Therefore, guidance is essential on the necessary care in relation to
health taking into consideration the contracted companies and their
servers who will handle the waste contaminated with COVID-19.

5.1 Introduction

At the end of 2019, the world came across a virus, SARS-CoV-2.
This new coronavirus produces the disease classified as COVID-19.
The virus is highly transmissible and causes an acute respiratory
syndrome that ranges from mild cases in about 80% of the patients
to very severe cases, with respiratory failure, in 5%-10% of the
cases [1]. The World Health Organization (WHO) has declared the
outbreak of COVID-19 to be a pandemic, classifying it a high global
risk. The epicenter of the outbreak of this pandemic was the city of
Wauhan, in China’s Hubei Province.

However, today the virus is already present in almost all
countries in the world and it is not yet confirmed how the human
infection with the virus occurred, one of the hypotheses being that
SARS-CoV-2 from an unknown animal may have infected humans
[2-4].

In this sense, researchers at the University of Hong Kong showed
the first transmission of SARS-CoV-2 from human to human [5]. In
addition, the situation is evolving exponentially, with more than 1.8
million confirmed cases of COVID-19 and more than 117,000 deaths
as of April 2020 [6]. Around this time, the number of cases in the
Americas was around 645 thousand confirmed and 25 thousand
deaths [9].

In view of this scenario, what needs to be evaluated is health
service waste and coronavirus. According to what is known so
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far, the new coronavirus can be classified as a biological agent at
risk class 3. Following the Risk Classification of Biological Agents,
published in 2017, by the Ministry of Health [1], its transmission is
of high individual risk and a moderate risk to the community.

The risk depends on the characteristics of the virus, including
how well it spreads among people. Among the risks, we have the risk
of exposure and in this way, we can assess occupational exposure
to waste from health services. Human health risk assessment is
a process of gathering and analyzing environmental and health
information using specific techniques to support decision-making
and the execution, systematically, of actions and articulation within
and between sectors for the use and promotion of health, improving
the social and living conditions of the populations.

Currently, we know that the coronavirus can remain for different
lengths of time on waste surfaces, such as plastic waste (5 days),
paper waste (4 to 5 days), glass waste (4 days), aluminum (2 to 8
hours), steel (48 hours), wood (4 days), and surgical gloves (8 hours)
[7, 8]. However, some precautions must be considered in relation to
health-care waste contaminated or suspected of being contaminated
by the new coronavirus, such as the storage of this waste in resistant
and disposable bags that are properly closed. Afterward, they must
be deposited in suitable waste collectors. In this way, there will be
no dissemination of the coronavirus through waste.

In addition, to combat the proliferation of the disease, the WHO
suggests measures such as hand hygiene with soap and alcohol
gel and the use of tissue to clean secretions. However, with these
actions, there will be a significant increase in waste paper towels
and packaging to be disposed of, in addition to the increased
consumption of water.

Therefore, it is necessary for institutions to take precautions with
the storage and disposal of health-care waste and to monitor the
amount of contaminated waste being generated. These measures
can control risk factors to prevent the spread of the disease and
reduce the risk of contamination and contagion of COVID-19. The
purpose of this article is to present the relationship between health
service waste and COVID-19, assessing the risks of such waste, as
well as the current challenges in the health area.
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5.2 Sources, Transport, and Environmental Fate
of COVID-19

Health service waste is generated by service providers at medical,
dental, laboratory, pharmaceutical, and medical teaching and re-
search institutions related to both the human and veterinary pop-
ulations, who are at potential risk due to the presence of biological
materials capable of causing infection, potentially contaminated
sharp objects, dangerous chemicals, and even radioactive waste,
which require specific care in terms of packaging, transportation,
storage, collection, treatment, and final disposal [9].

All waste produced by a patient in isolation at home and by those
who provide assistance, if suspected of or confirmed with COVID-
19 infection, must be separated, placed in resistant and disposable
waste bags, and sealed when the bag is up to two-thirds of its
capacity full. The bag must be placed in another clean, resistant, and
disposable bag so that the residues are stored in double bags, tightly
closed, and identified, so as not to cause problems for the collection
worker or the environment. Then, these must be transported to the
municipal waste collectors.

The health service provider who monitors the patient’s treat-
ment at home can collect the waste generated by the patient for
disposal and treatment.

In addition, for mobile prehospital emergency care and in-
terinstitutional transportation of suspected or confirmed cases of
infection with the new coronavirus (SARS-CoV-2), the following
should be done: improve vehicle ventilation to increase air exchange
during transport, always notify the health service in advance where
the suspected or confirmed case will be referred, and clean and
disinfect all internal surfaces of the vehicle after transport. In this
situation, there is more generation of health service waste. The
surfaces in question can be disinfected with 70% alcohol, sodium
hypochlorite, or another disinfectant indicated for this purpose and
following the standard operating procedure defined for cleaning
and disinfecting the vehicle and its equipment and performing hand
hygiene with alcohol in gel or water and liquid soap.

All waste must be packed in milky-white, waterproof bags made
of material resistant to breakage and leakage. The weight limit of
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the bags must also be respected, that is, they must be replaced
when they reach 2/3 of their capacity or at least once every 48
hours. These bags must be identified by the infecting substance
symbol, with white background labels, black design, and outlines.
During the entire management stage, the bags must remain in sealed
packaging containers. The material of these bags must be washable
and resistant to breakage, leakage, and tipping. Before disposal,
these residues must receive treatment that ensures elimination of
the hazardous characteristics of the waste, preservation of natural
resources, and compliance with environmental quality and public
health standards.

5.3 Monitoring and Analysis Techniques for
COovID-19

Health-care waste during patient care, including patients with
confirmed COVID-19 infection, is considered to be infectious
(infectious, sharp objects and pathological waste) and must be
monitored and subsequently analyzed. First, safe collection and
disposal in suitable containers must be carried out. In addition,
this waste should be treated, preferably at the place where it was
generated, and then safely disposed of. If the waste is moved off-site,
it is essential to understand where and how it will be treated and
disposed of. Waste generated in areas where people wait for medical
assistance can be classified as nonhazardous and must be disposed
of in black bags and closed completely before collection and disposal
by municipal waste services [3].

Waste collection must be carried out by trained collectors using
appropriate personal protective equipment (PPE). PPE must be
PFF2 masks, gloves, boots, and glasses. After using PPE, it must be
sanitized and disinfected. Washing the hands with soap and water
and using alcohol gel should be the rule for workers in the internal
and external collection.

The Centers for Disease Control and Prevention says that health
waste from COVID-19 can be treated in the same way as ordinary
health waste. Regulations on how to treat this waste vary by
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location and may be governed by the state health and environment
departments, as well as by the Occupational Health and Safety
Administration and the Department of Transport. Generally, to
ensure that contaminated waste from health facilities does not cause
harm to the public before going to a landfill, it is burned, steam
sterilized, or chemically disinfected [10].

Therefore, it is important to increase the capacity to deal
with and treat health-care waste. The treatment of such waste
should preferably occur through alternative treatment technologies,
such as autoclaves or high-temperature burners. In addition, the
institution may need to implement systems that help maintain these
technologies [6].

Waste management using automated software can control the
generation of waste and its destination, create supporting docu-
ments, and issue the reports required by environmental agencies.
The existing software can assist in the entire waste management
process in a company and/or institution. Therefore, it will be more
efficient and less costly, lead to better use of time, and ensure more
secure data and there will be lesser risk of noncompliance with
environmental laws.

Therefore, automation in waste management emerges as a great
ally for companies, especially during this coronavirus crisis. Since
waste can be monitored in a systematic and organized manner, with
automation, a company can increase the agility of processes and the
security of information.

The WHO has also proposed a model for the development of
environmental health indicators that can be used. The purpose
of the model is to provide an instrument for understanding the
comprehensive and complex relationships between health and
the environment, allowing the analysis of environmental health
problems throughout their causal chain.

5.4 COVID-19 in the Socioeconomic Spectrum

In Wuhan, Hubei Province, China, where the new coronavirus
emerged, authorities had to build a new medical treatment plant and
set up 46 mobile waste treatment facilities. Hospitals generated six
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times more health waste at the height of the outbreak than before
the onset of the crisis, with daily production of health waste reaching
240 tons [10]. Also, there is already an increase in the generation of
PPE waste in the United States, according to the Stericycle company,
which processed 1.8 billion pounds of health-care waste worldwide
in 2018.

With the coronavirus disease (COVID-19) pandemic continuing
to spread and its impacts on human health and the economy
intensifying day by day, governments have been asked to intensify
waste management, including health-care, household, and other
hazardous waste, as an urgent and essential public service, to min-
imize possible secondary impacts on health and the environment
[11].

5.5 Risk Assessment Tools for COVID-19

The risk assessment for COVID-19 needs to take into account and
document all relevant information available at the time of the
assessment. In this way, decision making will be directed and a
record of the process will be provided, including which risks and
control measures were evaluated, the methods used to evaluate
them, why they were considered important, and their order of
priority. In this sense, if documented in a consistent manner,
the risk assessment may provide a record of the justification for
changes throughout the event, including the level of risk assessed,
recommended control measures, and key decisions and actions that
will be fundamental to consider in the face of the coronavirus
pandemic.

The systematic monitoring of public health risks, therefore, aims
to assist managers in adopting measures to reduce the number of
affected populations, in addition to mitigating the negative social
and economic consequences.

5.6 Challenges for COVID-19

If the home health waste with COVID-19 is not adequately collected,
itis necessary to request for the competent bodies to do so, requiring
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that the waste be stored until the next collection. This will ensure
that the waste reaches the correct destination and that there is no
contamination of the environment.

Another challenge is to carry out the best practices at home or in
health institutions so that there is safe management of waste from
health services in terms of allocation, responsibility, and sufficient
human and material resources to dispose of this waste safely.
Therefore, all health-care waste produced during the care of COVID-
19 patients must be collected safely in appropriate containers,
treated, and safely disposed of, preferably at the location of waste
generation [3]. In addition, it is essential that the collectors are made
of metal, with a lid and a pedal, and properly identified as “common
waste” and “infectious waste.”

Yet another challenge is for authorities to clarify the situation,
guide the population, and raise awareness among the population
and waste pickers about the main diseases in this context and
the importance of obtaining this knowledge in order to protect
themselves and others.

The population should be aware that people contaminated
or suspected of having coronavirus contamination should not
leave their waste available in the collectors in front of their
homes, as a guideline, but place the waste in two waste bags
and make it available only during opening hours. traditional
collection.

It is also recommended that a household with a confirmed case
of COVID-19 does not deliver recyclable waste to scavengers. This
will ensure that these workers are not exposed to risk. However,
this information must be passed on to the population so that there
is no chain dissemination due to an inappropriate attitude and
behavior.

Another challenge and effect of the coronavirus on the envi-
ronment is the increase in the generation of health and household
waste. The population, for being at home in isolation, will consume
more and, consequently, generate more waste. However, it is
necessary to have selective collection of recyclable waste and have
landfills to receive this waste.
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5.7 Conclusions and Future Directions

It is important that health service waste with coronavirus is
packaged and disposed of in a safe and environmentally correct
manner to avoid environmental impacts. The assessment of risk
on the basis of systematic documentation provides an important
means of identifying where improvements can be made and
an evidence base for future risk assessments and responses to
events.

There must be adequate waste management to avoid transmis-
sion through contact with contaminated waste, considering that
COVID-19 has caused various contagions and deaths worldwide. To
prevent this disease from reaching more people, it is necessary to
adopt containment measures.

Infection prevention and control measures must be implemented
by professionals working in health services to prevent or reduce
the transmission of microorganisms as much as possible during any
health care provided. For this, there is a need for training of the
professionals involved. One should not circulate through the health
service or even outside the care area for patients with suspected or
confirmed infection with the new coronavirus.

Therefore, it is essential to give orientation regarding the
necessary care to contracted companies and their servers that will
handle the waste contaminated with COVID-19; public servants
and urban cleaning workers must undertake technical measures
regarding the services provided. Also, it is necessary to remunerate
with temporary social assistance waste pickers whose services are
interrupted. It is also essential to demand and monitor compliance
with what is determined by the competent bodies and to guide
the population on how to proceed with contaminated health
service waste.

In this context, as many infected people are undergoing
treatment at home, the waste generated by them may be infected
with the coronavirus and must receive adequate treatment before
disposal so that there is no dissemination of the new coronavirus to
the population.
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Chapter 6

Coronavirus: Exposure and Risk to
Workers’ Health
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The infection caused by Sars-CoV-2, also known as coronavirus
disease 2019 (COVID-19), can cause diseases ranging from mild to
severe. In addition, the virus has a high transmitting impact as it is
favored by close and unprotected contact with a patient’s secretions
or excretions, causing infection mainly, and until now, through
salivary droplets. The COVID-19 pandemic context prompted the
implementation of measures to prevent and control occupational
contamination, especially due to the need for individual and col-
lective protection of professionals who may be infected. Therefore,
workers must understand the factors that involve dangers and
risks. For this purpose, the theory of multicausality aims to report
that the set of risk factors considered in the production of the
disease is assessed through the medical clinic and indicators,
environmental and biological effects, and exposure. The OHSAS
18001:1999 Standard emphasizes concepts such as danger, it being
a source (element) or situation capable of causing losses in terms
of damage to health (injuries, illnesses, and damage), damage to

Living with COVID-19: Economics, Ethics, and Environmental Issues
Edited by Chaudhery Mustansar Hussain and Gustavo Marques da Costa
Copyright (© 2022 Jenny Stanford Publishing Pte. Ltd.

ISBN 978-981-4877-78-7 (Hardcover), 978-1-003-16828-7 (eBook)
www.jennystanford.com


http://www.jennystanford.com
mailto:micheleantunes@feevale.br
mailto:lenz@feevale.br

106

FOR REFERENCE PURPOSES ONLY

Coronavirus

property (structure), damage to the environment workplace, or
a combination of them. Risks are the combination of frequency
and probability (of the occurrence of events) associated with the
consequences (injury, illness, and damage) of the occurrence of
a specific hazardous situation (events that have occurred). It is
observed how important it is for professionals to have knowledge
about the risks of infection in the work environment, regardless
of the area of activity, considering that the virus is present
globally. Because of this reality that most countries are facing, it is
important to look at the protection of workers in general through
the presentation of the protocols for the prevention of COVID-19
among workers exposed to the virus in their work environments.
Given the worldwide repercussion and concern on the topic, this
chapter will present the protocols used until July 2020, with a focus
on recommendations on contagion prevention actions related to
occupational exposure of workers in the segments they present.

6.1 Historical Trajectory of Occupational Health

The concern with worker health started in England, through
occupational medicine, in the first half of the nineteenth century,
with the Industrial Revolution [1]. England established, in 1828, the
first service in “occupational health,” by hiring doctors to carry out
visits in the workplace, to propose measures to protect workers’
health and minimize the economic losses resulting from accidents
and illness at work. On the other hand, it was a real necessity for the
demands of the working class [2].

The English textile industry was a pioneer in hiring a doctor, Dr.
Robert Baker, to carry out the activities of the service in occupational
health, idealizing the initial practice of occupational medicine as
the physician’s responsibility to protect the health and physical
conditions of the workers. The actions were carried out through
visits to the work sectors, verifying the effect of work on people’s
health, and the influence of causes, aiming at prevention [3].

On the basis of this model, other countries also started
to implement occupational health services. To provide medical
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services to workers, the topic was included in the agenda of the
International Labor Organization, created in 1919.

For some time, between the years 1953 and 1959, there
were changes in the denomination of “Medical Services at Work,”
becoming recognized as Recommendation 112 of “Occupational
Health Services,” after the International Labor Conference in 1958,
approved by the National Labor Conference, making the existence of
health services in the workplace mandatory [3].

Still, for these authors, Recommendation 112 aims to organize
services in the workplace, ensuring the protection of workers
against health risks that may result from their work or the condi-
tions in which it is carried out, mainly by contributing to the physical
and mental adaptation of workers and, in particular, by ensuring the
suitability of work and their placement in workplaces corresponding
to their skills, as well as contributing to the establishment and
maintenance of the highest possible level of physical and mental
well-being of the workers.

In the middle of the twentieth century, after the renovation and
reassessment of the concepts of occupational medicine services,
worker health became a multiprofessional field. This evolution
occurred due to changes in the production processes, in which it was
necessary to evaluate the influence of the environment on human
health, through the integration of other professionals, expanding the
focus of health actions, evaluating hygiene and ergonomics, and thus
forming occupational health [4].

On the basis of this model, European social movements subsi-
dized new questions and demands for changes to improve health
conditions, the environment, and the quality of life of workers
and the population in general. In the 1970s and the 1980s, Brazil
suffered the reflexes of these movements, at a time of social
reorganization after the end of the military dictatorship and the
country’s redemocratization, through the Brazilian health reform
agenda, in which the concept of worker health took shape in Brazil
[4-6].

Occupational health was consolidated in Latin America by
revisiting its model, which Arr or to 90 more pragmatic and
less ideological, questioning some paradigmatic frameworks that
outlined its most intense practice in the early 1980s, helping to
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determine the health object of the worker as the study of the health-
disease process of human groups from the perspective of work in a
society that is constantly changing [7].

Following the evolution of the theme, some events that took place
in Brazil in 1986, such as the “VIII National Conference on Health”
and the “I National Conference on Occupational Health,” made it
possible to implement the actions by reaffirming to society that
health is everyone’s right and that workers also had the right to
care. Even though before the creation of the Unified Health System
(the Sistema Unico de Satde [SUS]), these program proposals
occupational health were to consolidate the incorporation to the
organization chart and practices of the Ministry of Health [8].

In Brazil, in 1990, occupational health was recognized in
the regulation of the performance of the SUS, aiming, among
other things, to carry out actions in favor of workers’ health,
conceptualizing it as follows:

. set of activities that, through epidemiological and sanitary
surveillance actions, are aimed at promoting and protecting the health
of workers, as well as aiming at the recovery and rehabilitation of
the health of workers subjected to risks and injuries arising from
conditions of work. .. [9]

Law 8,080/90 regulates the Federal Constitution of 1988 and
is the first organic law of the SUS, providing for the promotion,
protection, and recovery of health and the organization and
functioning of the corresponding services (Brazil, 1990) [9].

Especially since the 1990s, there have been significant changes
in work and jobs, as well as in the economy of organizations. Such
changes prioritize the human being as a worker, the quality of life at
work, and health and safety in the workplace.

These factors associate the health-work interaction with the im-
portance of increasing productivity, job satisfaction, and significant
increase in life expectancy and significant reduction in morbidity
and mortality rates, including those related to work activity. In this
sense, programs to promote health and safety at work and prevent
injuries, occupational diseases, and accidents at work contribute
significantly to improving the quality of life of workers.
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Teamwork does not presuppose abolishing the specifics of the
work, since the technical differences express a wealth of views
regarding the work process. Health professionals highlight the need
to preserve the specificities of each specialized work, which implies
maintaining the related technical differences and adding knowledge
to the different daily confrontations in health. Therefore, it expresses
a need to make the division of labor more flexible, that is, they carry
out interventions specific to their respective areas, but they also
carry out common actions, in which knowledge from different fields
is integrated.

In practice, however, this effort to unite interdisciplinary
knowledge to intervene in the work process encounters deep
barriers in terms of compatibility of concepts. It needs to overcome
a whole past of where reality is fragmented, reproduced in the
training of professionals since graduation, which is reflected in the
tendency to maintain islands of knowledge/power and in the fear
of the possibility of building bridges with the different areas of
knowledge.

The teamwork proposal has been used as a strategy to face
the intense process of specialization in the health area. This
process tends to vertically deepen knowledge and intervention
in individualized aspects of health needs without simultaneously
contemplating the articulation of actions and knowledge.

It is observed that in teamwork, the flexibility of the division
of labor coexists with the specificities of each professional area
but does not go to the extent of proposing another ordering of
collective work by reference to the dominant biomedical model,
raising the question of inequalities between the different works and
the relevance of introducing other approaches to health needs.

Even though the medical professional is responsible for the
Occupational Health Medical Control Program (PCMSO), it is known
that the occupational nurse is the main manager of the activities
related to the program. According to the National Association of
Labor Nurses (ANENT), occupational health nurses (ESO), in Brazil,
perform services associated with occupational hygiene, safety, and
medicine and constitute study teams to protect the health and
safety of workers. The responsibilities of the ESO, according to the
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ANENT, include varied tasks related to the prevention of diseases
and accidents at work and the promotion of health at work [10].

Therefore, occupational nursing has played a decisive role in
the planning of the provision of health and safety services in the
workplace, where the depth of care and the global character in
cost-benefit is perceived. In addition to technical and scientific
knowledge, the nurses must have a broad view within the
company, which surpasses the horizons of nursing, but without
interfering with or exercising another activity not inherent to their
functions.

As called by the Ministry of Labor and Employment (MTE),
the labor nurse performs activities related to hygiene, medicine,
and safety, integrating study teams to preserve health and value
of the worker. It is up to this professional to study the safety
and dangerous conditions of the company, making observations
in the workplace, discussing them with the multidisciplinary team
of the Specialized Service in Safety Engineering and Occupational
Medicine, and identifying needs for improvements in safety and
hygiene of labor [11].

In this sense, the labor nurse must develop and execute plans and
programs to protect workers’ health, participate in groups that carry
out health surveys, carry out surveys of occupational diseases and
traumatic injuries, execute and evaluate programs for the prevention
of accidents and occupational diseases or nonprofessionals, and
develop health education actions, among other activities. The role of
the occupational nurse in the prevention of occupational accidents
and diseases is also highlighted, according to their competencies and
skills [10].

Therefore, the monitoring of nurses in the health/work process
in the occupational health environment is clearly seen in the cost-
benefit ratio on the one hand, because, for the company, nursing
offers health-related monitoring, and offers more security in the
working relationship on the other, which in turn, presents better
performance. With this activity, it is possible to reduce absenteeism
and improve the quality of life of the worker.

Thus, studying the prevention and health promotion practices
of workers exposed to COVID-19 suggests evaluating, among other
aspects, the exposure of workers to the environment.



FOR REFERENCE PURPOSES ONLY

Exposure of Workers to the Environment Labor

6.2 Exposure of Workers to the
Environment Labor

It is known that human health may be impaired by contamination
associated with the environment, considering infectious diseases,
manifesting itself through immediate or long-term events. In view of
this, the implementation of occupational contamination prevention
and control measures is extremely relevant in health services,
especially due to the need for individual protection of professionals
who may be infected [12].

From this perspective and in relation to the pandemic context
COVID-19, it is important to understand the related factors and
occupational exposure in health-care workers.

As per the World Health Organization (WHO), severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2; the corona disease
2019 [COVID-19]) is the seventh identified human coronavirus. It
belongs to the subgenus Sarbecov of the Coronaviridae family, and
it is suspected that bats are its original host [13]. This virus has the
ability to cause disease in humans, mainly through the infection of
wild animals, which serve as intermediate hosts, feeding on events
of recombination and genetic mutation [14].

Given this, and the possible triggers of occupational diseases
related to COVID-19, there is a need to understand the field of knowl-
edge called “environmental health.” Tambellini and Camara [15]
discuss characterization by the relationship between environmental
conditions and the standard of living of a population. More broadly,
Rouquayrol [16] exposes that diseases occur in a given environment
as the result of a multiplicity of political, economic, social, cultural,
psychological, genetic, biological, physical, and chemical factors.

Thus, identifying the risks to human health during the process
work requires a study of the territory and the target population
in order to provide an understanding of the factors involved in
the process of health and disease. On the basis of this model, the
concept of health and disease focuses on the imbalance between the
environmental factors that affect certain societies, which have been
modified since the eighteenth and mid-nineteenth centuries, when
the ways of life and work gained importance to conceptualize health
and occupational diseases [17].
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In the context of occupational health, Minayo and Thedim [18]
defend the theory of multicausality, which aims to report that
the set of risk factors is considered in the production of the
disease, assessed through the medical, clinic, and environmental and
biological indicators; exposure; and effect.

6.3 Risks and Risk Perception

In the past, there have been many models and forms of expression
for “risks.” The concepts of risk were built from the relationships
that society established following the historical, cultural, and social
context of civilizations. In antiquity, there were expressions without
consonance, subjective for “risks.” Before the Middle Ages, risks were
associated with courage and forecasts; in the Middle Ages, risks
were associated with religious beliefs and values, natural disasters,
hunger, and war; and in modern times, risks are contextualized in
the theory of probability.

As a consequence of modernity, for Giddens et al. [19], the
concept of risk occurs through historical social construction,
representing a mechanism to rationalize and quantify bad luck and
to reduce uncertainties. According to this author, risks are a part of
social construction; they are not separated from daily activities and
decision-making processes.

As per Figueiredo [20], a risk analysis can be done from two
perspectives: those cases where the infection has already happened
and the cases have been submitted for investigation and those
cases that are objects of study with the possibility of the infection
happening. In the first case, it is known what the threat is because
it has already occurred. In relation to the second, it refers to the
potential of risk, in which uncertainty and probability determine the
way that societies could follow to avoid risks, which implies thinking
about the actions of individuals and institutions.

This change in the concept of risk is a process of maturation and
progress of modern science, mainly due to the ability of humans’
abstraction to become responsible for their actions and for the
construction of their future.
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Even so, the discussion is spreading due to the complexity of
the topic and the imprecision in distinguishing danger from risk.
The terms “dangers” and “risks” have been studied by several areas
of knowledge, defining them in their own terms and producing
reflections and methods of study. This interdisciplinarity results in
more theoretical and other more practical concepts. In this research,
some concepts of the social sciences will be approached with the
objective of understanding the reasons the subjects are predisposed
to risks and dangers, as well as the technical-scientific concepts
adopted by Standard OHSAS 18001:1999 [21].

According to Beck [55], the concept of risk is defined as the
prediction and control of the future consequences of human actions.
And the danger is in the consequences of human actions when
people take more chances.

Luhmann [22] establishes a contrast between risks and dangers,
both of which have possibilities for future damage, by stating that
risk is the result of decisions that undergo an awareness process
and dangers are products of external causes. Still, for this author,
the risk is based on representations of the dangers linked to human
decisions involved in possible damage and the awareness of future
losses. In this logic, Luhmann differentiated risks and dangers, but
with the same senses of risks.

Sennett [23] points to another reflection and says that a risky
attitude can be a defect or a reason for survival; everything depends
on the situation of the risk taker. He says that not moving can be a
failure, but not progressing will be considered a death in life. The
author determines that “risk is proof of character, the important
thing [being] to make the effort, seize the opportunity, even when
we know that we are condemned to fail” [23].

The main reference, however, when looking to analyze the
perception of risk from a cultural and social perspective, is Douglas
[24]. The author, when dealing with the theme of risk acceptability
[24], starts from the principle of freedom, but, above all, from
issues of justice, that is, why do people from certain less developed
countries or regions have to receive and accept industries that are
highly contaminating and harmful to their lives? It is an analysis that
must go beyond economic strategies.
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The author [24] also maintains that to consider the perception
of risk, laypeople’s opinions must also be valued. Experts, from their
offices, cannot ignore the social dimension of risks and must always
bear in mind public participation in risk resolutions.

Of all forms, Douglas’s [24] is crucial when identifying the
discourses and social practices of the dangers and uncertainties of
people. Their beliefs, values, and all sociocultural relationships are
crucial to identifying what they perceive or don’t as risk.

Of all these concepts, the most likely is to think that risks
are associated with some kind of damage, today or tomorrow,
present or future. However, the fundamental characteristic is that
these are found in human groups or in all of humanity, in which
the characteristics depend on social insertion and its evolution in
history. Therefore, in the possibility that in the future, everything can
be thought of and conceptualized differently, there is no objective
here to identify a single concept for risk but, rather, it is stated that
it should be analyzed in an interdisciplinary manner so as not to
commit scientific extremism.

To complement the reflections on risks presented by theorists
of social sciences and anthropology, the norms brought by organi-
zations and scientific concepts for this topic are presented, aiming
at the assessment of the occupational environment, exposure, and
risks to human health.

6.4 Occupational Exposure and Human Health
Risks

More technically, the OHSAS 18001:1999 Standard [21] emphasizes
the concepts for hazards and risks; the first is a source (element)
or situation potentially capable of causing losses in terms of
damage to health (injuries, illnesses, and damage), damage to
property (structure), damage to the workplace environment, or a
combination of them. The second is the combination of frequency
and probability (of the occurrence of events) associated with the
consequences (injury, illness, and damage) of the occurrence of a
specific danger situation (events that have occurred).
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For Kolluru [25], the risks and dangers are in accordance with
the exposure of workers.

The risk is a function of the nature of the danger, accessibility
or contact access (potential for exposure), characteristics of the
exposed population (receptors), the probability of occurrence, and
the magnitude of the exposure and consequences [25].

A hazard is a chemical, biological, or physical agent (including
electromagnetic radiation) or a set of conditions that present a
source of risk but not the risk itself [25].

Therefore, identifying hazards and assessing risks is of utmost
importance for prevention related to occupational exposure of a
professional to COVID-19. As such, it is important to mention the
Brazilian regulatory standards for the prevention of potential risks
and the use of protective equipment, as intense health care of
workers does not remove the risks of illness and accidents at work.

These regulatory norms are characterized by NR7 (Occupational
Medical Control Program), NR9 (Environmental Risk Prevention
Program [PPRA]), and NR4 (Specialized Services in Safety Engineer-
ing and Occupational Medicine) and are used as per the assessment
of safety and health in the workplace [26].

In this context, the MTE highlights NR7, as it is a rule that
regulates the PCMSO, which aims to promote and preserve health
and track and make early diagnosis of health problems among
workers, aiming at maintaining health, acting at the primary level
through medical examinations to monitor workers’ health [26].

The implementation of the Occupational Medical Control Pro-
gram is the responsibility of all companies, regardless of the number
of employees or the degree of risk of their activities. It must be
implemented on the basis of the health risks of workers, especially
those identified in the assessments provided for in the PPRA [26].

To assess the degree of risk of workers’ activities, NR9 is
mentioned, which is part of the PPRA, which aims to prevent and
control occupational exposure to environmental risks, preserving
the health and integrity of workers by controlling the occurrence
of existing environmental risks or those that may exist in the
work environment, such as, chemical, physical, and biological risks,
taking into account the protection of the environment and natural
resources [26].
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The implementation of the PPRA is also the responsibility of all
companies, regardless of the number of employees or the degree
of risk of their activities. PPRA’s actions must be developed in
each sector/area of the company, aiming at comprehensiveness and
depth according to the characteristics of the risks existing in the
workplace and the respective control needs [26].

In addition to NR9 and NR7, there is an assessment of health
risks. These are the NR4 and the National Classification of Economic
Activities, which highlight the need to assess the degree of risks
to the health of employees in the main activities carried out in
companies [26].

For preventing these risks, it will be interesting to understand
the levels of prevention of risk to workers’ health, and Jekel et al.
[27] highlight three levels:

e Primary prevention: It interferes with prepathogenic factors,
protecting individuals from getting sick through prevention
and health promotion.

e Secondary prevention: In this phase, the worker shows signs
and symptoms of diseases; the pathogen is installed and
active; this level has the objective of preventing sequelae
despite not preventing the initial cause of the disease;
therefore, it constitutes an early diagnosis, prompt care, and
damage limitation.

e Tertiary prevention: It acts in the rehabilitation of the worker,
taking measures to avoid the individual’s inability to act.

For disease prevention and care of the environment, health
surveillance stands out for being understood as a set of actions
that provides for the detection of changes in the environment
that interfere with human health, organizing the work processes
in health, and redefining sanitary practices with the intention of
identifying preventive measures and controlling environmental risk
factors related to diseases or other health problems [28].

Not only a change in the environment is necessary to protect
workers’ health and prevent disease but also assessment of workers’
exposure to chemical, physical, and biological agents is necessary on
use of personal protective equipment (PPE). Thus, some important
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aspects are briefly highlighted regarding the duties of the worker,
the employer, the supplier, and the inspection bodies regarding the
use, supply, quality, and inspection of the material used.

The protection risks, safety, and health of workers come under
the regulatory standard NR6 - Personal Protective Equipment.
According to this standard, PPE is considered to be any device or
product for individual use used by the worker and intended to
protect against risks that may threaten safety and health at work
[26].

It is the duty of the company to provide its employees with PPE,
free of charge, appropriate to the risk and in full working order
and condition, in the circumstances of lack of protection against
the risks of accidents at work or occupational and occupational
diseases, when implementing collective protection measures and in
emergency situations [26].

The employer’s duty is not only to supply PPE but also to
purchase the products from suppliers registered with the competent
national body in matters of safety and health at work, which will
follow manufacturing standards and quality control; acquire the
appropriate PPE for the area of activity/sector; require its use;
provide guidance on use, safekeeping, and conservation; replace PPE
when necessary or lost; take responsibility for periodic maintenance
and hygiene; communicate to the MTE about irregularities; and
carry out monitoring and inspection of use [26].

In work actions that involve risks to the health and safety of
workers, the employer has a duty to provide the PPE. Faced with
this reality, employees also have their responsibilities and duties.
NR6 provides for employees’ responsibilities with regard to PPE
and highlights that its use by employees is only for the purpose for
which it is intended. The employee is responsible for the custody
and conservation of the PPE, in addition to having the responsibility
of communicating to the employer any changes that make it unfit for
use, complying with the employer’s determinations on the proper
use of the equipment [26].

It is also necessary to mention the responsibilities of the MTE.
The MTE issues, renews, or cancels the manufacturer’s registration
by the Certificate of Approval, collects PPE samples from the
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manufacturer or from the supplier company for analysis purposes,
and inspects the quality of the PPE [26].

6.5 Severe Acute Respiratory Syndrome
Coronavirus 2

The WHO declared in March 2020 the pandemic caused by the
new coronavirus, called SARS-CoV-2 and causing the disease called
COVID-19, as a public health emergency of international concern.
The first reports and evidence on the contamination occurred in
Wuhan, China, in late December 2019.

The SARS-CoV-2 virus belongs to the 125 nm SARS-like coro-
navirus species and is slightly larger than influenza, SARS, and
Middle East respiratory syndrome viruses. This new coronavirus
shares 79.5% of the genetic sequence with SARS-CoV and 96.2%
of homology with a bat coronavirus, suggestive of the Rhinolophus
virus, indicating it to be a probable offspring [29].

Until now, it is known that transmission is favored by close and
unprotected contact with secretions or excretions from an infected
person, mainly through salivary droplets, and other body fluids may
be involved in the transmission of the new coronavirus, such as
unprotected contact. The infected person’s blood, feces, vomit, and
urine may put another person at risk of the disease, but there is no
evidence of this as yet [30, 31].

In addition, scientific evidence has accumulated on the potential
for the transmission of COVID-19 by inhaling the virus through
aerosol particles, especially over short and medium distances [32].
The incubation period is an average of 5.2 days, with a duration of
up to 14 days [33].

Still, according to the Technical Note GVIMS/GGTES/ANVISA N°
07/2020 the Guidelines for the Prevention and Vigil Crone and
epidemioldgica of infections SARS-CoV-2 (COVID-19) within the
Health Services, Brazil's forms presymptomatic, symptomatic, and
asymptomatic transmission, as described below [34].

During the “presymptomatic” period, some infected people
can transmit the virus, so presymptomatic transmission generally
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occurs 48 hours before the onset of symptoms. There is evidence
that SARS-CoV-2 can be detected 1 to 4 days before the onset
of COVID-19 symptoms and, therefore, can be transmitted in the
presymptomatic period. Thus, it is possible for people infected
with SARS-CoV-2 to transmit the virus before significant symp-
toms develop. It is important to recognize that presymptomatic
transmission also requires the virus to spread via infectious
droplets, aerosols (in special situations), or contact with surfaces
contaminated by these droplets.

By definition, a symptomatic case of COVID-19 is one where
the person has developed signs and symptoms compatible with
infection by the SARS-CoV-2 virus. And symptomatic transmission
refers to the transmission from a person while he or she is showing
symptoms. SARS-CoV-2 is transmitted mainly by symptomatic
people, and its presence is higher in the upper respiratory tract
(nose and throat) at the beginning of the disease course, mainly from
the third day after the onset of symptoms. However, the results of
polymerase chain reaction tests can be positive for SARS-CoV-2 from
the first signs and symptoms.

An asymptomatic case is characterized by laboratory confirma-
tion of SARS-CoV-2 in an individual who does not develop symptoms.
SARS-CoV-2 can also be transmitted by asymptomatic people, so
asymptomatic transmission refers to the transmission of the virus
from an infected person without a clinical manifestation of COVID-
19.

The clinical spectrum of SARS-CoV-2 infection is very broad.
The affected patient may have fever, headache, nasal congestion,
cough, dyspnea, sore throat, myalgia or arthralgia, fatigue, anorexia,
malaise, and/or loss of taste (hypogeusia/ageusia) and smell
(hyposmia/anosmia) and the patients may also experience diarrhea,
nausea, and vomiting. Bilateral infiltrates in chest imaging exams,
increased C-reactive protein, and lymphopenia shown in blood
count are the most common changes observed in complementary
exams [35, 36].

Older adults and those with associated morbidities, such as
chronic respiratory disorders, cardiovascular diseases, diabetes
mellitus, and oncological conditions, are at higher risk for infection
and may have a more severe and lethal case of the disease than
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others. Health professionals are recognized as another high-risk
group for acquiring this infection [36]. Mortality related to COVID-19
results from a clinical picture with respiratory failure and/or septic
shock and/or multiple organ failure [37].

Cases of influenza syndrome (SG), SARS-related hospitalization,
and death due to SARS, regardless of hospitalization, that meets the
case definition must be notified, as should asymptomatic individuals
with laboratory confirmation by molecular or immunological
biology of recent infection by COVID-19 [38].

This notification must be made by all health professionals and
institutions in the public or private sector, throughout the national
territory, in accordance with current national legislation. They must
be notified within 24 hours from the initial suspicion of the case or
death [38].

When it comes to prevention, one of the guidelines of the WHO is
keeping the social distance, that is, people should stay at home as a
way to significantly reduce the community transmission of the new
coronavirus SARS-CoV-2 [33]. However, this recommendation does
not cover individuals who perform essential activities for society,
such as health professionals. The presence of these workers in their
work environments is necessary to guarantee essential care related
to various health problems, such as COVID-19, but it can lead to an
increase in unhealthiness due to the high probability of work-related
contamination in this new risk condition [39].

6.6 Prevention and Control of the Transmission
of SARS-Cov-2 within Health Services:
Exposure and Occupational Risk

The health-care worker is characterized as one who works in
a health-related environment, whether employed in cleaning,
janitorial, or administration services or even as a doctor, a nurse, or
a health technician, who are popularly called health professionals.
Among the health professionals mentioned, a greater number are
in nursing, as they represent approximately 2.2 million people in
Brazil, who work in different situations and who are on the front line
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in providing care irrespective of whether there is a pandemic or not
[40].

The pandemic has reinforced the role of nursing and, in the
year dedicated to the profession by the World Health Assembly
(WHA) with the slogan “Nurses and Midwives, clean care is in your
hands!” and through the “Nursing Now” campaign, whose motto
is “where there is life there is nursing’ the WHA seeks social
recognition of nursing’s importance in caring for people, family, and
environment and collectivity all services of the global health-care
network, through its performance, during the pandemic, in terms of
surveillance, prevention, control of virus transmission, assistance to
the sick, research on COVID-19, and guidelines for the community
[41, 42].

It is important and valid to emphasize that health-care workers,
seen as a whole, are exposed to several occupational risks from
the moment they enter the service [43]. It should be noted that
health professionals are recognized as another high-risk group for
acquiring this infection [37].

During the pandemic caused by the new coronavirus, the
workload of health professionals increased due to the large volume
of patients with signs and symptoms of COVID-19 and staff
shortages, as in some places, the workers who are part of the group
atrisk of contracting the disease were removed from work. Overload
and extreme fatigue in such situations further challenge the immune
system and increase susceptibility to COVID-19 among health-care
professionals [44].

A significant portion of cases is related to occupational exposure,
as these workers are directly involved in patient care, in addition to
insufficient PPE and unsafe working conditions and organizations,
which can increase the spread and exposure to the virus [5].

In this context of health-care workers’ work practices, occu-
pational risks are present mainly in the hospital environment, as
these professionals are routinely exposed to multiple and varied
risks related to chemical, physical, biological, psychosocial, and
ergonomic agents [45].

Despite the focus of the pandemic being biological risk, a physical
risk is also present since the constant use of PPE such as masks and
goggles can exert constant pressure on the skin and cause injuries
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and, additionally, the use of protective aprons and coveralls can limit
health-care workers’ access to physiological elimination and water
and food intake.

The risks related to accidents decrease due to the constant use
of protective equipment in times of pandemic. However, accidents
cannot be totally eliminated from the work environment and
constant attention is essential to avoid and/or minimize injury if an
accident does occur [46].

In addition to the occupational risks mentioned and discussed
above, there is another one of equal importance, a psychosocial risk,
which is related to workers’ mental health. Psychosocial risk has a
strong incidence in a pandemic period. The fear and uncertainties
about pathology and contamination can make workers susceptible
to mental illness [46].

At present, some operational service flows have been defined
for suspected and confirmed cases and some locations have been
chosen to be allocated only to professionals who do not qualify
as a risk group. The workers belonging to the risk group, the
elderly, and people with chronic illnesses need to be removed
or relocated to other sectors of the institution, and those with
respiratory symptoms should be removed and tested for COVID-19
[47].

Some institutions of health are making available exclusive areas
for the care of infection cases and other patients without flu-like
syndromes. The strategy is to provide isolated assistance in these
cases and involves an exclusive team for providing assistance [47].

The institutional assistance protocols in these cases are dynamic
and are constantly changing. Rapid screening is performed by a
nurse, and the case is referred according to the severity of the
symptoms and can be seen by the responsible doctor, who provides
guidance for isolation and home or hospitalized monitoring, if
needed, or even intensive care [47].

In view of the growing number of infected people, including
health professionals, it is imperative to ensure strategic action,
providing nursing care and assistance to suspected or confirmed
patients in COVID-19. In view of the shortage of professionals, the
role of students just graduating or in the last year of graduation in
certain areas of health is highlighted. It is worth considering safer
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ways for such students to help in this fight against the pandemic,
such as in health promotion and education [48].

Thus, it is essential that competent organizations establish
standardized flows for the assistance of these patients, in order to
ensure uniform and organized care in all health institutions. The
Ministry of Health established service flowcharts on two levels, the
nonhospital and the hospital, both further divided into containers or
tents and services in nearby areas and/or within health institutions
[49].

What stands out for the safe care for both the professional and
the user is that the service provider has a duty to provide training to
all health professionals to prevent transmission of infectious agents.
All health professionals must be trained in the correct and safe
use of PPE. The scenario of the COVID-19 pandemic has caused
uncertainty among health professionals who work on the front lines
to deal with the virus as the epidemiological characteristics of the
new coronavirus and its long-term functioning are not yet fully
understood [50].

From a manufacturing point of view of actions and joint
strategies aimed at effective control against the spread of and
in favor of preventive and precautionary care for COVID-19,
there must be administrative controls and environmental and
engineering methods put in place to mitigate risks. Administrative
controls include ensuring the availability of resources for infection
prevention and control measures. Environmental and engineering
controls are designed to reduce the spread of pathogens by reducing
the contamination of surfaces, ensuring the maintenance of social
distance among patients and health workers, and identifying areas
of isolation for patients confirmed with or suspected of having
COVID-19 [51, 52].

[tis recommended to adopt standard precautions, reduce contact
and droplet transmission among all suspected and confirmed cases
of COVID-19, and, in specific situations, use precautions against
spread of aerosols. As a practice, health professionals involved in
the direct care of patients use surgical gowns, gloves, surgical masks,
and eye protection (goggles or face mask). Aprons, N95 masks, PFF2,
or equivalent equipment is also used, along with the other PPE.
They must not use overlapping gloves, and the goggles/face shield
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must be exclusive to each professional and undergo cleaning and
disinfection immediately after use [51].

Brazilian labor legislation, via the Regulatory Norm for Safety
and Health at Work in Health Services (NR32), indicates the
obligation of the employer to provide the worker with PPE and
collective protection equipment in sufficient quantity, disposable or
not, that are necessary for the safe delivery of work tasks. In addition
to this, training must be ensured on a continuous basis and the
protection of workers guaranteed whenever there is a change in the
conditions of exposure to biological agents [51, 52].

In view of the global shortage of PPE for protecting workers and
other individuals from exposure to the new coronavirus in health-
care settings, it is suggested to minimize the need for PPE and
instead use telemedicine to assess suspected cases and use physical
barriers, such as glass or plastic panels, to reduce exposure to the
virus, and restrict the entry of health-care workers in the rooms
where patients infected with COVID-19 are if they are not directly
involved in the care of these patients [34].

It is important to manage the assistance scale by appropriately
planning and combining activities, the aim being to minimize
the number of accesses to the room and the patient [53].
It is recommended that workers who specifically take care of
suspected or confirmed cases of COVID-19 do not circulate through
other service areas or provide assistance to other patients, and
suspected or confirmed cases of COVID-19 should also have
limited contact with family. During the transport of these patients,
unnecessary manipulations must be avoided to minimize the
possibility of contamination of the team and of the materials and
equipment [34].

Regarding the monitoring of the health-care professional ex-
posed to COVID-19, joint actions involving the sectors of hospital
infection control, health and safety, and managers and frontline
professionals are essential to minimize the risk of contracting the
disease and undesirable health consequences. For this, managers
must propose an action plan and flow involving all the conduct
associated with contact and infection by the virus [54].

Immediate COVID-19 notification is compulsory by the public
and private services, and suspected and/or confirmed cases must be
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registered in the official system of the Ministry of Health. Contracting
COVID-19 by exposure to the virus during the course of work in
health services in the private sector justifies social security and
labor notification through the Work Accident Communication. As for
public servants, it is necessary to observe the laws that govern the
professional relationship [34].

The occupational risks that workers take in their daily lives have
been exacerbated in view of the level of infectivity of the virus and
the consequences of these for the physical and mental health of the
whole society. It is essential to know and control the risks to which
health-care workers are exposed and to establish strategies for the
prevention and minimization of the disease [50].

Therefore, in view of the world scenario experienced during
these months of the pandemic, as well as the experiences shared
in this period, it is necessary to look at the health preservation
of the various professionals who work at the front line and
for that, it is extremely important to continue scientific studies,
manage epidemiological data, and do systematic evaluations of work
environments and the testing of class organs to improve the working
conditions of the health professionals.
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7.1 Introduction

The year 2020 is marked by the biggest sanitary and public health
crisis in recent history due to a biovirus that does not distinguish
between rich and poor and does not choose its victims, putting
everyone at risk. However, the advance of COVID-19 across the
world shows the most perverse face of social inequality, exposing the
wounds of economic, social, and health vulnerability of a significant
portion of society.

Even in the face of undoubtedly legitimate purposes, such as the
development of vaccines to immunize the human community and
the development of efficient drugs to save lives, it is necessary to
ask, on one hand, whether it is legitimate to use a group of people as
the object of experiments without conducting research on potential
risks and, on the other hand, whether the benefits of scientific
advancement will be shared equally with society as a whole.

The ethics of care, responsibility, and equitable access to the
benefits of science must be non-negotiable values and be at the
center of the concerns of scientific practice. Likewise, states and
every human being in particular should pay special attention to the
spread of fake news and deepfakes that, using artificial intelligence,
spread false information according to the interests of the moment,
giving rise to a “no man’s land,” without the faces and names of
the creators of these contents. Ethical boundaries and limits are
exposed, and it is necessary to reaffirm that human dignity and
fundamental human rights must prevail over the exclusive interest
of technoscience, research financiers, or society. Strengthening
the bonds of mutual responsibility implies and will always imply
decisions. COVID-19 demands ethical decisions.

The purpose of this chapter is to present ethical questions
imposed by the COVID-19 pandemic, discuss the risks and damages
to participants in vaccine and drug research, discuss the effects of
fake news in the biggest global health crisis in recent history, and
present global strategies that are being discussed to prevent the
benefits of science from being unevenly distributed between rich
and poor nations on the basis of proposals on compulsory patent
licensing and the suspension of patent rights to confront COVID-19.
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7.2 Ethical Challenges

The inherent dignity of all members of the human family; equal
rights; the right to life; and equitable access to the progress in
medicine, science, and technology established in the Universal
Declaration of Human Rights (UDHR) and endorsed in the Universal
Declaration on Bioethics and Human Rights (UDBHR) are the ethical
basis of society and cannot be disrespected in the interests of a state
of health emergency. The theme of ethics in science gains centrality
in the pandemic, when the sacredness of the human being may be
violated by powerful transnational corporations or by the state.

The UDHR, consecrated in 1948, reiterates throughout its text
equality among all human beings, the right to equal access to health,
and that everyone is equal in dignity and rights. Respect for dignity
is an ethical principle that has been universalized for all humanity
by the UDHR. When faced with a pandemic situation like COVID-
19, the UDHR should seek the foundation for a global ethical agenda
that requires cooperation between people and nations, since human
good is a common good and positive human rights have a non-
negotiable collective dimension.

Signed by 191 countries and published in 2005, the UNESCO
UDBHR is considered a milestone in extending the concept of
bioethics beyond biomedical issues and highlighting social justice,
human dignity, and equality and equity in the distribution of
benefits. The UDBHR is based on the following principles: (i)
human dignity and human rights, (ii) maximizing benefits and
minimizing damage, (iii) respect for the autonomy of individuals
in their decisions and individual responsibility, (iv) prior, free,
and informed consent of the individual involved on the basis
of adequate information, (v) special protection for individuals
unable to give consent, (vi) respect for human vulnerability and
individual integrity, (vii) respect for the privacy of the individuals
involved and the confidentiality of their information, (viii) equality,
justice, and equity, (ix) nondiscrimination and nonstigmatization
of individuals for any reason that constitutes a violation of human
dignity, human rights, and fundamental freedom, (x) respect for
cultural diversity and pluralism, (xi) solidarity and collaboration,
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(xii) social responsibility and health, (xiii) equitable benefit sharing,
(xiv) protection for future generations, and (xv) protection of the
environment, the biosphere, and biodiversity. The principles must
be understood as complementary and interrelated [16].

The UDBHR, in its objectives, recognizes the “importance of
the freedom of scientific research and the benefits resulting from
scientific and technological developments,” with clear reference
that research must be conducted in accordance with the ethical
principles set out in the declaration and that “respect human
dignity, human rights and fundamental freedoms.” In its objectives, it
reinforces the promotion of equitable access to results, the “greatest
possible dissemination and the rapid sharing of knowledge related
to such developments and the sharing of benefits, with particular
attention to the needs of developing countries” [16].

It is observed that care and responsibility for human beings are
present in all the principles of the UDBHR. That is why, given the
demand for a global response to COVID-19, the ethical implications
involved in research with drugs and vaccines do not authorize the
maximization of risks and side effects for research participants.

In this sense, the saying of Jonas [6] is relevant: “[I]f there
is a categorical imperative for humanity, then any suicidal game
of chance with that existence is categorically prohibited” and any
adventure, “even remotely, must be prevented from the beginning.”
Once the ethically acceptable limits are exceeded, it is very difficult
to go back [6].

Knowledge and how to achieve it is the supreme value of science
that at the beginning was guided by its own rules of conduct
and by its peers. However, the task of science is increasingly
determined by external interests, and when scientific discovery
proves feasible, with or without prior consent, the potentials for
using this discovery become irresistible in the market for benefit
and power, as underlines Jonas [6]. The “experiment” has become
avital element for modern science. In the beginning, the experiment
took place on a small scale, and with the advancement of science
and market interests, the world became a living laboratory. Jonas
points out that experiments on humans and animals are real acts
“for whose morality, the interest of knowledge does not issue any
blank checks” [6]. For the author, “when the execution of science
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interpolates with action in the world, it falls within the domain of
law, social censorship and moral approval or disapproval” [6]. Itis at
this moment that internal morality ceases to be territorial, meaning
that the same means and ways of acquiring knowledge come to be
questioned ethically and modern science faces ethical examination
[6].

The current ethical imperative focuses on protecting human
beings and researching possible misuse by unknown and unpre-
dictable actors. That is why, the tension between the dissemination
of solutions proposed by science that protect human beings and
those that threaten them is at the heart of the dilemma of the dual
use of research (for good or for evil). In other words, all infectious
disease research is also potentially relevant to bioterrorism [11].

The key concern in the governance of science becomes potential
risks, which is why it is extremely relevant to weigh the benefits
of research with the potential risks and the costs of misuse. This
concern starts to demand a new way of governing science. The
power of regulation shifts to the scientific community itself by
holding scientists and their financiers responsible for the risks
of innovation. Thus, the concept of “responsible research and
innovation” emerges, based on three principles: (i) opening the
debate on what governs the purpose of research and innovation
to a broader scope of interested parties, (ii) institutionalizing the
regulation of research and innovation, and (iii) redefining the notion
of social responsibility in science. Promoting responsible science
has become a new ethical imperative to organize the circulation of
knowledge in many sectors [11].

Returning to the central theme of the present study, it is easy
to reach unanimity about vaccines to face the apocalyptic potential
of COVID-19 and its capacity to endanger the human species.
The public health system imploded and showed its ills, the world
economy was subdued, the income and employment of a significant
portion of humanity disappeared, and social disparity widened and
showed the cruel face of the misery that can leave more than 100
million people in conditions of extreme poverty. Meanwhile, the
epidemic continues at an accelerated pace and raises the question
that humanity had never faced before, namely, the equitable sharing
of benefits of scientific advances in such a short time and ensuring
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that there is no discrimination between populations of rich and poor
countries.

In the early months of the COVID-19 pandemic, the union of
world leaders, scientists, global health actors, private companies,
and the pharmaceutical sector showed global solidarity toward the
creation of diagnostic tests, vaccines, drugs, personal protective
equipment, and life-saving equipment in hospitals. However, as
vaccines were tested on humans with promising results, the intense
global cooperation underway began to be compromised by richer
nations starting to buy all the production of a certain vaccine long
before the results of the third phase of vaccine mass testing. What
supreme irony!

Countries such as the United States have anticipated the
purchase of the entire set of vaccine doses against COVID-19 that
pharmaceutical companies Pfizer and BioNTech promise to produce
by the end of the year 2020 and much of the production expected
for the year 2021, even as the vaccines are still being tested.
Certainly, the same will be repeated when the efficiency of drugs for
therapeutic situations for those infected with the virus and who have
a severe COVID-19 condition is confirmed.

This leads to the following point: one of the main challenges that
COVID-19 imposes on humanity is to move toward a more socially
beneficial and inclusive ethic. There is a real danger of not being able
to cure all patients who need urgent intervention and to carry out
mass vaccination in all countries as soon as one vaccine or several
vaccines are promising. It is reflected that the economic capacity of
rich countries becomes the object of the game in the pharmaceutical
market to decide who will be vaccinated and who will receive
therapeutic resources when infected by the virus. Choosing for the
economic capacity of governments between patients who can be
cured and patients who cannot be cured and individuals who receive
doses of vaccines violently attacks the central core of the principles
that underlie the UDHR, the UDBHR, and the ethical precepts of
living in society.

The coronavirus calls for an ethical response from the scientific
community and research funders: a commitment to make research
results available quickly and openly to ensure that all people can
access the results of advances.
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7.3 Risk and Harm: Patients and Tests?

Everyone is suffering from the impacts of the pandemic, and the only
certainty at this point is that no one is free from the possibility of
being next infected and the spread of the virus may come in a second
or third wave, expanding the impacts on public health, the economy,
science, and the life of each human being.

By the first half of August 2020, the World Health Organization
(WHO) had counted 166 vaccines developed for COVID-19 and, of
these, more than 30 are in phase 2 of clinical trials (when the study
is expanded with hundreds of volunteers) and only 6 are in the last
phase of tests (large-scale trials covering thousands of individuals
from various countries). It is important to note that before clinical
tests with humans, laboratory tests and guinea pigs are required.
Therefore, it is only in the third clinical phase that the efficacy and
safety are attested from a broader test to observe whether adverse
effects occur, what are these effects, and in which group of people
they occur more frequently, the aim being to guarantee durability
protection and minimize risks. Emergency protocols were used for
all three phases. However, it is only after the third phase that the
vaccine may or may not be licensed and, consequently, be released
for broad development and commercialization.

Neumann-Béhme et al. say that by the end of 2020, humanity will
count on the implementation of large-scale vaccination programs
to achieve herd immunity and thus protect the lives of the
most exposed and most vulnerable people, thereby reducing the
health, social, and economic problems of the current crisis. To
achieve herd immunity through vaccination, large volumes of
vaccines are required and a sufficient proportion of the population
must be vaccinated. Consequently, the effectiveness of vaccination
programs depends on the availability of vaccines and the individual
willingness to be vaccinated. “This willingness could be negatively
affected by doubts and worries that exist in the population about
the safety and appropriateness of vaccines” [8].

Regarding the individual willingness to be vaccinated, Neumann-
Bohme et al. conducted an online survey in April 2020 with a
very representative sample of seven European countries (7664
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participants). One of the research questions sought to find out how
each respondent positioned himself or herself on the willingness
to be vaccinated against COVID-19. Of the total participants, 73.9%
stated that they would be willing to be vaccinated if a vaccine were
available, 18.9% answered that they were not sure, and 7.2% stated
that they do not want to be vaccinated. Regarding the interviewees
who answered that they were not sure whether they would be
vaccinated, the reasons given were (i) there may be potential side
effects of a vaccine (55%), (ii) the vaccine may not be safe (15%),
(iii) other reasons (30%). In this last category, the most common
concern was the fact that the first vaccines are experimental, without
any further studies on side effects, and there is the possibility of they
not being safe for specific groups, such as people with pre-existing
diseases, pregnant women, and allergic people [8].

Neutralizing SARS-CoV-2 (virus responsible for the pandemic)
is the object of desire of scientific laboratories, vaccine developers,
world leaders, nations, and international organizations such as the
United Nations (UN) and the WHO. To disarm the virus, vaccine tests
are being applied to humans in record time. On the other hand,
public health officials and scientists warn that very quick decisions,
without studying the side effects and risks, are very dangerous,
because, even though they are rare, these immunological defenders
can exacerbate the infection instead of protecting humans against
it [7].

Garber [4] highlights hat vaccine developers themselves report
that there are numerous concerns that vaccines that generate
antibodies to SARS-CoV-2 could bind to the virus without neu-
tralizing it. Furthermore, “the non-neutralizing antibodies could
enhance viral entry into cells and viral replication and end up
worsening infection instead of offering protection, through the
poorly understood phenomenon of ADE.” Garber [4] shares in
the text the concern of virologist Kevin Gilligan—who advises the
company Biologics Consulting on issues of risk and safety, saying:
“Because if the gun is jumped, and a vaccine is widely distributed
that is disease enhancing, that would be worse than actually not
doing any vaccination at all” The author [4] also presents the
concern of James Crowe, director of the Vanderbilt Vaccine Center:
“[M]ost experts who look at it acknowledge the potential risk but
don’t see compelling evidence for it in humans right now” [4].
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Given the importance of urgently making a vaccine available,
Garber [4] brings Glenn’s counterpoint from Novavax to the
controversy that the risks of early vaccine release for COVID-19
could cause antibody-dependent amplification, or ADE, and facilitate
infection, pointing out that for Glenn, the scientific controversy is
completely theoretical, given that in laboratory studies, only one
phenomenon was observed. Therefore, it is observed that there is
no unanimity among vaccine companies. However, the developers
themselves are aware that there is a scientific uncertainty about the
risks. It is common ground that research groups are discussing the
safety of vaccines and that everyone involved wants a safe vaccine
against COVID-19. Garber [4] also notes that Gilligan of Biologics
Consulting also recognizes that immunization tests are being passed
“without the usual amount of preclinical safety/tox data available
for guidance.” One of the effects of an unsafe vaccine is to make
the body even more vulnerable to the virus it is trying to immunize
against [4].

As with any vaccine and medication launched on the market,
to be ethically acceptable, the risks from them to researchers,
research participants, and third parties involved must be minimized
and cannot be greater than the social result of the research. In
other words, as for any new drug and new immunizer, all scientific
protocols must be followed and an acceptable risk must be foreseen,
and this cannot be overcome, even in the face of a pandemic such as
COVID-19.

On behalf of public interest, “no one, neither the state nor the
needy neighbor, has the right” to claim someone’s sacrifice for a
search for the salvation of others, nor does the common good have
the right to invoke the participation of a person in any experiment. A
human being “is the most private of the private, its own sphere, not
communal, inalienable” [6].

After seven months of the pandemic, there are still many
uncertainties about the virus, which is significantly lethal and whose
progression and immune response are still largely unknown, which
requires a cautious approach and a constant review of risk/benefit
assumptions in the application, both for vaccine testing and drug
administration. It is important to note that governments are paying
attention to new scientific evidence released by the scientific
community.
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By the first half of August 2020, Brazil had reached the figure of
110,000 victims by COVID-19 and the only hope for Brazil and the
rest of the world to contain the advance of the pandemic is related
to the rapid development of vaccines to immunize the population
and its availability for the entire population.

The expectation on the vaccine gives rise to a gigantic and very
economically attractive market for the production of immunizations
against COVID-19, which becomes the fuel in the race of vaccine de-
velopers and research laboratories to be the first ones with positive
results, as it will guarantee high profits. To avoid misunderstandings,
it is not claimed that profit is the only interest to developers; it is
known that the salvation of the greatest health and socioeconomic
crisis lies in the development of safe vaccines.

Under the stress of finding COVID-19 immunization in Brazil,
four vaccines are being tested on humans with the approval of the
National Health Surveillance Agency: (i) the vaccine developed by
the University of Oxford/AstraZeneca, which is going to be produced
by Osvaldo Cruz Foundation, (ii) CoronaVac, produced by Chinese
Sinovac, in partnership with Butantan Institut and the Government
of the State of Sdo Paulo, (iii) the BNT162b1 vaccine, produced by
the German biotechnology company BioNTech and the American
pharmaceutical company Pfizer, and (iv) the BNT162b2 vaccine, also
produced by BioNTech and Pfizer. The State of Parana has entered
into a partnership with Russia to produce the Sputnik V vaccine,
which could become the first registered vaccine in the world. The
National Health Surveillance Agency is expected to conduct clinical
studies in Brazil. Similar operations are spreading across the world.

In a study prepared by Shah et al. [12] on ethics and control of
human infections by COVID-19, it is pointed out that to minimize
the risks to volunteers and patients undergoing vaccine tests,
young people with no background of pre-existing diseases such
as diabetes; hypertension; cardiovascular, pulmonary, neurological,
or hepatic disease; HIV; cancer; obesity; or tuberculosis should be
recruited. All volunteers and patients who participate in the testing
must be carefully monitored and followed up n the long term,
with special attention to the symptomatic conditions and adverse
reactions presented. The authors warn that the regulations and
ethical guidelines do not clearly delineate the limits between the
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risks to the research participants and the social value of the benefit
to the community. Recognizing the uncertainty about risks and
serious side effects, Shah et al. argue that the scientific community,
governments, and society need to pay attention to assess acceptable
risk limits in research with patients and volunteers [12].

If, on the one hand, it is necessary to be careful with the risks
and side effects that may affect candidates of the vaccines tested
for COVID-19, on the other hand, it is imperative to ensure that
populations are not excluded from testing [13]. The fear is that rich
countries and where the big laboratories are located will test and,
if the vaccine proves to be effective, buy all the lots to guarantee the
immunization of their population, leaving the rest of the world at the
mercy of geopolitical disputes, such as has been exposed before.

An example of this is given by Singh [13] when he draws
attention to the exclusion of African populations when the first
vaccines were tested. For the author, the ethical imperative to test
new candidates for the vaccine requires that citizens of Africa be
included, given that their exclusion would represent a waste of
precious time in protecting their populations if the tested vaccines
prove to be effective in fighting the virus. Singh [13] argues that
inclusion in clinical trials is a benefit and a moral right and should
be provided for in the research protocols. The inclusion of African
populations should be considered because “equity speaks to social
justice or fairness” and “notions of solidarity—which requires us to
think about how we might stand together to defend the interests of
vulnerable groups—and common good—which requires us to share
benefits and burdens, and sacrifice for one another, as it will benefit
everyone if we do so.” Therefore, it would be inconceivable for Africa
to be left behind in responding to the COVID-19 pandemic [13].

The WHO points out that the pandemic highlights numerous
severe and systemic weaknesses and inequalities, not only in
response to the health emergency, but also in relation to hunger
and extreme situations of socioeconomic vulnerabilities that are
affecting poor populations. The growth of infected people in African
countries is on an upward slope and these countries could become,
by August 2020, the new epicenter of the coronavirus epidemic.
The WHO reported that on July 10, 2020, the African continent had
“more deaths from coronavirus in five months than from Ebola in
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two years.” The WHO'’s efforts are toward a fair allocation of COVID
products and that each country should receive a sufficient volume
to vaccinate health professionals and social workers at least in the
initial phase [19]. In practice, Africa has served as a guinea pig for
countless drugs and when an epidemic of this magnitude has set in
at the global level, this continent has been forgotten where testing to
immunize the population is concerned.

Having an ethical stance toward the African continent also
means not exploiting it by using volunteers for testing vaccines and
therapeutic trials, as is the case with other research conducted in
Africa. The example is given by Teubner [15] in his denunciation of
inhumane social practices of access to health. The author mentions
that after the African population served as a guinea pig for AIDS
medicine research, it did not receive the same treatment in terms of
being given advantage of the research results, that is, the availability
of medicines for AIDS-infected patients in the African continent was
marked by an extremely abusive pricing policy, which prevented
access to medication [15].

Not neglecting ethical standards in relation to COVID-19 is to
carry out the procedures in accordance with the ethical guidelines
and local and international regulations, using the same precautions,
whether in Africa, Europe, the Americas, or anywhere on earth.
Singh [13] also points out that research to test vaccines for COVID-
19 must necessarily involve researchers and local universities,
promoting the engagement of stakeholders and the community
where the test is applied. COVID-19 shows that all humanity shares
a common destiny [13].

In Brazil, Bill 4,023/2020 proposes to amend Law 13,979, of
February 6, 2020, and expand section 3 in order to establish
guidelines for the distribution of vaccines against COVID-19 to
the Brazilian population by states and municipalities. Among the
changes, Bill 4,023/2020 proposes the following: (i) to prioritize
the most vulnerable people and groups at risk and (ii) to distribute
vaccine doses and federal resources to states, the Federal District,
and municipalities, which must comply with the technical criteria
defined in the bill, such as demographic, epistemological, and
health data, including population size, percentage of the population
immunized against COVID-19, percentage of vulnerable groups
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in relation to the total population, percentage of the population
already affected by COVID-19, number of cases of deaths and
hospitalizations, capacity of the health network, and the potential
for the disease to spread in the region [17]. The project seeks to
provide transparency to the vaccine distribution process, since there
will be great competition between states and municipalities in richer
regions to the detriment of the ones that are poor. Adopting an
ethical stance requires protecting the vaccines from any geopolitical
manipulations of power and more developed economies.

7.4 Fake News

In this section, the intention is to show that in the midst of the
pandemic, false information about medicines and home treatments,
conspiracy speculations about the origin of the coronavirus, and
conspiracy theories of pandemic denial and basic hygiene care are
circulating on social networks. The complexity lies in regulating a
mass communication tool such as WhatsApp without dangerously
approaching censorship related to freedom of expression.

False information shared by social networks that involves public
health issues can bring irreversible risks to humans. In a period
weakened by the impacts of the pandemic, individual and collective
irresponsibility concentrated at the fingertips of those who share
and send false information without checking the source is much
more impactful and threatening, as it puts people’s lives and the
public health system at risk. Public interest and accurate information
are priceless, and everyone must strive for those. No one is given the
free will to create or share content that threatens the well-being of
society, based on false research, false diagnoses, and false evidence
of drug efficacy.

WhatsApp is a no-man'’s-land, where the most misleading videos
and texts are disseminated, circulating without any censorship and
without anyone being able to contain the risks and damages to
health. Brazil’s leader, who circulates at political events and on
digital media with a box of chloroquine medicine, has been going
around touting the efficacy of the medication without any scientific
proof—an alarming scenario!
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The increase in proliferation through social networks and
messaging applications in times of pandemic is a matter of concern
for the medical area and health agencies, especially when the
population is so vulnerable and afraid of being infected or when
it shows an attitude of denial against the virus and minimizes
the disease. To show the seriousness of this issue, here are some
examples of false news items circulating in Brazil: French doctors
protested when they discovered that the COVID-19 pandemic is
“a scam”; SARS-CoV-2 cannot survive temperatures above 20°C;
COVID-19 does not cause pneumonia; COVID-19 causes infertility
in males; chloroquine cures 98.7% of the patients with COVID-
19; the CRM will remove a doctor who does not prescribe
chloroquine; chlorine dioxide can prevent and cure COVID-19;
nitazoxanide (Annita) cures COVID-19; ivermectin is the cure for
COVID-19; Cuba’s success in containing COVID-19 is attributable to
chloroquine; Senegal has used chloroquine since the first case and
has only five deaths from COVID-19; Sao Paulo did not register any
deaths due to COVID-19 on August 4 and 5 and the actual number
of deaths is being hidden from the population; prolonged use of a
facial mask causes hypoxia; crowds came out in protest in Berlin
against rules to contain COVID-19; the city of Porto Feliz, Sdo Paulo,
did not register a death by COVID-19 due to the chloroquine and
azithromycin protocol.

The National School of Public Health (ENSP/Fiocruz) conducted
research on the main fake news related to COVID-19, received by
the Eu Fiscalizo application. The spread of false news puts lives at
risk and contributes to “the discrediting of science and global public
health institutions, as well as weakening the measures adopted by
governments to combat the disease.” In a survey carried out between
March 17 and April 10, 2020, 65% of the fake news was related to
homemade methods to prevent the spread of COVID-19, 20% was
related to “homemade methods to cure the disease, 5.7% related to
banking scams, 5% mentioned scams on raising money for research
institutions and 4.3% referred to the new coronavirus as a political
strategy” [10].

As the pandemic progressed, ENSP/Fiocruz researchers con-
ducted a second survey, between April 11 and May 13. It showed
that 24.6% of the news claimed that the data released about
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the pandemic was a political strategy to weaken the government,
“10.1% instructed about home methods to prevent the spread
of the new coronavirus, 10.1% defended the use of chloroquine
and hydroxychloroquine without proof of scientific effectiveness
and 7.2% against social detachment.” Besides, 5.8% of the news
recommended homemade methods for healing, 5.8% said the virus
was created in a laboratory, “4.3% declare the use of ivermectin as
a cure for the disease, 4.3% are against the use of facial masks and
2.9% defame health professionals” [10].

The population wants to know about the pandemic, and in the
information age, there are endless sources of news. There is a
constant onslaught of information in real time, and there is an info-
epidemic parallel to the COVID-19. Solorzano points out that the
question is how to discern real information from fake news and how
to interpret information received from different areas of knowledge
and information that is difficult for laypeople to understand. Where
to look for serious and truthful information about the pandemic is
another issue addressed by the author. A large part of the population
does not have access to scientific journals, research results, and
information from organizations with a scientific reputation [14].

In the examples on fake news, it is observed that the core of the
discussion about chloroquine and hydroxychloroquine is in the cure
provided by the medicine against COVID-19 and other respiratory
syndromes. However, scientific studies indicate that chloroquine
and hydroxychloroquine can have serious side effects, such as
convulsion, vision disorders, and cardiac arrhythmias and lead to
coma [14].

Dissemination through social networks, especially YouTube,
Twitter, and WhatsApp, to the general public is extremely dangerous
and can put human life at risk, especially when this information is
disseminated by recommendations from heads of state, presenting
statistical data from research and people supposedly cured and
that cannot be proven. Situations such as the health emergency
experienced with the coronavirus pandemic require governments
to comply with a series of regulations to disseminate data, always
supported by science, that is, any information about medicines to
respond to the health emergency must be scientifically supported.
That is why, no government can carry the banner of a drug or vaccine
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without being held responsible for any related serious ethical, safety,
and moral implications [14].

7.5 Patent Rights for the Common Good: A
Necessary Discussion

As previously mentioned, there is a real danger of dependence of
poor countries on the manufacture of vaccines and drugs by the
companies that hold the patent for these product, of serving as
human guinea pigs, and of being at the “end of the line” when the
vaccination against coronavirus is approved, compared with the
countries that financed the research, thus exposing, in a cruel way,
the profound inequality in the distribution of the scientific benefits.
Humanity cannot allow human rights to be violated, not even by the
smallest minority, because, as Jonas argues, “this undermines the
moral basis on which society exists” [6].

The virus does not discriminate, but the fragility in the provision
of public services and the structural geopolitical inequalities of
much of humanity in equitable access to the benefits of drugs
and vaccines expose the wound of profound fragility. There are
unacceptable setbacks against human rights and the rule of
law. What is required is transparency and accountability from
government officials and the entire society [5].

The population density of large urban centers associated with
the reflexes of the globalized world facilitated the spread of the
coronavirus, requiring for it to respond quickly to science. “It
turns out that many of the current technologies that are necessary
for actions against the pandemic have some form of intellectual
property protection.” Seeking the rapid socialization of scientific
discoveries, the WHO brought together 194 member states on
May 18 and 19, 2020, that culminated in a resolution with public
policies on access to scientific innovation to be adopted by member
countries, in particular, the guideline for enabling “broad access and
open licensing of patents for future vaccines or treatments to combat
the COVID-19 pandemic.” At the opening of the meeting, the director-
general of the WHO, Tedros Adhanom Ghebreyesus, highlighted
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the importance of making research results available quickly and
said that “we need to unleash all the power of science, and offer
scalable, usable innovations that benefit everyone, anywhere, at
the same time.” This statement clearly indicates the WHO’s intent
to try and avoid traditional market practices in the production
and commercialization of medicines and vaccines in relation to the
protection of intellectual property and the access of researchers to
scientific discoveries [18].

Wachowicz [18] points out that the concern of health authorities
is not whether intellectual property exists but how it will be
exercised. For the author, in face of the COVID-19 pandemic, the
focus of intellectual property management should be the collective
interest. In this context, the author indicates that, “in the case
of COVID-19, thinking about open licensing aims to eliminate a
barrier to the production capacity of the input needed to face
the pandemic.” Wachowicz [18] notes that the European Union
defended at the 73rd World Health Assembly the importance of
creating a voluntary pool between researchers and vaccine and drug
developers “whereby pharmaceutical companies and producers
would forgo the monopoly on the exclusive use of their patents so
that other countries with fewer resources could acquire or produce
locally” To combat COVID-19, the author predicts that global policy
must be focused on democratic access to vaccines and drugs, “that is
to say: (i) access with equality, without any type of discrimination;
(ii) access with equity in the face of the need of each human being,
without distinction; and (iii) access regardless of one’s country or
region, as it is a global pandemic” [18].

In this context and with the first vaccines released for wide
testing, it is observed that even WHO member countries, which
initially favored the creation of a new global policy on mandatory
licensing and equitable distribution of vaccines, are now changing
their positions. The fact is that in July 2020, developed countries
that were home to large companies that develop vaccines started a
race to buy all vaccine production for their population, long before
finishing phase three of clinical studies.

Teubner [15] is right in warning humanity that the issue of
human rights is a pressing one, but that there is no prospect of a
solution when giant pharmaceutical companies and countries with
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great capacity for domestic purchasing power and production are
involved. One of the problems is related to the domain of patent law
for medicines and vaccines, which is why there is a contradiction
between the rationality of economic norms and the postulated ethics
of equitable distribution of advances in public health. International
organizations must be very attentive and act, because in the face of
COVID-19, it is not possible to subdue the individual fundamental
right of the patient to life, when the integrity of the body and mind
is in danger, against the right of property patent of transnational
corporations [15].

To face the scenario of monopoly of intellectual property
rights (patents) and vaccines by countries with high purchasing
power or for specific populations, it is urgent to implement a
rigid international policy, based on inclusive ethics, with the aim
to prevent the practice of exorbitant prices related to patent,
production, and marketing by a single supplier or the collapse in
the public health system considering the resources it will have to
contribute.

In Brazil, Bill 1.462/20, coauthored by congresspeople from
different political parties that aim to change section 71 of Law 9.279,
of May 14, 1996, to deal with compulsory license in cases of national
emergency arising from a public health emergency declaration of
national importance or international importance. In the justification,
the coauthors record examples of countries such as Canada, Chile,
Israel, Germany, Ecuador, and Colombia that advanced with internal
laws and measures aimed at “facilitating access to technologies to
face the pandemic, through the concession of compulsory licenses
for medicines, vaccines, diagnostic tests and inputs for COVID-19”
[2].

The amendment envisaged in Bill 1.462/20 relates to the insti-
tution of compulsory licensing of patents, allowing the “patented
product or process to be exploited, without authorization by the
patent holder, by the State and other companies in order to balance
the public interest and the right to property,” in cases of national
emergency or public interest, when declared by the WHO or an act of
the Federal Government. This document provides for the conditions
for compulsory license and the remuneration of the patent holder
during the pandemic emergency [2]. It must be taken into account
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that the compulsory license is an exception instrument and it must
be very well founded and used with caution.

In Argentina, the Committee for the Defense of Health, Ethics
and Human Rights and Service Peace and Justice made a petition
to international human rights protection organizations for a free
universal vaccine against COVID-19 and that scientifically validated
vaccines be considered world heritage. For the authors of the
petition, the “vaccine should not have a marketing patent” to
facilitate that countries can develop and “distribute it universally
and free of charge according to their needs and possibilities based
on the transfer of technology” [1].

Itis well known that the private sector assumes high investments
to develop drugs and vaccines and that it claims that if the project
fails and the prognosis is not confirmed, the risk of development falls
solely on it. If the patent infringement is authorized, the developer
companies position that this attitude may mean a reduction in
resources for new research and economic losses running into
billions of dollars.

If a large part of the world population is immunized to prevent
new waves of the pandemic, billionaire figures are involved and
the values for each vaccine can be quite expressive. In the face
of a pandemic emergency and if the price charged is not a value
considered “fair,” both the WHO and the World Trade Organization
(WTO) and the World Intellectual Property Organization (WIPO)
should adopt firm positions to prevent abuse.

One of the measures that can be adopted, although controversial,
is the invocation of section 73 of the Trade-Related Aspects of
Intellectual Property Rights (TRIPS) Agreement, which provides for
the suspension of the application of patent rights to facilitate the
production or import of medicines and vaccines, as described by
Oke [9]. A state, under section 73 (b) (iii), can take “any action
which it considers necessary for the protection of its essential
security interests” during the “time of war or other emergency in
international relations.” However, Oke [9], in his text, makes it clear
that invoking section 73 (b) (iii) is not such a realistic option when it
comes to the COVID-19 pandemic as an “emergency in international
relations” as some scholars and commentators think. The author
points out that situations such as the pandemic must be dealt with
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in addition to patent law, indicating as a strategy for developing
countries to focus on the next steps to increase the capacity of
domestic vaccine manufacturing [9].

In a letter sent by Carlos Correa, executive director of the
South Center, to Ghebreyesus, director-general of the WHO; Francis
Gurry, director-general of the WIPO; and Roberto Azevédo, director-
general of the WTO, with a copy to Anténio Guterres, UN secretary-
general, and to Verénica Michelle Bachelet, UN high commissioner
for Human Rights, Correa contextualizes the global health and
financial crisis caused by COVID-19 and reiterates that access to
health must be the main priority and that all efforts must be directed
to preserve and protect human life in order to invoke section 73
(b) (iii) of the TRIPS Agreement as a strategy for making vaccines
available to everyone [3].

For Correa [3], the use of the exception provided for in section
73 (b) (iii) is sufficient justification to “suspend the enforcement
of any intellectual property right (including patents, designs, and
trade secrets) that may pose an obstacle to the procurement or
local manufacturing of the products and devices necessary to protect
their populations.” In an effort to justify the use of section 73 of
the TRIPS Agreement, Correa argues that it takes courage to face
the most unbearable of injustices: to exclude part of humanity from
accessing vaccines and medicines [3].

The next steps will be decisive for facing the biggest sanitary and
health crisis in recent history, and it is expected that the ethics of
caring for others will prevail in the equitable distribution of vaccines
and drugs. If the vaccines tested prove to be effective, cost-benefit
analysis and purchasing power cannot be the basis for decisions
about who will be vaccinated.

The present generation does not want to be marked as
the generation of the biovirus that exposed the cruel face of
socioeconomic inequality and immoral behavior in the actions of
states, vaccine developers, and each individual human being. It is
necessary to ensure that no one is left behind. The ethical imperative
of care and health for all must be the response of this generation to
COVID-19. Humanity is already humiliated by its impotence in the
face of the proliferating biovirus and, certainly, it does not want to
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be embarrassed by policies that discriminate against the benefits of
science.

7.6 Conclusion

The ethics of care, responsibility, and equitable access to the benefits
of science must be non-negotiable and have to be at the center of
the concerns of scientific practice. Likewise, states and, in particular,
each human being should pay special attention to the spread of fake
news and deepfakes that, using artificial intelligence, spread false
information according to the interests of the moment, creating a no-
man’s-land with faceless and nameless creators.

When it comes to the fair selection of participants for immu-
nization tests against COVID-19, it is necessary to consider a fair
distribution of the risks and burdens of the research. The concern
that the undue influence of rich countries will enable them to buy
all vaccine in production is real and cannot be underestimated.
There is a need for universal outrage, including by WHO and UN
authorities, against the plight that may be caused by the real risk of
discrimination between rich and poor nations to face the pandemic.
And this risk is not only between developed and underdeveloped
countries, but also within each nation, among people with economic
resources and the great mass of socially excluded people.

Ethical boundaries and limits are exposed, and it is necessary to
reaffirm that human dignity and fundamental human rights prevail
over the exclusive interest of technoscience, research financiers,
or society. Strengthening the bonds of mutual responsibility
implies and will always imply decisions. COVID-19 demands ethical
decisions.

Finally, it is reiterated that the hope on immunization cannot
induce movements to make analyses and assessments more flexible.
The scientific rigor and the required safety and efficacy data cannot
be overlooked. Thus, while immunization is crucial for humanity,
reducing the probability of serious and irreversible damage and
minimizing risks to participants should be the ethical stance
of governments, researchers, and developer companies that are
leading research on vaccines.
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Considered as a field within the study of politics, public policies seek
to analyze the behavior of governments in the face of major public
issues (Mead, 1995), observed as a set of government actions, to
produce specific results and effects (Lynn & Gould, 1980). Public
policies can also be defined as a system established between formu-
lation, results, and the environment (Eastone, 1965). For Figueiredo
(2009), public policies are related to the existence of market failures,
a situation in which the market fails to provide the social optimum
desirable to the whole society. Thus, Figueiredo (2009) collaborates
in providing a reference for the design, execution, coordination,
monitoring, and analysis of public development policies. Therefore,
public policies to combat COVID-19 can be considered as policies
to promote territorial well-being (Lima & Souza, 2012), based on
the market gap in terms of material and immaterial well-being,
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and the idea of “providence state” or “social state,” with equity
as an intrinsic value of regional development, can be considered
a reference paradigm. On the basis of the methodology presented
by Figueiredo (2009) and used by Lima and Souza (2012) from
a typology of public development policies through market failures
and reference paradigms, the study aimed to analyze the types of
policies prepared by the Federated States of Brazil to combat COVID-
19 and its overflows. The results will make it possible to observe
which public policies are being developed by the Brazilian states
to face COVID-19 and reduce the negative impacts on the economic
development of their territories.

8.1 Public Policies as Instruments of Social
Welfare in Territories

8.1.1 The Public Policies

As pioneers in public policy studies, Laswell, Simon, Lindblom,
and Eastone made relevant contributions to the compression of
this area of the social sciences. Laswell (1936) sought to reconcile
the relationship between scientific/academic knowledge and the
empirical production of governments, with Simon (1957) observing
the existence of a limitation on the rationality of policy makers,
while Lindblom (1959) proposed the inclusion of other variables for
formulation and analysis of public policies. Finally, Eastone (1965)
helped to define that public policies are systems designed by the
environment, formulation, and results in which they are designed
and implemented.

Thus, it can be considered that public policies study governments
on the basis of major public issues (Mead, 1995), observing the
production of specific effects (Lynn & Gould, 1980), capable of
exercising power and influence in the lives of individuals in society,
by acting directly through delegation (Peters, 1986). Public policies
also analyze how governments establish what should be done and
what should not be done (Dye, 1984), producing questions such
as “Who wins what?,” “Why?,” and “What difference does it make?”
(Souza, 2006).
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Public policies arise due to a local emergency need, in which
the state power seeks subsidies to eradicate or reduce problems in
different sectors of society (Secchi, 2013). It is the public policies
that appear as a solution to problems of demographic, economic, and
social exclusion of specific population groups, environmental, and
housing problems, often caused by agglomeration economies (Unido
Européia, 2011).

Poor populations are left out of access to private goods and
services, demanding the supply of public goods and services (Rolnik
& Klink, 2011). Therefore, state power emerges as the institutional
scope capable of providing efficient structures for carrying out
decision-making, supported by the construction of public policies
(Grostein, 2001).

It is the state power that is responsible for promoting public
policies that meet the different demands of society. Consequently,
the state power must establish the planning and interaction between
governments and society on a permanent basis, fixing and guiding
the goals and objectives for the formulation and implementation of
public policies (Castro & Oliveira, 2014).

This makes it possible to estimate economic and social problems,
providing conditions for the promotion of development (Carvalho
et al,, 2010), in which public policies are a significant scientific
element within political science (Sabatier, 1995). State power
carries out political actions in different areas, such as health, public
security, work, education, and technology and innovation, involving
economic, social, political, and environmental aspects.

Thus, public intentionality is the fundamental element for the
establishment and creation of public policies, as a solution to public
problems considered relevant to the community (Secchi, 2013). In
this dynamic, public policies are seen as the dynamic result of the
power struggles arising from the establishment of power relations
between economic, political, and social classes, which determine
and guide the actions of state power interventions in the economic
and social realities of society (Boneti, 2007).

Both the failure and the success of a public policy will depend
on the commitment and skills of the stakeholders who are
directly involved in its formulation and implementation, becoming
defenders of the public policy to be implemented (Sabatier, 1986).
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Therefore, it is through the generation of a synergy,! with methods
and norms, that public policies will guide the actions of public
administration, when establishing the relations between public
administration and society and between the state and social actors
(Evans, 1989).

Therefore, political power is realized through the realization of
conflict processes, which are generated during decision-making and
which involve the distribution and redistribution of power, as well as
the allocation of resources and costs in the provision of public goods
and services (Teixeira, 2002). Theoretically and conceptually, public
policy theories prove to be multidisciplinary, in an attempt to guide
and explain both their nature and their processes, in an attempt to
build a general theory, in order to synthesize the different theories
of the various social sciences, as in economics (Souza, 2006).

Thus, from the perspective of economic sciences, public policies
are associated with market failures (Scarth, 1988). This direct
relationship between market failures and public policies exists
because the public administration intervenes in seeking to achieve
socially optimum conditions that cannot be maximized by private
agents (Lima & Souza, 2012).

8.1.2 Public Policies and Development in the COVID-19
Context

Considering the economic aspects at different regional scales, such
as the case of Brazilian Federated States, public policies take on a
format to achieve regional development by promoting actions of
inter-regional equity. From then on, public policies are essentially
associated with the existence of regional market failures, in which
state power will interfere in the regions to achieve the social
optimum, which could not be obtained only by the sum of decisions
by private actors (Lima & Souza, 2012).

In this context, the existence of a health crisis, such as the
incidence of the pandemic of COVID-19, resulting from the new
coronavirus, is a market failure that requires the existence of

IFor Evans (1989), synergy involves the relationships between governments and
groups of engaged citizens that reinforce each other.
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public policies that can guarantee not only the establishment
of health conditions for protecting the territories but also the
establishment of public policies that also guarantee the survival of
the entrepreneurial capacity and generation of development in the
territories. Because COVID-19 does not have a vaccine or a proven
safe and efficient treatment, it requires the presence of state power
to reduce the negative impacts of its effects, both on the population’s
health and on the economy.

Understanding the transversalization of public policies, such
as the actions that integrate public administration in its different
spheres, by ensuring that the policies evolve according to a
multivariate behavior, it becomes possible to establish a reference
for the construction, systematization, and critical analysis of public
policies, built centrally, regionally, and locally (Figueiredo, 2009).
On the basis of this, Figueiredo (2009) created a typology of public
development policies based on market failures.

From an institutional framework point of view, public policies
can be systematized according to the market failures that justify
their existence, with the paradigms of the regional economy
formatting an analysis framework (Figueiredo, 2009).

In this sense, different types of public policies emerge, according
to the existing market failures in the regions. Table 8.1 shows two
types of public policies relevant to the maintenance and resumption
of the economic development of the territories before COVID-19:

Public policies for mobilizing and valuing endogenous capital are aimed
at comparative advantages and the external valuation of endogenous
resources that must be mobilized and valued, such as the protection,
mobilization, and valuation of workers and local enterprises. This type
of policy considers that everything can be imported, with the exception
of the development process (Lima & Souza, 2012).

Public policies for mobilizing and valuing the externalities
of business competitiveness, nevertheless, seek to influence the
external environment of companies. In addition to being directed
to the productive infrastructure, they consider the regions as a
matrix for the generation, learning, and accumulation of business
knowledge. Hence, the actions promoted by these policies must
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Table 8.1 Types of public policies according to market failures and reference paradigms

Public policy typologies

Objectives and nature of
the supplementary role
in relation to the market

Paradigm reference

Description

Public policies for
mobilizing and valuing
endogenous capital

Public policies for
promoting and
enhancing the
externalities of business
competitiveness

Removing vicious circles
and blocking resource
mobilization and
enhancement, enabling
externalities of demand
Intervening in the
external environment of
the competitiveness of
companies

Sustained development
and a bottom-up
approach—"“endogenous
development”

Agglomeration economy
and implicit knowledge;
the (innovative)
environment as an
intangible economic asset;
models of endogenous
growth and externalities

Policies that act in the
institutional field, seeking
to integrate the
development process

Public policies grounded
in and organized on the
basis of the concept of
external impacts
(externalities) on
territorial and regional
problems

Source: Created as per Figueiredo (2009) and Lima and Souza (2013).
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be oriented toward technological innovation and the formation of
regional clusters (Lima & Souza, 2012).

The states that belong to the Federative Republic of Brazil have
taken several actions to prevent the pandemic from advancing and
reduce its negative impacts on the economy. It is important to
observe the public policies that these states are implementing to
guarantee a minimum social survival situation for society inserted
in their territories, considering the need to protect workers and
productive enterprises that guarantee regional development, as
well as to enable the circumstances for economic resumption of
productive activities in the post-pandemic days.

8.2 Policies of Federated States to Combat the
Negative Effects of COVID-19 on
Development

8.2.1 Contextualization of COVID-19 in Brazil

In 2020, the world economy and the Brazilian economy showed a
resumption of economic growth. The Brazilian economy had been
maintaining a uniform level of growth since 2017, after successive
negative growths in the years 2015 and 2016. The expectation was
that in 2020, Brazil could finally reestablish the resumption of the
economic growth cycle.

In March 2020, it was observed that the resumption would not
occur as expected, as a result of the arrival of COVID-19 in the
country. It being a disease without a vaccine and safe and efficient
treatment, the approach of combating the pandemic adopted
in Brazil was of social distancing, in accordance with scientific
studies and the World Health Organization recommendation. This
significantly impacted the economy in terms of demand and supply,
causing the closing of companies and an increase in unemployment.

The International Monetary Fund (IMF), as a result, presented
a pessimistic projection for the Brazilian economy for the year
2020, with an expected resumption in the economy only from 2021.
According to the IMF (2020), the Brazilian economy will behave as
follows:
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-10 -9,1

Figure 8.1 Brazil’'s GDP behavior (2015-2021). Sourced from the IMF,
2020. The asterisk (*) signifies a forecast of the economy.

The impact of COVID-19 on the Brazilian economy has significantly
slowed the recovery of the national economy. The IMF (2020) expects
the gross domestic product (GDP) to decline by 9.1% for the year 2020,
with a gradual recovery starting in 2021, with a GDP of 3.6%. This will
affect the markets and the Brazilian private economy, as well as the
public accounts.

The Federative Republic of Brazil, through its Federal Consti-
tution, organizes the political-administrative organization of the
Brazilian state in three areas for the realization of public policies:
union, states, and municipalities (Constituicdo Federal, 1988). With
this format, the governance of public policies in Brazil can be
classified as Type I multilevel governance (MLG).?

This type of governance is inspired by federalism,® with a limited
number of jurisdictions that combine multiple functions, bringing
together a variety of public policy responsibilities. Having their

2 .. it is a desirable approach to government decision-making processes as it

promotes a greater emphasis on the cooperative rather than competitive processes
in intergovernmental relations. The MLG is also desirable due to the horizontal
expansion of public decision making to include non-governmental and civil-society
actors and its vertical expansion, to encompass both local and supranational levels
of government” (Lima, 2018, p. 67).

3 Although federalism is influenced by Type I governance systems, these systems
are not limited by this form of governance, not even by the nation-state (Stein &
Turkewitsch, 2008).
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Municipality

Figure 8.2 Type [ multilevel governance. Sourced from Lima (2018).

own representative institutions and their own judiciary, they act as
general-purpose governance (Best, 2011).

Type I governance acts as a self-government, with provision for
allocating competencies to the different levels of government, with
appropriate instruments for carrying out public policies. Usually,
the competencies for the execution of public policies are shared or
overlap. However, they are characterized by the clear division of
hierarchical power (Hooghe & Marks, 2003). The configuration of
Type 1 MLG can be seen in Fig. 8.2.

From the aforementioned considerations, the study will observe,
within the Brazilian Federated States, (i) public policies for mobi-
lizing and enhancing the externalities of business competitiveness
and (ii) public policies for mobilizing and valuing the externalities of
business competitiveness.

It is important to observe these public policies within the
Brazilian Federated States during the pandemic due to the criticism
Brazilian federalism is facing. At the current juncture, with the
existence of transversal public policies, with shared management
in many areas, the union has avoided investment responsibility
(Abrucio & Franzese, 2007).
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This increases the dependence of states on the union. Such
dependence could only be minimized through fiscal decentralization
(Soares & Machado, 2018).

Consequently, the union merely transfers functions, without the
necessary financial resources, for the Brazilian Federated States to
carry out different policies in a situation of great indebtedness and
low financial availability. Therefore, it is important to observe what
actions these states are taking to confront the situation created by
COVID-19, as these subnational entities have been organizing to
confront the pandemic in the current federative conjuncture.

8.2.2 Public Policies Developed by Brazilian Federated
States to Fight the Effects of COVID-19

8.2.2.1 COVID-19 in Brazil

Brazil has 26 Federated States and a Federal District (Distrito
Federal), where the federal capital, Brasilia, is located. The most
populous state is Sdo Paulo, with approximately 46 million inhabi-
tants. The least populous is the State of Roraima, with about 500,000
inhabitants.

All Brazilian Federated States are showing, to a lesser or greater
degree, COVID-19 presence, and the population size is not always
related to the level of mortality. In addition to having the largest
population, Sdo Paulo has been presenting the highest number of
cases of COVID-19 (697,530 as), together with the number of deaths
(26,780). The state with the lowest number of cases so far has been
the State of Acre (22,516), while the State of Tocantins has the lowest
number of deaths (506). The data are as of August 2020.

In regard to mortality per hundred thousand inhabitants,
Roraima is the state with the highest number (93.8 per hundred
thousand inhabitants), while the state with the smallest number is
Minas Gerais (19.1 per hundred thousand inhabitants). Table 8.2
shows the Brazilian Federated States, with their respective popula-
tions, and the number of infected and deaths due to COVID-19 as of
August 2020.

Among the 26 states and the Federal District, only 10 are below
the mortality per hundred thousand inhabitants of the Brazilian
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Table 8.2 Federated States, population, and cases of COVID-19

Number of Number of

Mortality/

Number of COVID-19 deaths caused 100,000
States inhabitants cases by COVID-19 inhabitants
1 Acre 881,935 22,516 576 65.3
2 Alagoas 3,337,357 72,076 1,742 52.2
3  Amapa 845,731 39,431 613 72.5
4 Amazonas 4,144,597 111,241 3,463 83.6
5 Bahia 14,873,064 214,379 4,338 29.2
6 Ceara 9,132,078 197,381 8,129 89
7 Distrito 3,015,268 135,014 1,958 64.9
Federal*
8 Espirito Santo 4,018,650 98,765 2,864 71.3
9 Goias 7,018,354 100,938 2,286 32.6
10 Maranhio 7,075,181 136,280 3,253 46
11 Mato Grosso 3,484,466 72,761 2,319 66.6
12 Mato Grossodo 2,778,986 36,542 598 21.5
Sul
13 Minas Gerais 21,168,791 171,514 4,044 19.1
14 Para 8,602,865 177,010 5,932 69
15 Paraiba 4,018,127 95,588 2,138 53.2
16 Parana 11,433,957 103,771 2,665 23.3
17 Pernambuco 9,557,071 111,773 7,156 74.9
18 Piaui 3,273,227 65,638 1,594 48.7
19 Rio de Janeiro 17,264,943 190,614 14,526 84.1
20 Rio Grande do 3,506,853 57,660 2,062 58.8
Norte
21 Rio Grande do 11,377,239 97,445 2,647 23.3
Sul
22 Rondoénia 1,777,225 47,652 1,012 56.9
23 Roraima 605,761 39,397 568 93.8
24 Santa Catarina 7,164,788 120,001 1,767 24.7
25 Sao Paulo 45,919,049 697,530 26,780 58.3
26 Sergipe 2,298,696 67,701 1,696 73.8
27 Tocantins 1,572,866 36,478 506 32.2
Total Brazil 210,147,125 3,317,096 107,232 51

Source: Brazilian Institute of Geography and Statistics (2020)/Painel Coronavirus (2020). The data
are as on August 15, 2020.
*Federal District
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Figure 8.4 Brazil COVID-19 cases. Sourced from Painel Coronavirus (2020).

average (51 per hundred thousand inhabitants). The figures below
show the political and administrative division of Brazil by the
Federated States and their respective numbers of COVID-19 cases
and the level of existing deaths.
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Figure 8.5 Brazil: Deaths. Sourced from Painel Coronavirus (2020).

The incidence of cases resulted in several efforts by the Brazilian
public administration, particularly in regard to reducing the level
of contagion. The strategy adopted by the states and municipalities
was the social distancing, while the union was more concerned with
maintaining economic activity, expanding credit for companies, and
enabling a minimum social income for disadvantaged people and
self-employed professionals during the pandemic.

Under pressure by the National Congress, the union carried
out several on-lending programs for the losses of revenue from
municipalities and states.* Thus, it remained for municipalities and
states to focus on actions aimed at controlling the transmission and
contagion of COVID-19, as well as actions aimed at assisting the
productive activity located in their territories.

Therefore, the public policies developed by the Federated States
and the Federal District, are analyzed. All policies created in this
period to combat COVID-19 and its effects on the economy and
society will be understood.

4This was because only the Federal Government has the capacity to raise funds from
third parties (indebtedness), since the enactment of the Fiscal Responsibility Law
(Federal Complementary Law N° 101/2000).
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8.2.2.2 Public policies developed by the Brazilian Federated
States

Considering the incidence of the COVID-19 pandemic, the Brazilian
Federated States have developed actions to combat and control the
pandemic. These actions focus on monitoring and security protocols,
while maintaining relations with the municipalities, for decision-
making (Patri Politica Pablicas, 2020).

Even though in some states conflicts occurred as a result
of actions taken by governors, there was convergence in many
measures. In this regard, one of the Federated States that draws
attention is Rio Grande do Sul (southern Brazil), which adopted a
model of controlled social distance as per the contagious situation
of the territories and the hospital infrastructure, identified by flags,
from the mildest restriction (yellow flag) to the most radical one
(black flag), maintaining constant dialogue with the federation of
municipalities in that state (Patri Politica Publicas, 2020).

The resulting (i) public policies for mobilizing and valuing
endogenous capital and (ii) public policies for mobilizing and
valuing the externalities of business competitiveness, which the
governments of the Federated States have implemented to com-
bat the effects of COVID-19 on development, can be seen in
Table 8.3.

From Table 8.3, it can be observed that many Federated States
have not taken actions aimed at the valorization of endogenous
capital and the externalities of business competitiveness, such
as the States of Acre, Alagoas, Mato Grosso do Sul, Paraiba,
Pernambuco, Piaui, Rio Grande do Norte, Rio Grande do Sul,
Roraima, Sdo Paulo, Sergipe, and Tocantins. Thus, almost 50% of the
Federated States (46.2%) did not elaborate public policies through
exclusive laws to face COVID-19 and its impacts on economic
development.

This situation can be explained by the existence of previous
public policies for regional development in these states, enabling the
possibility to direct the efforts of these policies through executive
decrees. Therefore, these states made efforts to directly combat the
spread of contagion from COVID-19 (Estaduais, 2020).
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Table 8.3 Public policies created by the Federated States for mobilizing and valuing (i) endogenous capital and (ii)
externalities of business competitiveness

Public policies for mobilizing and valuing endogenous Public policies for mobilizing and valuing the
States capital externalities of business competitiveness
Acre -X- -X-
Alagoas -X- -X-
Amapa LAW N° 2.501, DE 30 DE ABRIL DE 2020: Instituted an -X-

emergency financial assistance, called Emergency Citizen
Income, in favor of families in social vulnerability, destined
to the acquisition of a “basic-needs grocery package,” made
up of food products and personal hygiene and cleaning
materials, as a form of assistance given during the condition
of public and economic calamity caused by the COVID-19
pandemic.

Amazonas LAW N° 5.161, DE 02 DE ABRIL DE 2020: Authorized the -X-
purchase of inputs by the public administration, using those
accredited by the School Lunch Regionalization Program
and producers registered at the fairs of the Amazonas
Sustainable Development Agency, to handle the needs
arising from the COVID-19 pandemic.

Bahia LAW N° 14.264, DE 15 DE MAIO 2020: Instituted financial -X-
assistance in favor of individuals infected with the new
coronavirus who accepted being hosted in the Reception
and Clinical Monitoring Centers of the State of Bahia.

(Contd.)
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Table 8.3 (Contd.)

States

Public policies for mobilizing and valuing
endogenous capital

Public policies for mobilizing and valuing the
externalities of business competitiveness

Ceara

LAW N° 17.243, 21 DE JULHO DE 2020: Assured the
consumer, in the State of Ceard that the contracted
event package could be rescheduled due to the
COVID-19 disease, caused by the new coronavirus.
LAW N° 17.223, 12 DE JUNHO DE 2020: Guaranteed
students the replacement of suspended classes by
making it obligatory for fitness centers and similar es-
tablishments not performing their activities remotely
to extend the final date of the promotional plans
acquired and paid before the establishment of the
social isolation determined by the contingency plan
to combat the COVID-19 pandemic.
COMPLEMENTARY LAW N° 213, 27 DE MARCO DE
2020: Rendered the provisions of this law
inapplicable, exceptionally, during the health
emergency situation decreed in an act of the
Executive Branch due to the new Coronavirus
(COVID-19), to the procedure for entering into
partnership for cultural projects developed by
individuals within the State Culture System (Siec).

-X-
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Espirito Santo
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LAWN° 6.629, DE 7 DE JULHO DE 2020: Instituted the
Emergency Business Credit Program of the Federal
District (PROCRED-DF) to face the economic effects
of the public health emergency of international
importance resulting from the COVID-19 pandemic
and created its Guarantee Fund (FG/PROCRED-DF).
LAW N° 6.621, DE 11 DE JUNHO DE 2020: Granted
financial assistance to the owners of buses and
minibuses or other vehicles intended for public
school and tourism transportation that provide
services upon concession or permission from the
government and that were appropriately registered
on January 31, 2020.

LAW N° 11.125, DE 06 DE ABRIL DE 2020:
Authorized the state to associate with the private
fund to be created by the Development Bank of
Espirito Santo (BANDES) in order to directly
guarantee the risk in credit operations for individual
microentrepreneurs, microenterprises, and small
companies; family farming cooperatives in Espirito
Santo, unions of family farmers, and associations of
small family farmers; and associations and colonies
of fishermen, shellfish-gatherers, and the like as well
as associations of professional artisanal fishermen
and aquaculture farmers.

LAW N° 6.629, DE 7 DE JULHO DE 2020: Instituted the
Emergency Business Credit Program of the Federal
District (PROCRED-DF) to face the economic effects
of the public health emergency of international
importance resulting from the COVID-19 pandemic
and created its Guarantee Fund (FG/PROCRED-DF).
LAW N° 6.621, DE 11 DE JUNHO DE 2020: Granted
financial assistance to the owners of buses and
minibuses or other vehicles intended for public
school and tourism transportation that provide
services upon concession or permission from the
government and that were appropriately registered
on January 31, 2020.

LAW N° 11.125, DE 06 DE ABRIL DE 2020:
Authorized the state to associate with the private
fund to be created by the BANDES in order to directly
guarantee the risk in credit operations for individual
microentrepreneurs, microenterprises, and small
companies; family farming cooperatives in Espirito
Santo, unions of family farmers, and associations of
small family farmers; and associations and colonies
of fishermen, shellfish-gatherers, and the like as well
as associations of professional artisanal fishermen
and aquaculture farmers.

(Contd.)
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Table 8.3 (Contd.)

States

Public policies for mobilizing and valuing
endogenous capital

Public policies for mobilizing and valuing the
externalities of business competitiveness

Goias

Maranhao

LAW N° 20.773, DE 08 DE MAIO DE 2020: Instituted
the Extraordinary Environmental Licensing Regime
(REL) as a measure to face the extreme economic
situation in the State of Goias caused by the decree
of a state of public calamity resulting from the human
infection with the new coronavirus (COVID-19).

LAW N° 20.793, DE 09 DE JUNHO DE 2020: Provided
for the creation of a revolving fund within the State
Secretariat for Development and Innovation (SEDI).
LAW N° 11.256, DE 27 DE ABRIL DE 2020: Exempted
from the payment of the tax on transactions related
to the Circulation of Goods and Provision of
Interstate and Intermunicipal Transport and
Communication Services until July 31, 2020; internal,
interstate, and import operations; as well as the
corresponding transport services practiced by
individuals and legal entities, taxpayers or not,
carried out with the equipment, supplies, and goods
destined to combat, prevent, and cope with the
contingency of COVID-19, an infectious disease
caused by the new coronavirus (SARS-CoV-2).

LAW N° 20.793, DE 09 DE JUNHO DE 2020: Provided
for the creation of a revolving fund within the SEDI.

LAW N° 11.256, DE 27 DE ABRIL DE 2020: Exempted
from the payment of the tax on transactions related
to the Circulation of Goods and Provision of
Interstate and Intermunicipal Transport and
Communication Services until July 31, 2020; internal,
interstate, and import operations; as well as the
corresponding transport services practiced by
individuals and legal entities, taxpayers or not,
carried out with the equipment, supplies, and goods
destined to combat, prevent, and cope with the
contingency of COVID-19, an infectious disease
caused by the new coronavirus (SARS-CoV-2).
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Mato Grosso

Mato Grosso do Sul
Minas Gerais

Para

Paraiba
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LAW N° 11.177, DE 22 DE JULHO DE 2020: Im-
plemented new regulation for the Industrial and
Commercial Development Fund (FUNDEIC).

LAW N° 11.157, DE 26 DE JUNHO DE 2020:
Established the provision of an emergency income of
R$1100 to teachers of category “V” of the State of
Mato Grosso as a result of the emergency situation in
the state due to the pandemic of the new coronavirus
(COVID-19).

-X-

-X-

LAW N°9.032, DE 20 DE MARCO DE 2020: Created
the temporary Esperan¢a Fund, designed to provide
emergency financing to small and
microentrepreneurs, as well as work cooperatives
affected by the economic adversities resulting from
the COVID-19 disease, caused by the new
coronavirus (SARS-CoV-2), within the State of Para.
-X-

LAW N° 11.177, DE 22 DE JULHO DE 2020:
Implemented new regulation for the FUNDEIC.

_X-

LAW 23668, DE 26 DE JUNHO DE 2020: Allowed the
Minas Gerais Research Support Foundation to
stimulate scientific and technological research,
development, and innovation in the health area
aimed at combating the COVID-19 pandemic through
public notices that provide for simplified procedures
for receiving documentation, preferably through the
electronic media.

_X-

(Contd.)
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Table 8.3 (Contd.)

States

Public policies for mobilizing and valuing
endogenous capital

Public policies for mobilizing and valuing the
externalities of business competitiveness

Parana

Pernambuco

-X-

LAW 20170, 7 DE ABRIL DE 2020: Authorized the
Direct and Indirect Public Administration of the State
of Parana during the national emergency caused by
the coronavirus, responsible for the outbreak of
COVID-19, to maintain the entirety of the
administrative contracts, including the frequency of
payments to companies whose services have been
affected with the reduction or freezing of the
contracted activities, because of the public measure
to combat the disease and its impacts on the public
health system, as a measure that aims at the stability
of the initial economic-financial balance of the
contract as well as the preservation of the social
labor rights.

-X-
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Piaui
Rio de Janeiro
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_X-

LAW N° 8.933, DE 16 DE JULHO DE 2020: Reduced
bureaucracy for the resumption of economic activity
after the COVID-19 pandemic in the State of Rio de
Janeiro.

LAW N° 8.912, DE 29 DE JUNHO DE 2020: Authorized
banks or financial institutions operating in the State of
Rio de Janeiro to proceed with the contractual
renegotiation or financing pause, under the criterion of
advantage to the client due to the COVID-19 pandemic.
LAW N° 8.910, DE 29 DE JUNHO DE 2020: Authorized
the realization of a partnership between the executive
branch and information technology companies to
supply, in lending, microcomputers and notebooks to
students from the state public network and from the
Technical School Support Foundation Network while the
state of public calamity persists due to the COVID-19
pandemic and make arrangements.

LAW N° 8.909, DE 29 DE JUNHO DE 2020: Authorized
the executive branch to institute a campaign to promote
the tourism, culture, sports, leisure, and business sectors
immediately after the end of the emergency situation in
the public health of the State of Rio de Janeiro due to
contagion and adopt measures to combat the spread
arising from COVID-19 and make arrangements.

-X-

LAW N° 8.933, DE 16 DE JULHO DE 2020: Reduced
bureaucracy for the resumption of economic activity
after the COVID-19 pandemic in the State of Rio de
Janeiro.

LAW N° 8.912, DE 29 DE JUNHO DE 2020: Authorized
banks or financial institutions operating in the State of
Rio de Janeiro to proceed with the contractual
renegotiation or financing pause, under the criterion of
advantage to the client due to the COVID-19 pandemic.
LAW N° 8.910, DE 29 DE JUNHO DE 2020: Authorized
the realization of a partnership between the executive
branch and information technology companies to
supply, in lending, microcomputers and notebooks to
students from the state public network and from the
Technical School Support Foundation Network while the
state of public calamity persists due to the COVID-19
pandemic and make arrangements.

LAW N° 8.887, DE 09 DE JUNHO DE 2020: Authorized
the Executive Branch to use resources to implement
measures to encourage the productive conversion of
companies for economic and health protection to the
population of Rio de Janeiro.

(Contd.)
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Table 8.3 (Contd.)

States

Public policies for mobilizing and valuing endogenous
capital

Public policies for mobilizing and valuing the
externalities of business competitiveness

LAW N° 8.905, DE 19 DE JUNHO DE 2020: Prohibited the
interruption of payment and reduction of scholarships paid
by the Rio de Janeiro Research Support Foundation and
other scholarships paid by the State of Rio de Janeiro
during the emergency situation resulting from the
COVID-19 virus pandemic.

LAW N° 8.887, DE 09 DE JUNHO DE 2020: Authorized the
Executive Branch to use resources to implement measures
to encourage the productive conversion of companies for
economic and health protection to the population of Rio de
Janeiro.

LAW N° 8.886, DE 09 DE JUNHO DE 2020: Defined special
procedures applicable to offshore workers affected by the
COVID-19 pandemic.

LAW N° 8.863, DE 03 DE JUNHO DE 2020: Authorized the
use of the State Funds for Culture to purchase tickets and
advance tickets from cultural mechanisms.

LAW N° 8.824, DE 14 DE MAIO DE 2020: Authorized the
Executive Branch to grant tax benefits from the tax on
circulation of goods and services levied on operations and
services carried out within the adoption of measures to
prevent contagion to cope with the pandemic caused by
COVID-19.

8.1
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Rio Grande do Norte
Rio Grande do Sul
Rondonia

Roraima
Santa Catarina
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_X-

-X-

LAW N° 4.790, DE 05 DE JUNHO DE 2020:
Determined free access by telephone and mobile
Internet operators to communication sites and social
and streaming networks without any accounting of
the customer data package and provided for the
suspension of telephone and Internet services for
default during the period of application of measures
regarding the containment of the coronavirus
(COVID-19).

_X-

LAW N° 17.938, DE 4 DE MAIO DE 2020: Defined the
terms of validity of authorizations and
environmental licenses, within the State of Santa
Catarina, as a result of the decree of public calamity
due to the new coronavirus (COVID-19) pandemic.

_X-

-X-

LAW N° 4.790, DE 05 DE JUNHO DE 2020:
Determined free access by telephone and mobile
Internet operators to communication sites and social
and streaming networks without any accounting of
the customer data package and provided for the
suspension of telephone and Internet services for
default during the period of application of measures
regarding the containment of the coronavirus
(CovID-19)

_X-

LAW N° 17.938, DE 4 DE MAIO DE 2020: Defined the
terms of validity of authorizations and
environmental licenses, within the State of Santa
Catarina, as a result of the decree of public calamity
due to the new coronavirus (COVID-19) pandemic.

(Contd.)
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Table 8.3 (Contd.)

States

Public policies for mobilizing and valuing
endogenous capital

Public policies for mobilizing and valuing the
externalities of business competitiveness

Sao Paulo
Sergipe
Tocantins

LAW N° 17.935, DE 4 DE MAIO DE 2020: Authorized
the Executive Branch to grant a partial subsidy on
the interest rate on credit operations to micro- and
small entrepreneurs based in the state to face the
economic losses arising from the public health
emergency caused by the coronavirus (COVID-19).
LAW N° 17.933, DE 24 DE ABRIL DE 2020: Extended
the electricity, water, sewage, and gas service
payment cut-off date to December 31, 2020, within
the State of Santa Catarina and established other
measures in view of the health emergency caused by
the pandemic of the new coronavirus (COVID-19).
_X-

-X-

_X-

LAW N° 17.935, DE 4 DE MAIO DE 2020: Authorized
the Executive Branch to grant a partial subsidy on
the interest rate on credit operations to micro- and
small entrepreneurs based in the state to face the
economic losses arising from the public health
emergency caused by the coronavirus (COVID-19).
LAW N° 17.933, DE 24 DE ABRIL DE 2020: Extended
the electricity, water, sewage, and gas service
payment cut-off date to December 31, 2020, within
the State of Santa Catarina and established other
measures in view of the health emergency caused by
the pandemic of the new coronavirus (COVID-19).
-X-

-X-

_X-

Source: (Leis Estaduais, 2020).

*Federal District
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Policies of Federated States to Combat the Negative Effects of COVID-19

Otherwise, most of the Federated States carried out actions
aimed at the valorization of endogenous capital and the externalities
of business competitiveness. In this regard, the States of Rio
de Janeiro and Santa Catarina stand out, with the strongest
intervention, with the creation of specific laws within the pandemic
situation.

The State of Rio de Janeiro created nine laws for the valorization
of endogenous capital, which can also be classified as valuing the
externalities of business competitiveness. Among them, efforts to
reduce the bureaucracy of economic activity in the post-pandemic
situation can be highlighted, for example, incentives and promotion
of the tourism, sport, and culture sectors. It also guaranteed
incentive to the productive conversion of companies within the state
territory as a form of economic protection, as well as the guarantee
of payment and maintenance of the financing of scientific research.

The State of Santa Catarina, on the other hand, eased the terms
for environmental licensing, granted interest rate subsidies for
credit operations for micro- and small entrepreneurs within its
territory, and prohibited the cutting of energy, water, and sewage
services on nonpayment during the pandemic.

The remaining states adopted policies that also guaranteed
minimum income to the disadvantaged population, seeking to
maintain the level of consumption and demand within their states
(Amap3, Bahia, and Mato Grosso), in addition to credit and other aid
to micro- and small companies (Amazonas, Distrito Federal, Espirito
Santo, Mato Grosso, and Parana).

Furthermore, some states collaborated with help to public
transport entrepreneurs (Distrito Federal) and guaranteed the
continuity of telecommunications services even in the event of
nonpayment (Rondonia). Also noteworthy is the State of Minas
Gerais, which invested in scientific and technological research to
develop innovations to combat COVID-19.

Evidently, many other actions were initiated by the Brazilian
public administration, both by the union and the municipalities.
In this paper, the actions of the Brazilian Federated States were
verified, aiming at guaranteeing the resumption of the economy
after overcoming the pandemic, and thus guaranteeing regional
development in their territories.
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8.3 Conclusions

For the economic sciences, public policies are directly related to
market failures, as the means through which the public adminis-
tration carries out interventions to achieve social optimums, which
cannot be maximized by private agents. In this regard, the COVID-
19 pandemic emerges as a challenging market failure that requires
public administration to directly combat the disease, as well as
to ensure that the effects of the pandemic on the economy are
minimized.

Thus, it requires from the state power actions to maintain
minimum levels of economic development and means to ensure
economic recovery after the end of the pandemic. On this subject,
at least half of the Brazilian Federated States have implemented
specific public policies for mobilizing and valuing endogenous
capital and the externalities of business competitiveness through the
enactment of laws.

Among these states, Rio de Janeiro and Santa Catarina stand
out, followed by the Distrito Federal, Amapa, Bahia, Mato Grosso,
Amazonas, Espirito Santo, Parani, Rondodnia, and Minas Gerais.
However, states like Sdo Paulo and Rio Grande do Sul did not present
specific laws for these types of policies, focusing exclusively on
actions to combat COVID-19.

Furthermore, the controlled social distancing model carried out
by the State of Rio Grande do Sul stands out, which was considered
an efficient innovation in combating the pandemic. The state has one
of the lowest death rates per hundred thousand inhabitants.

This study demonstrates the efforts of these subnational entities,
even in the face of a federative model with many limitations like
the Brazilian one, which places states with too many functions and
limited resources to finance them despite the history of fiscal crises.
Likewise, this study leaves open the possibility of research on the
type of public policies applied by Brazilian municipalities or even
the states, using other normative instruments, such as decrees.
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Chapter 9

Economic Effects of COVID-19 on Brazil
in the Twenty-First Century
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9.1 Introduction

Social distancing was the main public health action taken by the
governors and mayors of Brazil in an effort to fight the COVID-19
pandemic. Throughout the world, social distancing has been the
main course of action against the pandemic. During the Spanish
influenza, it was no different, because, as verified, the cities and
regions that organized social distancing measures had the best
results (Correia & Verner, 2020).

Now, 100 years later, COVID-19 appears to be a disease as
devastating to health as it is to the economy. The impacts of COVID-
19 on the economy in the middle and long term are not yet
clear (Keynes, 1964). The economic uncertainties reduce what can
be foreseen and thus the investments, decreasing the expectation
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of an economic growth (Keynes, 1964). In that sense, in order
to reduce the economic uncertainties, governments have been
realizing interventions to reduce the negative effects of COVID-
19 on the economy, seeking to not only save lives but also save
the economy, by preventing the failure of businesses, guaranteeing
the maintenance of jobs and income, regardless of the future
consequences of this intervention, such as the rise of public debt, for
example (Bresser-Pereira, 2017). On the basis of these observations,
this chapter aims to analyze the actions taken by the Brazilian
government against the pandemic to reduce the economic impacts.
This analysis will allow the reader to better understand the effects
of the state intervention on the economy in the short term.

9.2 Overview of Influenza around the World

Flu in the twenty-first century, so far, hadn’t wrought any major
problems on public health, a solution having already been found
by the end of the twentieth century. Vaccine for influenza HIN1
has been fulfilling its duty to immunize the population, and in
cases where the vaccine had not been applied, the medication acted
efficiently. Unfortunately, history tells us that influenza has been
among us for a long time, as we will see now.

In 412 BC, Hippocrates related the syndrome known today as
the one caused by the influenza virus. There are records of similar
epidemics during the Middle Ages being present on the America
continent since the fifteenth century (Souza, 2008).

To Porter (2004, p. 27), the flu was brought to the Americas by
the Europeans, carried by contaminated swine on the ships. On the
other hand, Aguilar (2002, p. 40) says that the flu already existed
on the American continent before the arrival of the Europeans. The
narrative of Aztecan chroniclers mentions the “pestilent catarrh”
that spread between AD 1450 and 1456, killing a great number
of people in the central part of the territory now known as
Mexico.

Meanwhile, Beveridge suggests that prior to the eighteenth
century, there was not adequate monitoring to allow registers to be
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treated as a reliable record of flu epidemics. In Brazil, the records
became more precise starting from the nineteenth century.

The flu originated in the spring of 1918 in the northern
hemisphere. Its origin is debatable, but the first records of the
disease show it to have originated in the United States (Crosby,
1989). In March of 1918, over eight thousand workers of the Ford
Motor Company, in Detroit, and many soldiers from the military
base of Camp Funston/Fort Riley, in Kansas, were hospitalized
after showing symptoms similar to those of the flu. In most of
the cases, the disease was weak, and the patient was cured three
to four days after showing the first symptoms. This encouraged
the American soldiers to embark on a journey toward Europe,
unknowingly carrying along a virus of the grave disease. As soon
as the expeditionary American forces arrived on the French coast,
the disease spread, affecting both Germans and Allies alike (Tognotti,
2003).

The emergency situation that configured itself almost simulta-
neously in many locations worldwide disoriented the international
medic community, and medical science started to suspect that this
could be a new disease. The different denominations given to that
disease in the many countries where it spread were a hint of that
perception: among the North Americans, it became known as the
“three-day fever” or the “purple death.” The term “purple” came
from one of the disease symptoms, where two hours after a patient
checked into the hospital, reddish-brown stains would appear on the
patient’s face, and a few hours later, cyanosis would start, spreading
from the ears to every part of the face, to the point where it became
hard to say whether the afflicted was black or white. The French
called it “purulent bronchitis”; the Italians referred to it as “sand fly
fever,” and the Germans called it “Flanders fever” or “blitzkatarrh”
(Crosby, 1989).

In Spain, it became known as “la dangarina” (the dancer), in
Portugal, as “a pneumdnica” (the pneumatic), and in other countries
as the Spanish flu or influenza (Diario de Noticias, 23 set. 1918, p. 1).
The name “Spanish” came from the fact that on Spanish lands, there
were no secrets kept about the damages caused by the disease, as
opposed to many countries that sought to smooth over the impact of
the pandemic on their societies (D’avila, 1993; Kolata, 2002).
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The name “Spanish” had political roots, given the neutral position
Spain had during World War I and a demonstration of sympathy by
a faction of the Spanish government toward the Germans, leading to
an English initiative to attribute the disease to Spain to gain political
amplitude (D’avila, 1993).

The Spanish flu occurred in the twentieth century and saw three
waves between March 1918 and May 1919. The first (March-August
1918), although extremely contagious, was deemed weak, for it
caused relatively few deaths. Till then, there were confirmed cases
only in the United States and Europe. Starting from the second
wave (August 1918-February 1919), there was severe aggravation.
During that period, the disease spread to India, South Asia, Japan,
China, Africa, and Middle and South America. In all these countries,
it caused an enormous number of deaths. The third wave (February-
May of 1919), although more lethal than the first, led to fewer deaths
than the second (Souza, 2008).

From May 1919, an epidemic disease whose diagnosis was
uncertain assailed Europe and Africa. Only by the end of July did
London confirm that it was in fact the influenza (its fourth wave)
and that it had spread to many places of Europe. It probably traveled
the rest of the world in the next eight months. Ultimately, it ended
up killing between 50 and 100 million people worldwide, becoming
the biggest medicine enigma of the time (Goulart, 2005).

9.3 The History of Influenza in Brazil

In Brazil, the epidemic arrived in September 1918. The English
boat Demerara, coming from Lisbon, Spain, disembarked the sick at
Recife, Salvador e Rio de Janeiro (capital of Brazil at the time). In the
same month, sailors that served in the army in Dakar, on the Atlantic
coast of Africa, disembarked the sick in the port of Recife. A little
more than two weeks later, there were cases of the flu in other cities,
like Nordeste and Sao Paulo (Fiocruz, 2020).

The Brazilian authorities did not give the case the importance
it needed, even after the arrival of news from Portugal about the
suffering caused by the flu pandemic in Europe. They believed, at
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the time, that the ocean would prevent the arrival of the disease to
the country, a belief that was quickly proved to be wrong. People
were afraid to go out. In Sdo Paulo, especially those who had the
means, left the city, fleeing to the interior, where the disease had
not arrived yet. In the face of the lack of known methods to prevent
the contagion or to cure the sick, authorities only recommended that
agglomerations should be avoided (Fiocruz, 2020).

It is estimated that between October and December 1918, the
period officially established as that of the pandemic, 65% of the
population fell sick. In Rio de Janeiro itself, 14,348 deaths were
registered. In Sdo Paulo, another 2000 people had died. Between
1918 and 1920, approximately 35,000 people had died across
the country, including the then elected president Rodrigues Alves
(Fiocruz, 2nd ed, 2020).

9.4 The Influenza and the Brussels International
Finance Conference

According to Smith (2020), this conference was proposed by the
then just formed United Nations. It happened in September 1920
and had representatives from both the banking and business sectors
from over 40 countries. The results of the conference were analyzed
in 1922, with reports of over 20 countries about the economic
measures taken, and published as a long and detailed report.
However, they do not possess any reference to the Spanish flu—
neither about its economic impact nor about any measures the
governments had taken about it. The US report referred to it, but
not directly, when it said “[I]n the beginning of 1919, after a short
period of falling prices and commercial contraction. ...” Shortly
after, the report also refers to “a period of expansion, inflation and
speculation, the kind of never seen before....”

The virus that had just killed millions of people throughout the
world was not considered to have any economic relevance to the
present or the future by the politicians of the time!
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9.5 The Return of the Virus in the Twenty-First
Century

On March 11 of this year (2020), the World Health Organization
(WHO) decreed that the world was facing a pandemic—of the new
coronavirus (COVID-19). In a report disclosed in September 2019,
and as such, before the first cases of the disease being officially
reported, the WHO alerted that:

... The world is not prepared for a fast-moving, virulent respi-
ratory pathogen pandemic. The 1918 global influenza pandemic
sickened one third of the world population and killed as many
as 50 million people - 2.8% of the total population. If a similar
contagion occurred today with a population four times larger and
travel times anywhere in the world less than 36 hours, 50 - 80
million people could perish. In addition to tragic levels of mortality,
such a pandemic could cause panic, destabilize national security
and seriously affect the global economy and trade.!

On December 31, 2019, the WHO was notified about the
occurrence of a pneumonic outbreak in the city of Wuhan, Hubei
Province, China. The etiological agent was quickly identified as a
new coronavirus: SARS-CoV-2. The outbreak began in a seafood and
living animal market and as of the time this book is going to the
press, the animal reservoir is unknown.?

The first meeting of the Emergency Committee about the new
coronavirus outbreak in China convened by the WHO under the
International Health Regulations (2005) occurred on January 23,
2020. In this meeting, there was no agreement on whether the event
was indeed a public health emergency of international concern
(PHEIC).2 During the second meeting, on January 30, the growing

1 As mentioned in the Global Preparedness Monitoring Board Report 2019. Available
at: <https://apps.who.int/gpmb/annual_report.htm>.

27hu, N., Zhang, D., Wang, W,, Li, X,, Yang, B., Song, |, et al. (2019). A novel coronavirus
from patients with pneumonia in China, N. Engl. ]. Med,, [Internet] [cited 2020 Mar
4], 382, pp. 727-733. Available at: <http://doi.org/10.1056/NEJM0a2001017>.

3World Health Organization (2020). Statement on the second meeting of the
International Health Regulations (2005) Emergency Committee regarding the
outbreak of novel coronavirus (2019-nCoV), [Internet]. Geneva: World Health
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number of cases and countries that reported confirmed cases led to
the declaration of the outbreak as a PHEIC.*

On February 2020, in accordance with WHO best practices in
naming new infectious human diseases, the sickness caused by the
new coronavirus was given the name COVID-19, referring to the
virus type and the year the pandemic began: coronavirus disease
2019.°

The approach to the disease won’'t be a matter of just the
actual capability of governments to deliver results but also of the
perception of citizens about government action, being, in that way,
about the realm of action that transcends technical aspects and
demands political competence (Christensen et al., 2016).

The first case of COVID-19 in Brazil was confirmed on February
26, 2020. On March 3, there were 488 suspected cases reported, 2
were confirmed, and 240 reports were discarded, with no evidence
of local transmission. The first two confirmed cases were males,
residing in the city of Sdo Paulo, who had returned from a trip to
Italy (Croda & Garcia, 2020).

The scant scientific knowledge in the world about the new
coronavirus, its high speed of dissemination, and its capacity to
cause deaths in vulnerable populations create uncertainties about
what should be done and what is the best strategy to be used
across the world to face the pandemic. In Brazil, this is even more
challenging in the context of great social inequality, with vulnerable
populations living in precarious housing and sanitation conditions,

Organization, [cited 2020 Mar 4]. Available at: https://www.who.int/news-room/
detail/30-01-2020-statement-on-the-second-meeting-of-the-international-health-
regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-
coronavirus-(2019-ncov).

4World Health Organization (2020). Statement on the second meeting of the
International Health Regulations (2005) Emergency Committee regarding the
outbreak of novel coronavirus (2019-nCoV), [Internet]. Geneva: World Health
Organization, [cited 2020 Mar 4]. Available at: https://www.who.int/news-room/
detail/30-01-2020-statement-on-the-second-meeting-of-the-international-health-
regulations-(2005)-emergency-committee-regarding-the-outbreak-of-novel-
coronavirus-(2019-ncov).

5World Health Organization (2020). Novel coronavirus (2019-nCoV): situation report
- 22, [Internet]. Geneva: World Health Organization, [cited 2020 Mar 4]. Available
at: https://www.who.int/docs/default-source/coronaviruse/situation-reports/
20200211-sitrep-22-ncov.pdf?sfvrsn=fb6d49b1_2.
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without access to water and in a situation of agglomeration
(Werneck & Carvalho, 2020).

The success of the measures adopted to confront the disease,
however, is contingent upon effective governmental coordination
(IPEA, 2020).

9.6 Economic Crisis in the EU in Times of the
Pandemic

The new coronavirus pandemic has profoundly affected the eco-
nomic trajectory of all countries in the world. The most recent
forecast of the International Monetary Fund (IMF) is that the world
gross domestic product (GDP) will fall by 4.9% this year. Brazil, as
well as the rest of the world, will suffer this impact, already observed
with the survey of the GDP for the first quarter, which fell by 1.5%
in relation to the previous quarter, and it is estimated that the fall in
the second quarter, characterized by the deepening of social distance
measures in response to the pandemic, will approach 10%. Under
the assumption that the process of gradually easing restrictions on
mobility and the functioning of economic activities that began in
June will continue, the gradual recovery of GDP is projected in the
third and fourth quarters. The projected drop for the year is 6%, but
the recovery path in the second half will leave a carry-over of almost
2% for 2021, whose projected growth is 3.6% (IPEA, 2020).

In accordance with the Institute for Applied Economic Research
(IPEA, 2020), as has been common in forecasts released recently,
the IMF warns of the high degree of uncertainty surrounding its
projections. Positive risks arise, among other factors, from the
possibility of a vaccine being developed in a shorter time than
the one estimated on the basis of past pandemics. Furthermore,
additional economic policy measures may accelerate the recovery
of economic activity. On the negative side, the increase in mobility
and resultant neglect of social distance measures involves an
overwhelming risk of new contagion waves and the need to
reverse the process, depressing activity again and putting financial
conditions back in the restrictive field.
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The IMF also highlights the geopolitical tensions and risks
associated with international trade, which should drop by 12% in
the year, with an 8% growth projected in 2021.

The fall and recovery of the American stock market since the
arrival of the pandemic was accompanied by a sharp rise and a
subsequent decline in volatility: the VIX index reached 80 points on
March 16, almost 20 points more than that observed at the height of
the financial crisis in 2008. After that, it fell, averaging 30 points in
May and June—still 50% higher than the 2019 average.

The global monetary stimulus has been astonishing: interest
rates are practically zero in the United States and negative in Europe
and Japan. Policies for quantitative expansion have been intensely
used. In the monetary expansion after the international crisis of
2008, the Federal Reserve System (Fed) increased its balance sheet
by about USD 2 trillion in the course of almost three years, through
the acquisition of public and mortgage-backed securities (Fig. 9.1).
In the current pandemic phase, there was an even greater increase,
on the order of USD 3 trillion in just three months, between March
and June of this year, with the assets acquired by the Fed now also

Figure 9.1 US Federal assets (in trillion USDs) and S&P 500 Index
(in points). Source: Federal Reserve Bank of St. Louis. Elaboration:
DIMAC/IPEA. S&P 500 Index of shares traded on the New York Stock
Exchange (apud IPEA, 2020).

195



196

FOR REFERENCE PURPOSES ONLY

Economic Effects of COVID-19 on Brazil in the Twenty-First Century

including private corporate bonds. A similar move was followed by
central banks in the Euro Area and Japan (IPEA, 2020).

In line with IPEA (2020), in China, industrial production
increased again in the year-on-year comparison (4.2% per year, on
average, in April and May), after strong falls, of 13.5% on average,
in January and February 2020. Retail sales, on the other hand, still
show negative (but decreasing) rates in the interannual comparison,
indicating the possible presence of restrictions on mobility and the
impact of consumers’ loss of income, combined with greater caution
in view of the uncertainties that remain.

In the United States, industrial production grew by 1.4% in
May 2020 (after falling 16.5% in March-April 2020), while retail
sales increased by 16.8%, reflecting the support of household
income through the government’s money transfer programs. June’s
prior disclosures from the purchasing manager indexes point to
the continuation of the recovery movement, with the American
industry indicator at 49.6 points and the Euro Area indicator at
46.9 points, growths of 37% and 40%, respectively, in relation to
the slope, in April. In the services sector, the recovery is more
striking, but starting from much lower levels than in the industry.
In China, more advanced in normalizing the functioning of the
economy, the (preliminary) indicators for both industry and services
are already above 50 points, indicating the expansion of economic
activity.

The external environment is challenging. The ample interna-
tional liquidity and the return of the risk voracity contribute to
better financial conditions. The downturn in the world economy
will be profound, but for a short period, if the IMF’s forecasts are
confirmed. The stimulation of economic policies on a global scale
is significant, specifically for the Brazilian economy. In addition to
the expected resumption of foreign capital flows, the recovery in
activity levels in developed countries and China should keep the
foreign market in a position to absorb Brazilian exports: the prices
of commodities relevant to Brazil, such as agricultural products and
minerals, had a lower drop than the average of commodities, which
is greatly influenced by the price of oil, which fell by almost 50% in
relation to the last quarter of 2019. The price of soybeans fell by 8%,
compared to a reduction average of 4.3% for agricultural products;
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Table 9.1 Projections for GNP growth and unemployment rate

GNP Unemployment rate
2020 2021 2020 2021

India 1.9% 7.4% — —
South Korea —1.2% 3.4% 4.5% 4.5%
Australia —6.7% 6.1% 7.6% 8.9%
New Zealand —-7.2% 5.9% 9.2% 6.8%
Spain —8% 4.3% 20.8% 17.5%
Portugal —8% 5% 13.9% 8.7%

Source: SEBRAE, 2020.

iron ore had an increase of 4.4% in the same comparison, while for
the set of metallic commodities the fall was 11% (IPEA, 2020).

According to the IMF, all the countries selected here will see a
drop in gross national product (GNP) this year, except India, which
is expected to expand by 1.9%. The biggest retractions should occur
in Spain and Portugal (—8%). In 2021, India is expected to lead the
rise in GNP (47.4%). In relation to the unemployment rate, Spain is
expected to register the highest rate in 2020 (20.8%), followed by
Portugal (13.9%), as shown in Fig. 9.2, under the impact of COVID-
19 (SEBRAE, 2020)

9.7 Economic crisis in Brazil in Times of the
Pandemic

According to the IPEA (2020), in Brazil, the expectation of a gradual
resumption of demand, combined with the idle capacity present
in most productive sectors and the reduction in labor and rental
costs, allows one to project a trajectory without major changes in the
prices of services and free goods. The DIMAC/IPEA group forecasts
the inflation (measured by the IPCA)® at the year end at 1.8%.

61PCA - Indice Nacional de Precos ao Consumidor Amplo - IPCA que tem por objetivo
medir a inflagdo de um conjunto de produtos e servigos comercializados no varejo,
referentes ao consumo pessoal das familias. Available at: https://www.ibge.gov.br/
estatisticas/economicas/precos-e-custos/9256-indice-nacional-de-precos-ao-
consumidor-amplo.html?=&t=0-que-e.
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Figure 9.2 PNAD COVID-19: Labor market indicators (in 1000 people and
in %). Source: PNAD COVID-19/IBGE.

Brazil also felt the effects of the crisis as strongly as the rest of
the world. The first-quarter GDP fell by 1.5%, already reflecting the
impact of COVID-19 and the first social distance measures adopted
since the second half of March. April seemed to show bottoming
out, with strong declines in relation to March in industry (—18.8%),
commerce (—17.5%), and services (—11.7%) according to monthly
surveys of the Brazilian Institute of Geography and Statistics (IBGE,
2020).

The occupation in April 2020 reflected the contraction of
economic activity, with a drop of 3.4% in relation to the same period
of 2019—after a monthly average of the annual rate of growth of 2%
in the previous 12 months. In comparison, the real mass of income
from work fell by 0.8%, compared to a monthly average of the 2.2%
interannual variation in the previous 12 months. The unemployment
rate in the moving quarter up to April was 12.6%, 0.4% more than in
March (not seasonally adjusted) and 0.1% more than a year earlier,
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registering the first positive change after 20 months of decline as
of the last quarter of 2017. The “monthly payment” of the National
Continuous Household Survey (PNAD Continuous)’ reveals that,
specifically for April, the unemployment rate would have increased
to 13.1%, compared to 12.8% in February. This rate could have been
even higher had it not been for the drop in the participation rate,
from 61.9% in February to 59% in April 2019—in this case, the
lowest participation rate since the beginning of the survey (IPEA,
2020).

According to the IPEA (2020), the drop in the participation rate
represents the restrictions resulting from the strong reduction in
economic activity and the physical limitation itself in the search for
work.

9.7.1 COVID-19 and the Labor Market

According to PNAD COVID-19 (IBGE, 2020), in the fourth week of
May, out of the 74.6 million people of working age who were out
of the labor force, 25.7 million (or 34.4% of the total) did not look
for a job but stated that they would like to work (the discouraged
ones). It is worth mentioning that the pandemic was probably the
main factor that led people who would like to work not to look for
a job in the reference week; according to IBGE, of this contingent of
people, 17.7 million stated that they had not sought employment due
to the pandemic or due to lack of work in the locality.

The indicator of adherence to social distance, as shown, peaked
at the end of March and dropped systematically from that point
on, reflecting the ever-reducing adherence to the rules of isolation.
The degree of rigidity of the legal measures of social distancing,
according to the indicator developed by the IPEA, reduced only
slightly in April and increased again in May. On June 20, the in-loco
social isolation index was just under 40% while the index of legal
distance measures was approximately 55%.

7National Household Sample Survey Continues (Continuous PNAD) aims to monitor
the quarterly fluctuations and the evolution, in the short, medium, and long terms, of
the workforce and other necessary information for the study of the socioeconomic
development of the country.
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Figure9.3 PNAD COVID-19: Effect of the pandemic on the demand for work
(in 1000 people and in %). Source: PNAD COVID-19/IBGE.

The decline in the social isolation index seems consistent with
the observation derived from PNAD COVID-19, that the increase
in unemployment in recent weeks has reflected much more the
increase in the labor force (i.e., in the number of people looking
for employment) than the drop in occupation. Corroborating this
perception, while the level of employment decreased by 0.3%
between the first week of May and the first week of June, the number
of people in the workforce expanded by 1.3% (IPEA, 2020).

We present in Fig. 9.2 the percentage of employed persons and
economically active (EA) persons and unemployment rates per week
from data collected in the months of May and June 2020.

In Fig. 9.3, we will show the number of people who did not
seek employment but would like to work (the discouraged) and the
number who did not seek employment because of the pandemic but
would like to work and finally the percentage of unemployed people.

According to IBGE (2020), the workforce and its performance
between 12 July and 18 July 2020 is according to Chart 9.1.

Regarding the income of employed persons (Chart 9.1), 36%
had a lower income than that normally received. This drop in
income is due to the public policies that allowed entrepreneurs to
reduce the workload and suspend the employment contract through
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Chart 9.1 Income of employed persons during COVID-19

Had a
smaller
revenue than
usual...

Had no
revenue Had a higher
alteration revenue than
61% usual

3%

Source: IBGE, 2020.8

Provisional Measure (MP) 936/2020 (Emergency Employment
and Income Maintenance Program)9 effective from April 1, 2020,
authorizing employers to reduce employees’ wages and working
hours during the coronavirus pandemic to preserve jobs. In both
cases, the government will compensate part of the loss in the
workers’ remuneration through the social security benefit, which is
an amount that the Federal Government will pay to the employee
in the case of proportional reduction of the working day and
salary and temporary suspension of the employment contract. The
benefit amount was based on the monthly unemployment insurance
amount to which the employee would be entitled. The amount will
depend on what change was made in the employment contract. The
amount paid by the Federal Government will not exceed the ceiling
of unemployment insurance, which is R$1813° (i.e., USD 349.33).
Other factors that have prevented a more significant increase in
the unemployment rate have been the possibilities of remote work
in several productive activities and the use of temporary leave from
work, with maintenance of the occupation. According to the survey,
in the last week of May, there were 8.8 million people working

8https://covid19.ibge.gov.br/pnad-covid/trabalho.php

9MP 936/2020 aims to preserve employment and income, guarantee the continuity
of work and business activities, and reduce the social impact resulting from
the consequences of the state of public calamity and public health emergency.
Provisional Measure 936/20 creates unemployment insurance benefits in a
supplementary format of up to 70% of wages to compensate workers’ wage
reductions.

10ysD 5.19 (on April 1, 2020).
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remotely in the country (home office or telework). The percentage
of persons employed and not on leave who worked remotely in the
total employed population and not on leave varied between 13.1%
and 13.4% in May. With regard to employed persons who were
temporarily removed from work, there were 17.6 million workers
in this condition in the last week of May, 14.6 million of whom (or
82.8% of the total) were in this condition due to social distance
(in quarantine or isolation, under social distance, or on collective
vacations).

A small portion of the population worked remotely, which
meant 8.2 million people. The level of education of people in
remote work was fundamentally marked by those workers with
a higher level of education, where people with higher education
or postgraduate education represented 31.9%, followed by those
with incomplete higher education or complete high school (5.9%),
those with complete elementary school or incomplete high school
(1.2%), and persons without instruction or incomplete elementary
school (0.3%). These figures reflect the situation in June 2020
(IBGE, 2020).

The number of households that received emergency aid (AE)
from the Brazilian government was 43%. The average income from
emergency assistance received by households was of R$881 (USD
169.75), with the majority being of the population from the north
and northeast of the country.

The breakdown of data by region show that for the northeast
and the north, the effect of AE was even more significant, not only
because the value of this emergency benefit was greater in these
regions, but also because in these locations the average of yields
is lower (Table 9.2). In the north, the average AE (R$936.16) was
17% higher than the average received by self-employed workers
(R$801.46). Regarding domestic work (R$616.73), the assistance
was 52% higher. In the northeast, comparisons show that the
average aid received (R$907.37) was 46% higher than the income of
self-employed workers (R$616.6) and 87% higher than the income
of domestic workers (R$485.76).

In the analysis of households per decile of income per capita
(Table 9.3), it appears that 72% of the households in the lowest
income decile obtained the benefit. This proportion rises to 88.7%
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Table 9.2 SE and income from work as on May 2020 (in R$)

Actual average income actually received by all employed
persons with income from work

Average AE income Domestic Self-
received by households Allbusy workers employed

Brazil 846.50 1898.86  698.37 1092.12
Norte 936.16 1495.27  616.73 801.46
Nordeste 907.37 1319.33  485.76 619.6
Sudeste 790.58 212584  775.52 1264.49
Sul 771.89 2098.87  788.94 1469.92
Centro-Oeste 794.12 1167.55  788.91 1263.52

Source: PNAD COVID-19/IBGE.
Elaboration: Conjuncture Group of the Directorate of Studies and Macroeconomic Policies
(DIMAC) of IPEA (apud IPEA, 2020).

in the following decile and gradually decreases until reaching 5% in
the highest income decile.

The weight of the EA in per capita household income can be
analyzed in Table 9.4. For the households of the lowest income
percent, the EA meant a significant portion of the income. In the case
of the lowest percent, it can be observed that the aid represented

Table 9.3 Households benefited by AE in each decile (income in R$)

Upper limit of per Total households
Income capita household Total households benefited
decile* income (in R$) (in thousands) (in thousands) %
1 56.62 6780 4872 72
2 233.18 5047 4074 80.7
3 348.83 5261 3570 67.9
4 499.88 4698 2902 61.8
5 645.54 7208 3506 48.6
6 832.65 6157 2575 41.8
7 1044.98 5095 1603 315
8 1440 10,658 1635 15.3
9 2275.13 8184 1106 13.5
10 8935 461 5.2
68,023 23,304 38.7

*Source: PNAD COVID-19/IBGE. Elaboration: DIMAC/IPEA Business Group (apud IPEA, 2020).
TThe 1st decile is the cutoff point for 10% of the lowest data, that is, the 10th percentile.
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Table 9.4 Participation of the EA in per capita household percent

Per capita Household income Difference in per EA participation
Income household per capita excluding capita household income in the household
decile income (in R$) the EA (in R$) due to the EA (in R$) income per capita (%)
1 238.03 10.64 227.39 95.53
2 352.85 146.08 206.77 56.8
3 453.69 295.77 157.92 34.81
4 554.72 41447 140.25 25.28
5 672.64 553.40 119.24 17.73
6 826.83 729.71 97.12 11.75
7 1014.27 938.08 76.19 7.51
8 1231.05 1184.99 46.06 3.74
9 1823.75 1785.40 38.35 2.1
10 4661.66 4646.14 15.52 0.33
1189.79 1078.31 111.48 9.37

Source: PNAD COVID-19/IBGE. Prepared by DIMAC/IPEA (apud IPEA, 2020).
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almost the total per capita household income (about 95%). In the
second- and third-lowest income percent, the EA represented more
than a third of the household income per capita (59% and 35%,
respectively). Inward from the other lower income percent, the
participation of the EA in household income was also substantial.

9.7.2 The Different Sectors of the Economy and COVID-19

According to the IPEA (2020), the Cielo index of nominal retail
revenue, which compares the weekly sales of different segments of
the trade in relation to the precrisis period, shows that the strong
drops in sales at the end of March and April have been giving way
to less negative variations in all segments. In this recovery, the
segments of other nondurable consumer goods and clothing stand
out. In furniture and appliances, construction materials, and other
consumer durables, the variations are already positive.

As shown in Chart 9.2, drugstore and pharmacy retailers had a
very large growth (36.1%) in the week from 3/15 to 3/21 of 2020,
falling again in the following weeks.

The same did not happen in the retail of super- and hypermar-
kets, which in the week from 3/15 to 3/21 of 2020 had an increase
of 57.8% and remained high, although not at the same level, closing
the week from 6/14 to 6/20 with an increase of 18.2%.

In the industry, preliminary indicators point to the beginning
of a reversal of the strong fall in April 2020. There are indicators
of resumption of production in sectors such as the automobile
industry, clothing, machinery and equipment, and information
technology and electronics. On the other hand, it is estimated
that the food industry, which grew in April (+3.3% in relation to
March) amid the generalized retraction of the other segments of the
manufacturing industry, fell in May (—1.3%).

Another important point for analyzing the resumption in the
industry is the consumption of electricity by the industrial sector,
which is one of the variables that point to the resumption of
production. After a sharp drop in April 2020, there was an almost
general recovery in May. In June (average of the first twelve days),
some sectors, the most affected in April, maintained their growth,
while in others, there was a slight decrease compared to May.
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Chart 9.2 Cielo retail index: Nondurable consumer goods—variation in
nominal revenue in relation to February (equivalent days) of 2020, with
calendar adjustment (%)

Pharmacies and Super- and
drugstores hypermarkets

3/1-3/7 4.5% 3/1-3/7 3.3%
3/8-3/14 15% 3/8-3/14 11.3%
3/15-3/21 36.1% 3/15-3/21 57.8%
3/22-3/28 -16.2% 3/22-3/28 5.7%
3/29-4/4 -11.2% 3/29-4/4 11.8%
4/5-4/11 -8.9% 4/5-4/11 10.8%
4/12-4/18 -13.9% 4/12-4/18 20.5%
4/19-4/25 -15% 4/19-4/25 22.7%
4/26-5/2 -10% 4/26-5/2 19.9%
5/3-5/9 -2.9% 5/3-5/9 16.5%
5/10-5/16 -5.2% 5/10-5/16 8.6%
5/17-5/23 -10.2% 5/17-5/23 12.9%
5/24-5/30 -13.2% 5/24-5/30 7%
5/31-6/6 -1.5% 5/31-6/6 15.7%
6/9-6/13 -0.9% 6/9-6/13 18.1%
6/14-6/20 -7.1% 6/14-6/20 18.2%

Source: Modified from IPEA, 2020.

The industry’s confidence indexes in June 2020, by the surveys
by both the Brazilian Institute of Economics (IBRE) of the Getlio
Vargas Foundation and the National Confederation of Industry (CNI),
showed an important recovery. In the case of the IBRE survey, it
advanced to 76.6 points, compared to 61.4 points in May, reflecting
an improvement both in the current situation index (77.8% in June
compared to 68.6% in May) and in the index expectation, which
went from 54.9% to 75.5% in the period. In the CNI, where neutrality
corresponds to 50% points, the index went from 34.7% points to
41.2% points (IPEA, 2020).

Part of the confidence presented by the industry area is due
to the government’s income transfer program that took place
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through AE,'! which began to take shape as of second half of April
2020, causing an important impact on sales. The National Treasury
has already made disbursements of R$ 95.6 billion through this
program, which does not mean that this amount has already reached
families. Assuming that these payments refer to two months’ worth
of the aid, which would give R$47.8 billion per month, one can
compare it with an estimate of the pre-COVID-19 income of the
target population of the program. The mass income from the main
job received monthly by persons employed in the informal sector
(employees without a license and employers not in the National
Register of Legal Entities [CNP]] and self-employed persons not
in the CNPJ) in the quarter ended in February 2020, before the
crisis worsened, was R$49.7 billion. The latest forecast of the total
spending on AE is R$152.6 billion, which is equivalent to about 2.2%
of the projected GDP for the year (IPEA, 2020).

9.8 Small and Medium-Sized Enterprises

We will now deal with the impact on small and medium-sized
companies, which are the most affected by the fragile or no short-
and medium-term planning, basically in terms of the necessary
working capital. These companies deserve to be highlighted in this
study because they employ a number of workers who do not need to
have any major specialization.

In 2019, 16% of the adult Brazilian population was part of the
“established entrepreneurs.” Brazil was in 2nd place in the ranking
of the 50 countries participating in the survey that year. This is an
indication that the relative participation of the Brazilian population
in conducting small businesses (in the CNP]J or not) in the country is
high (SEBRAE, 2020).

"Emergency aid is financial benefit granted by the Federal Government for
informal workers, individual microentrepreneurs, and the self-employed and
unemployed and aims to provide emergency protection during the period
of coping with the crisis caused by the coronavirus pandemic (COVID-19)
amounting to R$600, or USD 115.061 (USD 1 = R$5.19 as of 4/4/2020). From
<https://www.gov.br/cidadania/pt-br/servicos/auxilio-emergencial >.
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SEBRAE conducted a survey from 6/25 to 6/30 of 2020 in the
universe of 17.2 million small businesses with the following sample
size and distribution: 6470 respondents from all 26 states and
Federal District, composed of 57% MEI, 38% ME, and 5% EPP (*size
declared in the survey), with a sample error of £1% for national
results, with a confidence interval of 95%.

The survey presented data such as the drop in revenue,
companies that requested financing from financial institutions, and
the return of requests, both positive and negative, among other
information.

We will now present the data considered relevant for the analysis
of the economic recovery of companies of this size

Chart 9.3 represents the turnover of small businesses in the
precrisis period of the COVID-19 from 3/23 to 6/30 of 2020 by
region and in Brazil.

The chart shows that the southeast region has —53% of revenue
recovery, the lowest index, lower than the average of Brazil; the
southern states have the same percentage as of Brazil, of —51%; and
the other regions have the recovery slightly higher, although the pace
of recovery is slow, in the form of a ramp.

Chart 9.3 Revenue in relation to the precrisis period

H North M Northeast M Centro-Oeste South M Brazil M Southeast

Source: SEBRAE, 2020.

-46%

49%
49%
-51%
-51%

-53%
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The fifth edition of the survey “The Impact of the Coronavirus
Pandemic on Small Businesses” shows that the lack of guarantees
was one of the main reasons informed by the entrepreneurs for not
being able to obtain credit from financial institutions. Therefore,
the Guarantee Fund is a mechanism used to grant guarantees
complementary to the contracting of credit operations to finance
investments by companies with financial institutions (SEBRAE,
2020).

In times of turbulence in the economy, small companies need
financial support to remain active in the market. However, this is one
of the main negative impacts, as they are hardly able to guarantee the
capital that is being requested from financial institutions, as shown
by the research carried out by SEBRAE, demonstrating the difficulty
of obtaining credit for their business.

Figure 9.4 shows that in the fifth edition of the survey, there was
an increase in companies requesting a loan, going from 7.9 million in
the fourth edition to 6.7 million in the fifth edition. This proportion
is higher among micro- and small companies by 57%.

Regarding the return of the loan request to financial institutions,
itis observed that a few companies obtained a loan. Only 1.4 million,
that is, 18% of the total research population, had their request

m2ndEdtion m3nd Edition ®4 nd Edition S5nd Edition

7.9 milliom

6,7 milliom |
YES NO

Figure 9.4 The number of companies that applied for a loan. Source:
SEBRAE, 2020.

209



FOR REFERENCE PURPOSES ONLY

210 | Economic Effects of COVID-19 on Brazil in the Twenty-First Century

m2ndEdtion m3ndEdrtion méndEdtion @ S5ndEdtion

3.8 millions
S9% sgw g7 £7%
“' | | |
GOT THE LOAN IS WAITING FOR A DID NOT GET THE LOAN

RESPONSE

Figure 9.5 Status of loan applications to financial institutions. Source:
SEBRAE, 2020.

fulfilled; 4.5 million (59%) failed to obtain financing; and in the 5th
edition, 29% are still keeping their request back (Fig. 9.5).

Figure 9.6 shows us the reasons that entrepreneurs in this niche
would seek bank loans, drawing a relationship between 2019 and
2020. Of the entrepreneurs surveyed in 2019, 50% believed that
they did not need a loan, the number reducing to 28% in 2020.
In 2019, 6% of the entrepreneurs believed that they would not

W 2019% ® 5th Edition

50%

28%

23% 23%
17%
12%11% o, 10%
I I I 6% I 9% 8% 59
] I | ik [ )

BUSINESS OTHER | DON’T | DON’T LIKE THE | DON'T
DIDN’'T REASONS BELIEVE | LOANS ECONOMY IS TRUST THE
NEED ANY WOULD BE WEAK POLITICAL
ABLE TO ECONOMY

PAY THEM

Figure 9.6 Answers to the question, why haven’t you tried bank loans since
the beginning of the crisis? Source: SEBRAE, 2020.
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Caixa Ecomica Federal | 7 %
Banco do Brasil NN ;o
Itad | 21%
Santander NG 15%
Bradesco [N 18%
Sicoob N 9%
Banco do Nordeste NN 8%
Sicredi NN 8%
Banco do Povo [ 7%
Banpara M 3%
Banrisul M 2%
BRB N 1%
Outros 15%

Figure 9.7 Financial institutions sought for loans. Source: SEBRAE, 2020.

be able to repay the requested loan, and this number increased
to 23% in 2020. In 2019, 9% of those surveyed believed the
economy was weak; very little changed in 2020, with this percentage
increasing to 10%. And in 2019, 8% of the entrepreneurs said
they did not trust the economic policy, the percentage reducing 5%
in 2020.

Regarding the financial institutions that entrepreneurs sought
loans from, the most sought after in the 5th edition of the survey
were government banks, as shown in Fig. 9.7.

Of the financial institutions that were sought for a loan as a
means of paying off debts and remaining in the market, 72% of
entrepreneurs sought government institutions; the remaining 28%
sought loans from private or cooperative institutions.

Figure 9.8 shows the situation of the companies in relation to
the change in their functioning and whether they have ceased to
function.

As can be seen, more companies that were stopped have started
to work again. The “temporary interruption” drops from 43% to
29%. The number of companies that closed their activities totally
increased from 3% to 4% (a barely perceptible increase).
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M 2nd Edition  ® 3rd Edition  m 4th Edition 5th Edition

59% 59%

29%

7% 8% 10% 8%

We are working the same We are working with We are temporarily not
way we did before the changes because of the working
crisis crisis

Figure 9.8 Answers to the question, did your company change its
operations with the crisis? Source: SEBRAE, 2020.

57%

50%
43%
35%
6% 4% 2% 3%
- || ——

Quarantine Lockdown In process of Didn’t have any
(partially closed) (completely closed) reopening restrictions

M 4th Edition ~ m 5th Edition

Figure 9.9 Movement of people in the municipality. Source: SEBRAE, 2020.

Figure 9.9 shows the information as a relation to the restriction
of movement of people in the municipalities studied, from 5/29 to
6/2 and from 6/25 to 6/30 of 2020.

About 30 days after the last survey, it was noted that taking into
account the national scenario, the movement of people was reduced
from 57% to 50% because of quarantine and partial closure. In the
same periods, the movement of the people was reduced was from
6% to 4% because of total closure (lockdown); in the process of
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reopening, the movement of the people increased from 35% to 43%,
and the number of those who faced no restriction on movement
increased from 2% to 3%.

In June 2020, the country had reached the figures of 101,149
deaths and 3,035,422 infections caused by the new coronavirus
since the beginning of the pandemic. The state with the highest
number of deaths was Sdo Paulo (25,114), followed by Rio de Janeiro
(14,080) and Ceara (7954). The figures from the Ministry of Health
are in line with the most recent bulletin from the National Council
of Health Secretaries, which created a platform to record data on the
new coronavirus in the country after the Ministry of Health started
to disclose, at the beginning July 2020, the figures in less detail.
After the controversy caused by the change and a decision by the
Federal Supreme Court on the matter, the Ministry of Health started
to release the complete numbers.

9.9 Final Considerations

In view of the data presented, we observed that some lessons in
relation to the Spanish flu and COVID-19 were not learned, mainly in
terms of the real severity, the speed of spread, and the mortality in
the population caused by the virus. Neither people not governments
understand the need for social distancing to minimize the degree
of contagion of the disease, guided by those who can better guide
science, the medical profession, and virology students.

As of August 9, 2020, the number of deaths in the United States
was 161,964; in Brazil 101,049; in Mexico 52,006; and in the world
728,612.

In relation to public policies, we observe that the world did
not consider it to be a pandemic with a high degree of mortality
and diverse impacts, including on the economy, until it was too
late. The same was the case with the Spanish flu. At one of the
main world conferences, the Brussels Conference held in September
1920, where representatives of the business and banking sectors
from more than 40 countries were present, the Spanish flu and its
consequences found literally no mention.

213



214

FOR REFERENCE PURPOSES ONLY

Economic Effects of COVID-19 on Brazil in the Twenty-First Century

Brazil sought palliative measures to try to reverse the economic
scenario of falling sales and production, but with little representa-
tion, as shown by the GDP forecast figures and the resumption of
industries.

Despite the high demand for loans by small companies from
banks managed by the government, these were not approved
according to the SEBRAE survey, which indicated that 4.5 million
entities did not have their credit approved, which possibly resulted
in numerous companies closing their doors for ever, and it is unlikely
that the economy will be able to rebuild in the short term, with 2021
not being the year we will see a return to the economic level before
the pandemic.

It is clear that the world has not been and is not prepared for
pandemics. We cannot forget that people are not numbers. Each
life is important, and pandemics need to be seriously combated
with public policies and science. Our leaders need to have a long-
term vision in relation to public health and how to solve economic
problems with greater agility, because in such crisis, workers’
income fall and so does the level of employment and the income of
companies, as we saw in this study.

This analysis is still incomplete, as we do not have a vaccine
that will put an end to this pandemic. The methods for combating
it are palliative, the knowledge of COVID-19 is still minimal, and
even today, as yesterday, measures such as social distance and
wearing masks can protect us from contagion. The number of
vaccines under development in various parts of the world as of
July 2020 was 166, with at least 24 of them being tested on
humans, according to the WHO. The tests of four vaccines involved
the participation of Brazil. Five of these were already in Phase 3:
the one developed by Sinovac (China), the one by Sinopharm with
the Wuhan Biological Institute (China), Sinopharm in partnership
with the Beijing Biological Institute (China), the one developed by
the University of Oxford (United Kingdom), and the one by Modena
(United States). Of these, two (Sinovac and Oxford) are conducting
tests in Brazil.
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This chapter deals with the description and analysis of the
legislation that came into force in Brazil as a result of the COVID-
19 pandemic. As an approach, emphasis will be placed on analysis
of the effectiveness of public environmental and sanitary control
policies and access to sanitation. Methodically, we will start from
the joint responsibility of the federal, state, and municipal federated
entities set out in Theme 793 of the Brazilian Federal Supreme
Court in relation to health care. With the application of Federal
Law N° 13,979/2020, after the judgment of the Direct Action of
Unconstitutionality (ADI) 6341, in April 2020, Article 3 shall be
interpreted according to the Federal Constitution for the purpose
of determining how each of the federated entities may legislate
on COVID-19 and the implementation of restrictive measures of
sanitary control and facing the public health emergency. Structurally,
a topic will be dedicated to the relaxation of environmental
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legislation during the COVID-19 pandemic and the consequences
on environmental degradation; one topic will be on health control
aspects, with lockdown decrees and the mandatory use of protective
masks; and one topic will be on the new sanitation regulatory
framework established by Law N° 14,026/2020 and the positive
and negative aspects in relation to COVID-19. The case study will
include the territorial outline of the Metropolitan Region of Belém-
PA and will analyze the effectiveness and divergences of the COVID-
19 legislation in relation to the Federal Union, the State of Para, and
the municipality of Belém.

10.1 Universal Access to Health in Brazil and the
Responsibility of the Federated Entities

The main focus for contemplating health control and the legislation
of COVID-19 in Brazil starts from the great differential of access to
the Universal Health System, enshrined in the Constitution of the
Republic in its Article 196, which expressly states that access to
health is a right of all and a duty of the state that it must guarantee
through social and economic policies aimed at reducing the risk
of disease and other aggravations and universal and equal access
to actions and services for its promotion, protection, and recovery.
Article 200 provided for the creation of the Unified Health System
(SUS, Brasil, 1990). Thus, if access to health is a universal right
in Brazil, necessarily so is access to public health control policies
related to the COVID-19 pandemic.

The materialization of universal access to health occurs through
the SUS, created by Federal Law N° 8,080/90, stipulating in Article 2
that health is a fundamental human right and the state must provide
the necessary conditions for its full exercise (Brasil, 1990).

Since access control to health control is universal, it is due to
the government public environmental policies, health control, and
access to sanitation with an emphasis on prevention, protection, and
recovery of citizens in general, regarding to the COVID-19 pandemic.
On February 3, 2020, the Brazilian Ministry of Health published
Ordinance N° 188/2020, declared a Public Health Emergency of
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National Importance (ESPIN in Portuguese) due to the human
infection with the new coronavirus SARS-CoV-2 (BRASIL, 2020a).

Within the parameters of the Democratic State of Law in which
the federative pact is stablished with the sharing of powers and
respective responsibilities among the federated entities, the great
challenge is a joint action among the union, the 26 states, the Federal
District, including the 5570 municipalities emphasizing that the
public health control policies related to the COVID-19 pandemic
need to include more than 210 million inhabitants (Instituto
Brasileiro de Geografia e Estatistica [IBGE], 2020).

Even though it is consolidated among the superior courts that
the responsibility in relation to health care is jointly held among the
federated entities of the union, that is, states, Federal District, and
municipalities, which was established in Theme 793 of the Supreme
Federal Court (STF in Brazil), doubts still remain regarding how it
will work and how responsibility will be exercised by each of the
federative entities. The situation becomes even more complex with
regard to the financial resources to cover the respective expenses.

Thus, the Federal Supreme Court, in a decision of general
repercussion, fixed the following docket in relation to Theme 793,
regarding responsibility in terms of health:

THEME 793: The federation entities, as a result of common
competence, are jointly responsible for the provision of health
care, and in view of the constitutional criteria for decentralization
and hierarchization, it is due to the judicial authority to direct
its compliance, in accordance with the rules of division of
competences and determine the reimbursement to those who
supported the financial burden (RE 855.178, Rapporteur, Minister
Luiz Fux, Editor for the judgment, Minister Edson Fachin, judged
in the On-site Plenary on May 23, 2019) (STF, 2019).

For a given subject to be the object of general repercussion,
the subject in dispute is a massive and repetitive demand. In other
words, even before the COVID-19 pandemic began, the federal
entities did not understand each other in terms of the effective
exercise of joint responsibility in health care, which is why the
decision was embargoed and the referred appeal was analyzed in
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April, 2020, when the pandemic was already underway. However, it
was limited to establishing that in the case of use of drugs without
registration with the National Health Surveillance Agency (ANVISA
in Portuguese), actions must necessarily be proposed against the
union (STE, 2020).

For example, the interpretation of the judgment in the context of
the COVID-19 pandemic is that various types of tests for diagnostic
purposes, several drugs (including experimental), and even vaccines
are under development but are not authorized by the ANVISA, in
which case, if they are used, legal action must be brought against
the union.

Solidary responsibility for implementation in relation to public
environmental and sanitary control policies, especially with regard
to access to the sanitation system and drinking water, is not yet a
positive reality to be celebrated.

The Metropolitan Region of Belém (RMB in Portuguese), State
of Para, was chosen as a territorial section for the case study of
this chapter. According to the Brazilian Institute of Geography and
Statistics (IBGE), the estimated population for the year 2019 in the
State of Para was 8,602,865 inhabitants, occupying the 24th position
among the 27 federation units, with a Human Development Index of
0.646. In territorial extension, the State of Par3 is the second most
extensive, totaling 1,245,759,305 km? (IBGE, 2020).

10.2 The Federal Law N° 13,979/2020 and the
Competencies to Legislate about COVID-19

In Federal Law N° 13,979/2020, after the judgment of ADI 6341,
in April 2020, Article 3 shall be interpreted in accordance with the
Federal Constitution in order to determine how each of the federated
entities may legislate on COVID-19 and the implementation of
restrictive measures of sanitary control and coping with the
emergency of public health.

The referred law had its constitutionality questioned before the
Federal Supreme Court, exactly with regard to the definition of
jurisdiction. The following is a transcription of the summary of the
res judicata:
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ADI 6341/DF, rapporteur Minister Marco Aurélio - ADI filed
against provisions of Law N° 13,979/2020 (items I, II, and
VI and §§ 8, 9, 10, and 11 of Article 3), considering chances
promoted by Provisional Measure N° 929, of March 20, 2020,
which dealt with “isolation, quarantine and mobility restrictions
(article 3,1, I e VI) and interdiction of public services and essential
activities (article 3, § 8) and the movement of people and cargo
(art. 3, § 11), as well as how and who can determine them
(art. 3, §§ 8 to 10).” It is argued that (i) the matter requires
a complementary law and not a provisional measure and (ii)
an offense against federal autonomy (CF Article 18), to the
argument that the rules that were fought would have removed
part of the common administrative competence of the states,
the Federal District and the municipalities, to adopt, without
the participation of the union, isolation measures; quarantine;
restriction of locomotion by highways, ports, and airports; and
interdiction of essential activities and services, centralizing these
measures in the “Presidency of Republic” and in “regulatory
agency or the granting or authorizing power” (STF, 2020).

In the preliminary judgment of ADI 6341/DF it maintained
the competencies of the states and municipalities to legislate on
COVID-19 under the understanding that it is a common competence.
Emphasizing that the offense against administrative autonomy
occurred, in particular, due to the fact that the union established
the requirements to be fulfilled by the federated entities, as
if centralized in the Presidency of the Republic, but without
determining where the financial resources would come from.

The court, by majority, endorsed the act, plus interpretation
in accordance with the constitution to § 9 of Article 3 of Law N°
13,979/2020, explaining the competence of the President of the
Republic to dispose, by decree, on public services and essential
activities, preserving the attribution of each entity of the federation.

Federal Law N° 13,979/2020 was regulated by Federal Decree
N° 10,2828, on February 6, 2020. The referred decree regulating
public services and essential activities practically deflated and made
lockdown impossible by greatly expanding the concept of essential
activities, leading to the necessity of publishing Federal Decree N°
10,329, on April 28, 2020 (BRASIL, 2020b).
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The Ministry of Health Ordinance N° 356/2020, published on
March 11, 2020, was limited to dealing with social isolation and
quarantine of people infected with coronavirus (COVID-19).

However, Ordinance N° 1,565, of June 18, 2020, of the Min-
istry of Health, which establishes general guidelines aimed at
preventing, controlling, and mitigating the transmission of COVID-
19 and promoting the physical and mental health of the Brazilian
population in order to contribute to actions for the safe resumption
of activities and safe social interaction, expressly provided in the
single paragraph of Article 1 on the general guidelines, in order to
contribute with actions for the safe resumption of activities and safe
social life, in the local sphere.

Single Paragraph. It is up to the local authorities and local health
agencies to decide, after evaluating the epidemiological scenario
and the response capacity of health care system, regarding the
resumption of activities (BRASIL, 2020c).

How each entity of the federation legislated on the enactment
of lockdown and the use of protective masks, taking into account
the union, the State of Par4, and the municipality of Belém, will be
discussed next.

10.3 Sanitary Control: Case Study

10.3.1 The Lockdown Declaration and the Mandatory
Use of Protective Masks in Brazil

At the federal level, the first in-depth technical concept of what the
lockdown would be and its difference in relation to social isolation
is not included in the legislation, but according to Epidemiologic
Bulletin N° 8, of the Health Surveillance Secretariat - Ministry of
Health, published in April 9, 2020 (Ministério da Satude, 2020):

e Lockdown: It is the highest level of security, and it may be
necessary in situations of serious threat to the health system.
During a lockdown, all entrances are blocked by security
workers and no one is allowed to enter or leave the isolated
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perimeter. The main objective is to interrupt any activity for a
short period of time.

e Expanded social distancing: This is a strategy not limited to
specific groups, requiring that all sectors of society remain in
residence during the term of the measure’s decree by local
managers. This measure restricts contact between people as
much as possible. Essential services are maintained, with the
adoption of more rigorous hygiene procedures and avoiding
crowds. Its objective is to reduce the speed of propagation of
the virus, aiming to save time to equip health services with the
minimum operation conditions—beds, respirators, personal
protective equipment, laboratory tests, and human resources.

e Selective social distancing: This is a strategy where only a
few groups are isolated, including all symptomatic people and
their household contacts, as well as the people that are at
the greatest risk of developing the disease or those who may
have a more severe condition, such as older adults and people
with chronic diseases (diabetes, heart conditions, etc.) or risk
conditions, such as obesity and risky pregnancy. People under
the age of 60 can move freely, maintaining a conduct of social
distancing and hygienic care if they are asymptomatic. It aims
to promote a gradual return to work activities safely, avoiding
an explosion of cases without the local health system having
the time to absorb the impact.

The advantages and disadvantages of adopting these measures are
summarized in Table 10.1.

However, there was a mismatch between the strategy adopted
by the Ministry of Health, following compliance with the rules
suggested by the World Health Organization, which had a technical
position in favor of expanded social isolation and lockdown, and the
Presidency of the Republic, which argued that isolation should be
only selective. This divergence culminated in the dismissal of the
Minister of Health Luiz Henrique Mandetta, who held the position
at the time.

On May 11, 2020, the National Health Council, and advisory
body of the Ministry of Health, published Recommendation N°
036, recommending the implementation throughout the country
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Table 10.1 Advantages and disadvantages of social distancing measures

Measures

Advantages

Disadvantages

Lockdown

Expanded social
distancing

Selective social
distancing (DSS)

It is effective in reducing the case curve
and gives time for reorganization of the
health system in a situation of uncontrolled
acceleration of cases and deaths. The
countries that implemented it managed to
get out of the most critical moment faster.
It is essential when adopted in a timely
manner, in order to avoid an uncontrolled
acceleration of the disease, which could
lead to a collapse of the health system and
would also cause economic loss. This
measure is not focused on COVID-19 but
can be used in all situations of competition
for beds and respirators.

When the conditions are guaranteed, the
resumption of labor and economic activity
is possible, as is the gradual creation of
herd immunity in a controlled manner and
the reduction of social traumas as a result
of social distancing.

This has a high economic cost.

The prolonged maintenance of this strategy can cause significant
impacts on the economy, and it is difficult to know when to open.

Even in a DSS strategy, vulnerable groups will continue to come in
contact with asymptomatic or symptomatic infected people,
making control more difficult. Countries like the United Kingdom
that started to take this measure had to back down in view of the
dizzying case acceleration without the support of the system. It
becomes reckless without the minimum operating condition.

Source: Ministério da Satude, 2020.
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of more restrictive social distancing measures (lockdown) in the
municipalities with accelerated occurrence of new cases of COVID-
19 and whose services occupancy rate had reached critical levels.

One of the justifications for the recommendation was to contain
the uncontrolled advance of the COVID-19 contagion when the
measures of social distancing were not having the desired effect,
in order to allow the health system to recover and be able
to absorb, in the best possible way, the demand, thus making
it necessary to completely suspend nonessential activities with
restricted movement of people—a measure known as lockdown.

The recommendation was drawn up on the basis of studies
developed by different academic institutions, such as the Institute of
Studies for Health Policies and the National School of Public Health
Sérgio Arouca of the Oswaldo Cruz Foundation (ENSP/Fiocruz),
which indicated that the SUS would not have sufficient capacity to
care for COVID-19 patients who would require intensive care.

The National Health Council effectively recommended the
following measures, within the scope of the Ministry of Health, states
and Federal District governors, state health secretaries, municipal
mayors, and municipal health secretaries:

e Suspension of all activities not essential to the maintenance
of life and health, only authorizing the operation of services
considered essential by their nature

e Adoption of guidance and administrative sanction measures
when there is a violation of social restriction measures, which
can be applied in specific areas of a city (neighborhood,
districts, sectors)

e Restriction of the circulation of people and private vehicles
(only with the use of protective masks), except for the
public transportation of people in the itinerary and in the
performance of services considered essential, with expansion
of information and educational measures (monitoring of
compliance) in vehicles of collective transport

e Mobilization of the armed and security forces, by the state
and municipal powers, through intersectoral partnerships
between the agencies, in order to comply with the emergency
protocols for the adoption of total lockdown when necessary,
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with planning prior to the limit of occupancy of beds in the
local health system

Thus, the Brazilian federal legislation did not expressly contemplate
the lockdown, being limited to dealing with social isolation,
quarantine, and other restrictive measures. Likewise, the use of
protective masks has never been mandatory, being limited to the
recommendation to use, through Ordinance N° 1,565, of June 18,
2020, of the Ministry of Health.

10.3.2 Lockdown Decree and Use of Protective Masks in
the State of Para

In the State of Par4, State Decree N° 609, of March 16, 2020, which
represents a milestone in restrictive measures to control the COVID-
19 pandemic (Para, 2020a), presented as a territorial scope all 144
municipalities that make up the State of Para. However, it did not
decree lockdown measures.

It contemplated home isolation of at least 14 days for all
who entered the territory (Article 7), including penalty of civil,
administrative, and penal liability of the offending agent, under the
terms of Interministerial Ordinance N° 5, of March 17, 2020.

Regarding the use of protective masks, State Decree N° 609, of
March 16, 2020, made specific regulation, until May 15, 2020, as
consolidated in Table 10.2.

The State of Para was the second Brazilian state to declare the
lockdown. Unlike Maranhao, there was no judicialization, but State
Decree N° 729, of May 5, 2020, was published:

Provides for the total suspension of non-essential activities
(lockdown), within the scope of the Municipalities of Belém,
Ananindeua, Marituba, Benevides, Castanhal, Santa Isabel do Par3,
Santa Barbara do Para, Breves, Vigia and Santo Anténio do Taua,
aiming to contain the uncontrolled advance of the COVID-19
Pandemic (Parg, 2020b).

Territorially, in addition to the municipalities that make up the
RMB (Belém, Ananindeua, Marituba, Benevides, Castanhal, Santa
Isabel do Parg, Santa Barbara do Para), a lockdown was decreed in
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Table 10.2 Regulation of the use of protective masks in the State of Para

Legal provision Nature Mask use

Article 8 Passenger transport, Do not allow people
public or private without masks to enter the

vehicles.

Article 11, item Illand  Banking, public and Prevent access to the

single paragraph private establishment of people

without masks.

Article 16, item | Presential cults and Allow the meeting of
religious maximum 10 persons, with
events—prohibited mandatory use of masks.

Article 16, item III Bus stops Make use of masks

mandatory.

Article 21 Engineering worksite Ensure supply of masks to

workers.

Article 22 Commercial Prevent access to the
establishments establishment of people

without a mask.

Source: Para, 2020a.

three municipalities in the interior of the state—the municipality of
Breves, located on Maraj6 Island, and the municipalities of Vigia and
Santo Antdnio do Taua, located in the Salgado Paraense region.

The normative lockdown instrument had a predetermined term,
that is, it started on May 7, 2020, and ended on May 17, 2020. It
brought expressly in §1 of Article 2 the mandatory use of protective
masks. In other words, in the permitted cases of movement of
people, the use of a mask was mandatory.

Considering the continuity of the uncontrolled advance of the
COVID-19 pandemic, on May 16, 2020, through the publication in
Official Gazette N° 34,220, temporary measures for total suspension
of nonessential activities (lockdown) were extended to cover seven
more municipalities: Cameta, Canad dos Carajas, Parauapebas,
Maraba, Santarém, Abaetetuba, and Capanema. The term was also
extended to include the period from May 19, 2020, to May 24, 2020,
while the use of protective masks in exceptional cases of movement
of persons remained mandatory (Para, 2020c).

On May 24, 2020, State Decree N° 777/2020 was published,
related to restrictions on the movement of people after lockdown
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Table 10.3 Classification of zones by risk levels (flags)

Zone Flag Risk level
1  Zone 00: Lockdown Black Lockdown
2 Zone 01: Maximum alert Red High risk
3 Zone 02: Control | Orange Medium risk
4 Zone 03: Control I Yellow  Intermediate risk
5  Zone 04: Partial opening  Green Low risk
6  Zone 05: New normal Blue Minimum risk

Source: Par, 2020e.

(Para, 2020d). This decree provides for the measures of controlled
distancing, aiming at preventing and facing the pandemic of COVID-
19, within the scope of the State of Para, and revokes State Decree N°
609, of March 20, 2020. However, 1 week later, it was also revoked
by State Decree N° 800/2020, of May 31, 2020 (Par3, 2020e).

State Decree N° 800/2020 instituted the RETOMAPARA project,
providing for the safe economic and social resumption, within the
scope of the State of Par3, through the application of controlled dis-
tancing measures and specific protocols for the gradual reopening
and operation of segments of both activities, economic and social,
and revoked State Decree N° 729, of May 5, 2020, and State Decree
N° 777, of May 23, 2020.

Annex Il to the aforementioned decree creates a regional division
of the state into eight regions, which are now classified by risk level,
indicated by colors compatible with the degree of risk, described in
Table 10.3.

10.4 New Regulatory Framework for Sanitation
in Brazil

The new regulatory framework for basic sanitation in Brazil was
established by Law N° 14,026, of July 15, 2020. Some of the main
themes dealt with by the new law deal with the universalization of
sanitation services and the establishment of a new deadline for the
end of dumps in the country.
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The need for solutions to be devised for the situation of
nonaccess to basic sanitation in Brazil is a reality that is very well
portrayed by the research developed by the Trata Brazil Institute.
The institute, in partnership with GO Associados, publishes the
ranking of basic sanitation of the 100 largest cities in Brazil. The
report of 2020 was used as a reference, which includes water and
sewage indicators in the largest cities in the country based on data
from the National Information System (base year 2018), released
annually by the Ministry of Cities (Instituto Trata Brasil, 2020).

According to the ranking, which includes the best and worst rates
of treated sewage related to the water consumed, the city of Belém,
capital of the State of Para, appears in the ranking at one of the
worst positions (95th position), with only 2.33% coverage. An even
worse situation is presented by the municipality of Ananindeua, the
second-most-populous municipality in the State of Para, which also
makes up the RMB, occupying the 97th position, with only 1.75%
coverage (Instituto Trata Brasil, 2020).

In terms of the rates of urban sewage service also the situations
in Belém and Ananindeua are the worst. Belém appears in the 95th
position, with only 13.68% coverage. Ananindeua occupies the last
position in the ranking, with only 2.06% coverage (Instituto Trata
Brasil, 2020).

Other strikingly negative data were presented by researchers
and experts, such as the study by the Secretariat for Economic
Policy (SPE), which showed that states that invest less in basic
sanitation services may show more deaths from COVID-19. The
finding made by the SPE (2020) was that the better the provision
of basic sanitation services in the country, the lower the chances of
deaths from the new coronavirus.

In the RMB, a city mentioned by the SPE study, more than
2 million inhabitants (90.1%) do not have access to sewage
collection and more than 900,000 (39.8%) do not receive treated
water from the taps of their homes. The study gathered information
from the Ministry of Health, IBGE (2020), and Instituto Trata Brasil.

In late April, a study by the Oswaldo Cruz Foundation (Fiocruz)
also found genetic material for the new coronavirus inside the
sewage system in Niterdi (Rio de Janeiro). The locations chosen for
sample collection included drainage inlets, treatment stations, and
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Figure 10.1 Cities with the highest mortality by COVID-19 in Brazil. Source:
Secretarias de Saude Estaduais, 2020.

points for the discharge of hospital sewage. In the first published
result, traces of the virus were found in 5 of the 12 areas surveyed.

Figure 10.1 shows the 20 cities with the highest mortality
from COVID-19, updated on June 10, 2020 by the state health
departments. Belém is the second city with the highest mortality in
the country, presenting a rate of 110 deaths per 100,000 inhabitants.
According to the figure, of the 20 cities with the highest mortality
from COVID-19, 18 are located in the north and northeast regions of
Brazil, where sanitation rates are the worst.

The figures presented during the COVID-19 pandemic in Brazil
made it clear that the worse the sanitation rates, the more serious
are the consequences of COVID-19. Therefore, the universalization
of sanitation services proposed by the new sanitation framework is
so urgent. The law provides that companies must expand the supply
of water to 99% of the population and the collection and treatment
of sewage to 90% of the population by the end of 2033. But there is
the possibility of extending the term to the year 2040 if technical or
financial unfeasibility is proven.

However, the solution given for achieving universal sanitation in
Brazil is the privatization of services, because of the fact that there
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is poor management of public utilities and this is the main reason
why universalization has not been achieved so far. In fact, there are
several studies that prove the inefficiency of the public authorities
and the lack of investments in the sector.

However, other questions must be raised. Private companies
are more efficient as they target profits and some regions that
are difficult to access and occupied by low-income populations,
where there is often a need for lower tariffs, may not be seen as
good business by these companies. For these cases, the solution
provided by law is to regionalize the provision of the service so
that companies cannot provide services only to the municipalities of
interest to them, only those that are seen as profitable. Regionalized
provision includes municipalities that are both more and less
economically interesting for the company providing the service. This
regionalization is carried out by the states, which must compose the
blocks of municipalities that may collectively contract the services.

It is important to remember that some measures taken during
the COVID-19 pandemic included the suspension of the cut of basic
services, such as water supply and electricity, and this may be
considered a negative aspect for private concessionaires.

Another negative aspect of this model is the international expe-
rience in privatization of sanitation services, in which the service,
after being privatized, returned to the municipality. According to
a study by the Transnational Institute (2017), more than 300
cities in 36 countries have remunicipalized their water and sewage
treatment services.

10.5 Flexibilizing Environmental Legislation
During the COVID-19 Pandemic and the
Consequent Environmental Degradation

It is not the intention of this chapter to go deeper into all the
normative flexibility measures adopted by the Federal Government
with respect to environmental legislation. We will deal only with
those considered to be the main ones. However, it is important to
point out that the internal regulations of the federal bodies that
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are part of the National Environment System (Sistema Nacional
do Meio Ambiente), responsible for exercising the police power
and fiscalization (Brazilian Institute for the Environment and
Renewable Natural Resources and the Chico Mendes Institute for
Biodiversity Protection), also underwent major changes, always
aimed at flexibility. According to official data from the National
Institute for Space Research (INPE, 2020):

e Deforestation alerts in the Amazon rainforest grew by 63.75%
in April 2020, when compared to the same month of the
previous year, according to the Deter-B system, developed by
INPE.

e In 2020, alerts were issued for 405.6 km?2, while in the
previous year, in the same period, alerts were issued for 247.7
km?.

In 2019 alone, Brazil went through three major environmental crises
involving the exploitation of natural resources: rupture of the dam in
Brumadinho (January, 2019); fires in the Amazon Forest (August-
September, 2019), and oil spills in the coastal zone (September-
October, 2019). The year 2020 started with the biggest global crisis
in recent decades, the COVID-19 pandemic (Santos, 2020).

In view of the territorial cut proposal, the statistical data of
all judicial units that directly address environmental issues in
the municipality of Belém were catalogued. They could be called
specialized judicial units in environmental matters, two of which
were within the scope of the State Court of Justice (Para), that is,
the Environmental Court of Belém and the 5th Court of the Public
Treasury of the Capital (Belém). Within the scope of the Federal
Justice, data from the 9th Federal Court of Belém were catalogued,
also with specialized competence in environmental matters.

A specific request was prepared in April 2020 for data collection
from the Statistics Coordinator of the Para State Court of Justice.
Thus, Figs. 10.2 and 10.3 were prepared on the basis of the Statistical
Yearbook of the Para State Court of Justice, base year of 2018,
with information update for the years 2019 and 2020 and data
verification by the Statistics Coordinator of the Para State Court of
Justice (TJPA, 2020).
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Figure 10.2 New cases filed in Belém’s Special Environmental Court.
Source: TJPA, 2020.

In relation to the data of the 9th Federal Court of Belém,
its data came from the Statistical Reporting System Transparency
in Numbers, prepared by the Federal Court of Justice - Federal
Regional Court of the 1st Region (TRF1, 2020).

The consolidated data showed the number of lawsuits initiated
per year with an environmental theme, for the purpose of calculating
the monthly average to be compared with the number of actions
initiated during the COVID-19 pandemic.

At the Environmental Criminal Court of Belém, the number of
cases initiated in 2019 was lower than in the preceding 10 years.
When compared to the year of 2018, it practically halved, reaching a
monthly average of 23 new cases (Fig. 10.2). Comparatively, the year
2020 shows a considerable decrease in the number of new actions:
49 new actions were filed in January, 23 in February, and only 7
actions in March. After March, the system was no longer fed new
information.

Another judicial unit that receives actions related to environmen-
tal conflicts and also issues related to health is the 5th Court of
the Public Treasury of the Capital (Belém), which has competence
for homogeneous, collective, and individual rights. The court was
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Figure 10.3 New cases in the 5th Court of the Public Treasury of Belém.
Source: TJPA, 2020.

Table 10.4 New cases filed in the 5th Court of Public
Treasury of the Capital (Belém) in 2020

5th Court of Public Treasury of Belém (2020)

Jan Feb Mar Apr May Jun
14 29 15 19 32 30

created by State Law N° 8,099/2015, contemplating actions for
damage liability caused to the environment, and started operating
in 2017. Figure 10.3 brings the new cases filed in the years 2017-
20109.

In 2020, new actions were registered until June, as can be
analyzed by the data in Table 10.4. That is, in the first six months of
2020, only 139 new lawsuits were initiated. A comparison of these
numbers with those of previous years shows considerable decrease
in cases, similarly to what occurred in the Special Environmental
Court.

Regarding the 9th Federal Court of Belém, the arithmetic average
of the annual distribution in the preceding 10 years was 945 cases
initiated per year, reaching the average monthly distribution in the
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preceding 10 years of 79 processes per month. The average monthly
distribution in the first five months of 2020, which includes the
COVID-19 pandemic period, was only 32 cases per month, much
lower when compared to the preceding three years, which presented
monthly averages of 91, 57, and 46 cases for the years of 2017, 2018,
and 2019, respectively.

In conclusion, despite the considerable increase in deforested
areas, the number of processes with an environmental theme in
Belém has decreased considerably in the last two years. In 2020,
the decrease was even more abrupt, which is directly related to the
decrease in inspection.

10.6 Conclusions

The chapter addressed issues related to legislation that had to be
formulated or readjusted during the COVID-19 pandemic in Brazil,
analyzed decisions taken at different levels of government, and
presented a brief discussion on the new regulatory framework for
sanitation in Brazil.

Brazil, due to its continental dimensions and social and political
organization, is a country formed by 26 states and a Federal District,
with approximately 210 million inhabitants according to the last
census. In such a large country, inequalities are also present. Some
regions have suffered more from the pandemic effects, and studies
have shown that capitals that have the worst sanitation rates and
also the highest mortality rates due to COVID-19 in the country.

The country reached the 100,000 COVID-19 death mark on
August 8, 2020, five months after the country’s first recorded case.
Brazil ranks second in the number of deaths in the world and
the first in Latin America, adding by itself more deaths than its
neighboring countries. There were several factors that contributed
to this sad statistic: the lethality of the virus, the delay in some
decision making by the public authorities, the impasse between
legislation adopted by different states and the union, low rates of
sanitation services coverage in some regions of the country, and lack
of capacity of the SUS (the largest universal health system in the
world) to absorb this kind of emergency.
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The universalization of sanitation services is one of the goals of
the new regulatory framework that was sanctioned in July 2020,
since data from 2018 show that only 83.62% of the population
is served by water supply services and 53.15% is served by
sewage collection and treatment services in Brazil (Governanga,
Planejamento e Gestio Estratégica de Servigos Municipais de Agua
e Esgoto, 2020).

The issue of environmental flexibilization was also addressed,
analyzing the cases with environmental themes registered in the
courts of Belém, both state and federal courts, comparing the data
with those of previous years. It was found that although envi-
ronmental degradation has increased, enforcement has decreased
and it is therefore not possible to legally demand remediation of
environmental damage due to a lack of materiality, making visible
during the COVID-19 pandemic the flexibilization of environmental
legislation.
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The twenty-first century will be remembered not only for the great
climatic, social, and political tragedies or advances in science but
also for having experienced one of the biggest public health crises
ever recorded, COVID-19. The pandemic brought with it a series of
questions that forced world leaders to have immediate and plausible
answers in order to mitigate the effects generated by the new
corona virus. However, from a quick analysis of the measures taken
by government officials (not in the majority) what is envisaged
are numerous actions based on more uncertainties generated than
really effective responses. The disagreement between guidelines and
means of mitigating the effects of the pandemic, even after months
of its enactment by the WHO, still reflects the neglect and the lack
of preparedness of humanity to cross something like this. Through
Ulrich Beck’s Metamorphosis of the World, we will bring concepts
and reflexes related to the pandemic, which are nothing more than
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the obsolete and plastered form that society and law are seen. It is
necessary to reflect on the law on the basis of this new social bias,
linked to globalization and the Fourth Industrial Revolution.

11.1 Introduction

This century, throughout its initial years, was already emerging
as a century focused on innovation, development, and scientific
advances; hence the scenario of the Fourth Industrial Revolution is
outlined. The achievements hitherto only dreamed of by man slowly
became a reality because if before they were created in the field of
utopia, today they are produced and commercialized in the factual
world. However, something that escaped even the most distant
propositions of man happened, something that for this century was
not on the agenda: the pandemic by the new coronavirus—COVID-
19.

The pandemic caused by the new coronavirus came as a
watershed, since it exacerbated public health crises already existing
around the globe, bringing the need for support both in the field
of medicine (in order to have a quick and effective answer about
the dimension of the problem) and regulatory analysis in order to
safeguard rights and duties that end up being overshadowed, due to
the infamous “collective good at the expense of the individual”

In this sense, there is the idea of Metamorphosis of the World,
taught by Beck [4], which is based exactly on the epicenter of the
problem brought by COVID-19: decision-making. From a social point
of view, for example, numerous uncertainties emerge when there is
a pandemic, as the proposal for social distance adopted by much of
the world was not well received by the population or even respected.
Depending on Beck’s theory [4], the pandemic brought about a
significant change in worldviews in a global context.

This chapter will aim to work on the idea of Beck’s Metamor-
phosis of the World [4], incorporating it into the reality brought
by the new coronavirus. The aim will be to analyze how the law
should position itself in the face of so many uncertainties that
arise from decision-making that theoretically would be destined to
reduce the impacts suffered by the pandemic. The intention is not
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to exhaustively address the problem proposed above but, rather, to
plant the seed of doubt about the frequent questions that we are
obliged to answer due to this global, noncosmopolitan society.

11.2 COVID-19 Pandemic: Prelude, Reflexes, and
Consequences

Saying that you are facing a pandemic is different from saying that
you are experiencing a local epidemic. The virus itself, which is
currently new, is linked to some disease, changing and appearing in a
point on the planet. After this mutation, it spreads along trade routes
and travel routes to other parts of the world. Tourists and business
travelers have historically been the main carriers of viruses around
the globe. When talking about transmission on commercial routes, it
is no longer possible to outline a geographically continuous pattern;
on the contrary, a disease/virus spreads along these routes from one
shopping center to another, crossing the borders of nation-states.
Faced with this scenario, widespread and almost simultaneous
surges result worldwide, which can, in turn, lead to a later
transmission. Here we are facing the first phase of a pandemic [8].

Brazil, like all countries across the globe, is experiencing one
of its biggest health crises ever recorded; it can be said that the
Spanish flu played out in very similar proportions; however, a
different factor in the equation of this pandemic makes it difficult
to rule out globalization. Due to the contours brought by the Fourth
Industrial Revolution, the risks today can no longer be seen only
from the perspective of territoriality and temporality, but, rather,
by the ruptures of space and time that scientific and technological
advancement provides.

According to data extracted from the Ministry of Health website,
Brazil accounted for a total of 116,580 deaths and 3,669,995
infected by COVID-19 as of August 2020. It is important to note
that Brazil, since the beginning of the pandemic, has been quite
reluctant to adhere to the World Health Organization’s (WHO’s)
recommendations, which possibly holds an intrinsic link to the
figures mentioned above [18].
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In the Brazilian context, it is possible to analyze an even more
complex context, since state governments diverge and introduce, in
an autonomous way, different ways of dealing with the pandemic,
from meeting the recommendations of the WHO to ignoring them
completely. This occurs as a consequence also of the way in which
the Federal Government, specifically the President of the Republic,
Jair Bolsonaro, places himself above of social reality, where he
minimizes the effects generated by COVID-19, even calling it a “small
cold” [19].

As mentioned above, one of the major impasses faced over
answers about the controversies brought about by COVID-19 was
how much each nation was prepared to face the challenges arising
from a pandemic. This alleged is seen as a way of preparing for
epidemics of infectious diseases in order to reduce their impact
on public health. However, what is seen in the current scenario
is actually a major failure in this preparation, resulting in health
consequences at a global level [19].

It is incontrovertible that pandemics have been experienced
throughout human history, causing destructions and social disrup-
tions. However, it is necessary to reflect on what we have learned
over the centuries from such ruptures. What did social history
teach us? We continue with the same practical short-term actions:
although the whole apparatus of the Fourth Industrial Revolution
(nanotechnologies, artificial intelligence, robotics, etc.) is available,
humanity is conditioned to secular security devices: quarantine,
social detachment, closing of state borders, etc. [13].

Health authorities recommend preventive measures, such as
washing hands; maintaining social isolation; avoiding touching
eyes, nose, and mouth; maintaining respiratory hygiene; using a
mask; and seeking medical care. However, a study carried out
in Japan pointed out that only the adoption of some preventive
measures is insufficient to contain the proliferation. In this regard,
the procedures that are available are quarantine, isolation, social
detachment, and community containment in order to separate
people to interrupt transmission [11].

Notwithstanding these obstacles evidenced by the pandemic,
there is an even greater impediment: information—a tsunami of
information from everywhere, from scientific research to fanciful
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ideas covered with supposed truths. Here, it is also possible to cover
the extent of the importance of the media and social media (the
Fourth Industrial Revolution—emerging technologies), where, with
the help of globalization, information that is often wrong can be
polarized and reach all corners of the globe, making it even more
difficult to work in a pandemic scenario [6]. According to the words
of the philosopher Luciano Floridi “information lacks a philosophy,
as it must have a semantic character based on data, meaningful and
true, where there must be a synergy between knowledge and the
information itself” [12, 24].

COVID-19 has also forced us to reflect on the importance
of sanitarians—they built the Unified Health System in the last
century and through the 1988 Federal Constitution, they made
health a universal right and a duty of the state toward the citizen.
However, the scrapping of this distribution was even more evident
due to the situations experienced by the new coronavirus, which
showed the gap between the supplementary medicine offered by the
government and the cutting-edge medicine offered by health plans.
The paradigm of public health being incorporated into the Federal
Constitution came as a means of reiterating the need to safeguard
human rights and a right to basic good health [17, 25].

In a scenario ripe with the uncertainty and ignorance brought
about by the pandemic, it is necessary to ask the following questions:

e Do not these theoretical uncertainties lead us directly to
practical uncertainties on how to deal with the reflexes of the
pandemic?

e Understanding the risks inherent in a pandemic, are they the
same risks as conceived by classical doctrine?

e How does the pursuit of exacerbated modernization con-
tribute to reaching a state of global health crisis? [26]

The social production of wealth is systematically accompanied by
the social production of risk. Such an argument proves to be quite
assertive when in the wake of the productive forces, exponentially
increasing in the modernization process, risks and potential threats
are unleashed/created in a measure hitherto totally unknown,
because when it comes to the globalization process, territoriality
it is just an innocuous word to measure spaces (strongly what has
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been seen with the coronavirus, from Asia, but that has spread to all
continents) [5].

The impacts suffered by humanity due to the pandemic cannot
yet be measured, considering that we are talking about situations
that propagate in time or even those that were only enhanced now
due to COVID-19 [26]. In addition to the economic scenario, one of
the biggest concerns of nonstates is the mental health of people in
the face of social isolation and quarantine. We will have instances of
morbid people whose condition ended up worsening at home and
people who were already sedentary long before the pandemic but
whose situation, with social distance, became even worse. We may
be talking about an outbreak due to this mental instability, which is
often the trigger for many people to stop adhering to the indications
of their countries. In other words, a spread of psychopathology can
reduce this population’s adherence to what we have as preventive
measures [2].

At the beginning of the pandemic, one of the biggest concerns of
the Chinese era with the mental health of citizens. We thought about
how to develop and implement the scope of coverage to alleviate the
psychological suffering generated by COVID-19. Through public poli-
cies, local authorities were required to incorporate psychological
crisis interventions in their training in order to serve the population,
so that there were more effective responses to this type of situation
[23].

Another serious consequence of social isolation is the leap in
the number of cases of domestic violence. Several new problems
have also arisen, including physical and psychological health risks,
triggering a process of isolation and loneliness because of the
closure of many schools and businesses, economic vulnerability,
and job losses. It is important to note that the concept of domestic
violence here refers to a series of violations that occur within a
domestic space [15].

An article published by The Guardian referred to the extent
to which domestic violence is a behavior repeated throughout
the world. An example is an increase of around 40% to 50% in
Brazil. In one location in Spain, the government said calls to its
helpline increased by 20% in the first days of the confinement
period [22]. In the United Kingdom, one of the leading associations
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helping to prevent domestic violence reported that calls to the UK
Domestic Violence Helpline increased by 25% in the seven days
after the government’s announcement of stricter social detachment.
During the same period, there was a 150% increase in visits to the
website [3].

11.3 The Metamorphosis of the World:
Globalization of Risks in the Face of the
Pandemic

The Metamorphosis of the World, a work developed by Beck [4],
has as its final analysis an observation about the global events that
unfold in a society characterized by the disruption of basic concepts
that support it. In other words, Beck’s theory works synergistically
in the context of the pandemic brought about by COVID-19, since
these social structures within the context of society are increasingly
fragile.

When working on the term “metamorphosis” from the perspec-
tive of society, the question arises as to why not use terms such as
“social change or transformation.” Transformation is interconnected
to a kind of evolution from closed to open, from national to global,
from poor to rich. In other words, you evolve to the next “level” to
which you are allocated. However, metamorphosis means more than
just evolving; it is something extraordinary, a reconfiguration of the
worldview—what was COVID-19 in the twenty-first century if not a
metamorphosis? It is emphasized that for Beck, this metamorphosis
cannot come from wars or violence but from a side effect of
successful modernization [4].

Beck works with the perspective and meaning of the term
“world” when claiming that it undergoes a metamorphosis. Such
a claim often delimits the preaching of catastrophists, because for
them, a catastrophic analysis when it comes to metamorphosis
seems to be a more consistent assessment. Take the example of a
caterpillar, for example, where we know that it will morph into a
butterfly, but does the caterpillar have such awareness? In other
words, catastrophists are the caterpillars, because it is not the world
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but rather their worldview that undergoes a metamorphosis. Still,
one cannot forget also the optimistic view of progressives, who claim
that the world will be saved by evolution, but this assertion is also
not correct, because the world is actually undergoing surprising
global changes, which are seen on the horizon of metamorphosis
[4].

The scenario of the new coronavirus proves to be umbilically
linked to Beck’s theory, as if there had been a premonition, given that
the ideals of world and globalization are going through ruptures,
“languishing,” as the theorist himself says. The path would be
cosmopolized actions, which should be understood from national
frameworks; in other words, it is necessary to have a cosmopolitan
thinking focused on a global movement strategy, as COVID-19 has
made something clear: there is no way to escape the globalized
reality [4]!

It is possible to affirm that COVID-19 came not only to highlight
the twenty-first century in the historical timeline but also to help
to actually reconfigure the existing worldview, so the world would
understand that in a globalized society, its risks are indisputably
global, due to a modernization process (metamorphosis of the
world). In other words, it is extremely important to have this macro
worldview, interconnected and globalized [10].

11.4 The Law of the Fourth Industrial Revolution
and Decision Making about the Risks

Throughout this chapter, we sought to demonstrate that the
pandemic brought about by COVID-19 was practically foreseen
in Beck’s theory—that the risks today must be seen from the
perspective of globalization, just as globalization is the result of the
Fourth Industrial Revolution, as this modernization is only possible
and viable on the basis of a process of scientific and technological
advancement [21, 27]. Finally, it is necessary to understand the role
of law in this convergence of data and facts in order to make a
decision that seeks to mitigate and remove the greatest number of
side effects arising from these responses.
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“The Fourth Industrial Revolution” is a term coined by economist
Klaus Schwab, where for him, in today’s society, there is an
ongoing paradigm shift that profoundly changes the way we work,
communicate, inform ourselves, etc. Uncertainty proves to be a path
of no return for development due to the continuous and systematic
adoption of emerging technologies (nanotechnology, biotechnology,
artificial intelligence, robotics, etc.—technological convergence).
Schwab defends the need for a shared comprehensive and global
vision in order to face the challenges that constantly arise (the case
being totally opposite in the context of COVID-19) [21, 27, 28].

While Beck tried to formulate the details of the stir around
metamorphosis and transformation/evolution, Schwab [21, 27] also
explains why the Fourth Industrial Revolution is distinct and not just
reflections from the Third Industrial Revolution. Let’s see [21, 27]:

e Speed: The current industrial revolution evolves in an
exponential and nonlinear way due to a globalized world (in
metamorphosis), one that is interconnected, given the many
emerging technologies that when used in combination can
reach extraordinary achievements.

e Breadth and depth: There is the digital revolution as a
basis, and it combines several technologies (technological
convergence), which results in paradigmatic changes in the
economy, in society, and in individuals. The questions are not
just about “what” and “how” we do but about “who” we are.

e Systemic impact: There is involvement between countries,
both internally and externally, whether in companies, indus-
tries, or societies.

It is not just the idea of the world that undergoes a metamorphosis,
according to Beck’s teachings, but the world industry, since the intro-
duction of these new technologies in a totally digital environment,
either through the Internet of Things, artificial intelligence, or big
data itself, brings with it great potential for a profound change in the
global scenario. With the advent of the Fourth Industrial Revolution,
the industry itself is moving toward a reframing that is increasingly
open, connected, and involved with society. These new forms of
interrelationship will occur in all social fields and in the most diverse
segments [20].
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Corroborating the provisions regarding scientific evolution and
ruptures, Arango and Montenegro conceptualize:

The dilemma then, if there is one, basically focuses on how
different sectors involved will agree to interact with these
technologies and delimit their interaction with human beings,
and not on whether it will be possible or not, because it is no
longer about science fiction literature, but about a trend that
does not have turning back. The above, then, is not the future, it
is the present; but it is clear that the future is not going to be
the continuation of the past. There is a clear break in the solid
line (growth or not) caused by changes in people’s behaviors,
in the way of interacting in the digitally transformed world, but,
above all, by the speed of technological change [1].

Again, the systemic brought by the doctrine flows into the
reality of the pandemic because the references brought by Schwab
[28] were the means by which the virus managed to spread
throughout the world. With this bias, it is possible to enter
another core of discussion around COVID-19: how should the law
position itself in the face of these controversies, arising from a
globalized society, in a technological context and undergoing a
metamorphosis?

Faced with the reality of COVID-19, we are surrounded by vague
predictions about the duration of this abrupt and violent pandemic.
Depending on the changes in the shape and magnitude of the
socioeconomic consequences, there are still many uncertainties, but
one of the biggest questions is around the post-pandemic world—
there will be changes, but how these realities will remain and what
exactly will remain is unknown [28]. So, the current crisis proves
to be a long and opportune moment for reflection on the changing
social world and the theories that we can use to make sense of the
events that are unfolding [14].

We mentioned above that the ways in which the world dealt
with the pandemic generated by COVID-19 still involve archaic
and secular actions. In turn, if the law and its normativity are the
regulators of society, how we understand it would not be different,
since the “plastered and hard” way we interpret it, only from the law
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put, creates an abyss between law and society because today’s law
still legislates over a previous society.

To resolve this controversy, the theory of legal pluralism is
presented, which arises from the possibility of creating technical
standards in order to overcome this bankruptcy created by a
legislative process that is slow and sometimes ineffective. It should
be said that legal pluralism will be based on principles, such as
the precautionary principle, among others, thus demonstrating this
normative synergy with the law system [9].

Here we see law from the perspective of a science or social
doctrine and its close relationship with the social, political, and
cultural dynamics in which it was immersed. This essay turned to
the perspective of breaking the idea of this globalized world and
asking: we could not start from the recognition of the plurality of law,
and recognizing within it there are several ways to recognize it and
bring to the field of the factual world. However, so that we can speak
in terms of plurality of the sources of law and the ideal “law;” it is
necessary to understand a series of questions of an epistemological
nature, since it is about understanding the nature of the law, its
function and relationship with the social environment, and how it
becomes the regulatory and normative basis of society [7].

A concept of legal pluralism aims to overcome this centered
and reductionist state on the basis of the connection between
legal positivism and natural law. An evolution is needed based on
the unique idea of legal positivism, where there is no indivisible
coexistence between state power and law. One of the great steps
of contemporary Europe regarding legal pluralism was the work
developed by Paolo Grossi, a great historian of law, where this critic
strongly criticized the reductionist idea of law as the strong last
element of law and promoted an objective dimension of law as a
social institution, seeing legal pluralism more as a consistent order
and close to the social context [16].

By legal pluralism, one should understand the possibility that
different normative statements coexist, and with them a plurality
of legal systems, that is, legal declarations appropriate for or
corresponding to a real world, which responds to a factual social
reality. Epistemological reflections on the law must be constantly
made by analyzing law as a science and its relationship with social
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reality. Through links (interdisciplinary), the law must analyze social
contexts and try to provide answers to these realities that are
constantly changing. It is important to mention that the idea of
legal pluralism is not reduced to the acceptance of the possibility of
several legal systems but those that are based on principles [7].

11.5 Conclusion

The reality experienced by humanity this past year will certainly
remain in the history books; it will not be a year remembered for
its splendor but for how much humans, even with all the knowledge
of technology, are still hostage to a virus that can be easily eliminated
with soap and water. Therefore, we were forced to revisit and reflect
on several maxims, both in the social and technological context,
which until then were seen as irrefutable. COVID-19 has ultimately
force us to ask ourselves the following questions [28]: How long does
the idea of nationalism actually offer real solutions to problems seen
on the global aegis? Would the answer to a globalized society be
nationalist isolation?

In this context, it is possible to verify what happened in the
national territory, where total sovereignty was exercised over other
nation-states, going against any and all scientific data, resulting in
thousands of deaths and countless infections. Brazil today ranks
second in terms of the number of deaths from the new coronavirus,
behind only its “ally” the United States (governed by a sympathizer
with local ideals). In other words, society tries to address new
problems with old answers, seeing the social reality and the support
of the state always in opposing positions.

As we have worked throughout this essay, the proliferation
of COVID-19 is inextricably linked to the context of the Fourth
Industrial Revolution and its technologies, since they are still part
of an attempt to gradually build a social context where more
questions are created than answered. The reflexes inherent to this
technological revolution are felt daily, which makes us believe in a
post-pandemic global society where it is indisputable that actions,
forms, and contexts will change, though it is still not known how and
for what [21, 27, 28].
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The idea is that the world is doomed to metamorphosize, as
society changes daily, which makes us reflect on the fact that even in
the twenty-first century, with all the technological apparatus, man
had to use the same actions that his ancestors used to try to stop
the proliferation of a virus: social isolation and quarantine. The daily
risk generation to which man is exposed is incalculable; we don’t
stop building things, improving games and systems, when we have
no idea of the tens of thousands of ways that human action has
broken the delicate natural ecological balance.

Finally, we mentioned the beginning of a possible action to
try to put all social issues that originate into perspective: legal
pluralism. The metamorphosis of the world is an undeniable reality;
we understand its need for study and being critical, or we will
continue to be at the mercy of these risks that are created from a
“unannounced” cosmopolitan society. Themes such as the Fourth
Industrial Revolution, a post-pandemic global society, and the
metamorphosis of the world will need more and more reflection
and criticism from the most diverse areas. The concept of interdisci-
plinarity is increasingly in vogue, as technology, innovation, society,
and the regulatory landscape urgently need to find a way to work in
order to avoid an implosion at each point mentioned.
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The severe acute respiratory syndrome caused by the new coro-
navirus (SARS-CoV-2) started in Wuhan, Hubei Province, China, in
late 2019, and spread quickly across the world, being declared a
pandemic by the World Health Organization (WHO) on March 11,
2020 [109]. SARS-CoV-2 viruses have a spherical shape in general
and some pleomorphism, with diameters ranging from 60 nm to
140 nm and with spikes of 9 to 12 nm over their surface [115], and
the aerosols produced by people when they breathe, talk, or cough
may contain pieces of genetic material from the virus, which float
easily in the air. As the pandemic progressed, a continuing shortage
of evidence on the SARS-CoV-2 transmission routes resulted in
several changes to the infection prevention and control guidelines.
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One was released by the WHO on July 10, 2020, after an open
letter from scientists specialized in the spread of diseases through
the air requested updates on how the respiratory disease spreads,
calling for the inclusion of the COVID-19 transmission over air [108].
However, more research is needed to confirm such evidence. Since
the virus can be found suspended in air, the use of filter media
as physical barriers capable of containing its spread is of vital
importance. In this scenario, several tissues appeared to reduce
the spread of the virus. Fabrics with the application of metal
nanoparticles of silver, copper, and titanium, among others, stand
out for inhibiting the spread of the virus since these nanoparticles
are known for their biocidal and virucidal effects. Therefore, the
dissemination can be controlled through the application of these
filter media in internal ventilation systems, such as simple air
conditioners. The supplied air must be clean in terms of particulate
matter, gases, and pathogens (such as viruses, bacteria, and fungus
spores), especially in hospitals and health-care facilities. This
chapter presents an updated scenario about air quality standards
worldwide and filter performance tests. SARS-CoV-2 is analyzed
as a nanoparticle with regard to its dynamics in aerosols and its
deposition in fibrous materials. The main mechanisms of deposition
and collection of nanometric particles in fibers and the increase in
the collection efficiency of these agents by nanofibers are presented.
The main studies on bioaerosol filtration and current research about
biocidal and virucidal materials are addressed.

12.1 Current Standards in Air Filtration

According to estimates from the World Health Organization (WHO),
90% of the global population breathes polluted air and about 7 mil-
lion people die prematurely every year due to the combined effects
of ambient and household air pollution [107]. Air pollutants can
be classified as gaseous pollutants, such as ozone, nitrogen oxides,
sulfur dioxide, and carbon monoxide, or particulate pollutants, if
they are present in the atmosphere as suspended solid or liquid
particles. Particulate pollutants have truly diverse sizes, from a few
nanometers to some micrometers, and also very diverse chemical
compositions, depending on their source [105].
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Unless they are soluble in water, gaseous air pollutants deeply
penetrate the human respiratory system. Exposure to ozone has
been related to respiratory and cardiovascular diseases [72],
susceptibility to respiratory infections is increased by nitrogen
oxides [48], ventilatory capacity and shortness of breath are felt
after the first minutes of exposure to sulfur dioxide [105], and
carbon monoxide reduces the oxygen-carrying capacity of the blood
and can lead to permanent damage to the central nervous system
[106].

Particulate pollutants with diameters smaller than 10 pum (PM1y)
can penetrate the human airways. The smaller their sizes, the
greater the probability of their reaching the bronchiole and alveoli,
affecting gas exchange and causing severe respiratory diseases.
Particles with diameters smaller than 2.5 um (PM; 5) are especially
dangerous and, once in the alveolj, there is a great chance that they
will pass into the circulatory system. Then, they are transported
via blood throughout the body, which may be related to the
development of heart diseases, strokes, and cancers [16, 51, 57, 68,
90] and decrease in cognitive functions [2, 76, 96].

Pathogenic agents, such as viruses, bacteria, and fungus spores
can also be considered particulate air pollutants, since they are
easily suspended due to their tiny size: 20-400 nm for viruses, 0.2-2
um for bacteria, and 2-8 um for fungus spores [45, 95, 114]. To date,
the main known way of transmission of the new coronavirus (SARS-
CoV-2) is through droplets expelled from infected people when they
cough, sneeze, or speak. These droplets may contain the virus and
can be breathed in by unprotected close people or can settle in
close surfaces like tables, handrails and other objects, from where
they can contaminate other people later. However, the possibility
of the virus to stay suspended in the air for longer periods of time
and to travel further distances, especially in poorly ventilated closed
rooms, is not discarded, mainly after recent reported outbreaks of
COVID-19 in restaurants and offices [108], which brings the world’s
attention to air quality standards; heating, ventilation, and air-
conditioning (HVAC) systems; and the types of fabrics used in such
systems. Airborne diseases become an important issue, especially
for crowded places like hospitals, public transport, markets, offices,
and schools [8]. Therefore, protection against air contamination
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is required by improving the indoor infrastructure of buildings
to protect patients, health-care workers, caregivers, and people in
general.

On the basis of extensive scientific evidence and reports on
air pollution and its health consequences, the WHO offers air
quality guidelines that are consulted worldwide and support the
authorities responsible for public policies related to air pollution
in their countries [105]. The current guidelines for particulates and
some of the most important gaseous pollutants are summarized in
Table 12.1, along with the air quality standards currently adopted by
the United States, the European Union, Brazil, China, South Africa,
and Australia. The averaging time is the period over which the
average value is determined.

The use of fabrics as physical barriers to filter the air with the
objective of protecting human health is a millenary practice and
the most commonly used method for HVAC systems. The barrier,
known as a filter medium, must be permeable to air and efficiently
retain the suspended particles [20, 78]. Careful selection of the filter
medium to be used in HVAC systems is of extreme importance to
guarantee high indoor air quality and consequently protect human
health. In this context, defining common methods of characterizing
filter media around the world is crucial, mainly for determining the
collection efficiencies by particle size and the resistance to airflow,
which is the loss of static pressure caused by the filter and filter
loading.

The international standard UNE-EN ISO 16890:2016 defines an
efficiency classification system of air filters for general ventilation
on the basis of their particulate matter (PM) collection efficiency
by particle size. Collection efficiencies of particles in the size ranges
of 0.3-1 um (ePM;), 0.3-2.5 um (ePM;5), and 0.3-10 um (ePMq)
are used as the classification criteria. The standard also describes
the bench-scale test rig, the required equipment and materials, and
the procedures to measure the fractional collection efficiencies and
convert them into the suggested reporting system. The airflow rate
used in the tests are in the range of 0.25-1.5 m3 s7!, and the
nominal face area is 0.61 m x 0.61 m. The collection efficiency of
particles in the size range of 0.3-1 um is assessed from a liquid-
phase aerosol of diethyl-hexyl-sebacate, while a potassium chloride
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Table 12.1 Current WHO air quality guidelines and maximum allowed concentrations of air pollutants in the US, EU,
Brazil, China, South Africa, and Australia

Pollutant Averaging time WHO?»P USA® EUY Brazil® China’ South Africa® Australia"
PMyy (ngm™3) Annual 20 — 40 40 70 40 -
24 hours 50 150 50 120 150 75 50
PM,s (ngm™3) Annual 10 15 25 20 35 - 8
24 hours 25 35 — 60 75 — 25
Total suspended Annual — — — 80 200 - —
particles (g m—3)
24 hours — — — 240 300 — —
Ozone (g m~3) 8 hours 100 138 120 140 160 120 —
4 hours - — - — — - 157
1 hour — — — — 200 - 197
NO; (rgm™3) Annual 40 100 40 60 40 40 57
24 hours — — — - 80 - -
1 hour 200 189 200 260 200 200 226
SO, (ugm™3) Annual — — — 40 60 50 52
24 hours 20 - 125 125 150 125 209
3 hours — 1309 — — — - —
1 hour — 196 350 — 500 350 524
10 min. 500 — - — — 500 —

(Contd.)
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Table 12.1 (Contd.)

Pollutant Averaging time WHO?®  USA® EUY Brazil® China’ South Africa®8  Australia®
CO (mg m~3) 24 hours 7 — — — 4 — -

8 hours 10 10 10 10 — 10 10

1 hour 35 40 - — 10 30 —

15 min. 100 — — — - - -
Pb (ngm~3) Annual - - 0.5 0.5 0.5 0.5 0.5

3 months — 0.15 — — — — —

2World Health Organization (WHO) (2006). Air quality guidelines: global update 2005. World Health Organization, Denmark.

YWorld Health Organization (WHO) (2010). WHO guidelines for indoor air quality: selected pollutants. World Health Organization, Denmark.

“United Stated Environmental Protection Agency. NAAQS table. Available at: <https://www.epa.gov/criteria-air-pollutants/naaqs-table> (accessed
on July 29, 2020).

dEuropean Commission. Environment. Air quality standards. Available at: <https://ec.europa.eu/environment/air/ quality/standards.htm>
(accessed on July 29, 2020).

€Ministry of the Environment. National Environment Council. Resolution no. 491, November 19, 2018. Available at: <http://www2.mma.
gov.br/port/conama/legiabre.cfm?codlegi=740> (accessed on July 29, 2020).

fMinistry of Ecology and Environment of the People’s Republic of China. Ambient air quality standards (GB3095-2012). Available
at: <http://english.mee.gov.cn/Resources/standards/Air_Environment/quality_standard1/201605/W020160511506615956495.pdf> (accessed on
July 29, 2020).

8Department of Environmental Affairs. National environmental management: air quality act, 2004 (Act No. 39 of 2004). National ambient air quality
standards. Available at: <https://www.gov.za/sites/default/files/gcis_-document/201409/328161210.pdf> (accessed on July 29, 2020).
hDepartment of Agriculture, Water and the Environment. National standards for criteria air pollutants 1 in Australia. Available at:
<https://www.environment.gov.au/protection/publications/factsheet-national-standards-criteria-air-pollutants-australia> (accessed on July 29,
2020).
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(KCl) solution is used to evaluate the collection efficiency of particles
in the size range of 1-10 um. An optical particle spectrometer is used
to count particles upstream and downstream the filter medium and
thus provide the data required to calculate the fractional collection
efficiencies.

A test method for evaluating the air permeability of fabrics that
can be applied in air filtration devices is described by the standard
ASTM D737-18 [5]. The standard circular test area is 38.30 cm?,
but alternate areas, such as 5, 6.45, and 100 cm?, can also be used.
The perpendicular airflow rate must be steady and provide pressure
differentials of 100-2500 Pa between the two faces of the textile
being tested. A flowmeter and a manometer are used to measure
the airflow rate at the pressure differential specified in the material
description, or at 125 Pa, if such information is not available. In SI
units, values of air permeability are recorded as cm® s~! cm ™2,

The performance of air cleaning devices in their end use installed
configuration can be evaluated following the procedure described
in the standard UNE-EN ISO 29462:2013. The collection efficiencies
by particle size and the resistance to airflow are assessed by field
testing of the device. Particles in the size range of 0.3-5 um are
counted by an optical counter, while the resistance to airflow is
measured using a manometer.

Optical particle spectrometers, such as those described in UNE-
EN ISO 16890:2016 and UNE-EN ISO 29462:2013 to assess the
collection efficiency of airborne particles, are not suitable when
the particles of interest have diameters smaller than 300 nm,
which would probably be the case if the filter medium collection
performance was being evaluated for viruses, like the SARS-CoV-
2. The most commonly employed technique for measuring the
concentration of particles in the size range of 3-1000 nm is
based on electrical mobility analysis, using a device called scanning
mobility particle sizer (SMPS). The electrical mobility distribution
of the particles is measured and further converted into the number
size distribution, since electrical mobility is a function of particle
size and charge [15]. The use of an SMPS to determine the
number concentration and size distribution of nanosized aerosols
is described by UNE-EN ISO 28439:2011.
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12.2 Physical Barriers in Filter Media

Particles are removed from a gas with the help of collection
devices. The suitability of such devices is determined on the basis
of their efficiency for a specific size range, besides cost-benefit
requirements, energy consumption, and specificities of the process,
such as high temperatures or severe humidity conditions: cyclonic
separators operate with high efficiency only for particles greater
than 10 um, Venturi scrubbers efficiently remove particles above
5 um, and electrostatic precipitators efficiently collect particles
greater than 0.01 pm. High-efficiency particulate arrestance (HEPA)
filters are generally used to capture particles smaller than 0.1 pum,
while membrane filters are used for particles smaller than 20 pm;
paper and cloth filter media efficiently collect particles with
diameters greater than 5 um, and industrial bag filters efficiently
collect particles greater than 0.05 pm [97].

Different deposition mechanisms are involved in the removal
of particles from air (Fig. 12.1), and their efficiency depends
strongly on the particle properties, such as size, mass, and electrical
permittivity. The main deposition mechanisms are interception,
inertial impaction, diffusion, electrostatic attraction, and gravity
[36]. In interception, particles are thought as spheres with size
but not mass. Hence, they flow with the gas streamlines toward
the collection body (the fibers in the case of collection by filter
media); the particle traveling in a streamline close enough to the
fiber surface can be captured by it if the distance between the
particle and the fiber is less than the particle radius. In inertial
impaction, particles with a considerable mass, when traveling along
with the gas streamline that flows toward the fiber, can be collected
by the fiber surface if their inertia prevents them from deviating
from the fiber. Particles with a considerable mass can also be
collected by gravity depending on their terminal velocity and the
main gas velocity. There can be electrostatic attraction, or even
repulsion, between the fiber and the particles and even between
particles, depending on the electrical charges carried or induced
between these bodies. Finally, particles can be captured by diffusion
when their size is close to the mean free path of the gas and they
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Figure 12.1 Representation of particles before (dashed spheres) and after
(full black spheres) the influence of the collection mechanisms involving a
single fiber (light-gray cylinder with dark-gray cross section).

collide with the gas molecules, exhibiting random movement due
to Brownian motion; in this case, an interception mechanism due
exclusively to diffusion and not related to the streamlines of the gas
must be considered [26, 36, 94].

The collection efficiency of a filter medium is determined by the
efficiency of these deposition mechanisms, involving the efficiency
of each fiber, besides the adhesion between particles and fibers
and cohesion between the particles. Other variables lead the
performance of the process, such as gas velocity, environmental
conditions (pressure, temperature, and humidity of the gas stream),
and even structural properties of the filter media, such as thickness,
filtering area, and porosity, the last one not only related to the
collection of the particles but also responsible for resistance to the
gas flow and hence for the power consumption of the process [36].

To show an overview of how the deposition mechanisms act on
a wide range of particle sizes, Fig. 12.2 shows the dimensionless
form (0 to 1) of the efficiencies of the deposition mechanisms and
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Figure12.2 Deposition mechanism efficiency and single-fiber efficiency for
a microfiber and a nanofiber at 1 and 10 cm/s.

the single-fiber efficiency for the collection of NaCl particles from
50 nm to 2 um (or 2000 nm) in air (25°C and 101,325 Pa) at
different face velocities, for a micrometric-size fiber (10 pm) and
a nanometric-size fiber (500 nm). The properties of the particles
and the air were obtained from Refs. [25, 84, 85], and the efficiency
models were obtained from Hinds [36] using an extended form
of the Kuwabara model [113] and the correlation of Flagan and
Seinfeld [30] for the Cunningham factor. An electrically neutralized
aerosol was considered. So the derivation of Wiedensohler [104]
from the Fuchs model was used to obtain a Boltzmann distribution
of electrical charges. The porosity was fixed at a high value (0.9) for
both fibers for didactical purposes.

The efficiencies of the deposition mechanisms were irrisory for
the particle size range evaluated for the microfiber at 1 cm s~! of air,
except for the diffusion mechanism, which presented an efficiency
of 0.18 (or 18%) for 50 nm particles and whose efficiency decreased
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with the particle size up to ~1 pum, providing an efficiency of 0.1
(or 10%) for a 2 um particle. The interception and the impaction
increased with the particle diameter, being, respectively, 6 and 3%
for a 2 um particle. The single-fiber efficiency was composed mostly
of the diffusion mechanism of particles of up to 500 nm diameter.
The increase of the velocity from 1 to 10 cm s~! enhanced the
impaction and decreased the diffusion, being, respectively, 34 and
0% for a 2 um particle.

However, the interactions between the particles and the fibers
began involving other mechanisms for the case of the nanofibers,
especially the interception due to the diffusional mechanism (blue
lines) for particles up to 600 nm and whose prominence increased
with the reduction of the fiber size. Nanoparticle behavior lies
between the transition-to-continuum and the free-molecule flow
regime, while both particles and nanofibers have sizes close to
the mean free path of the gas, favoring Brownian motion and
subsequently diffusion and diffusion-promoted interception [36, 52,
113]. At the lowest air velocity, single-fiber efficiency was equal to
the maximum for 600 nm particles, while there was a minimum
single-fiber efficiency for particles of ~200 nm with air at 1 cm
s™1 (53.4%) due to the superposition of the mechanisms, while
the increase of the velocity displaced this minimum to particles 90
nm in diameter (25.4%). In relation to electrostatic attraction and
interception due to diffusion, both remained almost the same for
particles of 200 nm diameter, being respectively equal to 7 and 18%
for air at 1 cm ~! and respectively equal to 2 and 6% for air at 10 cm
s~L. Efficiency by gravity was irrisory for all the cases.

These results attested to the importance of using filter media
made of nanofibers to collect ultrafine particles, either in face masks
and protective clothing or for air purifiers. Nanofibers have been
produced generally by electrospinning of polymeric solutions or
melts and have been applied in protective clothing and face masks.
These have high breathability and give protection against chemical
and biological attack [31, 82, 100], as well as in the filtration of
ultrafine and nanometric particles from air streams [22, 61, 62], in
which there may be biocidal agents impregnated in the fibers [12,
13, 63], as will be explored further.
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12.3 Filtration of Bioaerosols

Viruses, bacteria, fungi and their spores and toxins, pollen, and
fragments of insects and vestiges of animal and plant cells are
categorized as bioaerosols, and their collection demands more
attention and restrictions due to their ability to reproduce and to
exert metabolic activity even after their capture. In addition, the
small mass and inertia of the viral particulate hinder its sampling
and collection with methods dependent on inertial and gravitational
mechanisms [33], as explored in the discussion of the efficiencies
presented in Fig. 12.2 for nanoparticles. Thus, filtration is presented
as a process of gas-solid separation that is more efficient and viable
in the mitigation of the spread of pathogenic agents, either by using
face masks—specially to retain contaminated fluid from the user—
or by using air conditioners and HVAC systems [98]. Since Chapter 4
is already focused on face masks to retain bioaerosols, the following
content explores the application of filtration phenomena in these
latter devices.

SARS-CoV-2 viruses have a spherical shape in general and some
pleomorphism, with diameters ranging from 60 nm to 140 nm and
spikes 9-12 nm in size over their surface [89, 115]. They can be
dispersed in the atmosphere by micrometric droplets expelled by
the human body during coughing and sneezing. However, saliva
droplets dispersed in the air can dehydrate and shrink according
to the nonvolatile materials present in their constitution, such as
enzymes, sugars, DNA, and electrolytes, in such a way that 12-
21 pum droplets can dehydrate into 4 um droplets, depending on
the environmental conditions and the source of expulsion [93].
On the other hand, there is the possibility of the virus coalescing
into particles greater than PM, s when they are dispersed in the
atmosphere [91]. Rohit et al. [86] evaluated the setting velocity
of droplets of 0.1 to 100 um and associated variations of this
property to environmental humidity, which could cause changes
in the evaporation rate of the water and lead to the dehydration
of the droplets in the air. The authors then pointed out that the
particulate containing pathogenic agents (like SARS-CoV-2) could
remain in air for longer times in locations of the globe with low
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temperatures and humidity. The use of face masks was emphasized
as an essential action to mitigate the transmission of viruses in
these areas, besides hand hygiene and social distancing. In fact, this
action is recommended especially in closed environments without
mechanical ventilation, as reported by the work of Zhang et al. [112],
which modeled the dispersion of SARS-CoV-2 in the seafood market
of Wuhan (China), from where the virus has allegedly spread. On
the basis of these results, researchers stated that social distancing
of 1-2 m may not be enough to restrain the spread of the virus and
that the success in reducing the transmission of pathogenic agents
is associated directly to the retention of PM; s and PMy [7, 11, 91].

The presence of air-conditioning systems decreases the con-
centration of airborne bioaerosols over time in closed rooms and
vehicles, as reported by Jo and Lee [44]. The authors verified a
decrease in the bioaerosol concentration over 5-15 min. after the air
conditioning was turned on in a seminar room prior to use. They also
verified the differences in the bioaerosol concentration in the air
inside different cars located in an outdoor environment after their
engines were started, achieving a maximum bacterial concentration
(2550 CFU m™—3) 46-fold higher in the outdoor environment than
that measured inside the vehicle background concentration (55 CFU
m~3). In the meantime, Brochot et al. [14] tested the nanoparticle
collection performances (efficiency and pressure drop) of using
several commercial filters applied in air conditioners in order to
evaluate the most penetrating particle size (MPPS) range. The
researchers attested that the size range from 150 to 500 nm better
estimated the performance of filters collecting nanoparticles than
the one provided by the ANSI/ASHRAE 52.2 standard [6], equal to
300 nm.

While there are several works on manufacturing nanofiber
filter media for air filtration applications in general [38, 61, 65],
some studies have focused on the production of nanofibers for
air-conditioning systems. In these cases, it is possible to apply
additives in the production of these filter media or even the
impregnation of these materials in commercial filters, in order to
enhance the deposition mechanisms for nanoparticles achieved with
the nanofibers, as explained earlier, with biocidal effects provided
by these additives, which will be further explored. Rosa et al. [87]
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impregnated silver nanoparticles (Ag NPs) in commercial fabric
filters used in air conditioners in order to provide biocidal effects
and to reduce the bioaerosol concentration in indoor environments.
The enhanced filter media was able to inhibit the growth of
microorganisms encountered in a bathroom and that were retained
by the fibers by up to 70%.

HVAC systems are special setups for air conditioning, and they
are related to the concept of clean rooms, which are indoor
environments with different categorizations and whose particle
concentration in the internal air is strictly controlled for each range
of particle size, as regulated by ISO 146441-1. According to this
standard, an ISO Class 1 room must control the concentration of 0.1
and 0.2 um particles in the indoor environment up to the maximum
of 10 and 2 particles/m?3, respectively (for more details on indoor air
quality, please refer to Tan [98]). In these HVAC systems, particles
can be collected by a combination of filter media and electrostatic
precipitators to guarantee the highest efficiency [74, 50], but HEPA
filters may be preferable instead of electrostatic precipitators since
electrostatic precipitators, as much as air ionizers, may produce
ozone and subsequently volatile organic compounds, like terpenes
and aldehydes [101].

Mechanical ventilation and air conditioning of indoor environ-
ments must be efficient. Otherwise, they could help to spread
the virus through mechanically created airflow currents [64]. In
addition, care must be taken about the cleanliness and expiration of
air filters in air-conditioning units, whether in buildings or cars, in
order to avoid contamination by pathogenic agents, which can grow
on the surface of the fibers after the particle collection depending on
the environmental circumstances; hence disinfection or exchange is
mandatory [32, 49, 60].

12.4 Filter Media in Removing Airborne Virus

As mentioned previously, the removal of airborne viruses is
challenging due to their small size. In this context, Konda and
coworkers [53] tested various common fabrics as filter media
against the coronavirus, such as cotton, silk, chiffon, and flannel.
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Natural fibers retain less static charge than polyester woven fabrics
due to their higher water adsorption properties [75].

In filtration, nonwoven fabrics present advantages when com-
pared to woven fabrics, such as no yarn slippage, increase of
air permeability, higher bacterial filtration efficiency, and low
manufacture cost [54]. Chellamani and collaborators [19] suggested
that nonwoven filter media can be more effective in filtration
than common fabrics, since they normally exhibit better barrier
properties due the interactions between the PM and the fibers of the
filter media [19].

Recently, filters composed of nanofibers have been produced
by electrospinning and they have been applied to air purification
with high efficiency [3]. The electrospinning technique is cost
effective and a simple way to create fibrous membranes, it being
possible to vary properties of the fibers as per their porosities
and diameters [79]. Electrospun nanofibers are highly suitable for
filtration applications due to their high specific area and good pore
interconnectivity, with well-defined small pores [92]. High specific
areas also improve the collection mechanism for small particles, like
the SARS-CoV-2. Diffusion is the main filtration phenomenon for the
severe acute respiratory syndrome (SARS) family due to their small
diameters [66]. Mechanical capture by interception is also relevant
[58] for particles of this size, as mentioned in Sections 12.2 and 12.3.

The electrospinning technique consists in creating electrostatic
polymer fibers from polymer solutions or melts using a high voltage
applied between a capillary tube or needle and a collector with
controlled deposition on the target [1]. In the case of polymer
solutions, the solvent evaporates and nano- or microsize fibers
reach the collector. The filtration theory dictates that a reduction
in fiber size leads to improvement in filtration efficiency [55]
due to the increase of surface area. Various parameters can be
modified to control the nanofiber size, such as the polymer solution
properties and environmental and process conditions. Variables
such as viscosity, surface tension, conductivity, room temperature,
and humidity also affect the morphology and formation of the
fibers. Process parameters like voltage, space nozzle, and collector
geometry also have a pivotal influence on the filtration performance

[3].
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Leung and Sun [59] varied the fiber diameter of polyvinylidene
fluoride (PVDF) nanofibers (fibers of average diameters 84 nm,
191 nm, 349 nm, and 525 nm) and compared their collection
efficiency. They performed tests with sodium chloride aerosols
50-500 nm in size to simulate COVID-19 and possible combined
aerosols and observed that the reduction of the fiber size led
to an increase in the collection efficiency. The authors produced
fibers with average diameters of 525 nm, 349 nm, 191 nm, and 84
nm, which had collection efficiencies of 39.6%, 45.3%, 51.8%, and
61.9%, respectively. The MPPS was 280 nm for fibers of 525 nm and
200 nm for fibers of 84 nm.

Almeida et al. [4] also used NaCl crystals to simulate airborne
coronavirus, with particle size ranging from 7 nm to 299 nm
and obtained efficiencies of almost 100%. They used fibers of
cellulose acetate (CA), which is a biodegradable material, with
cationic surfactant cetylpyridinium bromide (CPB). The goal was to
produce nontoxic and biodegradable fibers instead of using common
polymers. The addition of surfactants to CA aimed to improve me-
chanical and thermal resistance of the material without the material
losing its biodegradable capability. The CA/CBP electrospun fiber
filter was also challenged with environment aerosol and provided
higher collection efficiency for PM; s than commercial quartz fiber-
based filters. The fiber, with a diameter of 375 nm, also retained
carbonaceous particles from biomass combustion with an efficiency
0f 90% for PM 5.

Das et al. [24] focused on biodegradable materials to avoid
the production of more environmental pollutants and produced
membranes with electrospun nanofiber from gluten biopolymer.
The material was carbonized at over 700°C in order to generate
the network structure of the filter medium. The natural compound
lanasol was added to the nanofibers to make the gluten plastics
microbe resistant.

Independently of the production technique of the nanofibers,
they are not evenly distributed on the substrate [9]. The thinner part
of the substrate can create a preferential pathway to airflow due to
the lower resistance, which would reduce collection efficiency. One
way to avoid the effects of nonuniformity of the substrate is using
multiple layers of nanofiber [77].
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However, the increase in the filtration efficiency can bring
together an increase in pressure drop, increasing filtration costs.
One approach to reduce this variable is to improve the distribution
of nanofibers in multilayers, which would increase efficiency
without increasing the pressure drop too much. Each thin nanofiber
layer can be attached to a permeable substrate (a module) with a
large number of macropores dispersed in the layers of the filter
medium [58].

Yu et al. [110] considered the fact that the airborne SARS-CoV-
2 cannot survive at temperatures above 70°C and produced filters
based on heated nickel (Ni) foams, aiming to catch and inactivate
the virus. The authors verified that up to 99.8% of the aerosolized
coronavirus was caught and eliminated in one pass across the filter,
heated up to 200°C. Efficiency of the Ni-foam-based filter to catch
and kill 99.9% airborne spores of Bacillus anthracis was also tested.
They folded the Ni-foam-based filter to improve its mechanical
resistance and to create a hot zone between the curves of the folded
foam, as shown in Fig. 12.3. The authors varied the thickness of the
filter by folding it, from 1.6 mm (flat form) to 1.6 cm (folded form),
increasing the surface area of the filter media. Airborne filtration
by a filter media with a high surface area can be positive due to
the increase of interactions between the foam and the particles,
but can lead to an enhancement of the filtration costs. According
to the experimental procedure, the airflow was forced through the
filter and the air remained in the hot zone for enough time for the
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Figure 12.3 Schematic side view of the flat Ni foam and folded Ni foam.
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coronavirus to be inactivated but not long enough for the air to be
heated.

A work worthy of mention is that of Park et al. [74]. The
authors presented a new method to test the antiviral efficiency of
air filters against airborne infectious viruses. Tests were performed,
and the authors concluded that this methodology can be efficiently
used to test antiviral effect in filter media without the need of
aerosolizing the virus. This methodology can minimize procedure
risks and exposure to pathogens (SARS-CoV-2, HIN1, etc.) for the
manipulators. The authors compared their method with air media
test, using the noninfectious viruses’ bacteriophages MS2, T1, and
T4 and, as an infectious virus, HIN1. An inquiry was made to
ensure that the relationship does not depend on the virus species. It
was successfully tested with various antiviral filters, obtaining their
capabilities under continuous airflow condition.

12.5 Electrostatically-Assisted Air Filtration

The presence of electrostatic charges in the fibers usually improves
particle removal efficiency without increasing the pressure drop
and, in some cases, it even decreases the pressure drop. Charged
particles are attracted by fibers with an opposite charge, while
neutral particles form a dipole, induced by the charges of the fibers
[56]. Kravtsov et al. [56] worked with melt-spun polypropylene
fibers treated by a corona discharge. They observed that the charge
is trapped in the material, which makes the polypropylene fibers
hold the induced electret state for several months.

Hyun et al. [39] studied the effect of the corona discharge in MS2
bacteriophages with a mean size of 27.6 nm, much smaller than the
coronavirus of the smallest size. With a gas ionizer, the filtration
efficiency of bacteriophages increased from 56.5% to 63.5% at a
flow velocity of 0.3 m s~1. Applying an external electric field of 2 kV
cm~!, an increment of 71.7% on filtration efficiency was obtained.
At low velocities (e.g., breathing through a face mask), the collection
efficiency of electrostatic filters increases [23]. The higher residence
time allows more interactions between the aerosol particles and the
filter fibers. For particles above 15 nm, the increments in efficiency
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due to the presence of air ions and electric field were evident.
However, significant changes in the collection efficiency of particles
below 15 nm were not observed since small particles acquire lower
charge numbers and are difficult to measure.

Leung and Sun [58, 59] also evaluated multilayer charged
structures to retain the coronavirus. Using NaCl crystals to simulate
the bioaerosol of SARS-CoV-2, they tested a charged multilayer
filter, produced by electrospun PVDF and compared it with an
uncharged multilayer filter. The collection efficiency of the MPPS
increased from 24% for the uncharged filter to 48% for the
charged filter, with the shift of the MPPS from 150 nm to 70 nm,
respectively. For small aerosols, diffusion is stronger in nanofibers
than in microfibers, where the diffusion is much subdued. To
capture nanoaerosols, as discussed in Section 12.2, microfiber
filters depend primarily on the electrostatic effect because of the
weak diffusion phenomenon. Charged nanofiber filters present the
advantage of capturing aerosols by both effects. In this context,
pathogen microorganisms like viruses can be captured by the fibers
and tend to remain infectious for hours or up to several days. To
diminish the possibility of contamination, Section 12.6 will talk
about how to reduce these pathogens from fibers.

12.6 Biocidal and Virucidal Agents to Control the
Spread of Diseases Applied to Air Filtration

During the pandemic of COVID-19, the world started a race against
time for materials that could inhibit or eliminate the SARS-CoV-2
and also other types of enveloped and nonenveloped viruses from
surfaces. As already mentioned, the spread of SARS-CoV-2 virus
occurs by the emission of droplets. The smallest droplets (<5 pm)
can move quite a distance and remain airborne longer, while the
largest ones (greater than 5 wm) fall rapidly to the ground after
being produced [67] and remain infectious on surfaces. Besides
the SARS-CoV-2, there are other types of pathogen microorganisms
that can be in by air, including fungi, bacteria, and other viruses.
Transmission of airborne infections occurs by droplet nuclei; it
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refers to the particle of an evaporated wet droplet, with diameters
less than 5 um, that remains infectious carries pathogens such as
varicella-zoster virus, rubella, tuberculosis, measles virus, influenza
(the flu), Middle East respiratory syndrome, and SARS.

At the end of July 2020, there were 16 million cases of SARS-
CoV-2 and more than 650,000 deaths according to the Situation
Report - 190 of the WHO [109]. The spread of the virus was very
fast; it began on December 31, 2019 in Wuhan, China. The rapid
spread of the virus encouraged several researchers to explore the
contamination process once several services were suspended, such
as international flights, to contain the virus. A study was developed
in a small-scale using CFD, aiming to understand the spread of SARS
in an airline cabin. It was shown that the highest concentration of
contamination was along two rows from the infected passenger but
the contamination can reach a passenger sitting seven rows from the
infected individual by the movement body along the aisle [67]. In
this context, especially in longer flights, one contaminated passenger
is capable of contaminating many others even far from him or her
and the spread is intensified with the movement of people in the
aisle, such as stewards. The spread of the virus can be diminished,
but not eliminated, with the use of equipment such as masks. SARS-
CoV-2 has an average diameter of 100 nm, and masks such as the
NO5 respirator, which has 95% efficiency for particles between
100 nm and 300 nm [81], can be used. To contain the disease, a
good alternative is the development of materials with biocidal and
virucidal proprieties to be used in hospitals, by health-care workers,
in masks, or even in filtration systems.

Nanoparticles (normally materials ranging from 1 nm to 100 nm)
could be useful to prevent, eliminate, or even diminish the presence
of pathogen microorganisms and to help prevent virus spread due to
their modified optical, electronic, and mechanical proprieties when
compared with the same material in bulk form [38]. The advantage
of nanoparticles is their small size, which allows the use of a lower
amount of mass than the bulk form, with a greater contact surface
area (Fig. 12.4), bringing economic benefits. Several metals are used
as nanoparticles in different areas. In this context, several areas
have attracted the application of nanoparticles and most studies
concerning COVID-19 involve the versatility, efficiency, and price
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Figure 12.4 Increase in surface area due to the reduction in size from the
bulk material to nanoparticles.

performance of these applications. Ag NPs have biocidal, fungicidal,
and virucidal proprieties and they were widely employed in several
applications, mostly to modify fabrics used personal protective
equipment.

Tremiliosi and collaborators [99] developed a fabric modified
with Ag NPs and tested the antiviral activity of the textile following
the ISO 18184 determination. The authors found that the presence
of Ag NPs led to a reduction by 99.99% of SARS-CoV-2 within 2-5
min. of coming in contact with the fabric. The same authors found
99.99% of inhibition to Staphylococcus aureus, Escherichia coli,
and Candida albicans, indicating that Ag NPs are effective against
virus, bacteria, and fungi. A company from Brazil has developed a
product with Ag NPs that can eliminate 99.999% of enveloped and
nonenveloped viruses [88]. The product can be used in the wiring
and the dyeing process of several types of fabrics and can retain its
efficiency for up to 70 washes. The company was sought to provide
products for the fabrication of filter media, face masks, medical
aprons, cleaning cloths, and inks and for several polymers, including
toothbrushes and sponges [88]. This alternative can be useful for
new products but not for existing ones.

In this context, a spray with Ag NPs was developed to be used
as a disinfectant [17]. Lower concentrations of the nanoparticles
led to a low cost, and the application of the spray can be easier,
cheaper, and more effective than an alcohol gel. Also, the spray can
be used in several applications, as cleaning facial protectors and
contaminated surfaces, where coronavirus can remain infectious
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for several days [102] and at different pH levels at room ambient
[21]. In plastic, stainless steel, and masks (inner layer), SARS-CoV-2
could be detected in low concentrations even after 4 days [21] and
Neeltje et al. [71] showed that SARS-CoV-2 can remain active for 3
hours in aerosols, reminding of the importance of the development
of materials with virucidal proprieties.

Warnes et al. [102] studied the persistence of a pathogenic
human coronavirus 229E on common surfaces. The authors found
that the inactivation of HuCoV-229E was directly proportional to the
percentage of copper, indicating that this metal can also help in the
war against the virus, especially the enveloped one. The same study
showed that this pathogenic virus can remain infectious for at least
5 days in common surface materials, such as polytetrafluorethylene
(Teflon), polyvinyl chloride, ceramic tiles, glass, silicone rubber,
and stainless steel, while in copper alloy surfaces, this time was
reduced to a few minutes [102]. Future studies aim to employ copper
nanoparticles in inks and fabrics and even in alcohol gel to confer
on them antimicrobial proprieties [43]. Up to the present moment,
there has been no study with copper nanoparticles and SARS-CoV-2.
What is known up to now is that copper nanoparticles interact with
other species of coronaviruses and have bactericidal, fungicidal, and
virucidal effect [10].

Many fabrics modified with nanoparticles have been created dur-
ing the pandemic, but despite the fact that the use of nanoparticles
covers several areas, scientists have also developed other methods
to contain the spread of the disease. A revolutionary and curious
study was the development of a cellular nanosponge to inhibit the
infectivity of SARS-CoV-2 [111]. These nanosponges are developed
with the cell membranes of the lung epithelial cells from humans and
synthesized with poly(DL-lactic-co-glycolic acid). They were tested
in vivo, and results showed that the nanosponges can be used in
the lungs to neutralize the virus because they have the capability of
attracting the viruses due to the receptors present in the structure
that are the same receptors that the viruses depend on for cellular
entry [111]. The idea of nanosponges is that they can be used to
link the receptors of the virus before it reaches the lungs, thereby
inhibiting the attack of SARS-CoV-2, or even other viruses, on lung
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cells. Due to the high surface area of nanoparticles, nanofibers, and
nanosponges, this scale can be useful in several areas.

In the current COVID-19 pandemic, the modification of fabrics,
masks, and even disinfectants with Ag NPs in the combat of SARS-
CoV-2 was explored [17, 88, 99]. The use of biocidal and virucidal
materials on surfaces is an alternative for reducing the transmission
of infectious pathogenic diseases from a surface to an individual.
However, you should be asking yourself, how does the transmission
occur between the pathogenic microorganism and the nanoparticle
or even a biocidal/virucidal surface?

The toxic effect that leads the pathogen microorganism to death
is complex and can change with the material, shape, and size of the
nanoparticle. Tremiliosi et al. [99] proposed that the mechanism
between the bacteria (gram-positive and gram-negative) consists
in the penetration of the Ag NPs into the cell membrane of
these microorganisms and the Ag NPs’ reaction with phosphorous
and sulfur compounds due the release of Ag"™ ions from the
nanoparticles to the cell membrane. Also, the presence of metal
nanoparticles like Ag NPs can generate reactive oxygen species,
leading to oxidative stress and cell damage. In viruses, the authors
proposed that the first mechanism consists in binding of Ag NPs
with the surface of the viruses. The second mechanism consists in
the passage of the Ag NPs through the cell membrane and blockage
of the transcription factor.

For the case of the human coronavirus HuCoV-229E and a
surface of copper, the surfaces induce the liberation of copper
ions, which results in the fragmentation of the viral genome,
leading to irreversible inactivation of the virus [102]. The authors
proposed a possible reaction between bacteria and copper surfaces,
involving the copper ion and the bacteria generating oxygen
radicals and multiple chain reactions, leading the bacteria to a
“metabolic suicide.” A study using epifluorescence microscopy to
verify bacterial damage contested that copper ions interrupted
the respiratory pathway and/or damaged the genomic DNA of the
cell. This study concluded that the presence of copper ions on a
surface does not affect the integrity of the cell membrane and,
possibly, copper toxicity occurs in the same way in gram-negative
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bacteria, leading to the loss of genomic DNA and interruption of the
respiration pathway of the bacteria [103].

Despite the toxic effect between nanoparticles and bacte-
ria/viruses not being totally clear, several tests have shown that
the presence of these particles reduces the growth of bacteria and
inactivates viruses. In this context, the use of nanoparticles in filter
media or fabrics or as disinfectants is an alternative to reduce the
presence of pathogen microorganisms on surfaces.

12.7 Final Considerations

It is important to remember that currently the spread of COVID-19
is a big problem that the world is facing, and apart from SARS-CoV-
2, there are other bacterial or viral agents that can be transmitted
by aerosol droplets (<5 wm), such as Mycobacterium tuberculosis, a
pathogenic bacterium of tuberculosis that usually attacks the lungs;
the common flu, caused by influenza virus; varicella (chickenpox),
caused by varicella-zoster virus; rubella, by rubella virus; and also
coronaviruses, causing several respiratory syndrome, such as SARS,
MERS, and COVID-19. The reduction of pathogens on surfaces is one
way to fight against invisible microorganisms like viruses, bacteria,
and fungi.

As shown in this chapter, there are several physical and
biochemical mechanisms in air filtration that are important in
order to optimize the retention of microorganisms like viruses, with
diameters of approximately 100 nm. The adaptation of those fabrics
employing nanoparticles is a good alternative to avoid the spread
of SARS-CoV-2 and other pathogenic microorganisms, contributing
to the fight against COVID-19 and possible future endemics and
pandemics.
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