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Preface

Coronaviruses (CoVs) were first identified in humans in the early 1960s. Depending
on their serological and genetic characteristics, they can be classified into four
major genera: (1) Alphacoronaviruses (a-CoVs), (2) Betacoronavirsues (f-CoVs),
(3) Gammacoronaviruses (y-CoVs), and (4) Deltacoronaviruses (8-CoVs). These
four groups of CoVs diverged from each other around 240-3000 BC, infecting and
circulating in animals depending on their hosts. Severe acute respiratory syndrome
(SARS) originated from SARS-coronavirus (SARS-CoV) in November 2002 in
Foshan municipality, Guangdong Province, China. It spread to at least twenty-nine
countries, including China, Hong Kong, Taiwan, Singapore, Vietnam, Canada,

the United Kingdom, United States, and several European countries. Worldwide,
SARS-CoV infected more than 8000 people and killed more than 770 people,

with a case fatality rate (CFR) of 11% by the end of the epidemic (June 2003). It
was also a zoonotic infection and SARS-CoV had been isolated from Himalayan
palm civets (Paguma larvata), and evidence of infection has been found ina
raccoon dog (Nyctereutes procyonoides) and a Chinese ferret-badger (Melogale
moschata). However, it took fourteen years (December 2017) to establish that the
major animal reservoir of SARS-CoV is a horseshoe bat (family, Rhinolophidae,
genus Rhinolophus). The coronavirus isolated from these bats has the same genetic
material as the SARS-CoV that triggered the SARS epidemic in 2002-2003. Of note,
phylogenetic analysis and sequence comparisons have shown that SARS-CoV caus-
ing SARS did not closely relate to the previously known human and animal CoVs.
However, after almost ten years of the SARS epidemic, another epidemic due to
CoVs, Middle East respiratory syndrome (MERS) caused by MERS-CoV, originated
in Jordan in April 2012. It was first reported in September 2012 in Saudi Arabia

and rapidly spread to twenty-seven countries, including the United States, United
Kingdom, Netherlands, Philippines, South Korea, and Kenya, and killed at least 845
people. MERS is also considered a zoonotic disease. However, we still do not know
its exact animal reservoir.

The major emphasis of this book is COVID-19 caused by SARS-CoV-2 infection that
originated in Wuhan, China in December 2019. The CoVs causing all the three major
outbreaks belong to the subgroup (Sarbecovirus) of §-CoVs. COVID-19 has become
one of the biggest infectious disease pandemics of the 21st century, infecting more
than 219 million people and killing 4.55 million people worldwide as of October 8,
2021. Over seven sections and seventeen chapters, this book comprehensively
reviews COVID-19, including information on the virus that causes it, pathogenesis,
impact on human health and socioeconomics, and much more.

Chapter 1, “Learning from Bats to Escape from Potent or Severe Viral Infections,”
discusses the different bat species and their immunological adaptations prevent-
ing them from becoming severely infected by potential viral pathogens, including
CoVs, but making them a potential source of infection transmission. This chapter
adds to the understanding of bat immunological adaptations to maintain the virus
at harmless levels. We can develop novel immunomodulatory therapeutics for
humans through a deeper understanding of bat immunity and translating those
findings into humans.



Chapter 2, “Epidemiology, Zoonotic and Reverse Zoonotic Potential of COVID-19”,
examines potential roadmaps to prevent future outbreaks of COVID-19 through
the tools of epidemiological studies, the transmission of the disease, and public
health safety measures.

Chapter 3, “Coronavirus Disease 2019 (COVID-19): Origin, Impact, and Drug
Development”, discusses the origin of COVID-19 and its relations with SARS
and MERS along with the availability of current treatment approaches and drug
repurposing.

Chapter 4, “Utilization from Computational Methods and Omics Data for Antiviral
Drug Discovery to Control of SARS-CoV-2", discusses the design of potent antiviral
drugs against SARS-CoV-2 to protect against COVID-19 utilizing computational
methods and omics studies.

Chapter 5, “Organoid Technology and the COVID Pandemic”, discusses the
recently developed organoid technology to study COVID-19 pathogenesis and drug
targeting.

Chapter 6, “Chest Imaging in Coronavirus Disease-19 (COVID-19)”;, discusses
the role of chest imaging techniques for diagnosis and effective management of
thoracic complications, which are one of the primary complications of COVID-19
patients.

Chapter 7, “COVID-19 and Cardiovascular Disease: Mechanisms and Implications”,
discusses the impact of COVID-19 on the cardiovascular system, its mechanisms,
and implications to prevent further damage.

Chapter 8, “Management of Covid-19 Disease in Pediatric Oncology Patients”,

discusses the management of COVID-19 in pediatric cancer patients. Although
children typically experience a mild course of COVID-19, children with cancer
experience more severe disease.

Chapter 9, “Economic, Health-Care and Teaching-Learning Impact of COVID-19
(SARS-CoV-2) on Dentistry”, talks about the impact of COVID-19 on all

aspects of dental medicine practice, including economics, healthcare, and
teaching-learning.

Chapter 10, “COVID-19, Telehealth and Access to Care”, discusses the emergence of
telemedicine during the COVID-19 pandemic and its limitations for older patients
who may be naive or less fluent in using information technology and apps.

Chapter 11, “Mobile Clinics in the United States and the COVID-19 Pandemic: A
Response Strategy Model”, discusses the emergence of mobile clinics in the United
States and their role in dealing with COVID-109.

Chapter 12, “Practice Changing Innovations for Emergency Care during the
COVID-19 Pandemic in Resource Limited Settings”, discusses the COVID-19
pandemic in resource-limited countries and how these countries prepare different
medical equipment and PPE kits to combat the virus.

Chapter 13, “Origin and Impact of COVID-19 on Socioeconomic Status,” considers
the impact of COVID-19 on the socioeconomic status of people around the world.

XVI



Chapter 14, “Psychosocial Effects and Public Health Challenges of COVID-19
Pandemic in India”, investigates the psychosocial effect of COVID-19 on the popula-
tion of India and the challenges faced by its public health sector.

Chapter 15, “Stress, Anxiety, Depression and Burnout in Frontline Healthcare
Workers during COVID-19 Pandemic in Russia”, assesses the impact of COVID-19
on the life of frontline healthcare workers in Russia.

Chapter 16, “The Role of Architecture and Urbanism in Preventing Pandemics”,
discusses the importance of architecture and urbanism in preventing future
pandemics.

Finally, Chapter 17, “Why a Bioethical Approach is Needed in Addressing Health
Risks Stemming from Pandemics Due to Zoonoses Linked to Human Impact on
Biodiversity?”, presents bioethical approaches to deal with pandemics/epidemics
arising through zoonosis as human invasion/impact on the natural habitats of
different wild animals invites the emergence of infectious diseases, including HIV-1
infection (AIDS), Ebola virus infection and the current COVID-19 pandemic.

Vijay Kumar

Department of Pharmaceutical Sciences,

College of Pharmacy,

University of Tennessee Health Science Center (UTHSC),
Mempbhis, TN, USA
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Chapter1

Learning from Bats to Escape from
Potent or Severe Viral Infections

Vijay Kumar

Abstract

The COVID-19 pandemic that started in December 2019 in Wuhan city, China
has created chaos all over the world with over 185 million infection cases and 4
million deaths world-wide. The pathogen behind COVID-19 has been identified as
severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) that is more close to
the previous SARS-CoV responsible for SARS epidemic 2002-2003. Although, SARS-
CoV-2 also differs from SARS-CoV in many aspects as indicated by genetic studies.
For example, SARS-CoV does not have a furin binding domain or site, whereas its
presence in SARS-CoV-2 spike (S) protein increases its potential for infectivity. The
horseshoe bats (Rhinolphus species) from China are considered as primary animal
reservoirs for SARS-CoV and SARS-CoV-2. However, along with CoVs, bats also
harbor many other viral pathogens (Ebola, Nipah, and Hendra viruses) without
having serious infections. The bat physiology plays a crucial role in harboring these
viruses along with adaptations to longevity and slow aging process. The immune
system plays a crucial role in the clearance or establishment of the infection. Present
chapter discusses different immunological aspects (innate immune response com-
prising the virus recognizing pattern recognition receptors (PRRs), type 1 interferon
production, pro- and anti-inflammatory immune response, and adaptive immune
response) that help bats to control viral infection without getting a severe infection
as compared to other mammals, including humans.

Keywords: Bats, innate immunity, autophagy, infection, IFNs, adaptive immunity

1. Introduction

Bats and flying foxes, including large flying foxes (Pteropus vampyrus) and
variable flying foxes (P. hypomelanus) are the mammals belonging to the order
Chiroptera (hand wing). This order contains 1232 species of bats and flying foxes
constituting a more diverse and important order of mammals after rodents. They
evolved approximately 52 million years ago [1, 2]. Taxonomically, bats represent
approximately 20% of mammalian diversity [3]. They are the real flying mammals
and come out for prey in the night time (nocturnal aerial predators). Many species
of bats are frugivorous (fruit eating), insectivorous (insect eating), and some feed
on blood of other animals (hematophagous). Some species of bats fly long distances
during seasonal migration with a speed of 100 miles per hour, making them the
fastest mammal (free-flying Brazilian free-tailed bats or Tadarida brasiliensis) on
earth [4]. Some species of bats fly during night and some are diurnal or crepuscular.
Bats are found in all continents, except Antarctica. They live in caves or in other
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dark spaces in large groups or colonies and some are solitary in nature. Besides
playing a crucial role in maintaining biodiversity or ecological balance through their
different roles (insects eating, pollination, and seed dispersal etc.), they remain
crucial to researchers due to their strange characteristics and reservoir for different
pathogens [2]. For example, the advancing knowledge in bat biology has implicated
them (the tropical frugivorous Honduran white bat Ectophylla alba) to be studied as
a mammalian model for skin carotenoid metabolism [5].

Bats are crucial primary reservoirs for emerging viral infections that can be
transferred to humans or cross the species barrier to infect other wild or domes-
ticated animals through spill over [6]. Studies have indicated that they harbor
higher numbers of zoonotic viruses per species than rodents [7]. Even they have
higher (3.9 times stronger) sympatry than bats and sympatry within a taxonomic
order serves as a most crucial host trait for zoonotic virus enrichment [7]. Of note,
despite harboring more zoonotic viruses per species than rodents, the total number
of zoonotic viruses found in bats (61) are lower than rodents (68) due to double
the number of rodent species than bat species. However, bats are the primary host
for more virulent viruses than other mammals, including rodents [8]. Before, the
emergence of recent virus infections, including severe acute respiratory syndrome
(SARS), middle-eastern respiratory syndrome (MERS), Ebola virus infection, and
most recent Coronavirus disease 19 (COVID-19) pandemic caused by SARS-CoV-2,
MERS-CoV, Ebola virus or Zaire Ebolavirus (three different species of Ebola viruses
have been found in greater long-fingered bat (Miniopterus inflatus or M. inflatus)
in Liberia’s Sanniquellie-Mahn District that borders to Guinea and insect-eating
bat, M. schreibersii), and SARS-CoV-2, the studies of natural histories of bats, their
importance as primary reservoirs for different zoonotic viral diseases have been
largely underappreciated, underrated, and underfunded [9-12]. Although, they
(vampire bats or Desmodus rotundus murinua found only in the Latin America)
were considered for their role in the rabies transmission called vampire bat rabies as
suggested first in 1959 [13-16].

Fruit bats, including Hypsignathus monstrosus, Epomops franqueti, and
Mpyonycteris torquate have also been suggested as potential reservoirs for Zaire
Ebolavirus [12, 17]. In addition to these zoonotic viral infections, bats also serve
as potential reservoirs for other viruses responsible for infections in humans that
include Nipah, Hendra, Marburg, Hepadna (able to infect human hepatocytes), and
Lyssa viruses etc. Thus, different viruses of 23 virus families have been detected in
different bat species (196) in 69 countries all over the world [3, 18]. The mortality
among bats due to bacterial or viral infection has been the least observed cause
of death [19]. In comparison to humans, where 7% of the genome encodes for the
immune or related genes (1562 immune genes recorded in humans as of 1st October
2004 by the immunogenetic related information source or IRIS), only less than 4%
of the bat (Australian flying fox or Pteropus alecto) genome encodes from immune
related genes (about 500) [20, 21]. For example, Jamaican fruit bat or Artibeus

Jjamaicensis has 466 immune-related genes (IRGs) and the Egyptian Rousette bat
(Rousettus aegyptiacus), a common fruit bat species has 407 or 2.75% IRGs of their
total genome [22, 23]. Thus, either bats have lower numbers of IRGs as compared to
humans or we need further studies in other potential bat species harboring potent
virus pathogens that can infect humans directly or indirectly through secondary
reservoir hosts.

Also, Panamanian Seba’s short-tailed bats (Carollia perspicillata), a widely
distributed neotropical species shows individual and population-specific diversity
in their major-histocompatibility complex 1 or MHC-1 genes with an unique geno-
type in each individual comparable to passerine or perching or singing birds [24].
The MHC-II diversity is also correlated with the geographic origin and population
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admixture in Carollia perspicillata and Molossus molossus, and in Desmodus rotundus
MHC-II DRB gene diversity depends on the environment only [25]. The MHC
diversity in bats may impact their defense against different reservoir viruses induc-
ing resistance against them and providing an opportunity or a perfect animal niche
for the virus evolution that may infect other hosts, including humans severely [24].
The Egyptian Rousette or fruit bat does not support the productive growth or repli-
cation of the Nipah virus [26]. No seroconversion against Nipah virus glycoprotein
has been reported in these bats. Hence, only specific bat species serve as potential
reservoirs for Nipah viruses. This may be true for other viruses too. The in vitro
study based on bat cells (RoNi/7.1 (Rousettus aegyptiacus) and PaKiTO01 (. alecto)
cells) lines has indicated the enhanced interferon (IFN)-mediated antiviral immune
response generation of either constitutive or induced form that allows a rapid cell to
cell virus transmission rate () within the host [27]. The IFN-induced antiviral state
protects live cells from apoptotic or other forms of cell death in vitro that (thein
vitro epidemic or extended life of the cells) enhances the probability of developing
and establishing a long-term persistent infection [27]. This phenotype of infection
and associated host-pathogen interaction response is absent in Vero cells (a cell line
derived from the kidneys of African green monkeys) due to the genetic defect in
the IFN production [27, 28]. Hence, viruses evolved in bats as reservoirs have an
increased IFN capabilities that helps to achieve a rapid within-host transmission
rates without inducing clinical symptoms of the disease. Thus these rapidly repro-
ducing viruses in bats may become more virulence upon spillover to hosts, includ-
ing humans lacking similar immune capabilities like bats. Hence, understanding
the bat immune function or response becomes crucial to understand. The present
chapter describes the immunological aspects or features of bats preparing them to
harbor a wide range of viruses without severe disease causing mortality.

2. Innate immune adaptation of bats as preventing to develop severe
infections

The innate immune system is primary or first line of the defense against invad-
ing pathogens. The pattern recognition receptors (PRRs), including toll-like
receptors (TLRs), Nod-like receptors (NLRs), absent in melanoma-2 (AIM2)-like
receptors (ALRs), retinoic acid-inducible gene-1 (RIG-1)-like receptors (RLRs,
RIG-1 and melanoma differentiation-associated protein 5 or MDA5), C-type lectin
receptors (CLRs), and cyclic GMP (guanosine monophosphate)-AMP (adenosine
monophosphate) synthase (cGAS) and stimulator of interferon genes (STING)
signaling pathways play a crucial role in the host defense and the generation of
pro-inflammatory immune response (cytokine, chemokines, reactive oxygen and
nitrogen species (ROS and RNS), and type 1 interferon (IFN) production) [29-34].
TLR4 is a crucial PRR to recognize Gram-negative bacterial lipopolysaccharide
(LPS) as a potent microbial or pathogen-associated molecular pattern (MAMP or
PAMP) to induce a potent pro-inflammatory immune response to clear the infec-
tion. However, its overactivation may cause severe inflammation. Pallas’s mastiff
bats (Molossus molossus) upon exposure to the Escherichia coli (E. coli)-derived
LPS do not develop leucocytosis and hyperthermia or fever independent of their
sex (Figure1) [35]. However, they show weight loss upon exposure to the LPS.
This study indicates the presence of defective TLR4 signaling responsible for the
NF-kB-dependent pyrogenic cytokines (IL-1and IL-6) (Figure1). This defect may
also prevent the further activation of cytosolic NLRP3-dependent inflammasomes
responsible for generating IL-1f and IL-18. Bat (little brown bat or Myotis lucifugus)
mitochondria produce lesser ROS (a potent inducer of NLRP3 activation) [36].
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Figure 1.

Scl%ematic representation of immune response in bats preventing development of severe infection and
inflammation. The gram-negative bacteria or its PAMP (LPS) recognition in bats do not stimulate pro-
inflammatory cytokine production through NF-xB activation and increase in body temperature. The increase in
autophagy further increases cellular longevity, acts as an antivival mechanism to clear or control the infection,
decreases or suppresses inflammation. The PYHIN domain containing AIM2 and IFI16 inflammasomes are
absent and hence, do not take part in cytosolic DNA recognition as DAMP to inflammasome activation-based
maturation of IL-1f and IL-18. This further decreases the incidence of inflammation and associated tissue
damage. The cGAS-STING-based signaling mechanism recognizing cytosolic dsDNA as DAMP also does not
work in bats due to the presence of serine at 358 AA position in STING that is unable to activate IRF3 and
type 1 IFN production. Hence, this further prevents inflammatory events in response to the self-DNA. Only
the cytosolic RNAs activate different PRRs (RIG-1, MDAS5, and TLR3) that via IRF3 and IRF7 activation
synthesize type 1 and 3 IFNs, which exert antivival action, but damp pro-inflammatory action of NRLP3

and NLRP1 inflammasomes. Mx1 is an IFN-inducible antiviral protein with a GTPase activity. APOBEC3
also directly acts as an antivival host factor without inducing inflammation. Hence, only protective antivival
immune response works in bats to control their number without inducing severe inflammation.
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The reduced mitochondrial ROS (mtROS) production in Seba’s short-tailed bats
involves a mild depolarization of the inner mitochondrial membrane that decreases
the membrane potential to a level sufficient to produce ATP molecules but insuf-
ficient to synthesize mtROS (Figure 1) [37]. This mechanism decreases with age in
mice but remains intact in these bats. For example, in 2.5 years old mice this mecha-
nism of mild mitochondrial depolarization disappears in different organs (lungs,
liver, spleen, skeletal muscles, heart, brain, and kidneys). Hence, mtROS-mediated
DNA and protein damage is seen in mice or other mammals but not in bats.

The immune challenge among bats does not alter their oxidative stress irrespec-
tive of their pre-migration and migration seasons [38]. However, bats have higher
baseline leukocytes but lower neutrophil numbers during their migratory seasons
as compared to their pre-migratory season. Their plasma haptoglobin (a humoral
innate immune component) levels also remain same during both seasons [38].
However, plasma haptoglobin level of migratory bats increases upon an immune
(LPS) challenge that remains unchanged in non-migratory or pre-migratory bats
under the same immunogenic stimulation. Of note, bats do not upregulate genes
associated with chronic inflammation with the advancement of age that is seen in
other mammals, including humans [39]. Hence, this protects them from age related
inflammatory diseases and predisposes them towards healthy aging and longevity
along with tolerance to infections, including Ebola, Nipah, and many more. Also,
the bat microbiota (Firmicutes and Proteobacteria are dominant bacteria) differs
from other terrestrial mammals (strict anaerobic phylum Bacteroidetes in mice and
humans), and remains intact throughout their life that further protects them from
age-associated inflammation and inflammatory diseases [40, 41]. On the other
hand in mice and humans gut microbiota changes with time and aging that pre-
dispose them to age-associated inflammatory diseases associated with gut bacteria
dysbiosis [42-44].

A study has shown the TLR3, TLR7, and TLR9 expression at mRNA levels in
different organs of Leschenault’s Rousette bats (Rousettus leschenaulti) [45]. Another
study has shown the expression of full length mRNA transcripts of TLR1-TLR10 in
the Australian flying fox or P. alecto [46]. This bat species also expresses the pseu-
dogene for TLR13. However, their functional protein level expression in different
bat species needs further investigation. The evolutionary studies have shown that
the bats evolved under the influence of positive selection for TLR7, TLR8, and
TLR9 that is highest for TLR9 and lowest for TLR7 [47]. The TLR3 in bats has
evolved under a negative selection process. This study indicates the adaptation of
host-pathogen interaction in bats, particularly in bat TLR9. The bat TLR8 has an
extensive sequence variation within them that separates them from other mammals,
including humans [48]. Bat TLRs are evolving slowly under purifying selection
in response to the functional constraints with a divergence process that is overall
congruent with the species tree [49]. The bat TLRs show unique mutations in their
ligand-binding domains even involving their non-conservative amino acid (AA)
change and/or targets of positive selection. These changes can modify the binding
of the corresponding TLR ligands. Hence, bat TLRs may vary in recognizing the
same ligand recognized by other mammalian or human TLRs.

Flying fox bats (P, alecto) have other cytosolic dsSRNA recognizing receptors
called RLRs, including RIG-1, MDAS, and laboratory of genetics and physiology
2 (LGP2), like humans that upon recognizing cytosolic dsSRNA induce the type
1IFN production [50]. LGP2 synergy with MDA5 to generate antiviral immune
response during RLR-dependent dsRNA recognition [51]. LGP2 interacts with
the IFN-inducible, dsRNA binding protein PACT (a cofactor of DICER in the
processing of microRNAs) through its regulatory C-terminal domain that
inhibits RIG-1-dependent signaling but promotes MDA5-dependent antiviral
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immune response [52]. TLR3, RLRs (RIG-1), and MDAS serve as potent antiviral
immune response inducers in bats to protect them from severe infection caused
by Encephalomyocarditis virus (EMCV) and Japanese encephalitis virus (JEV)
(Figure 1) [53]. The functionally conserved RLR adaptor called mitochondrial
antiviral signaling (MAVS) protein has been demonstrated in the Chinese rufous
horseshoe bat (Rhinolophus sinicus) and straw-colored fruit bat (Eidolon helvum)
that upon RLR (RIG-1 and MDAS5)-based activation transmits signals to produce
type 1 IFNs (IFN-B) and interferon stimulated gene (ISG) called IFN-induced
protein with tetratricopeptide repeats 1 (IFIT1) that further enhances IFN gene
program (IFN-p, IRF7, and OAS1 or 2’-50ligadenylate synthase 1), which acti-
vates ISGs, immune homeostasis, and cell’s internal antiviral immune response
(Figure 1) [54-56].

The activation of MAVS involves the RIG-1 and MDAS5 dimer formation [57].
Also, the IFIT1 generated exerts an anti-inflammatory action via suppressing
TLR-dependent NF-kB-mediated pro-inflammatory cytokines (TNF-a, IL-1f)
and chemokines (CCL3) through activating Sin3A-histone deacetylase 2 (HDAC2)
transcriptional regulatory complex containing SAP25 that has an inhibitory
action (Figure 1) [56]. Hence, these PRRs protect bats from developing severe
viral infections through increased type 1 IFN production but low tissue damaging
pro-inflammatory immune response. It should be interesting to observe that viruses
harboring bats as their primary reservoirs may have evolved strategies to escape
this innate immune mechanism to recognize cytosolic dsSRNA viruses or bats have
developed other mechanisms to escape from exaggerated pro-inflammatory innate
immune response upon recognizing cytosolic dsRNA viruses. The MERS-CoV
replicates efficiently in Jamaican fruit bats (Artibeus jamaicensis) without causing a
productive infection with clinical signs of the disease [58]. The interferon regula-
tory factor (IRF3) transcription factor activation plays a crucial role in generating
the potent antiviral immune response in the bat (Eptesicus fuscus) against MERS-
CoV (Figure 1) [59]. In comparison to humans or other mammals, MERS-CoV fails
to subvert the IRF3 activation and dependent type 1 IFN response generation in E.

fuscus. The IRF3 in bats differs from humans due to the presence of serine185 (S185)
that provides an enhanced antiviral protection (Figure 1) [60]. The S185 insertion
in the human IRF3 increases its antiviral action. Hence, the positive selection of
S$185 in the bat IRF3 increases its antiviral action. Also, the bats persistently infected
with MERS-CoV have increased type 1 IFN levels than non-infected ones and its
disruption increases the virus replication [61].

The bat cells repeatedly select for the mutant MERS-CoV called delta open reading
frame (AORF5) MERS-CoV and are resistant to superinfection by wild type (WT)
MERS-CoV due to deficiency of MERS-CoV binding receptor dipeptidyl peptidase 4
(DPP4) and increased type 1 IFN levels [61]. Additionally, the Australian black flying
foxes in response the cytosolic TLRs and RLRs recognizing viral PAMPs (dsRNA) also
activate IRF7, which also induces type 1 IFNs mediated antiviral immune response
(Figure 1) [62]. The deficiency or the defective activation of IRF7 in bats enhances
viral replication and the development of the productive infection. Of note, virus
(bat paramyxovirus, Tioman virus) infection to bats also induces protective type III
IFN production that further provides protection from the development of produc-
tive infection (Figure 1) [63]. Egyptian rousette bats (Rousettus aegyptiacus) are the
naturally harbor Marburg virus (MARV) and do not develop clinical symptoms of the
disease as compared to humans due to generation of IFN-based immune response by
DCs and suppressing pro-inflammatory immune response [64, 65]. This is because
these bats secrete IFN-w, which have antiviral action against RNA viruses (Figure1).
Also, the 13% of genes induced by IFN-® in bats are not found in the interferome and
other ISG databases, indicating their uniqueness to bats [64].
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Bat immune cells exert protective type 1 (IFN-a, §, and o) type II (IFN-y) IFNs
against Filoviruses (Marburg and Ebola viruses) but human immune cells fail to
do so (Figure 1) [66]. Myxovirus resistance 1 (Mx1, a GTPase) is another antiviral
protein induced in response to the IFNs is evolutionary conserved in vertebrates and
can restrict a wide range of viruses in host cells (Figure 1) [67]. In bats these Mx1
proteins protect against Ebola and Influenza viruses through reducing the poly-
merase activity of these viruses along with other circulating viruses [68]. However,
bat Mx1 does not inhibit Thogoto virus (enveloped negative sense ssRNA virus
of Orthomyxoviridae family) as it does not infect them. On the other hand, mice
Mx1 in hematopoietic cells inhibits Thogoto virus infection [67]. Hence, Mx1 is
another IFN-induced antiviral protein in bats to protect against severe viral infec-
tions (Figure 1). Also, the production of type 1 IFN inhibits the NLRP1 and NLRP3
inflammasome-induced IL-1p and IL-18 production and induces IL-10 synthesis
via STAT1 transcription factor (Figure 1) [69]. The IL-10 further activates STAT3
to reduce the IL-1p and IL-1a levels. IFNs also inhibit inflammasome-mediated
Caspase 11 (CASP11) to inhibit the pro-inflammatory IL-1p and IL-18 release via
activating immunity-related GTPases M clade 2 (Irgm2) and Gatel6 (an ATG8
family member), which inhibit CASP11 maturation or activation [70]. Hence, IFN
levels control exaggerated inflammation through different mechanisms.

The cGAS-STING signaling-mediated type 1 IFN production against DNA
viruses is lost in bats due to the loss of serine AA at 358 (S358) position of the
STING (Figure 1) [71, 72]. The S358 AA of the STING from other non-bat mam-
mals is conserved and its phosphorylation is crucial for STING-dependent IRF3
activation and type 1 IFN release. For example, in human STING the S3666 and
S358 phosphorylation is crucial for IRF3 binding and activation, but not for TBK1
[73]. Also, the TLR9-dependent cytosolic DNA recognition in bats is not as func-
tional as in other mammals, including humans as result to adapt its high metabolic
rate that increases the body temperature over 41°C during migratory flight that can
induce DNA damage and its migration to the cytosol (Figure 1) [49]. Along with,
defective cGAS-STING and TLRO signaling for cytosolic DNA recognition, absent
in melanoma 2 (AIM2) and gamma-interferon-inducible protein Ifi-16 (IFI16 or
p204 in mouse) or interferon-inducible myeloid differentiation transcriptional
activator are the PYRIN and HIN domain containing (PYHIN) proteins also
recognizing cytosolic DNA are absent the genome of most bats, including P. alecto
and M. davidii [74-76]. Both, AIM2 and IFI16 are involved in the cytosolic DNA
recognition-induced inflammasome activation, and the maturation and release of
pro-inflammatory cytokines (IL-1p and IL-18) (Figure 1) [75]. Only, a bat called
Pteronotus parnellii has a truncated AIM2. Hence, the removal of cytosolic DNA
sensors or PRRs adds to escape from the inflammatory immune response generated
due to DNA damage observed high metabolic rate-induced rise in temperature dur-
ing long migratory flights and helps in the coexistence of host and pathogens. Also,
the killer immunoglobulin-like receptors (KIRs) encoded by genes in the leukocyte
receptor complex (LRC), and killer cell lectin-like receptors (KLRs, also called Ly49
receptors), encoded within the natural killer gene complex (NKC) are required for
potent antiviral function of NK cells. However, P. alecto lacks both KLRs and KIRs
and M. davidii has only one Ly49 pseudogene [76].

The pteropodidae or cave nectar bat (Eonycteris spelae) monocytes, macro-
phages and granulocytes resemble human counterparts depending on the immune
parameters that are divergent between mice and humans [77]. However, mast cells,
eosinophils, basophils, platelets or thrombocytes have not been identified and char-
acterized in different bat species [54]. Further studies are required in this direction.
Also, the genome-wide comparison of immune-related genes have indicated their
much closer phylogenetic relationship with humans than rodents. Also, bats express
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largest and most diverse array of apolipoprotein B mRNA editing enzyme, catalytic
polypeptide-like 3 (APOBEC3) genes (encode antiviral DNA cytosine deaminases),
which are potent antiviral proteins and act as antiviral restriction factors for
viruses, including hepadnaviruses (hepatitis DNA virus), and parvoviruses [78, 79].
The potent antiviral immune response of APOBEC3 involves its cytosine deaminase
activity that deaminates cytosine residues in the nascent retroviral DNA to block
retrovirus replication via hypermutation (Figure 1) [80]. This hyper-mutated retro-
viral DNA, then gets degraded or becomes non-functional [81]. In other mammals,
including humans and laboratory mice the expression and action of APOBEC3
might threaten the integrity of the host genome triggering the incidence of cancer
[82]. For example, a common APOBECS3 overexpression in humans is associated
with the incidence of breast cancer in humans and the overexpression of APOBEC1
(A1) in mice is associated with hepatocellular carcinoma [83-85]. However, bats are
more resistant to developing cancer despite expressing APOBECS3 as they express

a higher quantity of ABC transporter called ABCB1 than humans and efficiently
removes cytotoxic agents (doxorubicin) and damaged DNA [86]. Hence, in bats
APOBEC exerts its only antiviral action and remains sans to increase susceptibility
to cancer. However, further studies are warranted. Of note, even minor levels of
IFNs are able to induce APOBEC3 family of proteins (A3A, A3G, and A3F) expres-
sion and their antiviral action [87].

Lower NLRP3 inflammasome activation in the cytosol prevents exaggerated
inflammatory immune response in immune cells bats due to lower ROS production
(crucial for NLRP3 activation) and apoptosis-associated speck-like protein contain-
ing a CARD (ASC) speck formation and secretion of interleukin-1p (Figure 1) [88].
Also, bats produce less TNF-a due to the interaction of c-Rel (a member NF-xB
family) with the promoter sequence of TNF-« [89]. The antiviral innate immune
response in bat macrophages in response to the virus-derived PAMPs is also accom-
panied by sustained production of an increased amount of anti-inflammatory cyto-
kine (IL-10) (Figure1) [90]. These unique anti-inflammatory mechanisms in bats,
including greater mouse-eared bats, Myotis myotis may have evolved due to their
high metabolic rate (but produce low ROS that regulates NLRP3 inflammasome
activation) and long distance flights [90]. For example, this bat species along with
other long-distance traveling bats exhibit a delayed aging process as indicated by the
absence of shortened telomerase and due to strategies to check induction of severe
inflammation, but the induction of potent anti-inflammatory mechanisms [91, 92].
Also, the expression of high basal levels of heat shock proteins (HSP70 and HSP90)
in bats protects them from increased metabolic stress that further contributes to
their longevity and healthy aging [93]. Hence, these processes may contribute to
longevity and healthy aging among bats.

Autophagy is an essential cellular process through which cells maintain homeo-
stasis, including immune homeostasis [94-96]. Autophagy involves the breakdown
of cellular components and the sequestration of the portion of cytoplasm into the
double or multi-membraned vesicle called autophagosomes, which then fuse with
cellular suicide or waste bags or lysosomes (contain hydrolases in their lumen and
their membranes have permeases) to form autophagolysosomes or autolysosomes
[96-98]. Autolysosomes are the junk crashers of the cell, in which luminal mate-
rials, including internal membrane, are degraded and exported out of the cell
through permeases to recycle in the cytosol [96]. Hence, autophagy is the renewal
process for cytosolic components through which cytoplasmic macromolecules
mobilize to generate energy-rich compounds to meet cellular energy requirements
during conditions with decreased internal and external energy resources. The
impaired autophagy predisposes the host towards premature aging and inflamma-
tory and degenerative diseases. Hence, autophagy helps the host to escape from
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premature aging and different diseases (cancer, neurodegeneration, and other
chronic inflammatory conditions) through cellular self-digestion [99].

Autophagy also plays a crucial role in immune response to infections and inflam-
mation that works downstream to different PRRs (TLRs, NLRs, RLRs, and cGAS-
STING signaling) discussed earlier (Figure 1) [100-102]. The increased autophagy
in Australian black fly foxes also dampens the severity of the lyssavirus infection
through suppressing the virus replication and increases the tolerance to the pro-
longed infection with lesser cell death than humans (Figure 1) [103]. Autophagy
increases with the increases in the viral load in bats. The pharmacological activation
of the autophagy decreases the virus replication that shows its antiviral action.
Another virus called Nelson Bay Orthoreovirus (NBV that in humans causes severe
respiratory tract infection) isolated from the Australian fruit bat increases autoph-
agy in host cells depending on the viral replication without causing severe infection
[104]. Hence, increased autophagy along with increasing longevity and suppressing
aging mechanisms among bats also increases their antiviral immune response to
protect them from severe productive infection.

3. Adaptive immune response in bats to make them resistant severe viral
infections

We do not have greater immunological data for adaptive immunity in bats as
compared to humans due to lack of experimental reagents specific for bats and
corresponding appropriate animal models. The genes [MHC-I and II, TCR (TCR-a
and -B) and co-receptors, including CD3, CD4, CD8, and CD28 along with B cell-
specific markers (CD22, CD19, CD20, CD27, and Igs)] involved in adaptive immu-
nity in other species are conserved in bats [21-23]. The transcripts of both pro- and
anti-inflammatory cytokines (IL-2, IL-4, IL-5, IL-6, IL-12a, IL-12b, IL-17a, IL-23,
IL-10, TGF g, TNF, IFN y, IL-1 8, CCL2, CCL5, and CXCL10) are also present [23].
The alphal (a1) domain of the H chain of MHC-I of P, alecto have three sequential
AAs (Met, Asp, and Leu), which are absent in other mammals, including humans
[105]. These 3 extra AAs in bat MHC-I help to form an extra salt-bridge chain
between the H chain and the N-terminal of aspartic acid (Asp) of the antigenic
peptide that promotes peptide presentation to the MHC I with high affinity during
antigen presentation process. This study indicates the induction of stronger MHC-
1-dependent T cells (CD8" cytotoxic T cells) immune response against viruses that
helps them to survive otherwise lethal viral infections as seen in other mammals.

P, alecto has a predominant population of CD8"T cells in their spleen and CD4*T
cells are predominantly present in blood, lymph nodes (LNs), and bone marrow
[106]. Forty percent of these splenic T cells constitutively express IL-17, IL-22,
and TGF-p mRNA, indicating the polarization of these T cells towards, Th17 and
regulatory T cells (Tyeg) [106]. Recent identification and development of bat-
specific cross-reactive Abs and establishment of captive experimental bat colonies
have advanced the field. Immunoglobulins or Abs, including IgG, IgA, IgM, and IgE
have been detected in bats (P, alecto) [107, 108]. However, IgA in secretion is lesser
than expected but that is compensated by increased presence of IgG in the mucosal
surfaces [108]. IgM is the second most abundant Ab in the serum after IgG in
P, alecto. Of note, bats have a bigger repertoire of germline genes encoding Ig vari-
able (V), diversity (D), and joining (J) segments than humans, indicating a provi-
sion of a larger number of antigen (Ag) specificities in their naive B cell receptor
(BCR) repertoire [54]. For example, little brown bats (Myotis lucifugus) rely more
on the germline encoded repertoire to fight against infections than somatic hyper-
mutation (SHM) [109]. On the other hand, SHM in humans increase the affinities
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of Abs for diverse antigens [110]. Thus, human Ab response generates more diverse
Abs in humans than bats.

The maternal Abs transferred to Egyptian Rousette bats against the Marburg
virus last for their first five months after birth and Abs last for approximately 1 year
in these bats infected naturally [111]. However, the reinfection of bats with the
same virus induces anamnestic immune or Ab response within 5 days of the post
viral infection clearing the virus systemically as well as from major organs (salivary
glands, intestine, urinary bladder, and the reproductive tract). Hence, reinfection
with the virus to bats in the natural environment is not sufficient to induce the pro-
ductive infection. Another study indicates that the maternally-derived Abs (MDAs)
in seasonally breeding bats (African fruit bats) do not last long for other viruses,
including Lagos bat lyssavirus (LBV, a member of genus lyssavirus and gamily rhado-
viridae) [112]. Also, the Abs developed in captive bats decay more slowly than these
MDAs, indicating the fast decay of these MDAs. However, Abs produced in captive
bats decay faster than seasonally breeding bats living in their natural environment,
indicating the Ab may persist for life in natural environment harboring bats.

The Abs-mediated virus neutralization is not a universal mechanism for pro-
tection against Ebola, Marburg, and Sosuga (a recently discovered pathogenic
Paramyxovirus in Uganda) viruses in the Egyptian Rousette bats [113, 114].
Similarly, maternal Abs to the Henipavirus become undetectable between 4 and
12 months after birth [115]. The seasonal horizontal transmission of the virus
makes seronegative bats seropositive for Abs and seasons of late pregnancy/lacta-
tion in bats may increase the risk of zoonotic diseases. Further studies have shown
that in the straw colored fruit bats (Eidolon helvum) fruit bats maternal Abs provide
protection against Lagos bat lyssavirus and African Henipavirus for 6 months and
acquired immunity in developed adult bats against them lasts for 12 years (Lagos
bat virus) and 4 years (Henipavirus) [116]. However, the disturbed pregnancy and
lactation (seasonal birth pulse) impacts the maternal Ab-based immunity on per-
sisting virus that depends on the transmission characteristics (prolonged infection
period or within host latency). It is interesting to note that despite the diminished
Abs level the Egyptian Rousette bats exert a protective immune response against
severe Marburg infection that may be due to the anamnestic response generating
Abs and type 1 IFNs [117].

Abs specific to the glycoprotein GP2 to another Filoviridae family member called
Lloviu virus (LLOV) have been detected in insectivorous Schreiber’s Bent-winged
bats in the caves of Northern Spain [118]. A study has shown that the reinfec-
tion with the particular virus is essential to explain the shortness (hours to days)
of acute infections and development of immunity lasting for another 1-2 years
[119]. Hence, recurring latent infections are warranted for immunoprotection in
bats to severe viral infections. The migrating status of the bats or other migratory
animals//birds also determine the reactivation or suppression of the latent infec-
tion depending on the immune status [120, 121]. For example, the relapse at either
the start or end of migration may increase the prevalence across the year and may
maintain pathogens with low transmissibility and short infectious periods in the
migratory population [120]. For example, relapse at the beginning of the migration
may reduce the prevalence of highly virulent or infectious viruses by amplifying
death of infected hosts during migration, especially for highly transmissible viruses
and those transmitted during migration or breeding season. The long-distance
migratory Nathusius’ pipistrelles (Pipistrellus nathusii) show difference in the
immune status, for example, during migration they have increased number of
lymphocytes with decreased neutrophils as compared to the non or pre-migratory
period [38]. The oxidative stress is higher during migration period without any
association between blood oxidative status and immunological impact. Of note, the
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immune challenge does not induce any changes in the oxidative stress irrespective
of the migratory or pre-migratory season.

4. Future perspectives and conclusion

Bats always remain the source of attraction and fascinate humans. Even in
Hollywood movies the character of the Dracula has been inspired from bats liv-
ing on blood and coming out for the prey in night time. However, they became
important to the medical community upon the first recognition of transfer of
rabies virus to the animals serving as their prey for blood in 1959 in Trinidad. Since,
then different have been suggested as the career for many viral pathogens that are
responsible for different endemics, epidemics, and pandemics, including Nipah
virus infection, Hendra virus infection, Ebola virus infection, SARS, MERS, and
the current COVID-19 or SARS-CoV-2 infection. However, the direct causal virus
for COVID-19, called SARS-CoV-2 has not been directly isolated from them, but
genetically related or more close viruses have been identified in them [9, 10]. Hence,
understanding the factors responsible for no severe pathogenic outcomes in the bats
as compared to other mammals, including humans becomes crucial by keeping in
mind the damages (both, life and economical) associated with current COVID-19
pandemic. The bat immune system has evolved in such a way to guard itself through
the damages associated with high speed flight for long migration. For example, low
ROS production to protect from DNA damage and inflammation. However, to keep
a check on invading pathogens, especially viruses it has evolved the potent IFN-
dependent antiviral immune response without inducing severe pro-inflammatory
immune response as seen in other mammals, including humans during Ebola virus
and severe COVID-19 infection. A recent study has shown that the Ebola virus in
humans and fruit bats (Epomops buettikoferi) evolves differently by undergoing
short term evolution as studied through circular sequencing [122]. For example, the
Ebola virus (EBOV) passaged in fruit bat (E. buettikoferi) cells shows a sequence
markers specific for host RNA editing enzyme activity, including evidence for
adenosine deaminase acting on RNA (ADAR) editing of the EBOV glycoprotein
(GP), show increased G to A transitions depending on the EBOV genome strand,
and increased average genomic Shannon entropy compared to Ebola virus passaged
in human 293 T cells. The bat EpoNi/22.1 cells express approximately 12-fold more
ADAR1 mRNA than 293 T cells due to unique features of bat cells or bats. Hence,
host-specific factors, including ADAR impact mutation/evolution of the virus. Of
note, the mutation rate for Ebola virus is same for both bat and human cell lines.
Hence, studying and identifying bat-specific factors have a potential to answer the
unknowns associated with mild or no infection with the same pathogen that proves
lethal to humans. For example, the evolution of the pathogen in the reservoir host
is drift-driven, but in the incidental host it favors positive selection to adapt and
reduces the tropism for primary host (bats) [123]. Hence, the pathogen becomes
severe in the incidental host and transmits among human hosts as seen in Ebola
virus infection and COVID-19. Also, the virus related to the Rubella called Ruhugu
virus (RuhV shares identical genomic structure with the Rubella virus) has also
been isolated from cyclops leaf-nosed bats (Hipposideros cyclops) sampled in Uganda
[124]. This indicates that Rubella virus may have evolved from bat virus or in future
Rubella-like infection may affect humans and other mammals as zoonotic disease
from bats. Thus the future zoonotic (bats-specific) infections-associated endemics,
epidemics, and pandemics, including vampire bat (D. rotundus) rabies caused by
vampire bat rabies virus (VBRYV, Lyssavirus of Rhabdoviridae family) will depend
on the host-pathogen evolutionary signatures or relationships [125].
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5. Conclusion

Bats are unique mammals with a potential to have true flight, harboring differ-
ent viral pathogens that have caused or may cause severe infections to humans and
other mammals. Understanding their immune system associated uniqueness may
open avenues to deal effectively with zoonotic diseases coming from them.
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Abstract

The demographic patterns of COVID-19 spread can provide clues to develop
roadmaps for devising better prevention and control. It is high time to analyze
and re-evaluate the zoonotic/reverse zoonotic spread of SARS-CoV-2 globally. To
this end, lessons from epidemiology and associated determinants from previous
outbreaks of SARS-CoV-1and MERS need to be cultured and re-visited. Ways to
minimize the rates of infection and promote the well-being of the masses need
urgent attention owing to the subsequent waves of the global pandemic in most
countries. Efforts are being directed for the provision of efficient and cost-effective
diagnostics, prophylaxis and therapeutic options for COVID-19. The chapter
provides insights, suggesting a potential roadmap for efficiently preventing the
future outbreaks of COVID-19, based on the tools of epidemiology, transmission
probabilities and public health safety concerns.

Keywords: COVID-19, Zoonotic, reverse zoonotic, Epidemiological tools,
public health

1. Introduction

An outbreak with the name of CoVID-19 was reported from Wuhan, China on
December 29, 2019. Initially, it was treated as pneumonia of unknown origin and
reported to the local office of the World Health Organization (WHO) in China on
December 31, 2019 [1]. The most recent outbreak owing to the probable zoonotic
and human-human transmission of coronavirus disease virus, 2019 (COVID-19)
has entrapped 220 countries and territories with 162, 773, 940 confirmed cases
reported by WHO as of 17 May 2021 more than One Hundred Fifty-eight million
people (WHO) affected. The host, agent and environmental factors are crucially
involved in the chain of infection following the entry of the 2019 novel Coronavirus
(2019-nCoV or SARS-CoV-2) in a susceptible host. The progression of the virus
within the host may be as quick as 5-6 days (average), leading to severe clinical
symptoms that warrant intensive care. The virus later on named severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) by the international committee on
taxonomy of viruses on February 11, 2020 [2]. Bats and Pangolins were considered
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the reservoir host and initially blowout through the exposure of human beings to
the seafood market in Wuhan, China [3]. The worldwide distribution of the virus
was attributed to commercial air travels from epidemic countries to non-epidemic
countries including, Taiwan, Japan, Korea, Malaysia, Russia, America, Saudi
Arabia, United Arab Emirates, Germany, France, Spain, Italy and Iran etc. [4]. To
date, the number of highest positive cases has been encountered by the USA fol-
lowed by India, Brazil, Europe, UK, Africa and Middle East [5]. In order to respond
to the outbreak swiftly and accurately, the public health authorities and policy
makers direly need to know the epidemiology and associated risk factors [6]. The
risk factors may include; how much time it takes to show the symptoms and which
specific individuals having specific characteristics are more prone to infection.

According to CDC, currently several registered vaccines are available in United
States to provide protection against CoVID-19. These vaccines are named as Pfizer-
BioNTech, Moderna and Johnson & Johnson’s Janssen. Other two vaccines Novavax
and AstraZeneca are in phase 3 clinical trials.

It is necessary to strictly follow the precautionary measures i.e. wearing mask,
social distancing, avoid arranging events and frequently hand washing along with
the vaccination because vaccines alone will not prevent the transmission or end the
pandemic. Until high level of global vaccine mediated defense is attained through-
out the world.

As documented by the WHO, mathematical models specifically designed in a
timely fashion may play an important role in providing evidence-based knowledge to
public health authorities and policy makers. Moreover, modeling can help in under-
standing different aspects of the outbreak including (i) the ability of transmission of
disease, (ii) prediction of peaks of infections during the progression of the disease,
(iii) severity of infection and (iv) the effectiveness of preventive strategies for the
intervention of disease. The modelers of infectious diseases worldwide had accepted
the challenge of developing simulation models for transmission and dynamics of
the disease and promptly reacted to the emerging outbreak of CoVID-19. Various
epidemiological models that have been developed by modelers worldwide included:
In China, Susceptible-Exposed-Infected-Resistant (SEIR) Model [7-9], Bats-
Host-Reservoir-People (BHRP) transmission network model [10], Markov Chain
Monte Carlo (MCMC) methods [11], Susceptible individuals (S)-Asymptomatic
individuals (E)- Infectious individuals with symptoms(I)- Isolated individuals
with treatment (J)- Recovered individual (R) (SEIJR) dynamic compartmental
model [12], Exponential growth (EG) and Maximum Likelihood (ML) estimation
method [13-15], Incidence Decay and Exponential Adjustment (IDEA) model [16],
Susceptible-Exposed-Infected-Recovered-Death-Cumulative (SEIRDC) model [17],
Computational modeling of potential epidemic trajectories [18], Simulation of early
outbreak trajectories [19], Traveling network based modeling [20], Susceptible-
Infected-Recovered (SIR) model and Quarantine model [5] in Italy, Susceptible-
Exposed-Infected-Recovered (SEIR) model, Exponential growth (EG), Maximum
Likelihood (ML) estimation, Sequential Bayesian (SB) method and Estimation of
Time Dependent (TD) reproduction numbers in India [21, 22].

All of these simulation models estimated the Basic Reproduction Number (RO)
of the virus. The RO indicates the transmissibility of the virus from an infected
person to a naive or unexposed population. A value RO > 1 represents that the num-
ber of cases will increase in the future while RO < 1 represents that the disease will
diminish in the near future. The reason for higher RO estimates may be attributed to
lower numbers of cases and minimum onset time of infection. However, the estima-
tion error will start to decrease as the number of cases increased and real-time
pictures of the cases will be available for accurate estimates [13]. In this scenario,
statistical models are primarily used to determine the basic viral replication
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number, the serial interval between primary and secondary cases and virus dou-
bling time which are important epidemic parameters [23, 24]. Additionally, some
other approaches may also be required to include mild or asymptomatic cases which
may be missed due to limitations of diagnostic methods applied [25]. With time,
treatment options of clinical patients were improved and the spread of disease

is being controlled through more strict methods like the restricted movement of
individuals. The effects of such measures may be measured through statistical rea-
soning [26, 27]. On the other hand, mathematical models are based on dynamical
Equations [28] can give more details related to epidemic characteristics as compared
to statistical methods [29].

2. Reverse zoonotic potential of coronaviruses

Sporadic detection of natural SARS-CoV-2 infections together with successful
experimental infections of certain animals raises concerns about reverse zoonosis
(also termed as zooanthroposis: transmission of the infection from humans to
animals. As a result of close contact with infected humans, several cats, dogs and zoo
animals tested positive for SARS-CoV-2 [30, 31]. However, the incidence of natural
infections in these animals has not been ruled out due to limited information on
clinical features of the infections in animals. The existing data suggest that clinical
features may range from asymptomatic infections to symptomatic disorders with
signs that may include sneezing, coughing, nasal discharge, respiratory distress,
vomiting, diarrhea, ocular discharge, lethargy and fever etc. [32]. A study from
Hong Kong in February 2020 confirmed the transmission of SARS-CoV-2 infection
to asymptomatic dogs from their previously diagnosed COVID-19 positive owner. A
17-year-old Pomeranian breed dog and a 2-year-old German shepherd were tested
positive for SARS-CoV-2 RNA by RT-PCR on multiple oral and nasal swabs. However,
virus isolation and serological testing could not be executed [33]. A summary of
potential zoonotic relations of some coronaviruses has been given in Figure 1.

As a result of the death of a geriatric dog; presumably due to other underly-
ing health issues, it was concluded that the dog either was contaminated by close
contact with an infected individual or had a low level of infection. Similarly, a
six-year male German shepherd tested positive for SARS-CoV-2 RNA in the USA in
mid-April 2020, who contracted the infection from his COVID-19 positive owner.
After five days of infection, he developed active infection followed by nasal dis-
charge, lethargy and difficulty in breathing, blood in urine and vomit, weight loss
and difficulty in walking, along with heart murmurs and lymphoma [34]. A case
report in March 2020 revealed a cat belonging to a COVID-19 positive owner, tested

Natural Host Intermediate Host | Final Host Reverse Zoonosis
HCoV-229E 7| Camel Monkey
HCoV-NL63 . ? Dog
SARS-CoV Civet Cat Pig
MERS-CoV | Camel Human Chicken
SARS-CoV-2 ™ Pangolin Ducks
HCoV-0C43 5 Cattle Cat

HCoV-HKU1

? Ferrets

Figure 1.
Probable zoonotic potential of various coronaviruses.
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positive for SARS-CoV-2 RNA by RT-PCR in Belgium, presenting gastrointestinal
disease and transient respiratory disorders. While in another report on April 01,
2020, a pet cat belonging to a COVID-19 positive owner was tested positive for
SARS-CoV-2 without showing disease symptoms [35]. A report on April 05, 2020,
showed transmission of SARS-CoV-2 from a zoo employer who was an asymp-
tomatic carrier of SARS-CoV-2 to one tigress, five tigers and lions at Bronx zoo in
New York [35].

In the USA on August 14, 2020, 13 cases of pet cats and 14 cases of dogs were
tested positive for SARS-CoV-2 by virus neutralization antibody tests or RT-PCR
having close contact history with infected humans [31]. It has also been proven
experimentally that susceptible pet cats can also transfer this virus to other healthy
cats via short-distance aerosols or droplets due to greater similarity between ACE-2
receptors of feline and humans [36]. In a study, two dogs, two cats, three lions
and four tigers were tested positive for the presence of SARS-CoV-2 due to close
contact with their COVID-19 positive caretakers [37]. It also provides important
information about animal management for COVID-19 control, animal models
for SARS-CoV-2 and significant replication of this virus in both lower and upper
respiratory tracts of ferrets and cats. Transmission of this virus can occur in ferrets
through direct contact and in cats through droplets or aerosols. The presence of this
virus in cats from Wuhan, China showed that cats may get infected by this virus by
the environment or humans [38]. In a study, 15% of cats were tested positive for the
presence of SARS-CoV-2 using an Indirect Enzyme-Linked Immunosorbent Assay
while cats tested before the outbreak showed negative results [39]. A study provides
important insight about the high susceptibility risk of animals having close contact
with humans especially cats and ferrets while poor susceptibility risk in animals like
pigs, dogs, ducks and chickens [40].

Based on these findings we may conclude that SARS-CoV-2 has the potential of
reverse zoonosis as well. Although the risk of disease transmission from humans
to animals and companion or zoo animals to humans or other animals is much less
and it depends upon how this virus spreads in various animal species. Therefore,
planned investigations, targeted surveillance and continuous monitoring of specific
animal species having close contact with their COVID-19 positive or suspected
owners or caretakers are mandatory at local or national levels. Although, currently
there is no specific testing facility available for SARS-CoV-2 infections in animals.
But the situation may change in the future to control and management of COVID-
19 infections. To test samples for companion animals, a laboratory in the USA
known as IDEXX Laboratories has started a test under the commercial name of
SARS-CoV-2 (COVID-19) [41]. Several private and government veterinary labo-
ratories are now trying to develop and use nucleic acid-based tests and serological
assays to diagnose SARS-CoV-2 transmission in zoo and pet animals [42].

3. Reverse zoonosis in other coronaviruses
3.1 SARS-CoV

To probe into the proximal origin of SARS-CoV from china in 2002-2003, an
epidemiological surveillance survey was conducted in the animal market of china
and adjoining areas during the outbreak from wild, companion and livestock ani-
mals to check out their susceptibility for this virus and more importantly to devise
means for the management and control of this first documented outbreak [43].

In this report, dogs and goats were tested negative while wild boars and cats were
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found to be positive for the presence of SARS-CoV using viral detection assays [43].
Chen et al. conducted a field-based surveillance study on different animals through
antibody and antigen-based tests. In this study, two pigs were tested positive for
SARS-CoV antibodies while cats, dogs and cattle were tested negative. Based on
sequence data analysis this study also suggests that transmission is from human-
related SARS-CoV [44].

3.2 MERS-CoV

During the MERS-CoV outbreak very few reports appeared regarding the
chances of human-animal transmission of this virus [45]. Kasem et al. conducted a
study to check out the incidence of MERS-CoV infections in goat, sheep and cattle
samples due to close contact with MERS-CoV positive individuals. In this study, all
the tested samples were negative for MERS-CoV suggesting that no cross-species
transmission was occurred [46]. El-Duah et al., conducted a field-based surveil-
lance study on MERS-CoV by taking samples from sheep, pigs, goats, donkeys and
cattle of the Ghana area. This study showed that none of the samples were found to
be positive for the presence of MERS-CoV [47]. Kandeli et al. conducted an epi-
demiological surveillance study in Tunisia, Egypt and Senegal area from the field
samples received from buffaloes, sheep, cattle, goats, mules, horses and donkeys
using PCR and antibody detection kit. The results of this study revealed that both
antibody detection tests and PCR were found to be positive for MERS-CoV in goats,
sheep, cattle and donkeys. While PCR was negative in horses [48]. These reported
studies suggest that transmission of MERS and SARS-CoVs occurred in humans-
wild, domestic and companion animals making the possibility of reverse zoonosis
[49]. However, still it is not clear whether infected animals shed the virus and are
involved in the disease transmission cycle.

4. Promoting public health

There are at least 360,497 research studies worldwide, on diagnosis, treat-
ment and prophylaxis of coronavirus that are being supported by NIH [50].
Combined efforts of global health organizations including the World Health
Organization (WHO), Centers for Disease Control and Prevention (CDC) and
many International, Regional and National NGOs, Government and private bod-
ies are funding, supporting and helping approaches for public health. Food and
Drug Administration (FDA) on the other hand, is rapidly analyzing and approving
medicines and diagnostics for public use. Some major areas to be considered for
tackling the current situation and developing roadmaps for future pandemics have
been given in this section.

4.1 Elucidating the concept of quarantine and isolation

The COVID-19 crisis is continuously becoming a grave threat to the world
and the number of cases is escalating globally. The present pandemic has redefined
the human strategies against the control and prevention of this contagious agent
responsible for disease outspread [4]. This virus is very lethal and contagious,
and the WHO devised measures to control the infectivity and spread of the virus
through quarantine and isolation. Some major myths and their busters associated
with COVID-19 have been re-developed using WHO research-supported guidelines
in Figure 2.
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MYTHS FACTS

Elderly people get the virus All age groups are equally susceptible, co-morbid are more prone

Summers/winters kill the virus No correlation of environment conditions with virus survival

No scientific evidence supports this myth

5G network spreads virus Virus need air to travel, not mobile/network signals

Recovery rate is poor

[ Poultry meat has the virus
[ More than 95% of cases recover, showing high recovery rates

No scientific study proved this

Drinking alcohol/bleach save These are surface disinfectants, unsuitable for drinking

Only CoVID-19 virus specific vaccines can prevent infection

Don't wear mask unless sick All peaple having <6ft intra-personal distance should wear masks

| don't have certain symptoms, no need to

tost Refer to WHO criteria for symptoms scoring

|
]
)
J
J
Eating garlic/onicn saves against virus ]
J
J
}
]
)

{
[
{ Antibiotics/ pneumonia vaccines can save
l
[
[

Mesquito can get you virus No link established yet. However, mosquito can transmit other diseases

[ts only in the air, no need to change/wash
clothes or shoes

[ Salt water rinsing in nose kills the virus ]

Virus is of micron meter size, it can stay on fabric, surfaces and shoes for
hours

No scientific evidence supports this myth

Figure 2.
Major myths and their busters associated with COVID-19.

Quarantine is separation and restricting the movement of people who have
been exposed to a SARS-CoV-2 disease to see if they become sick, according to the
CDC. Generally, this quarantine practice takes place at home or generalized facil-
ity or restricted movement areas specified for this practice. It can be imposed on
individuals or communities constituting exposed individuals. Contact surveillance
is required either passively or actively to monitor the individual if they develop
the symptoms of the disease. Duration of the quarantine is based on a person’s test
results for disease or having experienced disease symptoms. If individual tests
positive so after that, they are separated or isolated for treatment and monitoring
purposes and if the individual is negative for diagnostic test and not showing any
disease symptoms, then discharge from the quarantine center [8]. Monitoring
must be done in case of quarantined person shows any of the disease symptoms.
Government and other global authorities must implement border restriction if
necessary, to overcome the spread of disease. The efficacy of this approach allows us
to overcome the spread of disease with the early detection of diseased individuals.

Here the question arises after or during this “Quarantine session” what would be
our approach if a person is positive for SARS-CoV-2. This question leads us to the
term ‘isolation’. The Center for Disease Control (CDC) has defined “Isolation” as
the separation of sick people with any contagious disease from others who are not
sick or at-risk population. This is important to flatten the disease curve so that fewer
people become infected over a while. It can be explained as separation and restric-
tion of movement of sick individuals who have a contagious disease, to prevent it
from being transmitted to others. These measures are implemented to ensure the
close monitoring of individuals with proper treatment and release after full recov-
ery into the community or population to minimize or eliminate the risk of spread of
this contagion. However, these individuals can still be monitored for weeks or two,
to ensure they do not re-infect or develop severe symptoms after discharge from
medical facilities.

4.2 Measures for cleaning and disinfection

From the sanitation/disinfection point of view, the Environment Protection
Agency (EPA) recommends the use of List N disinfectants for use against COVID-19.
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Cleaning the surfaces before applying disinfectants and observing the appropri-
ate contact time are important considerations for efficient utilization. Among the
most accessible ones are sodium hypochlorite, hydrogen peroxide, and quaternary
ammonium compounds with or without alcohol or phenols. The forms of these
disinfectants may be solid, vapor, wipe, dilute-able, which could be easily used to
disinfect surfaces. These compounds in their commercial preparations could be
safely applied to disinfect keys, doorknobs/handles, slabs, floors, switchboards,
equipment, keyboards, tables, cell phones, remote controls, cars, bikes, etc.

Case definitions and their importance to the general public may be well-commu-
nicated. Also, smart solutions for handling a large number of outdoor patients may
be sought. Un-necessary exposure and increase in case of loads at emergency and
intensive care units could be minimized using efficient telemedicine and consulta-
tion services. For laboratory testing facilities, it is important to consider biosafety
guidelines of level-3 or above, owing to the transmissibility of the virus. Also, solid
waste management should be very well planned and executed to spare the risk of
dissemination to the general public [51].

4.3 Management of COVID-19 patients

It is important to consider the difference of COVID-19 with other prevailing
respiratory viral infections e.g. influenza that involves nasopharyngeal or lower
respiratory tract infections. Polymerase chain reaction (PCR) is necessary to
confirm COVID-19. Further hospitalization of patients involves various factors
inclusive of which are the age of patients (~60 years old); patient having 40% allied
morbid conditions like diabetes and cardiac diseases; children exposed, pregnant
women with severe illness although there are mild symptoms so far in majority
cases and the onset of symptoms and admission to ICU (9-10 days critical) as two-
third of patients met criteria of acute respiratory distress syndrome (https://www.
ecdc.europ a.eu/en/geographical-distribution-2019-ncov-cases).

The patient’s care should be divided into four categories (1) Usual critical care,
(2) Modification to usual critical care, (3) Facility planning, (4) COVID-19 specific
consideration. Usual critical care will include: Conservative intravenous fluid
strategies; Empirical early antibiotics for bacterial pneumonia; Consideration for
early invasive ventilation; Lung protective ventilation strategies; Periodic prone
position during mechanical ventilation; Consideration of extracorporeal membrane
oxygenation. Modification to usual critical care involves: Admission of patients with
the suspected disease to private rooms when possible; Use of medical face masks
for symptomatic patients during assessment and transfer; Maintain a distance of
at least 2-meter distance between patients; Caution when using high-flow nasal
oxygen or non-invasive ventilation due to the risk of dispersion of aerosolized
virus in the health care setup with poorly fitting masks; Clinicians involved with
aerosol-generating procedures should use addition airborne precautions including
NO5 respirators and eye protection. COVID-19 Specific consideration; Ensure staff
updated training in infection prevention and control including PPE; planning at
local and regional levels for a potential surge in the need for critical care resources.
The facility planning involves: Antiviral or immunomodulatory therapies are yet to
be approved, so patients should be left on supportive or targeted therapies.

Three lines of treatments are generally followed (a) COVID-19 with mild
acute respiratory distress syndrome (ARDS), (b) COVID-19 with mild ARDS,

(c) Adjunct therapies. In the first case ventilator, supply while conservative fluid
therapy, and empiric antibiotics are considered. Systematic corticosteroids are
uncertain to be used on this occasion. In the second phase, short courses of systemic
corticosteroids are considered. In adjunct/rescue therapy (3rd phase), antiviral,
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chloroquine, and anti-interleukin 6 are uncertain to be used. The hypoxic condi-
tions will be dealt with differently. It is important not to delay intubation if the
situation is worsening. COVID-19 hypoxia travels to endotracheal intubation, then
it is important to: follow endotracheal intubation, an expert should do intubation
in the airway, N95/FFP-2 or equivalent personal protection equipment is necessary,
infection control is followed, and staff in the room is minimally kept. In case if the
situation is not getting better, endotracheal intubation should immediately be done.

4.4 Ensuring mental well-being

Due to social distancing and remote working, maintenance of psychological
well-being is pivotal. Social, electronic, print media could play a significant positive
role in effectively communicating the risks while assuring mental health. Non-
professional people who have a lot of apprehensions about the current pandemic
may be discussing their concerns through telecommunication [52, 53]. Another
important aspect of lockdown amidst outbreaks worldwide is the less privileged
or daily wager community, migrants and internally displaced persons (IDPs). The
anxiety due to uncertainty of fiscal matters may affect the mental health of the
masses. Also, patients with other diseases, particularly those with chronic diseases
may suffer a psychological breakdown. Apart from mental health issues, India has
reported suicide due to fear of contracting COVID-19 [54]. It is, therefore, high
time to spread hope, offer support and positivity all around.

Studies from one highly infected country i.e. Iran have revealed moderate to
severe anxiety symptoms in apparently healthy citizens [55]. Suspected patients and
cases, belonging to different age groups, may also require support for mental well-
being amidst strict isolation. The healthcare workers in the frontline of combating
the pandemic may need psychological/moral support, medical insurance and
proper PPE. Government, NGOs, private stakeholders, media persons, celebrities,
doctors and allied healthcare staff, scientists need to develop stronger communica-
tion with the public. These people can motivate people to adopt safety measures and
promote public health safety.

5. Conclusions and future outlook

The detailed understanding of epidemiological patterns and probable model-
ing of COVID-19 are highly important. Moreover, there’s a need to disseminate
the research-based findings to public health. This could be made possible by the
thorough collaboration of the National and International organizations that may
fetch research-supported data for prevention and ways to control or contain the
pandemic at all levels.
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Abstract

At the end of December 2019, in Wuhan, China, a rapidly spreading unknown
virus was reported to have caused coronavirus disease of 2019 (COVID-19).
Origin linked to Wuhan’s wholesale food market where live animals are sold. This
disease is caused by SARS Coronavirus-2 (SARS-CoV-2), which is closely related
to the Severe Acute Respiratory Coronavirus (SARS-CoV) and the Middle East
Respiratory Syndrome Coronavirus (MERS-CoV). This virus shares a high sequence
identity with bat-derived SARS-like Coronavirus, which indicating its zoonotic
origin. The virus spread globally, provoking widespread attention and panic. This
Coronavirus is highly pathogenic and causes mild to severe respiratory disorders.
Later, it was declared a global pandemic by the World Health Organization (WHO)
due to its highly infectious nature and worldwide mortality rate. This virusis a
single-stranded, positive-sense RNA genome, and its genome length about 26 to
32 kb that infects a broad range of vertebrates. The researchers worldwide focus on
establishing treatment strategies on drug and vaccine development to prevent this
COVID-19 pandemic. A drug repurposing approach has been used to identify a
rapid treatment for the people affected by COVID-19, which could be cost-effective
and bypass some Food and Drug Association (FDA) regulations to move quickly in
phase-3 trials. However, there is no promising therapeutic option available yet. This
book chapter addresses current information about the COVID-19 disease, including
its origins, impacts, and the novel potential drug candidates that can help treat the
COVID-19.

Keywords: COVID-19, Zoonotic virus, SARS-CoV-2, Epidemiology, Drug discovery,
Therapeutics

1. Introduction

Nowadays, there is growing concern and perceived threat due to the outbreak
of the novel coronavirus disease, COVID-19, as named by the World Health
Organization (WHO), which poses a peril of pandemic to the global public health.
The epicenter of the novel Coronavirus was located in Wuhan province of China,
where the outbreak originated in December 2019 due to Severe Acute Respiratory
Syndrome coronavirus 2 (SARS-CoV-2) [1]. This disease has spread to 220 coun-
tries, with over 158 million confirmed coronavirus cases of 3.3 million confirmed

41 IntechOpen



SARS-CoV-2 Origin and COVID-19 Pandemic Across the Globe

deaths with 136 million recoveries worldwide as of May 10, 2021 [2]. Also, millions
of people’s lives have been affected as mandatory isolations/quarantines instructed.
The adverse effect of the COVID-19 outbreak could bring significant challenges to
the health system globally and could have far-reaching consequences on the global
economy if the virus’s spread is not effectively curtailed [3, 4].

Coronaviruses (CoVs) are encapsulated within a membrane envelope contain-
ing a single-stranded positive-sense RNA genome. Spikes of glycoprotein that give
coronaviruses their crown-like appearance are studded with the viral membrane.
Coronaviruses infect humans as well as animals such as bats that host the widest
range of coronaviruses [5]. There are four types of alpha, beta, gamma, and delta-
designated coronaviruses. Extreme acute respiratory syndrome virus (SARS-CoV),
Middle East respiratory syndrome (MERS-CoV), and SARS-CoV-2 are included in
the beta coronavirus class [6, 7]. SARS-CoV-2 targets the lower respiratory system
to induce viral pneumonia, similar to SARS-CoV and MERS-CoV, but may also
affect the heart, kidney, liver, and central nervous system, resulting in multiple
organ failure [8]. New evidence suggests that SARS-CoV-2 is more contagious/
transmissible than SARS-CoV and MERS-CoV [9]. Glycosylated spike (S) protein
acts as a significant inducer of host immune responses, which mediates both SARS-
CoV and SARS-CoV-2 host cell invasion by binding with angiotensin-converting
enzyme 2 (ACE2) located on the host cells of the surface membrane [1].

With the onset of the second wave of COVID-19 infection, developing countries
like India seem to be reeling in the most catastrophic damages. Since late March of
2021, the emergence of COVID-19 infected patience has skyrocketed to more than 22
million people and have touched a record number of 4000 death per day in the first
week of May 2021. The outbreak has left the country struggling hard to cope with the
healthcare needs of patients. This silent killer disease creates havoc on earth, yet the
upcoming course of this virus is unpredictable. Therefore, necessary measures are
needed to control and eradicate this alarming problem to save the people’s precious
life and the country’s economy [4, 10]. However, significant steps have been taken
by the government of different countries. Many countries such as Italy, Germany,
and India have “lockdown” the whole country to break the chain by quarantine and
confinement of people to the homes. To date, there is no clinically approved antiviral
drug or vaccine available to be used against COVID-19; therefore, it has posed a
public health emergency and a global threat to the entire world. Repurposing exist-
ing medications is an affordable and effective therapeutic technique. The scientific
community reacted quickly with a suggested list of current drugs with therapeutic
potential for COVID-19, based on genomic sequence knowledge. This chapter
examines the source of infection, the SARS-CoV-2 transmission pathway, and the
medications currently being clinically tested for COVID-19 management to include
references for follow-up research, prevention, and treatment that may help readers
gain the latest understanding of this emerging infectious disease.

2. History

The first case of Coronavirus infection was detected in 1960. Twice in the past
two decades, history has seen incidences where p-coronavirus has cross over from
animal to humans in severe infectious diseases. Till 2003, coronavirus infection was
considered to be a non-fatal disease. However, with many mortally affecting cases of
severe acute respiratory syndrome cropping up in Hong Kong, the United States of
America, Vietnam, Taiwan, and Thailand culminated in the deciphering of the deadly
pathogenesis of this disease and led to the declaration of disease as a state emergency
by World health organization (WHO) in 2004 [10-13]. In 2012, almost a decade later,
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the Middle East respiratory syndrome coronavirus, also known as MERS-CoV, arose
in Saudi Arabia, killing 858 and affecting 2494 people. This virus also originated from
bats, and dromedary camels were possibly its intermediate host [14].

3. Origin and prevalence of COVID-19

It all started in the Hubei province’ capital city, Wuhan, in December 2019,
when several adults with severe pneumonia were admitted to the nearby hospitals.
The surveillance team was triggered and collected the samples of respiratory
patients for the etiologic study. It was investigated that numerous patients had
contact with the Huanan wholesale seafood, where dead and live animals were
sold and traded. At the end of December 2019, China declared the outbreak of this
disease to the WHO. This virus had more than 95% homology with bat coronavirus
(SARS-like bat CoVs) and more than 70% resemblance with SARS-CoV, and hence
the virus was recognized as Coronavirus on January 7, 2020. The environmental
samples obtained from the Huanan seafood market were also tested positive, which
indicated that the virus took origin from the Huanan seafood market [15]. Though
the Coronavirus originated from bats, the existing possibility of an intermedi-
ary animal that gets transferred to humans may be snakes or pangolins. Xu. Etal.
have isolated SARS-CoV-2 from pangolin and found pangolin to be the potential
intermediate host of the SARS-CoV-2 as it shows high similarity (99%) between
the coronaviruses affecting the humans [16]. However, these current results are not
sufficient to prove the potential host and intermediate of COVID-19. Figure 1 shows
a schematic view of crucial reservoirs and the mode of transmission of COVID-19.

According to Wu, JT, Leung et al. of York University, the estimated Basic
Reproduction Number (Ry), which means the average amount of second-
ary infection that patients may develop without intervention in a completely
susceptible population, varies with several research groups [17]. Utilizing the
Susceptible-Exposed-Infectious-Recovered (SEIR) model and Incidence Decay
with Exponential Adjustment (IDEA) model, the estimated R, value of novel
COVID-19 was found to be 2.47-2.86 [18] and 2.0-3.3 [19] respectively, which is
higher than other viruses of f—coronaviruses such as MERS-CoV (2.0-6.7) [20]
and SARS-CoV (2.2-3.6) [21]. This elevated value of Ry points towards the fact that
COVID-19 has a comparatively high transmission rate. It is also indicated from the
overall case-fatality rate (CFR) that elderly male citizens are more prone to this
Coronavirus, especially those with chronic health issues (heart disease, diabetes,
hypertension) than other groups of the viruses. Thus, SARS-CoV-2 shows a high
prevalence, and the population is easily susceptible to this virus. Among the RNA
viruses, Coronavirus contains the most extensive genome sequence of about 26 to
32 Kilobases with 14 Open Reading Frames (ORFs). These ORFs code for 27 struc-
tural and non-structural proteins of the virus [22, 23]. Spike protein, membrane
protein, envelope, and nucleocapsid, along with eight accessory proteins, lie in the
3’ end of the SARS-CoV-2 genome. A very high sequence resemblance is shared
between structural proteins of SARS-CoV-2 and its predecessor human corona-
viruses (hCoVs) (82%) (except in the 8a, 8b, and 3b accessory protein); suggests
common molecular pathophysiology and pathogenesis among COVID-19, SARS,
and MERS [24]. Genomic analysis has surmised the relevance of the Sans N gene in
coronaviruses. Positive selection, mutation, and adaptation affect the pathogenicity
and stability of the virus and might play an essential role in widespread infection in
a large population [25]. This also poses a threat to the generation of newer strains
of the virus that may result from mutation and adaptation, making the threat of
transmission even more potent [26].
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Figure 1.
Schematic view of the critical reservoirs and mode of transmission of coronaviruses.

4. Drug repurposing

Drug repurposing is an old weapon in the arsenal for new drug development
strategies. This approach identifies new therapeutic indications for available mar-
keted drugs making it time-efficient in a cost-effective manner [27, 28]. It has been
assumed that about 75% of existing drugs could be repurposed for various diseases
[29]. Global pandemic like novel coronavirus disease 2019 (COVID-19) has an
urgent need to select appropriate therapeutic options with limited time to discover
the new drug candidates [30]. It takes 1015 years to develop a new drug, and the
actual cost would be more than a billion dollars, with only 2.01% of its success rate
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[31, 32]. Existing drug compounds, including Raltegravir, Paritaprevir, Bictegravir,
and Dolutegravir, identify promising inhibitors against 3C-like protease 2’-O-ribose
methyltransferase from COVID-19 is cost-effective and a drug repurposing
approach [33, 34]. A recent in-silico study suggested that natural compounds like
guggulsterone and drug rifampicin can be repurposed for COVID-19, insights from

the molecular docking analysis [35, 36]. Thus, the concept of drug repurposing
could be utilized as a novel drug discovery process to discover an effective thera-
peutic option against COVID-19. Recent examples of drug repurposing against

COVID-19 are given in Table 1.

Based on previous experiences in the treatment of previous coronavirus diseases
like SARS-CoV and MERS-CoV, drugs currently being implemented in the manage-
ment of this disease are entry or inhibitors of SARS-CoV-2, RNA mutagens that
stop replication, host inflammatory response inhibitors, viral protease inhibitors,
monoclonal antibodies (mAbs), and convalescent plasma-based immunogenicity,
blockers of the release of mature virion and glucocorticoids based cell tissue and
organ injury management apart from necessary ventilation for support [54]. Itis an
urgent need to perform more prospective, rigorous population studies and further
preclinical and clinical trials to gain a perspective on the safety and therapeutic
effect of new and potential therapeutic agents that may help contain the spread and
enhance recovery from SARS-CoV-2 infection.

S.No. Drug name Primary use Description Ref.
1 Remdesivir Ebola Virus Disease Viral RNA polymerase inhibitor [37,38]
2. Chloroquine & Malaria Antimalarial; interferent with [39-41]
Hydroxychloroquine protein post-translational
processes; Mitogen-activated
protein kinase (MAPK)
inhibitor; pro-inflammatory
cytokines inhibitor
3. Arbidol and Oseltamivir Treatment of Blocks virus entry into the cell [40,
influenza virus 42-45]
infections
4. Danoprevir Hepatitis C virus Nonstructural protein 3 (NSP3) [46]
(HCV) inhibitor
5. Xiyanping Antibacterial and Blocks virus entry into the cell [47]
antiviral
6. Darunavir HIV protease Using among the COVID-19 [48]
inhibitor pneumonia patients
7. Thalidomide Anti-inflammatory Reduce tumor necrosis factor-a [49, 50]
action (TNFa), increase interleukins
secretion, and activate natural
killer cells
8. Methylprednisolone Corticosteroid Prolongs the survival time [51, 52]
therapy among the severe stage COVID-
19 patients
9. Lopinavir-Ritonavir HIV treatment Viral Protease inhibitors [40, 43]
10. Ribavirin Viral RNA synthesis ~ Viral RNA-dependent RNA [53]
inhibitor polymerase (RdRp) inhibitor
Table 1.

Recent examples of drug repurposing against COVID-19.
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5. Drugs under clinical trials for COVID-19

As the epidemic spreads more and more, scientists worldwide are in a quest to
explore drugs that may be potentially effective in combating COVID-19. During a
pandemic that causes morbidity and mortality to grow exponentially, well-struc-
tured, randomized, controlled trials are necessary to evaluate new or repurposed
drugs’ safety and efficacy to protect the community from ineffective, unnecessary,
or unsafe drugs [55]. World Health Organization and partners have launched an
international clinical trial — Solidarity trial, to assist in the accelerated search for
a therapeutic regimen for COVID-19. Solidarity trail is one of the most extensive
international randomized trials for COVID-19 to evaluate drugs on three essential
outcomes that were needed for assisted ventilation, mortality, and duration of
hospital stay. Solidarity Trial also aims to assess the chances of drugs improving sur-
vival or reducing the need for ventilation or hospital stay duration [56]. Currently,
repurposed antiviral therapies are under significant scrutiny in clinical trials as
disease-specific and designated antiviral therapy may have a maximum impact on
disease progression and optimized treatment of COVID-19 [57].

5.1 RNA mutagens

RNA and DNA viruses encode RNA-dependent RNA polymerase (RdRp) core,
which is requisite for RARP catalytic function and viral replication. Hence, it is one
of the prime targets for intervention infection. RdRp facilitates the elongation of the
RNA strand and genome replication [7, 58]. RNA mutagens are nucleotide analogs
that halt RNA elongation by RdRp by inserting themselves into the RNA chain.
RdRp has no host cell homolog making this antiviral drug development superior as
it reduces the risk of affecting human cells or protein. Thus, mutagenic nucleoside
analog inhibitors like remdesivir, favipiravir, and ribavirin targeting RdRp are
explored for their function to block viral RNA synthesis against human
coronaviruses [7].

Remdesivir is a known antiviral against SARS-CoV and the MERS-CoV and
has been a drug choice for SARS-CoV-2 due to its proven activity to inhibit SARS-
CoV-2 in vitro [59]. A randomized, placebo-controlled, double-blind trial of
intravenous remdesivir in hospitalized adults suffering from lower respiratory
tract infection due to COVID-19 shows an average recovery day of 14 days and
clinical improvement at day 15, emphasizing that remdesivir abbreviate time to
recovery among COVID-19 patients. The trial also suggested that a remdesivir
treatment regimen may prevent disease progression to more severity and a lower
incidence of respiratory support requirement [60]. Another randomized, open-
label trial among patients with severe COVID-19 who required oxygen support
showed recovery among patients with both 5- and 10-day courses of remdesivir
[61]. In another randomized phase 3 clinical trial, compared to standard of care
treatment, the period of 5 days of remdesivir had significant improvement in
patient’s clinical status [62]. Prompted by such conclusive evidence, the US Food
and Drug Administration has granted remdesivir a status of Emergency Use
Authorization for SARS-CoV-2 infected patients of about 12 years of age and with
pneumonia [57].

Favipiravir is a broad-spectrum oral RNA-dependent RNA polymerase (RdRp)
currently under study in numerous clinical and preclinical trials for its Role in
inhibiting the viral replication phase of SARS-CoV-2. Glenmark Pharmaceuticals
evaluates Favipiravir in Phase 3 clinical trial for COVID-19 among mild to moder-
ately infected patients of COVID-19 and has observed a marked 40% faster recov-
ery of patients by day 4 [63].

46



Coronavirus Disease 2019 (COVID-19): Origin, Impact, and Drug Development
DOI: http://dx.doi.org/10.5772/intechopen.98358

In another prospective, randomized, controlled, open-label multicentered trial
involving adult patients with COVID-19 in china, Favipiravir, compared to Arbidol,
significantly improved the viral clearance, relief for pyrexia and cough with mild
and manageable adverse effects [64]. Such promising results have cast the atten-
tion of healthcare providers to use RNA mutagens in treatments for SARS-CoV-2
infection [65].

5.2 Protease inhibitors

Lopinavir/Ritonavir is a combination therapy used as a potent inhibitor of the
human immunodeficiency virus protease. Lopinavir is a protease inhibitor that
inhibits the protease enzyme necessary for the virus to catalyze the cleavage of
polyprotein essential for completing the viral infectious cycle. In contrast, ritonavir
is used in combination with Lopinavir to inhibit cytochrome P450 and increase its
half-life for a longer duration of action [66]. Lopinavir/ritonavir was also employed
in the treatment of MERS. In vitro experiments have shown lopinavir/ritonavir
potential in limiting replication of Coronavirus. 400 mg Lopinavir with 50 mg
Ritonavir (Kaletra) is an efficacious oral anti-HIV drug [67]. A study on
SARS-CoV demonstrates the inhibitory activity of Lopinavir (4 pg/mL) in plaque
reduction assay.

In contrast, combination therapy of Lopinavir (400 mg) and Ritonavir (100 mg)
two times a day for 14 days in SARS-CoV infected patients exhibited lessening of
viral load in patients [68]. Subsequently, a randomized control trial known as the
MIRACLE trial (MERS-CoV Infection Treated With A Combination of Lopinavir/
Ritonavir and Interferon Beta-1b) was started to establish the therapeutic efficacy
of combination therapy of interferon p-1b along with lopinavir/ritonavir among
MERS-CoV infected patients [69]. Whereas in a retrospective case—control study,
treatment by a combination of Lopinavir/Ritonavir (LPV/r) and Ribavirin yielded
depreciated Acute Respiratory Distress Syndrome (ARDS) as well as mortality in
SARS patients [70].

Darunavir (DRV), another protease inhibitor that shares a similar mechanism
for inhibiting HIV replication, like Lopinavir, is in phase III studies. In combination
with Cobicistat, Darunavir showed better efficacy and tolerability among Covid-19
patients with less diarrhea and dyslipidemia and fewer adverse reaction compared
with LPV/r [71].

5.3 Virus entry and fusion blockers

S proteins of Coronavirus interact with angiotensin-converting enzyme 2
(ACE2) to initiate entry into the host cell, and hence ACE2 is a critical molecular
target for drugs aiming to inhibit cellular access of SARS-CoV-2 [72]. Several drugs
have been known to inhibit ACE2, and they are under significant scrutiny for clini-
cal studies.

Chloroquine and Hydroxychloroquine are the drugs from natural sources being
employed as the first line of drugs, potential broad-spectrum antiviral drugs.

Both are also being used to treat infection by SARS-CoV [73-75]. In Simian Vero
cells, both chloroquine phosphate and Hydroxychloroquine have shown inhibition
of replication of SARS-CoV-2, and in a physiologically-based pharmacokinetic
model, 400 mg twice daily was established as the necessary dose [76, 77]. A pilot
trial in about ten hospitals from Wuhan, Guangzhou, Jinzhou, Shanghai, Beijing,
Chongqing, and Ningbo emphasizes Chloroquine phosphate’s superior ability to
inhibit pneumonia, reduce viral load, and improving pulmonary findings, and
reducing the duration of COVID-19 disease [77]. An open-label non-randomized
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clinical trial demonstrated that in 57% of patients, COVID-19 patients who
underwent treatment with a daily dose of 600 mg Hydroxychloroquine for six
days showed virological clearance. In contrast, in another randomized clinical trial
in Wuhan, sixty-two COVID-19 patients showed improvement in 5 days of treat-
ment by a daily dose of 400 mg hydroxychloroquine [39, 78]. This confirmation
from the above smaller studies has propelled many prospective studies to investi-
gate Chloroquine and Hydroxychloroquine efficiency in patients of SARS-CoV-2
infection [79, 80].

Umifenovir (Arbidol) is a drug that blocks virus entry inside the host cell by
inhibiting endocytosis. It halts viral membrane from fusing into the host cell and
subsequent viral entry and has been used in prophylaxis of influenza A and B
viruses and inhibits numerous viruses, including Ebola virus, Hepatitis C virus,
Lassa virus making it a critical antiviral [81-83]. Arbidol has been tested for its
efficiency against COVID-19 conducted in Wuhan, China, where patients receiving
400 mg Umifenovir showed reduced viral load and decreased mortality [84]. A
retrospective cohort study among Umifenovir-treated patients showed malicious
SARS—COV-2 detection by RT-PCR was, and 69% of patients had improved chest
computed tomography scans [85]. These promising results have led to the clinical
trial investigation of Umifenovir to be recently initiated [85-88].

Immunotherapy has proven to be effective against infectious diseases such as
influenza, SARS, MERS, and Ebola, using monoclonal antibodies (mAbs) to miti-
gate contagious diseases [89]. Monoclonal antibodies bind to a specific target in the
body, enabling it to mimic, block, or cause changes and provide a therapeutic effect
for the particular diseases [90]. SARS-CoV-2 and SARS-CoV show many similarities
among them, and this suggests the use of SARS antiviral monoclonal antibodies
that can identify Receptor Binding Domain (RBD) in subunit S1 in SARS-CoV-2.
mAbs can block RBD interaction and its ACE2 receptor, making it anti-spike pro-
tein therapy [91, 92]. A cocktail of monoclonal antibodies that can target S-proteins
in SARS-CoV and detect different epitopes can potentially destroy viral cells. For
example, a cocktail of monoclonal antibodies (MAB)- CR3022 show CR3022,
and CR3014 showed neutralization in laboratory setup [92, 93]. Combination of
Casirivimab and Imdevimab, popularly known as REGN-COV2 is a monoclonal
antibody that can bind to SARS-CoV-2 spike protein and prevent it from entering
healthy cells and is under scrutiny for the same. LY3819253- a mAb isolated from a
recovered COVID-19 patient, is also under evaluation that has been sponsored by
Eli Lilly and Company of Indianapolis, Indiana [94].

5.4 Virus-release blockers

Oseltamivir, branded as Tamiflu, is Food and Drug Admission (FDA) approved
drug that acts as a neuraminidase inhibitor and has since been used popularly in
treating influenza A and B [95]. Oseltamivir is being tried as a first-line antiviral
drug in symptomatic patients with COVID-19 posts its successful use in SARS-CoV
in 2003. A study by Zhang et al. brings light to the fact that that the active site of the
Spike (S) 1 Protein of SARS shows a striking similarity to neuraminidase, making
use of neuraminidase inhibitors useful to treat SARS-CoV [96]. Clinical trials are
currently evaluating Oseltamivir in combination with favipiravir and Chloroquine
in treating SARS-CoV-2 infection [97].

5.5 Non-virus-targeting treatments

Tocilizumab is a humanized mAb employed in Rheumatoid Arthritis treat-
ment, and numerous studies have included tocilizumab for consideration as
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anti-SARS-CoV-2 therapy. A larger multicentred clinical trial of tocilizumab has
been launched in China and had about 500 patients treated already enrolled [98, 99].
Anakinra is an FDA-approved modified human IL-1 receptor antagonist (IL-1RA)
for RA treatment, which blocks innate immune response associated with cytokine
storm resultant inflammation [100, 101].

Dexamethasone is a glucocorticoid that curbs lung injury resultant from inflam-
mation, respiratory failure, and death in ARDS by decreasing ventilator days
and mortality. World Health Organization has put Dexamethasone on the list of
essential medicines. National Institutes of Health has recommended glucocorticoids
in patients hospitalized with Covid-19 in the United States [102]. Randomized
Evaluation of COVID-19 Therapy (RECOVERY Trial) - a large human study was
initiated in the United Kingdom by Oxford University in March 2020 to test the util-
ity of several previously known drugs against the COVID-19 trial. The initial report
announced that Dexamethasone at a dose of 6 mg once daily for up to 10 days could
bring down mortality significantly in critically ill COVID-19 patients validating
the use of Dexamethasone for COVID-19 patients [103]. In another recent trial,
dexamethasone therapy given to patients showed 15% lower mortality in ARDS
patients [104].

CD24Fc, also known as Cluster of differentiation 24, is a recombinant fusion
protein and a biological immunomodulator comprising the Fc region of human
Immunoglobin G1 (IgG1) attached to the nonpolymorphic areas of CD24, making
it an innate checkpoint against the inflammatory responses against tissue injuries
associated with cytokine storm. The protection and biological activity of CD24Fc in
suppressing the expression of multiple inflammatory cytokines have been dem-
onstrated in preclinical and clinical studies carried out. A Phase II clinical trial in
patients with leukemia indicates that three doses of CD24Fc effectively eliminated
the appearance of extreme acute Graft vs. Host Diseases (GVHD) due to overreact-
ing immune system and recipient target attacking transplanted T cells. CD24Fc may
therefore be investigated as a prime candidate for non-antiviral COVID-19 therapy
intervention for the control of cytokine storms in affected cells [105].

Dapagliflozin (Farxiga), a sodium-glucose co-transporter-2 (SGLT-2) inhibitor,
has currently been assessed under “Dapagliflozin in Respiratory Failure in Patients
with COVID-19” or DARE-19 in a phase-3 randomized trial designed to evaluate
its efficacy as a treatment option for COVID-19 at risk of developing comorbidity
such as organ failure [106]. SGLT-2 inhibitors play a role in instigating the renin-
angiotensin-aldosterone pathway through the expression of angiotensin-converting
enzyme type-2 (ACE2). Renin-angiotensin-aldosterone system (RAAS) pathway
is essential in the pathophysiology of SARS-CoV-2. Organ-protective effects are
provided by SGLT-2 inhibitors complementary to its glycaemic benefits and hence
may afford additional vital organ protection to the patients [107, 108]. Patients in
DARE-19 are to be treated with a daily dose of 10 mg Dapagliflozin once a day.

6. Future prospective

The evolution of Zoonotic Chinese Coronavirus SARS-CoV-2 needs to be
better monitored through implementing better surveillance and precautionary
steps. Due to this COVID-19 pandemic, scientists worldwide were encouraged to
search for novel therapeutic options, including vaccines, drugs, and diagnostics.
However, until now, there is no effective treatment approved and recommended
for COVID-19 globally. Utilization of such computer-aided-drug design (CADD)
and bioinformatics tools such as Immune Epitope Database (IEDB) software to
predict a computational vaccine and target drug compounds for COVID-19 is
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also encouraging [109]. In this way, drug repurposing emerged as a promising
therapeutic approach in a time-saving and cost-effective manner. There are many
drugs repurposed in the case of COVID-19 treatment. Drugs like Remdesivir,
Dexamethasone, and a combination of Lopinavir-Ritonavir, reported positive
outcomes to treat COVID-19.

Similarly, there are currently more than 100 vaccine candidates under develop-
ment for the COVID-19, and it will likely be ready by early/late 2021. 38 Vaccines
are in the first stage for the testing safety and dosage, 17 Vaccines are in their
second phase and expanded safety trials, 12 Vaccines are in the third phase comes in
large-scale efficacy tests, and 6 Vaccines approved for first or limited use. None of
the vaccines are approved for full use. The safety issue is concerning and the most
significant challenge when tested in diverse populations, especially in countries like
India and China. Large-scale production, storage, and distribution of vaccines are
also another challenge. However, further investigations and experiments are needed
to discover an effective treatment option.

7. Conclusion

The Zoonotic Chinese Coronavirus SARS-CoV-2 outbreak likely started in
the seafood market in Wuhan, China, where live animals are sold. The spread of
this disease has been declared a global pandemic by WHO as it rapidly expanded
worldwide and still infecting people exponentially. However, it is suggested that
bats are the natural hosts for SARS-CoV-2. Bat-derived coronavirus identified from
a sequence analysis shares 93.3% nucleotide identity with SARS-CoV-2 complete
virus genome and 97.2% identity in the 1ab gene. However, the origins of the virus
remain unclear. There is no effective therapeutic option available against human
coronaviruses. This pandemic may get worsened soon if no effective therapeutics or
vaccine is developed to combat COVID-19.

Nevertheless, researchers and scientists are searching for the vaccines or/
and drugs used against this deadly virus. Different broad-spectrum medications,
including repurposed antiviral drugs, either alone or in combinations, are evalu-
ated for their efficacy to treat COVID-19 patients. Few drugs give positive results to
block the COVID-19 infection, including Remdesivir, Oseltamivir, Lopinavir, and
Ritonavir. A predictive analysis says that more such viral pandemic could emerge
shortly and cause deadly outbreaks. Therefore, to prevent the emergence of a new
viral pandemic, strategies should be developed to minimize its consequences.
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Chapter 4

Utilization from Computational
Methods and Omics Data for
Antiviral Drug Discovery to

Control of SARS-CoV-2

Omiir Baysal and Ragip Soner Silme

Abstract

SARS-CoV-2 pandemic issue threatening world health and economy became a
major problem with its destructive impact. The researchers have seen that conven-
tional methods related to medicine and immunological background do not resolve
this disease by gained knowledge of viruses previously studied. Advances in com-
putational biology comprising bioinformatics, simulation, and yielded databases
have accelerated and strengthened our facilities to predict some cases related to the
biological complex by comparison with the use of artificial intelligence. Various
novel drugs by using iz silico resources and iz vivo imaging techniques associated
with high-resolution technologies can cause the confidential development of
methods for the detection of antiviral drugs and the production of diagnosis kits. In
the future, we will start seeing these novel techniques’ positive reflection and their
advantages in cost/time effective profits. This chapter highlights these approaches
and addresses updated knowledge currently used for research and development.

Keywords: Computational biology, Drug discovery, Genomics, Omics science,
SARS-CoV-2

1. Introduction

Coronaviruses (CoVs) are positive-strand RNA viruses belonging to the order
of Nidovirales including three families Arteriviridae, Coronaviridae, and Roniviridae
[1]. Relied on the genetic studies, they classify CoVs into four genera as alpha,
beta, gamma, and delta CoVs [2]. The diameter of CoVs is between 80 to 120 nm
and their shapes are spherical. The fundamental structural proteins of CoVs are
envelope (E), membrane (M), nucleocapsid (N), and spike (S) [1]. Its RNA genome
composes of six to ten open reading frames (ORFs) [3].

The new studies will fill the knowledge gaps to reveal how the virus is evolving
and adapting to new conditions. In recent years, the advanced findings on nucleic
acid amplification technologies have been the reason for improving of automated
DNA sequencing with the help of bioinformatics tools to characterize and clas-
sification of all kinds of infectious disease agents. One of the single-stranded RNA
viruses, the Coronaviruses, has been classified using molecular tools. On sequence
analysis, the genomes were identified by direct RNA extraction of the clinical
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specimens isolated from nasopharyngeal aspirate or stool, as the template, since the
viruses are non-cultivable [4-11]. The collection of SARS-CoV-2 sequences has been
started in 2020 under the GISAID database. The analysis of viral genomes provided
the preventing of possible viral mutations during iz vitro viral replication. These
provided data helped us to understand the virus, threatening the world health, at
genomic and iz silico levels, which gave rise to new experiments carried out in the
laboratory. Protein function prediction methods mainly fall into sequence- and
structure-based approaches. Using precisely important databases and tools relied
on comparison for sequence, structural differentiation, and gene ontology enables
us to find exact protein function annotation [12]. Given the destructive effect of the
virus SARS-CoV-2 on human health and its contagious virulence, it has attracted
the attention of researchers to find its efficiently curative method. We have realized
that antiviral chemotherapy with small molecules for their properties as nucleoside
analogs can identify new uncharacterized viral genes for producing antiviral drugs
related to viral glycoproteins to cellular receptors, viral regulatory proteins. These
drugs may block the synthesis and replication of the viral genome that induce the
host immune response [13, 14].

These targeted regions can reduce the crucial function required for survival
of the virus, by polymerase and/or protease assay enabled us getting of high
throughput screening for identification of inhibitor small molecules and enzymes,
which can be beneficial for the development of effective antiviral components
and synthesized novel molecules [15]. Understanding of viral gene products
could overcome the challenge of the development of antiviral drugs contributing
to essential functions on the virus, with assays carried out in vitro considering
molecular mechanisms involved in gene products and biochemical processes. New
technology related to omics science is suggesting novel possibilities to find the right
answers to inquiries resulting from unexplored pathogenic behavior of the virus.
Bioinformatics promises to generate new knowledge on virus and host interaction
that can help drive the efforts in more detail to the discovery and development
of antiviral therapies [16]. Genomics, proteomics, and related technologies will
also be beneficial in molecular virology as suited techniques and approaches for

big data.

2. Bioinformatics and computational tools

The progress in the fields of genomics and proteomics are encouraging biologi-
cal studies on the virus. Genomic sequences and bioinformatics are also major
tools in this field and quantities of raw data which has tremendously increased
besides their complexity. Therefore, significant computational resources required
to manage the volumes of data and their manipulation, researchers studying in
these fields for any future drug discovery projects are using these new technologies.
Bioinformatics resources (GISAID; NCBI) required to analyze the data, identify
patterns and display the patterns help to investigators for understanding the
problem, testing, and confirmation of their hypothesis in the laboratory to focus on
prioritized compounds or genes [17]. Computational methods applied in the study
of SARS-CoV-2 could be paved for the characterization of the virus collected from
unique specimens and comparison with similar genomes resulted from sequence
similarity. Comprehensively studied investigations on the characterization of the
viruses to set a unique set of well-described genomes compared within each other
have been reported [18]. Bioinformatics workflows and tools related to SARS-CoV-2
to the detection of potential drug targets and providing beneficial knowledge on
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therapeutic strategies have also been recently acknowledged [19]. New bioinformat-
ics tools applied to these genomes to test their ability and to predict the organization
of viral genes involving coding capacity and the function of the viral proteins are
commonly used [20]. These tools are assisting for the confirmation of transcrip-
tional patterns, gene expression, and gene function which are essential studies
earlier than in vitro studies not to lose time and labor cost [21].

Data relevant to the discovery of new drugs contain information related to
biological function, chemical structure, and the biologic activity of small molecules
that all findings can help for the searching for new compounds. Even the nature
of this problem is inherently complex, bioinformatics is a useful tool to handle the
volumes of data required with databases. Small molecule inhibitors could target the
computational methods, suggesting aspects of the viral genomic property. Then
they may be the reason for identification of the small molecules well-described with
their biological effects, which could be used to probe for following of the cellular
functions related to chemical structure, protein structure, biochemical activity, and
biologic activity of the virus. As another branch of data mining on whole existing
data shows a way for screening on inhibitory chemicals with known biochemical
activities according to their chemical classes.

3. Impact of omics science and related fields on SARS-CoV-2 research

With advanced techniques and bioinformatics tools, the scientific landscape
has dramatically changed in recent years. The huge data yielding on omics science
plays an important role in the steps related to the biology of SARS-CoV-2 infections
towards understanding more [22]. These resources are tremendously necessary to
scientists studying SARS-CoV-2 infections and provide a map and common refer-
ence points to reach the data for describing precisely viral transcripts and ORFs.
Comparison of different genomic organizations among all the SARS-CoV-2 isolates
forms a starting point to determine the evolutionary relationships in this virus
family. The most important point that should not be missed is the instability of
the nucleotide sequences in the virus genome, which causes high ratio mutations.
Viral genomes data inherently in GenBank involves missing annotated parts that
sequence needs to be corrected. Annotations of viral genomes conducted with the
best tools are available to test gene prediction with precise algorithms to identify
new genes [23]. The annotation process may cause inconsistent findings for differ-
ent genomes as the terminology used to describe gene function [24]. Viral genomes
need to be updated and re-annotated as additional strains are of importance for
comparing sequences for the continual annotation process considering analogous
by released versions in NCBI [25].

The RNA sequence and structure of the genomes could be easily sequenced, but
to predict their role in infection with any certainty seems difficult at the course of
an infection. In vitro experimentation results should prove the different ORFs iden-
tified through algorithms such as codon/pair usage, dinucleotide/junction usage,
RNA structure differentiation which are detected by bioinformatics tools on a viral
infection [26]. Even microarray using oligonucleotide probes to hybridize with
putative exons and splice junctions could be beneficial for following the expression
of predicted transcripts and splice variants in virus genome [27], single-cell RNA
sequencing analysis of SARS-CoV-2 will help define how the virus integrates into a
human as use host cell organization to regulate and code for all the required biologic
process [28]. As this knowledge with different biological assays increasingly sup-
ports findings on SARS-CoV-2 and its pathogenic behavior, the proteomics data
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obtained on up/down-regulated expression levels expressed by the virus reflects
ongoing RNA transcripts that can be evaluated as biological cases related to post-
translational processing playing role in protein formation complexity. Proteomics
methods have also the potential to follow the modification of viral gene products
during viral infection, which will help to characterize how post-translation modi-
fication that affects viral replication. Since omics technology maybe not sufficient
alone to find effective compounds inhibiting viral replication and invasive nega-
tive effects that occurred on the human body, we should consider the detection

of the genomic parts showing stability without a high mutation ratio to design
targeted molecules with inhibitory potential [13]. Genomic screening using specific
algorithms to identify conserved motifs and to predict protein structure could be
an efficient way to understand protein functions [29]. In immunological studies,
model organism, yeast, thanks to its two-hybrid (Bait and Prey) system that can be
suggested to prove the protein-protein interactions among viral-cellular proteins
and potential gene products cooperating in biological processes can be clarified by
the construction of protein—protein interaction maps [30].

4. Drug discovery by means of omics data on SARS-CoV-2

Genomics and proteomics are promising new areas affecting apparently
whole biological fields with widespread data and tools provided by databases.
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Figure 1.

The experiment-based approach is activity-based repositioning of original drugs for new pharmacological
indications based on experimental assays, which involves protein target-based and cell /ovganism-based
screening in vitro and/or in vivo assays. These studies are followed with cell assay, animal model approach and
clinical approach. Illustration was created with BioRender.com by the authors of this chapter.
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The DNA Data Bank of Japan (DDB]J) (https://www.ddbj.nig.acjp/), GISAID
initiative (https://www.gisaid.org/), National Center for Biotechnology
Information (The GenBank) (http://www.ncbi.nlm.nih.gov/) and The European
Bioinformatics Institute (EMBL-EBI) (http://www.ebi.ac.uk/) are important
resources to researchers as nucleotide databases provided on the web. Most
functions in micro/ macro organism are directed by interactions of proteins

and ligands. Hence, computational techniques comprising iz silico techniques

to predict the protein complex formed can be remarkably cheaper and quicker
than experimental methods. They are being a guide for subsequent targeted
experiments before initiating iz vitro studies cause of their predictive capability.
Predicting the binding possibilities of multiple proteins is critical for understand-
ing their biological function in any target organism to design of drugs addressing
the impairment of biological processes (Figure 1). Many solutions generated from
a pair of static molecular structures with scoring function comprise the specific
position of each atom, giving rise to the simulation of modeling that is seriously
sensitive to the specific packing of atoms at the interface [31-33]. For modeling
the protein, dynamics and correct protein arrangement are required, considering
scoring functions related to the feature of docking poses using techniques such as
molecular dynamics (MD) [34, 35].

5. Importance of drug discovery and molecular docking

The docking method relies on steric complementarity at the protein—protein
interface level. These interfaces are observed in co-crystallized complexes available
in the Protein Data Bank (PDB). They have been the major driving force in the
development of docking with the addition of physicochemical and statistics-based
properties [36, 37].

Homology modeling and protein prediction analysis enables us to test different
proteins on SARS-CoV-2 with various ligands. Analysis by protein-ligand docking
servers (Table 1) is available for geometric shape complementarity score (GSC
score) and approximate interface area (Al area). Additionally, different software-
based tools for molecular dynamic analysis could be used. The interaction analysis
of protein-ligand complexes and their amino acid position with bond distances
calculated and visualized through the software provides an opportunity for molecu-
lar docking simulations. Protein docking servers can confirm the results within the
protein and ligand [44]. They can get an insight into their all binding preferences
within the active site of the protein and ligand (Figure 2).

Program Country Year Reference
AADS India 2011 [38]
AutoDock Vin USA 2010 [39]
BetaDock South Korea 2011 [40]
LigDockCSA South Korea 2011 [41]
PythDock South Korea 2011 [42]
VoteDock Poland 2011 [43]
Table 1.

List of most commonly used protein-ligand softwares, comprising the updated ones.
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Protein

Ligand

Figure 2.
Protein- ligand intevaction illustration from Baysal et al. [13]. Arrows indicate the binding possibilities.

6. The effect of circadian rhythm on SARS-CoV-2-infection and host
immune response

Many physiological processes influenced by 24-hour circadian rhythms has
been known within individual cells. Even virology and circadian rhythms seem
like different fields of biology, studies have suggested a novel interaction between
viral infection and the circadian clock [45]. Edgar et al. showed 10 times higher
viral replication in the mice infected at the start of their resting phase, likely as
late evening for humans [45]. The finding confirmed the relationship between the
circadian phase and virus infection. This data shows viral infection can directly
affect the advantage of physiological rhythms in combating viruses. Noteworthy,

a new study also indicated that the expression of the genes exhibited circadian
rhythm in monocytes are shifting between two-time points showing the active and
the resting periods in human individuals, which also indirectly affects SARS-CoV-2
replication [46]. The drug intake should also be adjusted considering the circadian
rhythm of the body and virus to increase the efficacious of inhibitory compounds
(Figure 3).

Another study also shows circadian clock has a central role in coordinating daily
physiological processes involving immunity and biological process that humans
are more susceptible to infections at certain times of the day cause of the function
related to defense systems (Figure 3) with a daily rhythmic pattern [47]. In viral
diseases, deciphering the complex relationships between circadian timekeeping,
host immunity, and host-virus interactions has a great potential to unravel the com-
plexity of severe acute respiratory syndrome coronavirus pathogenicity. Infection
severity which may be regulated by the circadian clock affecting therapy positively
against the novel pathogen may also result in recession of the pathogen. Therefore,
circadian nature accounted for responses needs urgent studies on clock-infection
biology in SARS-CoV-2. Even the pathophysiology of SARS-CoV-2 infection and
its severe complications are not well understood, SARS-CoV-2 severity may also
depend on day-night cycle (Figure 3). The battle between virus replication and
its neutralization by the host immune system could move simultaneously with the
circadian activity phase of the host. Accelerating the activity of circadian immunity
factors may help to control virus replication, as circadian clocks provide a competi-
tive advantage to the host against SARS-CoV-2.
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Figure 3.

Ce%lular clock affects the virus life cycle (1) which divectly/ indirectly influenced by civcadian clock of the host
cell. These cases trigger multiple steps in vegulation of different pathways (2) against vivus and its veplication
phases involving particle genesis. In addition, immune vesponses combating viral infections regulated by
circadian clocks could change depending on day and night (3). Hllustration was created with BioRender.com by
the authors of this chapter.

As known defect on the circadian clock in hosts causes increasing of pathogen
replication and invasion, which indicates that the severity of infection influenced
by circadian rhythms. All these cases can be followed by omics technologies com-
prising genomics, transcriptomics and proteomics data [48, 49]. We stress the
combination of the whole omics data to understand all biological cases related to
SARS-CoV-2 and host defense mechanism. In consequence, exact treatment times
aiming to control of virus will provide higher success in managing the disease.
Circadian Expression Profiles Database (CircaDB) (http://circadb.hogeneschlab.
org/) could be beneficial for the evaluation of omics data with expression profiles
related to the circadian clock [50]. Notably, the expression profiles of potential drug
targets considering the circadian rhythm of the host could provide a new strategy
for effective compounds depending on application doses, which may affect the effi-
ciency of tested pre-purposed or novel compounds. We need to better understand
how the circadian clock affects SARS-CoV-2 infection to optimal clinical manage-
ment of the virus.

Another highlighted point for drawing the attention of the scientists, virulent
agents causing infections could help to shape our genome that is also responsible for
various polymorphic structure involving many loci related to MHC antigen process-
ing [51]. There is also strong evidence on the effect of the virus infection depending
on HLA allele’s expression [52], even their influence is moderate level. Accordingly,
the resistance to pathogens comprising viruses conferred by several genes acts at
different stages of the host-pathogen interaction. The finding on another virus
HIV at least 250 genes affecting the success of the infection has been demonstrated
[53]. Consequently, the lack of genes or its impairment could have a negative or less
effect on the virus invasion. These cases arise from deficient genes which lead to
increased susceptibility to different virus infections [54].
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7. Mutational changes in virus genome and traceability

As the inherent property of the virus genome, there is a higher mutational
tendency compared to other micro/macro-organisms. The RNA virus replication
does not comprise proofreading, as in the DNA cycle that this case renders genetic
material to convenient for missing in the transcriptional phase [55]. This feature of
RNA virus replication gives rise to high mutation possibility and formation of high
yields, occurring of replication in a short time. RNA virus replication involves a
complex and dynamic mutant formation ratio in certain genomic sites affecting the
nucleotide sequence, caused by environmental factors. The model described for the
evolution of virus shows comprehensible pathogenic behavior as quasispecies that
have special population structure with a huge number of variant genomes relied on
mutations [56]. These high mutation rates raised continually are changing in the
relative frequency of the replication and selection. This process is the adoption of
primitive replicons involving mutant distributions as seen in RNA viruses within
their host [56, 57].

This mutational tendency depends on the population size of the virus involved
in the infection. Therefore, a large population results in rapid fitness for cellular
organisms. An important challenge in studies on RNA virus evolution is the dif-
ferentiation, depending on phenotypic traits with ongoing specific mutations. They
may associate different mutations with the biological behavior of the virus, which
may be existence for the expression of phenotypic traits. These cases are the reason
for the formation of restricted types. The findings on epidemiological, functional
genomics, and structural studies showed the tolerance of the genetic changes on
RNA viruses which are indispensable characteristic properties stemming from the
virus evolution. However, the extinction of the viral infection cannot be estimated
just from the characteristics of the existing sequence that is an unpredictable
transitional phase of the genetic information based on lethal mutagenesis. Relied
on the genomic data, the mutational ratio on viral sequences can be easily followed,
but the effect of the mutation resulted in less epidemical and pathogenic behavior
cannot be determined without clinical studies and monitoring on the host. Even
the omics science provides predicational data on the virus, this is not enough alone
if not supported by filiation studies on epidemic cases. This mutation limiting the
pathogenicity of the virus may result in alternative solutions occurring spontane-
ously in nature for ending the viral infections.

8. Future outlook

According to our current knowledge on SARS-CoV-2, our facilities limit to the
efficient management of the disease and do not be enough to cut down the severity
of the pathogen invasion except for protective methods relied on vaccination. Even
it seems a major alternative method within other possibilities we are not sure how
long the virus will keep its genetic stability without the mutation, which will not
render all developed vaccines possible and effective approach for further infection
waves. Particularly, we now need to determine whether SARS-CoV-2 is also more
severe at certain times of the day or not, which is directly related with crosstalk
between the circadian clocks and viral infections besides immunological strategies
based on vaccination. Drug designing or testing of pre-purposed compounds with
high potential inhibitory on viral replication should be accelerated without wast-
ing time. We are not sure what will tomorrow bring us and how other biotic and
abiotic reasons will affect the pathogenicity and genetically that may change the
SARS-CoV-2 and other viruses.
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9. Conclusions

Given the existing advanced techniques present today for following the genetic
structure of the RNA viruses, we are able to find a solution for combating them. But
it is possible to face the novel viruses that appeared in further periods in the world
cause of shifting in ecological balance and the negative effect of global warming.
We should be prepared for the further worst epidemic scenarios resulted from
not only due to the virus but also by other microorganisms. It appears this kind of
devastating case will be not the last one if the human being continues wasting of the
irreversible property of nature and ecological biodiversity. As the genetic material
RNA, viruses have their own unique repair process that emerged as early as 3.5 to
2.5 billion years ago in the crust of the world. The uncovered genomic data puts
insights on many biological processes for deciphering the dramatic scientific cases
threatening world health, environmental issues. We believe that the post-genomic
area at which we have completed genomic characterization of whole macro/
micro-organisms will serve for the harvesting of the fruits, which will be useful
for the scientists. The data on the genome sequences available, already /or will be
soon, will offer all the information concerning the threats such as SARS-CoV-2.
Bioinformatics will have a dramatic impact on improving our understanding of this
kind of unclear cases. Omics science and yielded purified data are expected to be an
important contributor to the global issues waiting for outbreaks cause of pandemic
cases. Researches in this field will play a major role and will impact drug discovery
and pharmaceutical development comprising health care and the environment.

We stress in this chapter; bioinformatics tools will increase the potential of cur-
ing the diseases and producing new effective solutions besides accurately correlated
clinical parameters of patient responsiveness to therapy. Bioinformatics used in
the building of global databases in molecular microbiology to enhance the accu-
mulative knowledge in the purpose of the experimental data and meta-data about
microorganisms. Drastically, whole bioinformatics tools and data yielding with
omics science involving data mining will establish dynamically updated and flexible
portals upon the novel microbial diversity with biotechnological innovations by our
efforts aimed to reach end-products.
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Chapter 5

Organoid Technology and the
COVID Pandemic

Ria Sanyal and Manash K. Paul

Abstract

COVID-19 is caused by the Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) and has emerged as a devastating pandemic. SARS-CoV-2 not
only causes respiratory illness but also leads to impairment of multi-organ func-
tion. Scientists are racing to evaluate a range of experimental therapeutics to target
COVID-19 systemically. The World Health Organization (WHO) and the Center for
Disease Control and Prevention (CDC) are accelerating global research priorities to
mobilize innovation towards diagnostics, treatments, and vaccines against COVID-19.
In this scenario, information about appropriate organ-specific physiologically relevant
models is critical to generate knowledge about the pathophysiology and therapeu-
tic targeting of COVID-19. Human and animal organoids are providing a unique
platform, demonstrating their applicability for experimental virology. This review
provides a brief analysis of the available organoid models used to study and device
strategies to combat COVID-19.

Keywords: COVID-19, Organoids, Infection, ACE2, Challenges, Gut, Lung, Brain

1. Introduction

It is quite well-known that classical 2D cell lines and iz vivo models have been
used near universally to investigate biological mechanisms and assess novel thera-
pies across a large range of clinical problems [1]. Nevertheless, the results from
these experiments are critically limited by a systemic lack of translational power for
the response, efficacy, safety, and toxicity in humans despite its primary benefits in
clinical research [2, 3]. Cell lines generically display insufficiency and inaccuracy in
modeling the immune system, stromal components, and organ-specific functions
after multiple passages [4]. Leaving aside animal welfare arguments, species-
specific variations in organ development and pathogenesis are a long-standing
bottleneck due to which animal models cannot mimic a given human disease that
is polymorphic, to begin with [5]. Therefore, to define and treat disease pathology
seamlessly, biologists exploited the critical features of stem-cell and came up with
three-dimensional (3-D) or organotypic cultures or organoids from human samples
that could successfully phenocopy cell-type composition, architecture, and to some
extent, functionality (e.g., contraction, filtration, excretion, neural activity, etc.) of
their natural counterparts [6-8].

Organoids, a term coined for referring to ‘mini organs), [9] are best described as
in vitro three dimensional (3D) cellular clusters exclusively derived from healthy
cells - like primary tissue, embryonic stem cells, or induced pluripotent stem cells
(iPSCs) [10] or even tumor cells [11]. Since these cells are capable of self-renewal
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and self-organization, organoids portray outstanding similarity to organ function-
ality as the tissue of origin compared to other conventional routes [2, 12]. The sole
purpose of developing organoids is to recreate and miniaturize the multicellular
structure of organs while retaining the 3-dimensional construct indefinitely.

It can now be commented that the development of organoid technology has
generated a robust new methodology to zoom into the physiological events ex vivo,
and this fact can be explained. Firstly, scientists have a wider domain of cell types to
choose from, some of which were historically hard-to-access; secondly, organoids
contain multiple differentiated cell types; and thirdly, organoids are genetically
stable [13]. The intrinsic nature of this innovative near-physiological technology
has created a paradigm shift in our understanding of basic developmental biology
or stem cell research directed to a host-pathogen relationship in infectious diseases,
degenerative conditions, genetic disorders, oncology, genome engineering, bio-
banking, and regenerative and personalized medicine [14, 15]. Through a complete
visualization of spatiotemporal cellular interactions, organoid modeling reflects the
predominant structural and functional properties of essential organs like kidneys
[16], lungs [17-20], gut [21], brain [22], prostate [23], heart [24] and retina [25].

Human organoids are intrinsically human-derived, rapid-to-set-up, robust in
scaling up, and ideal for genetic manipulation and personalization [26]. In simple
terms, the organoid is an attractive strategy for clinical applications and bridges
the gap between basic research and clinical practice. Along these lines, biomedical
and pharmaceutical investigations on particularly relevant, rigorously designed,
well-characterized, and controlled organotypic models will travel a long way in
redefining fundamental discoveries, testing novel hypotheses at the 3D level and
for the validation of critical data without sacrificing the integrity of any living
being in the name of science. It should also be kept in mind that this technology is
still in its infancy; much of the current hype originates from its enormous potential
rather than a finite number of real-life scientific advancements. Hence, COVID-19
researchers use bronchial, respiratory, liver, kidney, intestine, and brain organoids
to study the pathogenesis of SARS-CoV-2 and virus-specific cellular reaction on
various organ systems.

In this chapter, we aim to answer a plethora of scientific questions related to the
situation around the SARS-CoV-2 battle in the light of organoid technology, empha-
sizing key findings in therapeutic interventions meant to prevent and cure the seri-
ous medical threats imposed by SARS-CoV-2. We will highlight the state-of-the-art
tools and methodologies available for human organoid lines and deep-dive into the
case studies of fantastic in vitro organ models that well-known research groups have
employed for understanding the root cause of COVID-19 devastation.

2. Virology and organoid

It is well-known that immortalized cell lines and animal models have paved the
way for identifying the pathobiology of obligate intracellular parasites or viruses.
Despite their paramount role in this field, none can adequately reproduce human
disease pathology or exactly recapitulate the homeostatic functions of a normal
cell. Therefore, virologists have moved on from carrying out investigations on
non-natural hosts to patient-derived organoid models to address the unmet need for
human model systems in studying virology and its therapeutic interventions [27].
Organoid technology, a human-based model technique, has broadened the scope for
studying viral infections by enhancing the translatability of results from in vitro cell
cultures or ex vivo animal systems to a more human iz vivo mimicking condition.
Since the route of host-pathogen interactions largely varies based on virus nature
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and its host type, including age, sex demographic profile, and genetic constitution
of the hosts, it is crucial to have an accurate prototype of its natural host to conduct
the experiments.

2.1 Culturing the unculturable

At almost all stages of replication, viruses associate closely with the host cell,
and therefore the cell model used to research virus infection is crucial. Primary cells
better represent the phenotype of healthy cells iz vivo but have a short lifetime, are
difficult to culture, and are heterogeneous and thereby renders manipulating them
difficult. The widespread use of immortalized cell lines for culturing diverse virus
strains is a common practice, but the induction of interferon-stimulated genes and
other antiviral defenses is defective in many tumor-derived and artificially immor-
talized cell lines. These flaws can interfere with virus replication, particularly when
cells are infected at lower, more physiologically important multiplicities. Moreover,
there are some challenging cases where the virus fails to adapt in man-made culture
conditions, like, norovirus or other enteric viruses, which remain unculturable to
date in any kind of cell line system. Luckily for us, stem-cell-derived human intes-
tinal organoids have successfully grown and studied these viral cultures up to one
round of infection [28]. Similarly, respiratory viruses which are challenging to grow
in cell lines like human coronavirus HKU1, human bocavirus, and human rhinovi-
rus C could be successfully isolated from clinical specimens using Human airway
epithelial (HAE) cultures [29-31]. These data prove that there is room for discover-
ing unknown viruses and their mechanism of infection, pathogenesis, and immune
escape through the fine-tuning of crucial features of the organoid platform [32].

2.2 Reproducing the natural virus host environment

Viruses isolated from patient samples like feces, blood, or nasopharyngeal
swabs infested with a particular infection, can be grown on organoids without
any imposed mutation or adaption. These cultures will now exactly recapitulate
the fundamental features and infectivity profiles of the natural host cell [33, 34].
Therefore, conclusions drawn on the various aspects of organotropism, receptor
usage, innate immunity induction, etc., is now even more reliable than laboratory-
adapted or ATCC strains. The readouts used for post-infection analysis may differ
in cell lines vs. organoids based on the culture environment and discussed in the
following sections.

2.3 Provide new insights

Data from cell lines have earlier shown that the small open reading frame
upstream of the main polyprotein ORF which is also present in the 5’UTR genomic
region in enteroviruses, cannot be utilized for the initiation of translation [35].
Lulla et al. had reported for the first time that the small protein encoded by this
uORF is crucial for virus release in human intestinal organoids [36]. The viruses
lacking this uORF are therefore attenuated in this model. Later on, other publica-
tions on intestinal organoids have reiterated that different enteroviruses infect
different cell types and induce an antiviral response characteristic of a particular
cell type [37, 38].

To assess the influence of host conditions such as age and comorbidities on the
progress and severity of viral infections, cross-interactions between co-detected
pathogens in a single host can be studied closely with organoids. This was never
feasible with cell lines because different viruses are often not culturable on the
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same cell line. For example, respiratory viruses are well-known for causing asthma
and pathologies like cystic fibrosis or chronic obstructive pulmonary disease. HAE
infection samples collected from healthy and asthmatic donors with rhinovirus
have shown a unique airway epithelial structure with inflammatory signaling in
asthmatic patients [39, 40].

2.4 Utilization in fighting the SARS-CoV-2 pandemic

Multiple types of organoid models were used to study the detrimental effect of
SARS-CoV-2 infection on human hosts and its potential therapeutic interventions
[41]. To begin with, HAE cultures served as faithful models for the lungs where
efficient replication occurred through the infection of ciliated cells in the airway
[42]. Therapeutic investigations on organoid models showed the repurposed drug
remdesivir and remdesivir-diltiazem to be functional in resisting further SARS-
CoV-2 infection [43]. Lamers et al. had proved for the first time that the human gut
epithelium is the second major replication site of the virus [44]. Combined with the
novel insights from other organoid research groups, it was proved that the SARS-
CoV-2 genome is detectable in feces even after the virus is absent from oropharyn-
geal swabs, which explains the outcome of intestinal infection and potential fecal
transmission [45].

These findings were closely followed by the observation of increased efficiency
to infect secondary tissue by the virus. In terms of relative importance, the next area
of investigation using organoids has been establishing the neuro-invasive aspect of
SARS-CoV-2 by using brain organoid models [46]. Epidemiological studies showed
the direct contribution of SARS-CoV-2 infection to neurological complications
like headaches, ischemic stroke, and encephalitis, including cranial nerve-related
complications such as anosmia and hyposmia, and ageusia [47, 48]. Recently,
Pellegrini et al. utilized choroid plexus organoids to demonstrate the potential viral
tropism for choroid plexus epithelial cells that affect the epithelium [49]. Damage to
this barrier is suspected as a possible entry route for the virus into the cerebrospinal
fluid and the brain.

2.5 Extensive research in Zika virus pandemic

Zika virus, a mosquito-borne flavivirus, is reportedly the causative agent for the
infection known as ZIKV. Although adult victims show mild symptoms, newborns
are marked with microcephaly, a condition in which infants are born with an abnor-
mally small head. Being spread in over 70 countries and territories globally, [50]
ZIKV is declared a global health emergency by WHO whereby microcephalic fetal
tissues have shown traces of ZIKV in damaged fetal brains [51]. Due to accessibility
challenges with live infected human fetal samples and postmortem tissues showing
a diverse range of quality and genetic history, clinical examinations are replaced for
good by brain organoid model studies. These focus on cellular tropism and patho-
genesis mechanisms of ZIKV in controlled settings [52].

In 2016, the first study on brain organoid models was published by Tang et al.,
where they used monolayer cultures of forebrain-specific neural progenitor cell
(NPCs) to model ZIKV infection during human brain development [53]. These
were the initial results towards projecting that ZIKV more efficiently infects NPCs
layers over human pluripotent stem cells (hPSCs) or immature neurons. Infection
of cerebral organoids and human neurospheres with ZIKV and dengue virus 2
(DENV2) has proved that only ZIKV attenuates NPC growth, suggesting that the
extreme aftereffect of ZIKV infection as an exceptional feature of the flavivirus
family [54]. Later on, studies using brain organoids derived from hPSCs have also
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led to a significant understanding of various other aspects of ZIKV infection on
fetal brain development [52].

Due to the limited accessibility of organoid methodologies to virology research
groups and the delay in the pace of commercialization of this technology, the
majority of the published work so far has been a result of cross-functional col-
laborative efforts [55]. This challenge is closely followed by complications arising
from heterogeneity inherent to the structural complexity and cell-type diversity
in brain organoid models compared to simpler analogs such as neurospheres [56].
Moreover, the low-throughput nature of culturing and analyzing organoids creates
a significant obstacle in drug screening which usually needs a high-throughput
styled experimental protocol. We anticipate the evolution of more sophisticated
brain organoids in the future that involves the co-culturing of endothelial cells or
microglial cells to enhance the physiological relevance of modeling ZIKV infection
during fetal human brain development.

2.6 Technical challenges

The classical nature of 3D organoid models was closed round structures embed-
ded in Matrigel, challenging to infect with viruses as receptors needed for infection
are always located deep inside. This shortcoming was overcome in HAE cultures
where cells are grown on a Transwell. Therefore, round gut organoids can be easily
transformed into an open organoid model where they are accessible from the upper
and lower sides simultaneously to establish the desired infection [28, 57, 58]. This
model system is technically advantageous for infectious disease studies and drug-
testing in antimicrobial therapy.

The next significant challenge worth consideration is readouts used for analysis
after infection. Due to the release of viral particles in a nonlytic manner, virus cul-
tures in primary cellular models do not result in plaque-like cytopathic effect (CPE)
most of the time, for example, in the case of enterovirus A71. Huang et al. have
shown using human intestinal organoids that are infected with enterovirus A71 that
viral release happens through exosomes instead of a lytic process characteristic of
a classical RD cell line [59]. This production is quantified through back titration
or plaque assays using cell lines. The aforementioned protocol of measurement of
the number of viral particles is a matter of concern in the case of primary cultures,
which calls for more suitable evaluation methods.

3. COVID-19 and organoid

The severe acute respiratory syndrome coronavirus (SARS-CoV) first emerged
in the human population in November 2002. Phylogenetic analysis of this viral
isolate indicated that it has a zoonotic origin, and horseshoe bats (R. sinicus) seem to
be its natural reservoir. With local travel restrictions and a wildlife trade ban, there
were no further naturally acquired human cases of SARS in Guangdong, China. In
late 2019, a novel coronavirus, SARS-CoV-2, again crossed the animal-to-human
interspecies barrier to infect humans [60]. Palm civets and other mammals acted
as their amplification hosts, which resulted in a super-transmissible form that
could effectively spread from human to human at an unprecedented rate. This
rapid propagation happened by the deposition of infected droplets or aerosols on
the respiratory epithelium. This led to a pneumonia outbreak in Wuhan, China
[61] which causes coronavirus disease-19 (COVID-19) marked by symptoms like
fever, cough, shortness of breath, myalgia, fatigue, and sometimes gastrointestinal
symptoms such as nausea, vomiting, and diarrhea [62]. Viral RNA was detected
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in patients’ respiratory, stool and urine specimens. This condition can extend to
severe lung injury and multi-organ failure, eventually leading to death in senile and
comorbid patients.

In a few months, the virus had disseminated globally and sustained its patho-
genicity irrespective of external factors. After WHO declared this a public health
emergency of pandemic proportions, there were several lockdowns, social distanc-
ing protocols, hygienic measures, strict travel bans, strategic medical care, and
vaccination programs to control the obnoxity of this outbreak. Even after one year
of a relentless pandemic situation, the world is trying hard to combat the collateral
damage to the global economy, public health, and civil life.

Genomic analyses of SARS-CoV-2 prove ~96% identity to the bat coronavirus
BatCoV RaTG13 and 88% identity to two other bats SARSr-CoVs [61, 63, 64]. Sharing
multiple similarities with SARS-CoV [65], phylogenetic analysis of SARS-CoV-2 shows
that it belongs to lineage B of the beta-coronavirus genus in the family Coronaviridae
[63] and has a possible common host cell receptor due to similarity in the receptor-
binding domain. Animal model studies further confirmed that Angiotensin-converting
enzyme 2 (ACE2)-dependent viral entry into cells is a critical step [66]. The evolution
of different mutants is another concern, and quick studies can help understand the
infectivity, pathogenesis, and targeting better. The B.1.1.7 variants in England, B.1.351
mutant in South Africa, P.1 in Brazil, B.1.427 in California, and now B.1.617, a “double
mutant” common in India, have caused havoc on life and the economy.

Like SARS and MERS, pathobiology of the recently emerged COVID-19 is not
limited to the respiratory tract because the damage has been observed and confirmed
repeatedly in multiple organs [65], albeit the lungs are the main site of the infection.
To investigate the rationale behind the organotropism of SARS-CoV-2, we need 3D
model systems that mimic the physiological conditions at their best. Herein, organ-
oid technology comes in as the basic framework of COVID-19 research with a much
higher impact than animal models and cellular studies. Fortunately, the past decade
has witnessed a revolutionary breakthrough in the generation of organoids for almost
every human organ, including intricate systems like the heart, intestine, brain,
and lung organoids. In the following sub-sections, we will discuss the constitution,
contribution, limitations, and future applications of organoid technology in under-
standing the mechanism of organotropism by SARS-CoV-2 (Section 3.1-3.4), which
influences and, in most cases, aggravates comorbid conditions in COVID-19 patients.

The first step in the pipeline of using 2D and 3D models for COVID-19 studies in
vitro starts with tissue dissociation from different organs and is followed by stem/
progenitor cell isolation using popular sorting methods like fluorescence-activated
cell sorting (FACS) and magnetic-activated cell sorting (MACS) (Figure 1). Sorted
stem/progenitor cells are cultured in a 3D organoid culture system and subjected to
SARS-CoV-2, which mimics the organ-specific infection. Different aspects of the
post-infection studies like infection rate, gene expression analysis, infection mecha-
nism, immune-response, inflammatory response, and histology can be studied. The
3D-organoid models can then be subjected to drug screening, drug repurposing,
and vaccine development-related studies (Figure 1). Figure 1 provides a layout of
the COVID-19 research platform.

3.1 Lung organoid

Dan et al. described an approach to synthesizing patient-specific lung tissue
in a modular method to model relevant human lung disease, as well as for high-
throughput drug screening to detect targeted therapies [67]. The first development
of long-term differentiated human airway organoid cultures, which can morpho-
logically and functionally simulate human airway epithelium, was done by Z. Zhou
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Figure 1.

Tl'gz COVID-19 research platform’s layout using 3D organoids. Tissue dissociation from various ovgans is the
first step in the pipeline for using 2D and 3D models for Covid-19 studies in vitro. Isolated stem/progenitor cells
by fluorescence-activated cell sorting (FACS) and magnetic-activated cell sorting (MACS) cells are grown in
3D using extracellular matrix mimetics and nourished with niche-specific culture medium. Stem/progenitor
cells derived from various tissues self-organize into tissue-specific organoids. 3D organoid cultures are infected
with SARS-CoV-2. Various aspects of post-infection studies can be conducted as shown.

etal. to predict the infectivity of influenza viruses [68]. Optimized to contain the
four major airway epithelial cell types- ciliated, goblet, club, and basal cells, these
organoids were exposed to two ‘pairs’ of already studied viruses. Resultantly, the
pair of humans-infective virus replicated more robustly than the pair of matched
viruses poorly infective in humans.

Several in vitro models, such as Vero cells, Huh7 cells, and human airway
epithelial cells, have been used early on in the COVID-19 pandemic to isolate and
study the SARS-CoV-2 virus. These studies took a notch up when SARS-CoV-2 was
isolated and propagated in TMPRSS2-expressing Vero E6 cells, thereby proving the
indispensable role of TMPRSS?2 serine protease in viral replication. Nevertheless,
these models are limited by their poor representation of the histology, physiology,
and pathology of the events occurring in our respiratory tract [69]. Y. Han et al.
have developed a lung organoid model of alveolar type II cells using human pluripo-
tent stem cells (hPSCs) that could be adapted for drug screens [70]. This organo-
typic culture was able to express ACE2 and are permissive to SARS-CoV-2 infection.
High throughput screening experiments identified FDA-approved drug candidates,
ima-tinib and mycophenolic acid, which are efficient inhibitors of SARS-CoV-2
entry. Pre- or post-treatment with these drugs at physiologically relevant levels
decreased SARS-CoV-2 infection of hPSC-derived lung organoids.

To test the validation of Remdesivir, a Covid-19 drug candidate, A. Mulay et
al. successfully developed and infected differentiated air-liquid interface cultures
of proximal airway epithelium and organoid cultures of alveolar epithelium by
SARS-CoV-2 [71]. They displayed an epithelial cell-autonomous proinflammatory
response that proved the relevance of this platform for studying COVID-19 patho-
biology and rapid drug screening against SARS-CoV-2.

3.2 Brain organoid
While the Coronavirus disease 2019 manifests clinically acute respiratory
symptoms along with fever [72], a large subset of patients, especially younger

victims, develop complete or partial olfactory dysfunction (anosmia/hyposmia)
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during the course of infection [73]. This loss in olfaction occurred without (83%)
associated rhinorrhea or nasal congestion at a median of 0.5 days after symptom
onset [74]. While the majority of patients recovered within a couple of weeks from
the onset of olfactory symptoms, few continued to have refractory and disabling
anosmia [75]. Neurological symptoms like headache, dysgeusia, confusion, seizure,
and viral encephalitis have been reported in 36.4% of 214 COVID-19 patients in
Wuhan, China, where 45.5% of patients had severe SARS-CoV-2 infections [47, 76].
Similarly, France and Germany reported neurologic findings in 84.5% (49/58) and
36.4% (8/22) of COVID-19 patients, respectively, of which the latter studies had
detected viral RNA in brain biopsies of patients who succumbed to the disease [77].

In 2016, D. Pamies et al. had put forward human mini-brains or BrainSpheres-
an organotypic brain model derived from iPSC for the first time [78], comprising of
different types of neurons, astrocytes, and oligodendrocytes. After its application
on Zika, Dengue, HIV, and John Cunningham (JC) virus, they used this model to
understand the extent of SARS-CoV-2 virus infection in human brain cells. Their
results demonstrated that SARS-CoV-2 could infect and replicate in cells of neuro-
nal origin, thereby proving the critically potential neurotropism of SARS-CoV-2. In
yet another study, the same group had shown that SARS-CoV-2 could directly infect
and effectively damage the olfactory sensory neurons of golden Syrian hamsters
[75]. The entry receptor of the spike protein in SARS-CoV-2, ACE2, is widely
detected in the brain, especially in the substantia nigra, middle temporal gyrus, and
posterior cingulate cortex [79, 80]. Interestingly, serine protease TMPRSS2 expres-
sion was undetectable in the BrainSpheres, which suggests an alternative mecha-
nism for spike (S) protein priming during viral entry. Together, these findings
indicate that the human brain might be an extra-pulmonary target of SARS-CoV-2
infection.

Initially, it was proposed that anosmia and ageusia happen due to infection of
non-neuronal cells in the olfactory system [81], which was busted by reports sup-
porting the presence of viral particles in the CNS biofluid [82] and signs of neural
damage biomarkers in the plasma of COVID-19 patients [83]. Taken together, a
direct infection rather than a secondary immune response seems more accountable
for neurological outcomes and predicted future neurodevelopmental disorders.
Given that the human brain is arguably an extra-pulmonary target of SARS-CoV-2
infection, biologists and neuroscientists also need to figure out the impact of
SARS-CoV-2 on a prototypical developing brain. Brain organoid research or the
BrainSphere model is also limited by the absence of microglia or brain immune cells
since they originate from the mesoderm germ layer and invade the developing brain
from the blood, unlike neural precursor cells [84].

3.3 Gut organoid

While most COVID-19 patients suffer from mild to severe respiratory illnesses,
>50% of patients manifest gastrointestinal disorders with prolonged symptoms like
diarrhea, nausea, etc., which becomes severe to fatal when left unattended [85].
Although the virus has been detected in the upper respiratory tract of humans,
proving the nasopharynx as a prominent site of replication, the highest expression
of ACE2 occurs in the brush border of intestinal enterocytes [86]. Interestingly,
when 53% of a cohort of 73 hospitalized patients had SARS-CoV-2 RNA in stool
specimens, viral RNA was found in rectal swabs of 23% of patients even after nega-
tive nasopharyngeal testing, which implied fecal-oral transmission route leading to
gastrointestinal infection or vice-versa [87, 88]. Of note, viral nucleoprotein-posi-
tive cells were found in the gastrointestinal epithelial cells from biopsy specimens
[89] and pediatric patients [90]. Also, the SARS-CoV-2 receptor ACE2 is highly
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expressed on differentiated enterocytes suggesting that the intestine is a vital target
organ for the pathogen. Therefore, models to understand the mechanism of SARS-
CoV-2 and validate drug efficiency in the gut for COVID-19 patients are the need of
the hour.

Based on the high homology of SARS-CoV-2 to SARS-related coronaviruses iso-
lated from horseshoe bats, J. Zhou et al. established and characterized expandable
intestinal organoids derived from Chinese horseshoe bats of the Rhinolophus sinicus
species that can recapitulate bat intestinal epithelium [41]. These bat enteroids were
readily infectable and could sustain SARS-CoV-2 replication. They also demon-
strated active replication of SARS-CoV-2 in human intestinal organoids along
with isolation of infectious virus from the stool specimen of diarrheal COVID-19
patients [91]. This again confirmed that the established culture conditions for
human intestinal organoids could be extended to other members of the mammalian
species.

This report, along with the work done by M. M. Lamers et al. [44] and R. Zang
etal., unanimously reported that the intestine is a potential site of SARS-CoV-2 rep-
lication since enterocytes, the most common cell type of the intestinal epithelium,
get readily infected [92]. M. M. Lamers et al. established human small intestinal
organoids (hSIOs) from primary gut epithelial stem cells containing all prolifera-
tive and differentiated cell types of the in vivo epithelium [44]. Of note, hSIOs
have been utilized for in vitro culturing of norovirus for the first time. The authors
used confocal and electron microscopy to show that SARS-CoV and SARS-CoV-2
infect enterocyte lineage cells in an hSIO model. They reported similar infection
rates of enterocyte precursors and enterocytes, whereas ACE2 expression increased
~1000-fold upon differentiation at the mRNA level. Therefore, while the infected
enterocytes upregulated the viral response genes through cytoplasmic sensing of
the viral RNA genome, the host-cell membrane-bound serine proteases TMPRSS2
and TMPRSS4 were found to cleave the SARS-CoV-2 spike protein to facilitate
viral entry. They conclude the following facts from this study: (a) intestinal epi-
thelium supports SARS-CoV-2 replication, (b) hSIOs serve as a faithful biological
model for coronavirus infection, and (c) viral entry is supported even at low ACE2
concentrations.

Since organotypic cultures are derived from pluripotent or organ restricted stem
cells having the ability to mimic a natural 3D environment, they need a cell source
with excellent self-renewal ability. The gut is one such source that allows unlimited
replenishments of a particular cell type or tissue. Single-layered human intestinal
organoids (HIOs) derived from human adult gut stem cells contain only epithelial
cell types [93]. Pluripotent stem cells derived from HIOs (PSC-HIOs) made of
endodermal/mesodermal progeny [94], resembling epithelium and fibroblasts or
gut capillaries, respectively [95]. While PSC-HIOs are not 100% mature, HIOs are
architecturally too simple, resulting in lower iz vivo transplantability and analyti-
cal access to intermediate developmental stages. Until further modifications are
done on them, both models are comparable and complementary to each other with
model-specific pros and cons. As per previous reports, HIOs express ACE2 and are
susceptible to SARS-CoV-2 [44, 92].

Inspired by the prior human intestinal organoids derived from pluripotent
stem cells (PSC-HIOs) for modeling of gastrointestinal infections, J. Kruger et al.
used this organoid model to dissect SARS-CoV-2 pathogenesis and then study its
inhibition by remdesivir and famotidine (histamine-2-blocker), a potential drug
candidate for COVID-19 treatment [96]. Immunostaining for ACE2 and TMPRSS2
showed large expression in the gastrointestinal tract with maxima in the intestine.
This ready infection of organoids with SARS-CoV-2 followed by the viral spread
across entire PSC-HIOs subsequently led to organoid deterioration except goblet

83



SARS-CoV-2 Origin and COVID-19 Pandemic Across the Globe

cells lacking ACE2 expression. The drug testing data showed that remdesivir and
EK1 (but not famotidine) effectively inhibited SARS-CoV-2 infection in a dose-
dependent manner at a low micromolar concentration which rescued the morphol-
ogy of PSC-HIOs. This is a benchmark study that has established the applicability
of PSC-HIOs in the field of organ-specific drug testing related to gut infection, like
SARS-CoV-2, rotavirus, norovirus, enterovirus 71, and human adenovirus.

3.4 Human capillary organoids

Since ACE2 is the SARS-Cov-2 receptor, clinical-grade human recombinant
soluble ACE2 (hrsACE?2) has already undergone clinical phase 1 and phase 2 testing.
hrsACE2 slowed or even stopped the virus’s systemic dissemination from the lungs
to other tissues, including potentially reducing SARS-CoV-2 attacks on the endo-
thelial cells of the blood vessel linings. hrsACE2 has shown promising therapeutic
efficacy in treating severe COVID-19 [97]. To this end, V. Monteil et al. pursued
the development of engineered human blood vessel organoids and human kidney
organoids to get confirmatory evidence on the effect of hrsACE2 on SARS-CoV-2
infection in multiple human organoid models [98].

To begin with, they first isolated the SARS-CoV-2 from a nasopharyngeal sample
of a patient in Sweden with confirmed COVID-19, cultured it on Vero E6 cells, and
successfully isolated the virus for characterization by next-generation sequencing
and electron microscopy. The cellular studies showed that hrsACE2 can reduce viral
growth in Vero E6 cells by a factor of 1,000-5,000. Their data demonstrated that
hrsACE-2 can inhibit iz vitro SARS-CoV-2 infection in a dose-dependent manner,
unlike mouse rsACE2 highlighting the specificity of hsrACE2 in blocking SARS-
CoV-2 entry. With the in vitro evidence at hand, they moved on to the organoid
model studies.

Before getting into the deeper details, let us have a look at the background
for capillary organoid research in the light of SARS-CoV-2. It was already well-
known during that time that viremia initiates during the course of COVID-19
despite the irregular observation of viral RNA in blood [88]. However, a viral size
of 80-100 nm is suggestive of the fact that local tissue infections can only occur
through the viremic invasion into vascular endothelial cells unless there is preexist-
ing tissue damage. This hypothesis was tested by infecting iPSC-derived human
capillary organoids, which resemble human capillaries with clear lumen, lined
by CD31+ endothelial cells and PDGFR+ pericyte cells and basal membrane [99].
A qRT-PCR analysis of these organoids for the presence of viral RNA indicates a
gradual rise in the levels of viral RNA from day 3 to 6 of infection, proving active
replication and production of progeny virus. This was followed by a marked
decrease in replication without any associated toxicity on adding hrsACE?2 to the
capillary organoid culture.

SARS-CoV-2 can directly infect blood vessel cells which can also shed progeny
viruses. Most importantly, this can be significantly inhibited by hrsACE2 at the
early stages of the infection. This is the underlying rationale behind the hope of
using soluble ACE2 for protecting the host body from lung injury and block the
virus from entering target cells. Having said that, no data on its impact during the
advanced stage of COVID-19 is currently accessible [98].

3.5 Kidney organoids
Since renal organotropism was becoming increasingly prominent in SARS-

CoV-2, M. Glatzel et al. did an iz silico data analysis of single-cell RNA sequencing
that was available in the public datasets. Their calculations revealed that RNA of

84



Organoid Technology and the COVID Pandemic
DOI: http://dx.doi.org/10.5772/intechopen.98542

genes (ACE2, TMPRSS2, CTSL) that help to promote the viral infection is enriched
in multiple kidney-cell types from fetal development through adulthood. This
corroborates previous reports stating that enrichment may facilitate SARS-CoV-2—
associated kidney injury [77]. They also quantified the SARS-CoV-2 viral load in
precisely defined kidney compartments obtained with the use of tissue microdis-
section from the samples of patients who underwent autopsy. The findings revealed
that 50 percent of patients had observable SARS-CoV-2 viral loads in all kidney
compartments tested, with glomerular cells being the most often infected [100].

V. Monteil et al. adapted their previously published procedure [97] to produce
kidney organoids from human embryonic stem cells into 3D suspension culture
to assess if SARS-CoV-2 would directly invade human tubular kidney cells [101].
Kidney organoids showed conspicuous tubular-like shapes, as observed by Lotus
tetraglobus lectin (LTL), a standard marker of proximal tubular epithelial cells.
Similar to their human capillary organoid study, infections of kidney organoids
were monitored for at least six days post-infection, and their qRT-PCR data were
analyzed for the presence of viral RNA. The team used Vero E6 cells to determine
the virus’s progeny. SARS-CoV-2 reproduced in kidney organoids, as predicted in
cells and tissues that express ACE2. The engineered kidney organoids developed
infectious progeny virus, as shown by the ability of supernatant from infected
kidney organoids to infect Vero E6 cells on day six post-infection. hrsACE2 signifi-
cantly decreased SARS-CoV-2 infections in a dose-dependent way in the human
kidney organoids, with no evidence of toxicity. In summary, engineered human
kidney organoids can also be infected with SARS-CoV-2, and this infection can be
inhibited by hrsACE?2, similar to blood vessel organoids.

Taken together, renal tropism explains the major clinical signs of kidney injury in
patients with COVID-19 having mild or severe symptoms. These studies also predict
that SARS-CoV-2 infection can potentially aggravate any preexisting renal conditions.
The coronavirus receptor ACE2 is expressed in kidney organoids, which may help
researchers further understand the disease’s systemic effects, and multiple questions
regarding the pathogenesis can be answered. Thus, the development of multi-organ
organoids can address the multi-organ dysfunction, a symptom of COVID-19 illness.

4, Future directions and conclusion

After SARS-CoV and MERS-CoV, SARS-CoV-2 is the third coronavirus in terms
of pathogenicity to jump to humans within two decades. This suggests that similar
zoonotic coronavirus spillovers can happen again in the near future. Nevertheless,
the events relating to coronavirus pathogenesis and transmission are not completely
known yet. There is a lack of efficient iz vitro systems to accurately model host
tissues. As conventional animal models, like mice, are not natural hosts to SARS-
CoV-2 infection, there is a surge in the development of alternate pre-clinical models
to recapitulate the targeted human organs.

Herein, organoid technology used to model human organ development and vari-
ous human pathologies in a petri dish has played a significant role in understanding
SARS-CoV-2 infection and replication. For drug response studies, drug screening,
and repurposing, organoids, especially patient-derived organoids, have become
popular. Organoid-based studies are leading to personalizing drugs, formulating
regenerative medicine, and establishing gene therapy. In comparison to age-old
animal models and cell lines, there has been a noticeable improvement in the repro-
ducibility of results and statistical power of experiments. From all previous data,
human organoids of lung, gut, kidney, brain, and blood vessels represent excellent
experimental models to study the biology of SARS-CoV-2 [44].
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Having said that, researchers working in this field are still trying to identify
and troubleshoot the inherent challenges in various aspects of handling organoids,
including the maintenance costs, cross-technique artifacts, and interpretation
of data [26]. It is now well known that the generation and handling of organoids
are way more tedious than two-dimensional cell culture protocols. Moreover, the
essential growth factors being more expensive and not explicitly tested for applica-
tions in the organoid system, one has to prepare them in-house. With the emergence
of various commercial sources for reagents tailored to the organoid culture, there
is reason to believe that this problem will be fixed quickly. Moreover, the range of
cellular heterogeneity for a particular organoid system needs to be improved. Also,
mimicking the native micro-and matrix-environment encountered by cells within
organoids remains a challenge. Reverse engineering methodologies are only in their
infancy as it comes to developing rigorous protocols for the iz vitro maturation of
organoids that are largely fetal-like in cultures [102]. Advances in stem cell, progen-
itor cell, and pluripotent stem cell handling and directed differentiation techniques
will soon help create more physiologically relevant organoids.

In combination with genome editing techniques for manipulating 3D models,
organoid technology will be implemented at a large scale in basic and clinical
research in the forthcoming era [14]. Progress with other technologies, such
as microRNA switches and potentially CRISPR-Cas9, 3D bioprinting, and 3D
organoids, will further advance the fast-developing multi-organ disease modeling
COVID-19 and its associated therapeutic build-up. Though organoid technol-
ogy suffers from multiple lacunae but COVID-19 has shown the feasibility and
practicality of the organoid platform, suggesting further investment to create an
in vitro organ mimicking reliable system for successful and effective discovery of
therapeutics.
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Chapter 6

Chest Imaging in Coronavirus
Disease-19 (COVID-19)

Arshed Hussain Parry and Abdul Haseeb Wani

Abstract

Coronavirus disease-19 (COVID-19), a highly contagious viral disease caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) affects many
organ systems causing a vast range of clinical manifestations. However, involve-
ment of lungs is the most common manifestation and is the main cause of mortality.
Detection of viral nucleic acid in the respiratory secretions is the corner stone
of the diagnosis of COVID-19 infection; however, imaging plays a critical role in
clinching diagnosis of reverse transcriptase polymerase chain reaction (RT-PCR)
negative cases and those with atypical presentation. More importantly imaging has
a pivotal role in the detection of complications and their appropriate management.
Chest radiography, computed tomography (CT) and magnetic resonance imaging
(MRI) all have a role in the diagnosis of COVID-19 pneumonia and detection of
various thoracic complications related to this disease. This chapter comprehensively
discusses the thoracic manifestations of COVID-19 and the role of imaging in their
diagnosis and effective management.

Keywords: COVID-19, chest manifestations, CXR, CT, MRI, CT perfusion, PET-CT

1. Introduction

Coronavirus disease 2019 (COVID-19) first emerged in Wuhan, China in late
2019 and spread rapidly across the world. COVID-19 has touched vast swathes of
land affecting 220 countries across the world. The disease has infected an estimated
57.7 million people and claimed 1.37 million lives as on 23 November, 2020. The
World Health Organization (WHO) declared COVID-19 a pandemic on 11 March,
2020 [1].

COVID-19 is a viral disease. The causative agent is a novel enveloped single-
stranded RNA virus belonging to betacoronavirus group and is referred to as severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [2]. SARS-CoV-2 is
believed to have originated from bats which act as the natural reservoir. The disease
spreads through human-to-human contact via respiratory route [3]. Coronaviruses
(CoVs) are classified into three genera of alphacoronavirus, betacoronavirus, and
gammacoronavirus [4]. CoVs infect animals and humans and cause respiratory,
gastrointestinal and neurological diseases of various degrees of severity. CoVs
exhibit the genetic characteristics of mutation and recombination which confers
them the ability to adapt to new hosts and ecological niches [5].

Respiratory system is the primary target organ of SARS-CoV-2 [6]. However, the
virus also affects other organ systems including gastrointestinal system, neurologi-
cal system, cardiac and vascular systems [7-11]. Many infected patients do not
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develop any symptoms. 19-50% patients have been reported to have an asymptom-
atic infection [12]. Asymptomatic patients act as covert transmitters and constitute
a potential contagious source of SARS-CoV-2 as they unknowingly transmit the
virus to others [13-17]. However, many patients who are asymptomatic at the time
of initial diagnosis become symptomatic later and are referred to as pre-symptom-
atic cases [16].

Detection of viral nucleic acid in the respiratory secretions by reverse tran-
scriptase polymerase chain reaction (RT-PCR) is the mainstay of diagnosis [13, 15].
RT-PCR has a reported sensitivity of 6071 percent with a very high specificity [17].
However, the performance of RT-PCR is limited by various factors including speci-
men collection, type of specimen, transportation of specimen and the processing
time which results in many false negative results [18, 19].

Imaging plays a key role in the diagnosis of various manifestations of COVID-19
and detection of its associated complications. An effective utilization of imaging
would require a comprehensive understanding and appropriate interpretation of
the typical and atypical imaging features of the disease. In this chapter we first
elaborate chest manifestations of COVID-19 and subsequently we discuss the role of
various chest imaging modalities in their management.

2. Chest manifestations of COVID-19

SARS-CoV-2 which is acquired through the inhalation route primarily targets
the respiratory system. The symptoms attributable to respiratory system include
cough, breathlessness, expectoration, sore throat, chest discomfort or pain and
hemoptysis. Non-specific symptoms include fever, fatigue, and myalgia [20].

SARS-CoV-2 expresses various spike proteins on its outer surface which avidly
binds to angiotensin converting enzyme-2 (ACE-2). ACE-2 is expressed in alveolar
pneumocytes and vascular endothelium in abundance. The virus binds to ACE-2 and
enters into the cell where it replicates and causes cell death with consequent release
of inflammatory cytokines in profusion which cause damage to the host [21, 22].

The primary manifestation of COVID-19 is pneumonia. The pneumonia is
usually bilateral and peripheral with a predilection for lung bases. Mild to moderate
disease constitutes the bulk of cases (80%) and is characterized by constitutional
symptoms and development of mild pneumonia, whereas severe disease occurs in
approximately 15% and is generally characterized by more than 50% lung involve-
ment and presents with dyspnea and hypoxia [21]. Critically ill patients constitute
a small portion (5%) of infections and present with respiratory failure, shock and
multiorgan dysfunction. Apart from affliction of lungs the bronchial tree is also
affected by this disease leading to inflammation of bronchial walls [23, 24].

Pulmonary vascular involvement is commonly reported in COVID-19. Frequent
involvement of pulmonary vessels is a unique feature of COVID-19 which makes
it different from other viral and bacterial causes of pneumonia [18]. Pulmonary
embolism frequently occurs in severely ill COVID-19 cases. The underlying
mechanisms include the triad of Virchow including hypercoagulability induced
by infection and hypoxia, immobility and vascular endothelial injury [25, 26].
However, besides involvement of major pulmonary vessels affection of small pul-
monary vessels has been described as a unique distinguishing feature of COVID-19
pneumonia [27].

In various autopsy studies of COVID-19 patients small vessel involvement has
been reported to be the hallmark of COVID-19 pneumonia [28]. Small pulmonary
vessel thrombosis is commonly found in COVID-19 pneumonia. The putative
mechanism put forth to explain this includes immunothrombosis [29]. Vascular
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endothelial injury caused by SARS-CoV-2 upon binding with ACE-2, which is
expressed abundantly on endothelial cells, leads to severe endothelialitis and
thrombosis of these small vessels [28-30].

Cardiac manifestations in COVID-19 include arrhythmias, myocarditis, cardio-
myopathy, carcinogenic shock and cardiac arrest and sudden death. Myocarditis
and cardiomyopathy has been reported in 7% and 7-33% of severely ill COVID-19
cases, respectively [31, 32]. Myocardial dysfunction evidenced by elevated serum
troponin levels is associated with poor clinical outcome. Various mechanisms have
been put forth to explain cardiac injury in COVID-19. COVID-19 can cause direct
injury to myocardium leading to myocarditis which is a dreaded complication with
high mortality [32]. Severe infection can induce plaque rupture and coronary artery
thrombosis leading to myocardial ischemia. Infection associated hypoxia and vaso-
constriction can affect coronary vessels leading to critical myocardial ischemia and
cardiac dysfunction [33]. Alternately, disseminated intravascular coagulation (DIC)
induced by severe SARS-CoV-2 infection can precipitate coronary artery thrombo-
sis and cause myocardial infarction [33]. Lastly, stress induced cardiomyopathy can
also explain myocardial dysfunction in COVID-19 [34].

2.1 Chest X-ray radiography (CXR)

Chest X-ray radiography (CXR) is the preliminary imaging modality employed
in the initial workup of suspected COVID-19 pneumonia cases [35]. CXR has a
multitude of unique advantages and limitations. CXR is widely available in almost
all health facilities including emergency rooms (ER), intensive care units (ICU) and
wards. Due to the small size of equipment it has the advantage of portability which
circumvents the transfer of patients away from ICU or wards for performance of
imaging thereby minimizing the requirements of staff and chances of spread of
infection [35, 36]. CXR equipment is easy to disinfect. CXR entails a small radiation
dose to the patient which makes it preferable for children and pregnant patients.
Owing to these advantages major medical societies across the world have advo-
cated the use of CXR in the workup of individuals suspected of having COVID-19.
American College of Radiology supported the use of CXR for the evaluation of sus-
pected individuals to facilitate triage and monitoring the course of illness [36, 37].

However, CXR has some major limitations. It has a low sensitivity and specificity
in the detection of COVID-19 pneumonia. The sensitivity of CXR has been reported
in the range of 33-69% [38-40]. CXR is insensitive especially in mild cases and
during the early stages of disease [40]. To address the issue of low sensitivity and
specificity attempts have been made to take advantage of artificial intelligence by
developing deep learning algorithms [41, 42]. Deep learning algorithms have been
found to improve the accuracy of CXR in the detection of COVID-19 pneumonia.
Most of the patients have a normal CXR during the initial stages of infection,
however, with the passage of time the positivity rate of CXR increases. It has been
reported that approximately 80% patients will have a positive CXR at some point
during the course of hospitalization [43, 44].

A postero-anterior or an antero-posterior CXR is obtained. A slight modifica-
tion of conventional technique has been made by interposing a glass door between
the patient and film to reduce exposure of radiographer to infection [44]. This
technique has been found to produce optimal image quality and at the same time
minimizing the exposure of radiographer to infection.

The typical findings at CXR include consolidations and ground glass opacifica-
tion (GGO) with a peripheral and basal predilection (Figure 1). Peripheral distribu-
tion of pulmonary opacities is one of the specific features of COVID-19 pneumonia
[45]. Diffuse lung opacification may be seen in patients with severe disease or acute
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Figure 1.
CXR in two different RT-PCR confirmed COVID-19 cases showing bilateral ground glass opacification (red
arrows in A) and multifocal consolidations (red arrows in B) with lower zone predominance.

respiratory distress syndrome (ARDS) [46, 47]. Initially the CXR may be normal;
however, lung opacities may evolve rapidly reaching a peak at around 6-12 days
[48, 49]. Pleural effusion, pericardial effusion and mediastinal lymphadenopathy
is seen infrequently in severe cases [44]. The degree of pulmonary opacification on
CXR has been reported to predict the need for hospitalization or intubation with
patients having GGO in two lung zones more likely to require hospitalization and
those with opacification of three or more zones likely to undergo intubation [46].
Bilateral lung involvement is seen commonly (73%) whereas, a unilateral lung
involvement is seen less frequently (<25%) [43, 44]. Itis a good clinical practice to
look beyond lungs when assessing a CXR. Position of tubes (endotracheal tube and
nasogastric tube) and lines (central venous line) must be assessed on CXR [46].

The two most common radio-opacities of GGO and consolidation are not
specific to COVID-19 and are seen in many other infectious and non-infectious
pulmonary pathologies [47, 48]. Non-COVID-19 viral pneumonias like influenza,
Middle East Respiratory Syndrome (MERS) and other viral pneumonias must be
included in the differential diagnosis in cases of bilateral pulmonary affection [49].
Bacterial pneumonia must be considered in the differential diagnosis particularly
in cases of unilateral lung involvement [50]. Non-infectious causes of pulmonary
opacities like pulmonary edema, aspiration, pulmonary hemorrhage, inflammation
(like pulmonary eosinophilia) and pulmonary vasculitides should be considered in
the differential diagnosis in appropriate clinical setting [43, 48].

The British Society of Thoracic Imaging (BSTI) guidelines recommend perfor-
mance of CXR in all patients with a oxygen saturation of less than 94% and those
who do not meet this criterion, CXR should be performed in them when “clinically
required” [45]. COVID-19 survivors who recover from acute illness require clinico-
radiological follow-up. BSTI guidelines recommend that patients who required ICU
or high dependency unit (HDU) admission or were managed as in-ward patients
with severe pneumonia should be assessed virtually at 4-6 weeks post-discharge
and then face-to-face if needed and subsequently a face-to-face clinical assessment
along with a CXR must be undertaken at 12 weeks. Patients who did not require
ICU or HDU admission and were managed as mild-moderate pneumonia should
undergo a follow-up CXR at 12 weeks [45]. Follow-up CXR are essential to pick any
residual lung abnormalities sufficiently early to ensure their management to avert
any long-term fibrotic pulmonary sequelae.
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2.2 Lung ultrasound (LUS)

Due to its rapidity, easy availability, portability, repeatability and lack of ion-
izing radiation there has been a resurgent use of LUS in COVID-19 pandemic. It has
been used mostly as a complementary and sometimes as an alternative modality in
the detection of pulmonary involvement in COVID-19 cases. LUS usage has been
particularly rewarding in critically ill patients who need a bedside modality which
could circumvent their transfer out of the intensive care unit (ICU) room [46, 47].

The most common imaging features of LUS in pulmonary involvement in
COVID-19 include B-lines, thick irregular pleura and subpleural consolidations
[46]. B-lines are an imaging surrogate of subpleural interlobular septal thickening
which occurs due to accumulation of fluid in pulmonary interstitium and alveolar
spaces [48]. B-lines are hyperechoic linear lines, oriented vertically from pleural
surface into the depths of lung. These lines spread like rays down the ultrasound
screen and maintain their brightness throughout without fading. B-lines may be
separate or coalescent. When multiple lines coalesce together they produce what
is referred to as shining white lung. B-lines should move or slide with respiratory
excursions [49]. Lack of this sliding movement should alert one to consider the
possibility of underlying pneumothorax [49].

LUS can be used in emergency room (ER) for prompt detection of pulmonary
involvement in symptomatic patients suspected of COVID-19 as soon as they arrive
in the ER. LUS features typical of pulmonary involvement will ensure rapid detec-
tion, prompt isolation and timely treatment of these patients before RT-PCR results
are available [50].

LUS can prove handy in monitoring the course of illness in inward patients
by demonstrating the degree of lung involvement. The presence of a few widely
separated B-lines in limited areas of chest suggests a mild disease whereas multiple
clumped lines spread in multiple chest areas is indicative of a more severe form of
disease [50, 51]. Similarly, in ICU setting LUS can help in monitoring the progres-
sion of disease and additionally help in detection of complications like pleural or
pericardial effusion [51]. LUS can also be used in detection of complications of
mechanical ventilation like pneumothorax. Ultrasound can also be used in the
diagnosis of arterial and venous thrombosis, a complication which is frequently
seen in severe COVID-19 cases [52].

Echocardiography, a specialized form of ultrasound, can aid in detection of
cardiac complications of COVID-19 like myocarditis, cardiomyopathy, cardiac
failure, intracardiac thrombosis and major pulmonary artery embolism [53].
Echocardiography can be used in this specific disease for the detection of major
pulmonary embolism and its prognostication [54]. Detection of thrombus in right
heart, right ventricular outflow tract or main pulmonary artery, akinesis of free
wall of right ventricle (McConnell’s sign), hypercontractility of right ventricular
apical wall, dilatation of right ventricle (ventricular diameter of >42 mm at base
and > 35 mm at mid-cavitary level) and paradoxical motion of interventricular
septum are specific echocardiographic signs of pulmonary embolism [55, 56].
Echocardiography can also detect cardiac dysfunction in myocarditis, myocardial
ischemia and cardiac failure [56].

2.3 Computed tomography (CT)
CT is a cross-sectional imaging modality which uses x-rays projected through
multiple angles at the patient to generate an image [22]. The use of CT for the

diagnosis and screening of COVID-19 has been universally discouraged by various
radiological societies across the world citing reasons such as lack of specificity of CT
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for precise diagnosis with overlap seen between COVID-19 pneumonia and other
viral infections on CT [16, 19]. Secondly, CT entails transfer of patients from wards
or ICU to CT suite. Finally there is a possibility that CT suites may act as a vector

of cross infection. The consensus guidelines of American College of Radiology
(ACR) and European Society of Radiology (ESR) and the European Society of
Thoracic Imaging (ESTI) do not recommend performance of CT for the diagnosis
or screening of COVID-19 [16, 22, 31]. CT has thus been reserved for a small subset
of patients with severe disease, those showing respiratory worsening during illness
or to monitor the course of disease. However, in some selected circumstances CT
may also be helpful in patients with milder symptoms who have pre-existing co-
morbidities, such as diabetes mellitus, chronic respiratory disease, obesity, chronic
kidney disease etc. [57]. Performance of repeat CTs is not routinely indicated
during recovery. However, a repeat CT may be warranted in cases with suspicion of
complications likely superadded infection and pulmonary embolism [57].

Notwithstanding the recommendations, CT has been widely performed in
COVID-19 cases and has been used to support the diagnosis, assess severity, detect
complications, choose appropriate treatment and monitor response to therapy
[41]. CT has greatly helped in understanding the natural course of the disease.
While CXR is considered the first line tool in the initial screening or assessment
of COVID-19 cases, CT is still employed widely owing to its high sensitivity in the
detection of pneumonia [43]. In many cases subtle imaging findings which are
difficult to detect on CXR are readily identifiable on CT.

Typical CT findings include multifocal and bilateral GGOs and or consolida-
tions with peripheral and lower lobe predominance (Figures 2 and 3) [34, 36, 38].
Unilateral lung involvement is less common [43]. On CT, GGO is defined as increased
lung attenuation with preservation of underlying vascular and bronchial structures
[58]. Consolidation is defined as increased lung attenuation with obscuration of
underlying bronchial and vascular structures [58]. Other additional features seen
on CT include crazy paving pattern which is a GGO with superimposed interlobu-
lar septal thickening producing a pavement like appearance [59, 60]. The relative
frequency of type and distribution of lung lesions varies across different studies. A
systematic analysis of 34 published studies including 4121 patients revealed bilateral
lung involvement in 73% [61]. Multilobar lung involvement was seen in 67% patients.
GGOs were seen in 68%, consolidation in 32% and crazy-paving pattern in 35%
patients [61]. Additional findings reported were air bronchogram sign (44%), pleural
thickening (27%), pleural effusion (5%) and lymphadenopathy (5%) [61]. Some

Figure 2.
Axial chest CT images at slightly different levels (A, B) in lung window settings of a 56-year-old COVID-19
patient showing diffuse ground glass opacification in both lungs with a peripheral distribution.
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Figure 3.
Coronal chest CT images at slightly different levels (A, B) in lung window settings of a 61-year-old COVID-19
patient showing diffuse ground glass opacification in both lungs with both upper and lower lobe involvement.

symptomatic patients may have a normal CT, especially during the early stages of
disease. Similarly, asymptomatic patients may have an abnormal chest CT [62-64].

CT findings evolve rapidly after symptom onset and reach a peak at around
6-13 days of illness [63]. There is increase in the extent of lung involvement and
change in the appearance of pulmonary opacities. GGOs may progress into crazy
paving pattern or consolidations [64]. Thereafter the findings may remain stable
for some time and then gradually resorb [65]. However, in some cases there may be
rapid progression into ARDS [66]. The pulmonary opacities during resolution phase
start organizing and lead to secondary organizing pneumonia which manifests as
reverse halo or atoll sign and perilobular opacities [61]. In one study nearly half of
the patients had residual lung abnormalities consisting of fibrosis 3 months after
discharge [66]. Other findings observed on CT include segmental or subsegmental
vascular enlargement (defined as greater than 3 mm diameter) within the lung
opacities. It has been observed in up to 89% COVID-19 pneumonia [28]. This sign
of segmental or subsegmental vascular enlargement is a relatively specific sign of
COVID-19 pneumonia with a diagnostic significance [41]. Presence of vascular
enlargement sign may help confidently diagnose COVID-19 pneumonia. The under-
lying pathophysiological mechanism for vascular enlargement sign may be related
to severe vascular inflammation, vasodilatory effect of proinflammatory cytokines
or small vessel thrombosis [65-67].

Other less common findings observed on CT include reverse halo sign or atoll
sign, bronchial wall thickening, nodules and halo sign [34]. Reverse halo sign is
defined as a relatively lucent GGO surrounded by a dense ring of consolidation [51].
This finding is typically seen in resorptive stage of the disease. Pleural effusion,
pericardial effusion and mediastinal lymphadenopathy is seen infrequently par-
ticularly in severe disease [18]. Presence of cavitation or tree in bud nodules are not
observed in COVID-19 and should arouse suspicion of an alternate diagnosis. CT
has been reported to have a high sensitivity of around 94% in detecting COVID-19
[54]. However, the specificity of CT is limited (39%) [68]. The dominant findings
of GGO and consolidation observed in COVID-19 are seen in many other infectious
and non-infectious diseases of lung [69, 70]. A comprehensive and detailed clini-
cal information and exposure history is essential during interpretation of CT to
increase the diagnostic confidence.

To determine the severity of lung inflammation in COVID-19 and help in
identifying the patients in need of special care, severity scoring systems have been
devised [71]. Anatomically there are five lobes in two lungs. Each lobe is assessed
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individually to determine the degree of pulmonary opacification. Each lobe is
scored visually from 0 to 5. A score of 0 is assigned if there is no involvement,

score of 1 for <5% involvement, score 2 for 5-25% involvement, score 3 for 26-50%
involvement, score 4 for 51-75% involvement and score 5 for >75% involvement.
The individual scores of all 5 lobes are added to provide a final CT severity score. CT
severity scores of 1-5 are categorized as mild disease, 6-14 as moderate disease and
15-25 as severe disease [71, 72]. The disease severity as determined on CT correlates
with short-term clinical outcome with higher CT severity scores associated with
worse outcomes [73].

CT imaging features of COVID-19 overlap with many other pulmonary infec-
tions, predominantly viral infections, but it also exhibits some characteristic imag-
ing features which are seen infrequently in other infections [65]. The Radiological
Society of North America (RSNA) Expert Consensus Statement on Reporting
proposed a standardized nomenclature and included four categories to determine
the chances of a pulmonary opacity being COVID-19 [74]. The four categories are
typical appearance, indeterminate appearance, atypical appearance and negative
for pneumonia (Table 1) [74]. In March, 2020, the Dutch Radiological Society
developed a standardized CT based reporting format known as COVID-19 report-
ing and data system (CO-RADS) to ensure uniformity in reporting and to improve
communication between radiologists and physicians [75]. CO-RADS provides
a level of suspicion for lung involvement in COVID-19. The degree of suspicion
increases from CO-RADS category 1 (very low suspicion) to CO-RADS-5 (very
high suspicion). The two peripheral categories of 0 and 6 are invoked when a CT is
technically inferior and insufficient for diagnosis or to label a scan in a patient with
positive RT-PCR result for SARS-CoV-2, respectively (Table 2) [74-76].

2.4 CT pulmonary angiography (CTPA)

CTPA has demonstrated pulmonary embolism in up to 30% of COVID-19
patients [61]. The location of these emboli has been reported in main pulmonary
artery (22%), lobar pulmonary artery (34%), segmental pulmonary artery (28%)
and subsegmental arteries (16%) [77, 78]. In cases with a severe disease with sudden
respiratory worsening or hemodynamic instability, CTPA is indicated to detect
pulmonary embolism [77]. Pulmonary embolism is a life-threatening complication
of COVID-19. However, if diagnosed early and treated appropriately improved out-
comes are observed. CTPA entails administration of a bolus of non-ionic iodinated
contrast and performance of CT during passage of contrast through the pulmonary
vascular tree. To ensure optimal timing of scanning a bolus tracking technique is
used. Pulmonary embolism manifests as a filling defect within a contrast filled
pulmonary artery [79]. Besides the direct visualization of embolus some indirect
signs in lungs and heart can be seen. Pulmonary infarction can be seen as a wedge
shaped peripheral consolidation [80]. Similarly, bowing of interventricular septum,
dilatation of right ventricle and reflux of contrast into inferior vena cava or hepatic
veins may be seen and indicates increased pulmonary artery pressure [80, 81].

2.5 CT perfusion angiography

Besides pulmonary macroembolism, involvement of pulmonary microvascu-
lature is a unique feature of COVID-19. Micro vascular dysfunction of pulmonary
and non-pulmonary organ systems has been widely reported in COVID-19 [66]. It
is believed that binding of viral spike proteins to ACE-2 on endothelial cells incites
severe endothelialitis and precipitates microthrombosis of these small vessels. This
microthrombotic phenomenon also referred to as immunothrombosis has been
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Category CT findings

Typical appearance 1. GGOs+/—consolidations or visible intralobular lines (crazy-paving pattern)
with a bilateral and peripheral distribution.
2. Multifocal GGOs of rounded morphology +/— consolidation or visible intra-
lobular lines (crazy paving pattern)
3. Reverse halo or atoll sign or other findings of organizing pneumonia (like
perilobular opacities)

Indeterminate Absence of typical CT findings and the presence of either of the following:
appearance 1. Multifocal, perihilar, diffuse or unilateral GGOs +/— consolidation which lack
a specific distribution and are non-rounded or non-peripheral
2.Few very small GGOs with a non-rounded and non-peripheral distribution

Atypical appearance Absence of typical or indeterminate findings and the presence of
1. Lobar or segmental consolidation without GGO
2. Discrete small lung nodules (e.g. centrilobular, tree-in-bud appearance)
3.Lung cavitation
4.Smoother interlobular septal thickening with pleural effusion

Negative for No CT features of pneumonia (like absence of GGO and consolidation)
pneumonia

Table 1.
RSNA expert consensus guidelines for reporting CT in patients suspected of COVID-19.

CO-RADS Level of suspicion CT findings

category

0 Not interpretable Low quality, technically insufficient scan for assigning a score

1 Very low Normal or non-infectious pathology (like mass)

2 Low Typical for other infection but not COVID-19

3 Equivocal/unsure CT features are ambiguous; compatible with both COVID-19 and

non-COVID-19 causes of pneumonia

4 High Suspicious for COVID-19

5 Very high Typical for COVID-19

6 RT-PCR proven CT findings of pneumonia with RT-PCR positive for SARS-CoV-2
Table 2.

COVID-19 reporting and data system (CO-RADS).

confirmed by various autopsy studies [15, 23]. This microthrombotic angiopathy
causes obliteration of vascular bed and results in hypoxemia [29]. Non-contrast CT
or CTPA cannot detect this condition. The direct visualization of occlusion of micro
vascular bed is not possible on CTPA as it is beyond the resolution thresholds of
currently available technology [80]. CT perfusion angiography is an advanced CT
technology which demonstrates micro vascular thrombosis by detecting pulmonary
perfusion defects [81]. However, this technology is limited by its availability. It has
been suggested that CT perfusion angiography may also have a role in COVID-19
survivors who demonstrate residual respiratory dysfunction by detecting residual
clot burden [82, 83].

2.6 Magnetic resonance imaging (MRI)
MRI is not recommended for the detection of pulmonary involvement in

COVID-19. However, in many cases MRI performed for other indications may
accidentally pick up pulmonary changes consistent with COVID-19 [84]. On MRI,
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pulmonary parenchymal changes of increased signal intensity on both T1-weighted
and T2-weighted sequences correspond to GGO and consolidation seen on CXR
and CT [84, 85]. MRI has found use in the evaluation of cardiac complications

of COVID-19. MRI has the capability to demonstrate changes of myocarditis or isch-
emia precipitated by COVID-19 infection and also to provide a quantitative measure
of various cardiac functional indices [85]. In myocarditis, a diffuse increase in myo-
cardial signal intensity on T2-weighted sequence, increase in T1-relaxation values
on T1-mapping can be seen [84]. Post-contrast studies may reveal late gadolinium
enhancement in a mid-myocardial or transmural pattern. Cine steady state free
precession (SSFE) sequences will reveal regional or global wall motion abnormali-
ties with reduced ejection fraction [86].

2.7 Positron emission tomography/computed tomography (PET-CT)

Although PET-CT is not currently indicated in the management of COVID-19
cases, however, reports of pulmonary findings consistent with COVID-19 have
emerged when PET-CT was used for other conditions particularly oncology imag-
ing [87]. The lung opacities of GGO and consolidation demonstrate increased
18-fluorodeoxyglucose (FDG) uptake [88]. Standard uptake values (SUV) of 4.6 to
12.2 have been reported [88]. Increased FDG uptake has also been demonstrated in
normal sized mediastinal and hilar nodes in COVID-19. In future, FDG-PET may
find use in the monitoring of response to treatment and prediction of recovery as
FDG uptake may help determine the degree of residual inflammation [89, 90].

3. Conclusion

Pulmonary and extra-pulmonary thoracic organ involvement lies at the heart
of COVID-19 disease manifestation. Chest imaging, although not a substitute for
microbiological diagnosis of COVID-19, has helped tremendously in understanding
the natural course of disease and its management. Imaging supports the diagnosis,
helps in triage, detects complications, guides treatment and is useful in monitor-
ing the response to therapy. A varying combination of CXR, CT, LUS, CTPA and
MRI performed individually or in different combinations depending on the clinical
presentation has played a pivotal role in the management of COVID-19 disease.
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Chapter7

COVID-19 and Cardiovascular
Disease: Mechanisms and
Implications

Irena Mitevska

Abstract

We are living and fighting serious COVID-19 pandemic, which is caused by the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus. Cardiovascular
diseases are highly prevalent in the infected individuals, which modifies their treat-
ment and prognosis. The injury of the myocardium is reported in over 15% of hospi-
talized severely ill patients, mostly presented in the form of acute heart failure, acute
coronary syndrome, cardiac arrythmias, myocarditis and thromboembolic complica-
tions. All these complications may appear at early in the course of the disease, during
the disease progress or in the later stage of the COVID-19 disease. Thromboembolic
complications accompany more severe cases, caused by excessive inflammation,
platelet activation, endothelial dysfunction, and stasis. This new virus pandemicis a
global challenge for health care system where we still have much to learn.

Keywords: COVID-19, pandemic, myocardial injury, cardiovascular disease

1. Introduction

The COVID-19 pandemic has opened up many serious challenges to the world.
The pandemic has put enormous pressure on healthcare systems worldwide. There
are many unknown puzzles the virus imposes to us as medical professionals. Most
data we have come from China, Italy, France and USA and management is guided by
the expert opinion. While COVID-19 primarily affects the lungs, causing interstitial
pneumonitis and severe acute respiratory distress syndrome (ARDS), it can also affect
multiple organs, particularly cardiovascular system. Mortality and complications risk
is increased by the presence of several comorbidities: cardiovascular disease, hyper-
tension, diabetes, obesity, chronic pulmonary disease, and cancer [1]. Cardiovascular
system in COVID-19 infection is affected in up to 15% of severely ill patients on
multiple levels, which leads to increased morbidity but also it might induce myocar-
dial injury leading to myocardial dysfunction [2]. The most common complications
include arrhythmia (atrial fibrillation, ventricular tachyarrhythmia, and ventricular
fibrillation), cardiac injury (elevated highly sensitive troponin I (hs-TnlI) and creatine
kinase (CK) levels, NT pro-BNP levels), fulminant myocarditis, heart failure, pulmo-
nary embolism, and disseminated intravascular coagulation (DIC) [3].

Patients with established heart disease constitute a particularly challenging
group, with conditions that may be life-threatening if proper treatment or interven-
tion is inadequately delayed, which is the base for increased complications risk and
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worsened disease prognosis. COVID-19 case fatality rate is significantly different
around the world. Patients with several comorbidities have significantly increased
case fatality rate (CFR): 10.5% for cardiovascular disease (CVD); 7.3% for diabetes
mellitus; 6.3% for chronic obstructive pulmonary disease (COPD); around 6% for
hypertension patients with cancer [4]. The mortality rates are different in different
world regions and are influenced by several technical and quality measures of the
healthcare systems, number of tests performed, demographic characteristics of the
tested population and their health status. These aspects underline the importance of
the need for multidisciplinary assessment and treatment, including cardiovascular
evaluation and therapy aimed to reduce the COVID-19 mortality.

2. COVID-19 and cardiovascular system

Published data about disease manifestation and progression showed that patients
with established cardiovascular disease are among the highest risk individuals
for severe manifestation of COVID 19 and death. In a series of 44 672 confirmed
patients with COVID-19 from China, 14.2% were reported to have cardiovascular
disease, but also 22,7% of all deaths were in patients with underlying cardiovas-
cular disease [5, 6]. The presence of common risk factors, such as hypertension,
diabetes, coronary artery disease (CAD) increase the risk for COVID-19 induced
complications as shown in Figure 1. It is of greater concern and importance the
fact that COVID-19 can lead to cardiac injury even in individual not reporting
previous cardiovascular disease. There is a need for proper understanding of the
pathophysiological mechanisms of the cardiovascular damage caused by COVID-

19 disease. This will enable on time effective patient’s management and mortality
reduction. The affection of the cardiovascular system by the infection is followed by
release of inflammatory markers such as highly sensitive troponin and natriuretic
peptides, which modifies prognosis, particularly in patients with continuous rise

of those markers [7]. Cytokines such as IL-6 causes inflammation of the vascular
system that result in generalized endotheliopathy and immune induced thrombosis.
Inflammation in the myocardium can lead to myocarditis, heart failure, cardiac
arrhythmias, and sudden death [7, 8]. Down-regulation of ACE2 with viral infec-
tion may predispose to relatively unopposed angiotensin II effects, which and cause
new or worsened hypertension. After infection with common RNA viruses, most
infected patients may experience only a transient viral syndrome with no significant
cardiac dysfunction. However, depending on the immune response it can manifest as
acute myocarditis with heart failure or cardiogenic shock, accompanied by cytokine
storm and inflammatory cell infiltration of the heart. With proper treatment some
patients can recover, but others can develop inflammatory cardiomyopathy [9].

A place of the initial SARS-CoV-2 virus entrance to our organism is virus attach-
ment to the angiotensin converting-enzyme 2 (ACE-2) membrane-linked amino-
peptidase receptor on the epithelial cells of the lungs. However, these receptors are
expressed in many human organs including myocardium making them vulnerable
to the virus [10]. The studies showed higher expression of ACE-2 receptors in dia-
betic and hypertensive patients, which might be one of the causes of more severe
forms of the disease in those individuals. While ACE2 is essential for viral invasion,
there is no evidence that ACE inhibitors or angiotensin receptor blockers (ARBs)
worsen prognosis. Hence, patients should not discontinue their use, based on
recommendations for COVID-19 and cardiovascular disease treatment from several
cardiology associations. Moreover, renin—angiotensin—aldosterone system (RAAS)
inhibitors might be beneficial in COVID-19 [10]. Initial immune and inflammatory
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Figure 1.

IngCOVID—19 disease patients’ cardiovascular comorbidities ave the cause of the increased mortality.
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin 11 receptor blockers (ARBs) which are
established drugs for veduction of the cardiovascular visk have many positive effects that might modify the
course of the COVID-19 disease. Nature Reviews Cardiology volume 17, pages 543-558(2020), vef. [7].

responses induce a severe cytokine storm during the rapid progression phase of
COVID-19. Early evaluation and continued monitoring of cardiac damage using the
values of high sensitive cardiac troponin I (hs-cTnI), N-terminal pro b-type natri-
uretic peptide (NT-proBNP) and coagulation (D-dimer) after hospitalizationmay
identify patients with cardiac injury and predict COVID-19 complications [11].
Severe inflammation is assumed as a cause of underlying generalized endothelial
disfunction (endotheliopathy), which serves as a basis for development of micro-
vascular thrombosis.

2.1 Cardiac injury caused by COVID-19 infection

The data from published studies showed that patients with myocardial injury
(elevated cardiac troponin), have up to three times higher hospital mortality [12].
Increased hospital values of the high-sensitivity cardiac troponin I are found in over
50% of fatal COVID-19 disease cases. Elevation of the troponin values parallel the
elevation of N-terminal pro-B-type natriuretic peptide and C-reactive protein and
markers of cardiac injury and inflammation. Data showing the rise of the troponin
in the same time with other inflammatory biomarkers (D-dimer, ferritin, interleu-
kin-6 (IL-6), lactate dehydrogenase), lead to conclusion that isolated myocardial
injury mediated through ACE-2 is not the only mechanism of COVID-19 induced
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cardiac lesions [13]. One of the explanations is the presence of cytokine storm. The
curves of troponin values changes show slow elevation during the first 2 weeks,
with steep elevation during the third week in severely and critical ill patients with
severe disease forms. Follow up studies showed that hs- Troponin I value in survi-
vors have no significant changes [14].

Many patients’ cases with of ST segment elevation myocardial infarctions
(STEMI) with normal coronary angiography findings are published [15] which
is explained as injury caused by stress cardiomyopathy or acute myocarditis.
However, so far there are no published data of the signs of direct virus infiltration
of the myocardium. The scientific data we have indicates inflammation as a cause
of multi-organ damage, not only myocardial damage. Use of cardiac magnetic
resonance imaging may give more answers to these questions.

There are evidences of impaired heart function due to myocardial injury in
patients who recover from COVID-19, mostly due to myocarditis. Based on all
data we have we can evaluate troponin levels as markers on disease severity and
myocardial injury, also related to the underlying mechanisms such as cytokine
storm, tissue hypoxia, and coagulation disturbances [16]. Management of the
myocardial injury and their consequences are of great clinical and prognostic
importance in critically ill individuals. We should not initially use invasive
diagnostic procedures in patients with COVID-19 disease and isolated troponin
elevation in absence of other signs and symptoms suggesting the presence of
acute coronary syndrome.

2.2 Which biomarkers should we measure?

As in patients without COVID-19, cardiac troponin T and troponin I values should
be measured based on clinical presentations when T1 type myocardial infarction
(MI) is suspected [17]. Normal high -sensitive cardiac troponin values depend on
gender and essay analyses used. Diagnostic algorithms for rapid rule out and/or
rule-in of MI in patients with acute chest discomfort such as the high-sensitivity
cardiac troponin (hs-cTn) T or I 0/1 hour algorithm is expected to provide compa-
rable performance and add to diagnosis in other challenging subgroups with higher
baseline concentrations such patients with renal dysfunction: very high safety for
rule-out and high accuracy for rule-in, but reduced efficacy with a higher percentage
of patients remaining in the observe zone [17, 18]. Clinical assessment including chest
pain characteristics, hs-cTn T or I measurement at 3 hours, and cardiac imaging using
echocardiography are the key elements for the identification of STEMI in the setting
of COVID-19 infection. Hs-cTn I should be measured in patients with confirmed
pulmonary embolism, as a marker for risk stratification and prognosis [19].

Similarly, B-type natriuretic peptide (BNP) and NT-proBNP should be
measured whenever clinically heart failure is suspected [19]. Rule-in cut-offs for
heart failure (HF) maintain high positive predictive value even in patients with
pneumonia, who are not critically ill. Having in mind that most of the critical
ill patients have significantly higher BNP/NT-proBNP values, it is therefore not
recommended to use current cut-off values applied for heart failure patients.
Increased BNP/NT-proBNP levels in severely ill patients with COVID-19 disease
are explained by the presence of hemodynamic stress and myocardial injury
leading to heart failure [20]. Cardiac injury, as assessed by several serum analysis
parameters (lactate dehydrogenase, cardiac troponin I, creatine kinase (-MB)
and myoglobin), were associated with poor prognosis in COVID-19 infection,
assessed in. the retrospective multicenter study from Xie and coworkers, as
shown in Figure 2 [21].
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Figure 2.

Dygnﬂmic changes in laboratory mavkers of severely ill patients with COVID-19 disease hospitalized in the
intensive care units (ICU). The figure describes changes in the arterial pO2 (“P”) from the ABG divided by the
FIO2 (“F”) (P/F ratio) which includes the values of lymphocytes, high sensitive C reactive protein (hs-CRP),
D-dimer, lactate dehydrogenase (LDH) and high sensitive troponin I (hs-troponin I) (a-f). At all-time points
shown, there were significant differences between survivors and non-survivors. Intensive care medicine volume
46, pages1863-187, 2020 (ref [21].

2.3 COVID-19 and Heart failure

COVID-19 infection might present as new or worsened previously established
heart failure. It is a challenge for every physician to make differential diagnoses
between decompensated heart failure (HF), often complicated with pulmonary
infection and COVID-19 infection, prior to laboratory-confirmation. There are
significant similarities between chest computer tomography (CT) findings of
the patients with heart failure and those with COVID-19 disease. Higher ratios of
central ground glass opacity are found in patients with heart failure, comparing to
the more peripheral gradient distribution in patients with COVID-19 infection [22].

Scientific data reports up to 25% of case fatality rate in patients with extreme
elevation of NTproBNP levels caused by heart failure and cardiac arrest [23]. In alarge
cohort from China, heart failure was reported in 23% of infected patients and the prev-
alence was significantly higher among non-survivors (52% vs. 12%, p < 0.0001) [23].

From the evidences we have so far, patients with previous heart failure will have
more complicated pulmonary disease and COVID-19 infection course. Acute heart
failure and myocarditis might be one of the clinical presentations of COVID-19 dis-
ease. Some of the explanations of the underlying mechanisms of the heart dysfunc-
tion are initial structural changes in the early stage of the disease with preserved
left ejection fraction in parallel with pulmonary complications and the development
of acute heart failure with reduction of systolic function in the later stage of the
disease as a response to cytokine storm.

Heart failure has been reported as an outcome in 23% of COVID subjects
in a recent report from in-hospital Chinese subjects. Approximately 52% of

117



SARS-CoV-2 Origin and COVID-19 Pandemic Across the Globe

non-survivors had heart failure as compared with 12% of survivors [24, 25]
Mechanisms underlying myocardial injury remain unknown and it is unclear
whether they reflect systemic, local, ischemic or inflammatory process. It is still not
known whether acute injury is a primary infective phenomenon or secondary to
lung disease.

Elderly patients with heart failure may have left ventricular hypertrophy,
diastolic dysfunction or systolic dysfunction and are prone to higher pulmonary
vascular pressure in case of overload with fluid infusions and administration of
parenteral therapy. Myocardial injury is observed in more than 20% of hospital-
ized patients with COVID-19 [26]. Increased levels of brain natriuretic peptide
or N-terminal pro brain natriuretic peptide may be found in COVID-19 patients
and may suggest concomitant impairment of cardiac function and poorer clinical
course. Patients with elevated troponin levels have higher rates of major complica-
tions, including cardiac arrhythmias, acute kidney injury, ARDS, need for mechani-
cal ventilation, and death [26].

Most patients with heart failure have elevated C-reactive protein, erythrocyte
sedimentation rate and other indexes of inflammation and thrombogenicity, such as
ferritin, interleukin-6, lactate dehydrogenase, fibrinogen, and D-dimer. An increase
in these markersis associated with high mortality [27]. All these markers are higher
with continuing increase during the hospitalization in high risk patients who do
not survive the disease. Contrary in lower risk stable patients who survive all these
parameters remains stable and relatively low. Procalcitonin must be measured when
bacterial superinfection is suspected. Echocardiography must be considered in all
patients with HF and suspected or confirmed COVID-19 infection to assess cardiac
function and to detect concomitant causes of HF, either pre-existing or COVID-
19-related (e.g. right ventricular dysfunction secondary to pulmonary embolism).
Treatment of heart failure patients should be based on the latest guidelines from
several cardiology societies [17, 28].

2.4 COVID-19 and Coronary artery disease

Patients with coronary artery disease, stabile or unstable, are prone to complica-
tions during COVID-19 infection, due to coronary plaque rupture or stent-throm-
bosis secondary to pro-coagulant effects of systemic inflammation [28]. Around 6%
of patients with severe COVID-19 disease report the history of previous coronary
artery disease (CAD), comparing with 1.8% prevalence of CAD in patients with
non-severe disease forms [18].

It is important to underline that many individuals with COVID-19 disease initially
presents with chest pain, palpitation and dyspnea instead of cough, fever and other
related respiratory symptoms. Normal coronary angiography in patients presenting
with chest pain and suspected acute coronary syndrome, should raise the first sus-
picion of infection with COVID-19. However, elevated troponin during COVID-19
infection, if followed by typical symptoms and signs of myocardial infarction should
lead to guideline-directed interventions, fibrinolysis, or coronary angioplasty in
designated hospitals [18, 28]. There are evidences of high expression of angiotensin
II receptors in the heart muscle [29]. These findings explain the SARS-CoV-2 infec-
tion repercussion on the myocardium in the form of locally induced microvascular
inflammation and dysfunction leading to myocardial infarction without the obstruc-
tion of the coronary arteries (MINOCA). All these pathophysiological mechanisms
could explain the scientific data we have obtained concerning the clinical course of
patients presenting with myocardial infarction signs during the COVID-19 disease
[30]. Additionally, cytokine storm significantly contributes for the development of
the endotheliopathy through well described mechanisms. The global finding during
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the COVID-19 pandemic is significant reduction of number of acute myocardial
infarction by 30-50%, mostly due to fear for on time search of medical help [31]. The
late patient’s presentation leads to significant increase of acute myocardial infarction
complications, especially heart failure.

Several pathways associated with viral diseases may contribute to destabilize
plaques in COVID-19 patients [32]. Viral illness can potentially destabilize ath-
erosclerotic plaques through systemic inflammatory responses, cytokine storm,
as well as specific changes of immune cell polarization towards more unstable
phenotypes. In patients with viral infections, type 2 myocardial infarction is the
most common subtype, were the usefulness of invasive treatment with coronary
revascularization is limited.

In patients with acute coronary syndrome (ACS) and COVID-19 disease the
final treatment decision weather invasive or medical management is applied should
be carefully considered. Primary percutaneous coronary intervention (PCI) is the
standard treatment for patients presenting to PCI centers within 90 minutes of
first medical contact [28, 33]. It is important to underline that all patients present-
ing with a suspected STEMI should be considered COVID-19 possible. Testing
for SARS-CoV-2 should be performed as soon as possible following first medical
contact, irrespective of treatment strategy, in order to allow to implement adequate
protective measures and management pathways [28]. Some of these patients may
have a “STEMI-mimicker” such as focal myocarditis or stress cardiomyopathy
known to be associated with COVID-19 illness.

Treatment of patients with non-ST segment elevation myocardial infarction
non-STEMI should be guided by risk stratification. Patients with Troponin rise and
no acute clinical signs of instability (ECG changes, recurrence of pain) might be
managed with a primarily conservative approach. For patients at high risk, medical
strategy aims at stabilization whilst planning an early (< 24 hours) invasive strategy.

The use of timely reperfusion in STEMI patients should not be compromised
by the COVID-19 pandemic. Based on the recommendations from the latest
guidelines of the European Society of Cardiology (ESC), reperfusion therapy is
indicated in STEMI patients with ischemia symptoms in duration <12 hours and
persistent ST segment elevation in at least 2 ECG leads, and these recommenda-
tions remain the same for COVID -19 disease patients with STEMI. The maxi-
mum delay from STEMI diagnosis to reperfusion of 120 minutes should remain
the goal for reperfusion therapy with primary PCI when feasible within this
time frame and performed in facilities approved for the treatment of COVID-19
patients [28]. If primary PCI performing hospital is no not available or target
time cannot be met and fibrinolysis is not contraindicated, fibrinolysis should
then become first line therapy [28, 34].

2.5 COVID-19 and myocarditis

Injury of the myocardium and acute myocardial inflammation are well docu-
mented complications of acute viral infections. One of the underlying mechanisms
of the injury, obtained from the cardiac muscle autopsy specimens are myocytes
necrosis with mononuclear cell infiltrates [35]. These findings together with the
cases of fulminant myocarditis, lead as to conclude that myocarditis is an important
cause of acute myocardial injury in patients with COVID-19 disease. However, the
true prevalence, the exact mechanisms and clinical significance of acute myocar-
ditis in COVID-19 patients still remains unclear. We do not have solid evidence of
direct myocardial cytotoxic effects of the virus. The real prevalence of this com-
plication still remains unclear. Myocarditis appears in COVID-19 patients after a
prolonged period up to two weeks after the symptom?’ onset.
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Clinically, COVID-19 myocarditis may manifest only as mild chest discomfort,
palpitation and fatigue, which may be impossible to distinguish from other causes
in most patients. In some patients, myocarditis results in fulminant disease, which
may be the cause of arrhythmias, conduction block, myocardial dysfunction or even
death. In many cases myocarditis is suspected when cardiac injury is present in the
absence of ACS [36]. Acute myocarditis diagnosis can be confirmed by the presence
of typical acute myocardial injury signals detected by cardiac magnetic resonance
imaging (MRI). However Cardiac MRI and EMBs as diagnostic tools are likely to be
inappropriate during the current COVID-19 pandemic but should be considered in
the later phase to confirm diagnosis.

This cardiac injury in COVID 19 infected patients leads to activation of the innate
immune response with release of proinflammatory cytokines. Proteins released
through cell lysis might display epitopes similar to the viral antigens and be presented
via the major histocompatibility complex [37]. An acquired immune response is the
predominant mechanism evidenced by activation of antibodies and T lymphocytes.
In the final stage, there is either recovery or low levels of chronic inflammation with
concomitant development of left ventricular dysfunction. The most important ques-
tion for potential therapeutic targets is the extent to which myocardial injury results
from viral replication, is immune mediated, or is due to other mechanisms. Patients
that develop heart failure have poor prognosis and should be treated based on heart
failure guidelines [28]. Clinical follow up, with biomarkers and echocardiography are
important for patient’s treatment and prognosis [38].

2.6 Arrhythmias and sudden cardiac death

In-hospital and out-of-hospital sudden cardiac arrests have also been reported in
patients with COVID-19 [39]. The contribution of COVID-19 disease for induction
of cardiac arrhythmias remains uncertain, having in mind that atrial and ventricu-
lar arrhythmias can also be triggered by myocardial injury, other infections, fever,
sepsis, hypoxia and electrolyte abnormalities. Arrhythmias can be induced by con-
comitant antiviral and antibiotic therapy used in patients with COVID-19 disease.
Increase heart rate is reported as one of the main symptom in COVID-19 disease
patients without other symptoms such as fever or caught. The presence of cardiac
arrhythmias was reported in 17% of patient from the cohort of 138 COVID-19 cases
in the study from Wuhan, China, and 44% of them were hospitalized in the ICU
units [39]. Another study from Wuhan which includes 187 hospitalized COVDI-19
patients, showed that patients with elevated troponin T values were more likely to
develop serious arrhythmias, including ventricular tachycardia and fibrillation,
comparing to those with normal troponin T levels (12% vs. 5%) [40]. Treatment
of all systemic causes and underlying heart injury having in mind drug interac-
tions should remain the arrhythmias management goals in COVID 19 patients
[28]. Hospital data from China revealed that hospitalized COVID-19 patients with
elevated troponin levels had more frequent malignant arrhythmias (11.5% vs. 5.2%)
and higher overall mortality (59.6% vs. 8.9%) [41].

2.7 COVID-19 and coagulation abnormalities

Thromboembolic complications are highly prevalent in patients with COVID-19
infection. Disseminated intravascular coagulation (DIC) and pulmonary embolism,
characterized by increased D-dimer levels and fibrin degradation products, are
the most characteristic clinical presentations. DIC has been observed in 71.4% of
non-survivors [42]. Pulmonary embolism (PE) has been reported in up to 30% of
hospitalized patients [41, 43]. Those percentages might not be surprising given the
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critical condition of these subjects. The clinical and scientific data we have from
several world centers indicates that D-dimer values are highly predictive of adverse
events in patients with COVID-19 disease. Results from retrospective cohort

study showed that elevated D-dimer values (>1 g/L) are strongly associated with
intrahospital mortality, which was confirmed as a relationship in the multivariate
analysis (OR 18.4, 95% CI 2.6-128.6; p = 0.003) [44]. Additionally, Chinese and
Italian experience emphasizes that in the earlier stage of the disease more discrete
D-dimer changes are observed, which precede the rapid rise of D-dimer as disease
progresses. Recommended diagnostic algorithms combing pre-test probability
assessment and D dimer tests can be used in case of suspected acute PE.

Hypercoagulability caused by inflammation and cytokine release are the under-
lying cause for pulmonary embolism in COVID-19 infected patients [45]. Advanced
age, bedridden, stasis, endothelial injury and hemostatic abnormalities are factors
associated with increased risk for venous thromboembolism. Inflammatory activa-
tion in COVID-19 leads to frequent abnormalities in the coagulation system [45]. It
is assumed that COVID -19 infection lead to generalized endotheliopathy as a one
of the underlying mechanisms for impaired vascular function and hypercoagulabil-
ity. For risk stratification purposes and prognosis as well as identification of the
patients with increased thrombotic risk, markers of inflammation and thrombotic
risk should be measured at baseline and repeated every 2-3 days if abnormal and
whenever clinical deterioration is suspected.

The index of suspicion for VTE should be high in the case of typical deep vein
thrombosis (DVT) symptoms, hypoxemia disproportionate to known respiratory
pathologies, acute unexplained right ventricular dysfunction, new or unexplained
tachycardia and new onset of ECG changes suggestive of PE, fall in blood pressure
not attributable to tachyarrhythmia, hypovolemia or sepsis [46].

A diagnostic challenge arises among patients with COVID-19, as imaging studies
used to diagnose DVT or PE may not be performed given risk of transmitting
infection to other patients or health care workers and potentially due to patient
instability. Prophylactic anticoagulation is recommended in all patients admitted
with COVID-19 infection. When acute PE is confirmed, treatment should be guided
by risk stratification in accordance with the current European Society of Cardiology
(ESC) guidelines [28]. The novel oral non-vitamin K antagonists (NOACs) may
show some interactions with the some of the drugs used in COVID-19 disease
patients, mainly with lopinavir/ritonavir and in those cases NOACs should be
avoided. There are no major interactions reported between investigational drugs for
COVID-19 and the use of heparin as anticoagulant therapy [47].

3. Treatment in the light of cardiovascular disease

Regarding the treatment of the COVID-19 infection there are many trials from
the beginning of April 2020. Based on the evidence we have so far, the treatment
depends on clinical presentation, laboratory and imaging findings as indicated.
Supportive care, starting from symptomatic measures, up to complete intensive
care support is recommended [48].

There is a need of more research concerning the relationship between rennin-
angiotensin-aldosterone blockade and COVID-19 disease in patients with car-
diovascular conditions. From the recommendations and guidelines of the major
cardiology societies we have so far, therapy with ACE inhibitors or angiotensin
receptor blockators for other indications should not be discontinued [28, 49]. The
evidences we have do not indicate increased risk of infection or worse clinical course
in patient treated with these medications. From other side we have strong warnings
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that discontinuation of the therapy with these drugs, which modifies prognosis in
patients with cardiovascular disease, may increase cardiovascular mortality rates
[50]. In heart failure patients the use of drugs that may alter salt and water balance
and cause excessive fluid accumulation, such as non-steroid anti-inflammatory
drugs (NSAID) should be avoided. Advanced heart failure should be treated and
monitored by cardiologists, based on the latest guidelines for the management of
heart failure [28].

In patients with COVID-19 disease and established CAD the use of drugs that
stabilize plaques and modifies prognosis (statins, aspirin, beta blockers, ACE
inhibitors) should be used as indicated in the current guidelines [51, 52]. We should
minimize or avoid the use of diagnostic tests that are unnecessary and will not
change the diagnostic and treatment decisions. Unnecessary diagnostic tests should
be minimized, or in some cases avoided. These tests should be used in circum-
stances in which they could add to the management of patients with COVID-19.
Prophylactic anticoagulation should be applied in all hospitalized patients with
COVID-19 infection. Patients with acute confirmed PE should be treated based on
risk stratification as recommended in the latest European Society of Cardiology
(ESC) guidelines and National PERT Consortium [28, 46, 47].

3.1 Knowledge gaps and future directions

COVID-19 has emerged as a new disease almost one year ago and it is still impos-
sible to discuss long-term outcome in patients recovering from infection. Impaired
heart function due to myocardial damage in acute phase leads to poor prognosis in
these patients. Follow up studies and more data are needed to make conclusions.

There are still many challenges, undiscovered mechanisms, pathobiology, clinical
characteristics and prognostic markers of the COVID -19 disease which are continu-
ously studied. Early signs and markers of myocardial injury and presence of new
or worsened heart failure are bad prognostic parameters. Long term COVID-19
syndrome and post COVID cardiovascular repercussions are another field of ongoing
and future research. Special attention should be taken on timely diagnosis, manage-
ment and follow up of the cardiovascular complications of COVID-19 disease.

The current evidence of association between renin-angiotensin-aldosterone
medications and ACE-2 levels with clinical outcome in COVID-19 infection is insuf-
ficient. More information needs to be generated.

4, Conclusion

Preexisting cardiovascular disease are common in patients with COVID-19 and
those patients are at higher risk of morbidity and mortality. Myocardial injury is
present in more than a 15% of severely ill patients. The interaction between the
virus S protein and ACE 2 is believed to have important role in disease pathogenesis,
especially in cardiovascular manifestations, that could be potential target for the
prevention and treatment of COVID-19 infection. The continuation of clinically
indicated ACEi or ARB therapy is recommended by many heart associations, based
on the currently available evidence. Reduced physical activity due to lockdown
measures also contribute to worsened control of cardiovascular risk factors. Having
in mind the prevalence of cardiovascular complications our main strategy to fight
the pandemic remains social distancing, personal protection, vaccination and
regular therapy for all cardiovascular disease patients.
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Chapter 8

Management of Covid-19 Disease
in Pediatric Oncology Patients

Hatice Mine Cakmak

Abstract

Pediatric cancer patients are immunocompromised, and the risks are higher in
this population. Confirmed cases are defined as PCR (polymerase chain reaction)
positive patients. The severity of infection is divided into four groups: asymptom-
atic/mild, moderate, severe, and critical, based on the clinical, laboratory, and
radiological features. In the pediatric population, the COVID-19 disease has a mild
course. Chemotherapy courses can be interrupted according to the symptoms and
severity of the disease. Azithromycin, antivirals are used as a single agent or in
combination. In critical patients, convalescent plasma, mesenchymal stem cells,
tocilizumab, and granulocyte transfusions are administered. In recent studies,
having hematological malignancy, stem cell transplantation, a mixed infection, and
abnormal computerized tomography findings increase the severity of the disease
and the need for an intensive care unit. Therefore, the patients and their families
should be aware of a higher risk of severe forms than immunocompetent children.

Keywords: chemotherapy, COVID-19, immunocompromised, immunotherapy,
pediatric oncology

1. Introduction

Coronaviruses are zoonotic RNA viruses. SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2), the novel coronavirus, belongs to the Betacoranovirus
subgroup [1]. SARS-CoV-2%s incidence in children varies (China: 2-12.3%, Italy:
1.2%, USA: 5%). The infection in pediatric cases is asymptomatic or mild. The
median incubation period is 5-7 days. The primary source of transmission is
respiratory droplets and direct contact. The primary tool for diagnosis is a real-time
polymerase chain reaction test (RT-PCR) on samples. Eighty percent of children
had household contact; ten percent were asymptomatic, fifty percent had a fever.
Other symptoms are cough, respiratory distress, fatigue, myalgias, vomiting, diar-
rhea, anosmia, ageusia, sore throat. Children generally recover in 1-2 weeks. The
case fatality rate in children is zero percent [2]. This benign course of the disease is
related to the immune preparedness of children to a new pathogen. Immunologic
mechanisms are also different in children compared with adults [3, 4]. Multisystem
Inflammatory Syndrome in Children (MIS-C) is a rare postinfectious complication
of SARS-CoV-2 infections; it is RT-PCR negative for SARS-CoV-2 virus but antibody
positive [5].

Cancer treatment includes various immunosuppressive drugs [6]. It is well
known that immunocompromised children have higher mortality and morbidity
rates than the healthy population due to viral respiratory infections [7]. In the
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pediatric oncology setting, the mortality rate in COVID-19 is reported up to 4%

[8]. In COVID-19 relevant areas, the virus transmission rate is low in children

with cancer. Cancer diagnosis, treatment, palliative care, hospital visits are inter-
rupted because of the pandemic. Another concern is delayed cancer diagnosis,
chemotherapy shortages, decreased availability of surgery, radiotherapy, supportive
treatment, inadequate personal productive equipment, and drugs, especially in low-
middle income countries [9, 10]. The most common cancer in the pediatric popula-
tion is acute leukemia. In industrialized countries, the incidence of acute leukemia
is a 40-60 age-standardized rate per million, one-third of all childhood cancers.
Brain and spinal tumors are the second; lymphomas are the third most common
tumors in industrialized countries [11]. Therefore, urgent treatment is critical and
life-saving, especially in leukemia and lymphoma induction therapy [12]. Here

we present an explanatory review of different approaches and experiences in this
unique population.

2. SARS-CoV-2 infection in pediatric oncology

The incidence of COVID-19 among cancer patients varies %1 to 7% [13-15]. In
SARS-CoV-2 Infection, cancer patients’ hospitalization rate is four times more than the
healthy population [16]. Madhusoodhan et al. reported that mortality and morbidity
rates in COVID-19 positive children with cancer were higher than the average popula-
tion. The most common underlying malignancy was acute lymphoblastic leukemia
(ALL) (53%). Severe infection and critical support need rates are also higher. Among
hospitalized patients with cancer, oxygen support and intensive care unit (ICU)
admission rates were significantly higher than the non-cancer group. Sixty-seven per-
cent of positive cases’ chemotherapy courses were interrupted between 2 and 78 days.
Forty-six percent delays in surgery, thirty percent delays in transplant were noted. The
mortality rate was 4.1%, not solely associated with the COVID-19 disease [17].

2.1 Risk of SARS-CoV2 infection in children with cancer

Cancer patients are immunocompromised due to tumor growth and treat-
ment. Chemotherapy reduces immunoglobulin levels and causes qualitative and
quantitative T cell dysfunction. Inmunocompromised patients have a higher risk of
developing severe disease. Therefore, the leading practices are basic hygiene rules,
avoiding crowded places, and possible infection and handwashing situations [18].
Patients with cancer have a higher risk of symptomatic or severe COVID-19 disease.
Chemotherapy, surgery in the last month, and immunotherapy administration
increase COVID-19 disease severity and associated deaths. However, radiotherapy
was not associated with adverse outcomes. Developing symptoms are rapidly, and
hospitalization rates and duration were higher in cancer patients. Cancer survivors’
signs are more extreme than the average because immune recovery is not completed
[19]. In one study, male sex, older age; obesity rates were slightly higher in severe
COVID-19 cases with cancer [17]. The United States Centers for Disease Control
and Prevention published the risk factors for the severity of COVID-19. Medical
complexity, genetic, chronic health conditions, and immunosuppression are
presented as possible severity risk factors [18].

2.2 Variants of COVID-19

The mutations in the SARS-CoV2 genome may change its phenotype (trans-
missibility, virulence). Alfa (B.1.1.7 lineage) variant (201/501YV1) has increased
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transmission compared with previous strains. Some studies suggest this variant is
also associated with severity. Delta (B.1.617.2 lineage), first identified in India, is
more transmissible and has more hospitalization rates than the alfa variant. Vaccine
effectiveness is also altered in this variant but is high in preventing hospitalization
and severe disease. Beta (B.1.351 variant) was identified first in South Africa; vac-
cine effectiveness may be reduced with this mutation. Gama (P.1 lineage) variant
may increase transmissibility. Epsilon variants (B.1.427 and B..1.429) are associated
with higher viral mRNA levels on nasal swabs [20].

2.3 Clinical presentation

Clinical features are mild in neonates and children worldwide. However, fever,
respiratory symptoms, gastrointestinal symptoms, and neurologic manifesta-
tions are observed among COVID-19 cases. The severity of the disease is divided
into five groups (asymptomatic, mild, moderate, severe, critical) [21]. Covid toes
are described as reddish nodules in distal digits in children and adolescents. The
other dermatologic manifestations are morbilliform rah, livedo reticularis-like
vascular lesions, and urticarial [22]. Multisystem Inflammatory Syndrome In
Children (MIS-C) is a past-infection complication of COVID-19 infection. MIS-C
features are persistent fever >38°C, history of SARS-CoV2 disease, at least two of
the following symptoms (rash, gastrointestinal, edema of the hands and feet, oral
mucosa changes, conjunctivitis, lymphadenopathy, and neurologic symptoms).
Arrhythmias and ventricular dysfunction are other presentations of MIS-C [23].

2.4 Diagnosis

Whole-genome sequencing led to finding newer genes for RT-PCR. RT-PCR test
on upper and lower respiratory secretions is routinely used for diagnosis. This test
should be repeated in clinically suspected cases. Gaita samples can also be positive
by RT-PCR. Serology is essential for the previous infection for SARS-CoV2 and
common coronaviruses. Laboratory findings may be lymphopenia, thrombocyto-
penia, neutropenia. In severe cases, lactate dehydrogenase, coagulation parameters,
and D-dimers are elevated. C.T. (computerized tomography) findings include
multiple patchy, nodular, ground-glass, or reticular opacities and infiltrations [24].

2.4.1 Testing of patients with cancer

Symptoms of COVID-19 (fever, cough, dyspnea, diarrhea, etc.) and suspected
exposure are essential for testing cancer patients. According to IDSA (Infectious
Diseases Society of America) guidelines, the first higher priority includes unex-
plained viral pneumonia or respiratory failure in critically ill patients in ICU. Also,
fever or lower respiratory tract illness in immunosuppressed, older, or have under-
lying chronic health conditions is an indication. The other symptoms in the first
higher priority are fever or lower respiratory tract illness in patients with COVID-19
contact within 14 days or in health care workers, public health care workers, and
other essential leaders. Non-ICU hospitalized patients with unexplained fever, and
lower tract illness are in the second level of priority. The third priority consists of
outpatients with criteria of influenza testing (chronic diseases and immunocom-
promising conditions), pregnant women, and children with similar risk factors.
Public health and infectious diseases authorities’ decisions are the fourth priority
[25]. Before cytotoxic chemotherapy, solid organ and stem cell transplantation,
cellular immunotherapy, or high-dose corticosteroids, SARS-CoV2 RNA testing is
recommended in several guidelines [26].
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2.5 Treatment and outcome of SARS-CoV?2 infection in children with cancer
2.5.1 Guideline recommendations for children

Treatment recommendations of COVID-19 for childhood cancer are the same
with children without cancer. Supportive treatment (hydration, nutrition, oxygen
supplementation) is essential in COVID-19 treatment. In the COVID-19 treatment
guidelines panel, remdesivir is recommended for hospitalized children >12 years
with risk factors of severe disease and increasing demand for oxygen. In addi-
tion, this panel recommends dexamethasone for children with high flow oxygen,
mechanical ventilation, or extracorporeal membrane oxygenation in COVID-19
disease. If dexamethasone is not available, other glucocorticoids can also be given.
The dose of dexamethasone is 0.15 mg/kg/dose (maximum 6 mg) for up to ten
days. Convalescent plasma is used for mechanical ventilated COVID-19 positive
children. Anti-SARS-CoV2 monoclonal antibodies (bamlanivumab plus etese-
vimab or casarivimab plus imdevimab) studies are insufficient in the pediatric
population. However, > 16 aged and hospitalized patients having at least one high
risk of severe disease can be consulted for pediatric infectious disease. The safety
of baricitinib has not been evaluated in pediatric patients; the data of baricitinib
and remdesivir combination is insufficient for hospitalized children who have a
contraindication for corticosteroids. The use of tocilizumab for severe pediatric
cases has been described; there is inadequate data for recommending tocilizumab
in MIS-C or hospitalized children with COVID-19. All of these therapies can be
discussed for selected patients [23]. Increased D-dimer and high risk of throm-
bosis are indications for anticoagulation in childhood cancer with COVID-19
disease [27].

In MIS-C, IVIG (intravenous immunoglobin) and corticosteroids are in the
first-line treatment. High-dose IVIG (typically 2 g/kg, based on ideal body weight)
is used. In severe cases, low-moderate dose glucocorticosteroids (1-2 mg/kg/
day) should be given with IVIG. Interleukin-1 antagonists are given in refractory
instances in patients with MIS-C. Features of macrophage activation syndrome or
contraindications for glucocorticosteroids are indications of it. Therefore, high-
dose steroids are used for refractory patients. Antiplatelet therapy is used at least for
weeks after diagnosis. In case of indefinite treatment and documented thrombosis,
anticoagulation is recommended [23, 28].

2.5.2 The COVID-19 treatment guideline panel recommendations for adult
patients with cancer

Vaccination for COVID-19 is recommended for adults with active cancer and
those receiving treatment for cancer. The vaccination should be done at least two
weeks before starting chemotherapy. In adults with hematologic malignancies,
vaccination should be done after neutrophil recovery for those receiving intensive
chemotherapy. Vaccination should be done at least after three months of hemato-
poietic stem cell transplantation and chimeric T-cell therapy.

For signs and symptoms of COVID-19 and before chemotherapy, radiotherapy,
and all invasive procedures, testing with PCR should be performed. Treatment
delays for curable cancers like pediatric lymphoblastic leukemia should be avoided.
If regimens with similar results are preferable, orally administered drugs or regimens
with fewer days should be chosen. Regimens should not be altered even in COVID-
19 patients with cancer. In radiotherapy guidelines, the daily dose by a fraction is
increased to lower the days of treatment. For patients with febrile neutropenia,

a PCR test for COVID-19 should be performed. National Comprehensive Cancer
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Network guidelines should be followed. Treatment of COVID-19 in cancer patients is
the same with the general population. Drug interactions are essential [23].

2.5.3 COVID-19 experience in pediatric oncology

Early data from China revealed that children positive for COVID-19 had a low
(2.8%) rate of severe disease [29]. However, in COVID-19 positive children, ICU
admission rates were 33.2% in the COVID-NET group study and 35% in another
study [30, 31]. Furthermore, in a systemic review (June 2020), the survival rate was
%100 among children with cancer and COVID-19 [32].

In a multicenter, retrospective study of 578 children with cancer, 98 were posi-
tive for COVID-19. Asymptomatic (n = 25), mild (n = 45), moderate (n = 11), severe
(n = 17) disease were observed. Twenty-eight were hospitalized, seven needed
mechanical ventilation. Hydroxychloroquine (n = 15), azithromycin (n = 15), tocili-
zumab (n = 5), remdesivir (n = 4) were given [17]. In a systematic review of 204
children with cancer, 96 were hospitalized because of COVID-19 infection. Thirty-
two percent had oxygen requirements. Pneumothorax, pleural effusion, pulmonary
arterial hypertension, bronchiolitis obliterans, diffuse alveolar hemorrhage, septic
shock, and acute respiratory distress syndrome are other complications. Forty-one
patients received hydroxychloroquine; nine took steroids, five took lopinavir/
ritonavir combination. Azithromycin (n = 4), remdesivir (n = 4), and tocilizumab
(n = 3) were used. Twenty-one required intensive care unit admission. Out of 15
deaths, four of them were not related to COVID-19. Thus, the mortality rate was
4.9% [33]. Millen et al. reported 54 positive children of COVID-19 with cancer. The
majority (53.7%) of the patients had ALL (acute lymphoblastic leukemia). Four
of them had acute myeloid leukemia, five had central nervous system tumors, six
had neuroblastoma. None of them died of COVID-19 disease. Twenty-one percent
were taking very myelosuppressive chemotherapy; twenty-one were receiving a
less intense regimen. Twenty-six had targeted therapies. None received high-dose
chemotherapy and stem-cell transplantation within 28 days of this infection [34].
In a resource-limited country, Peru, the epidemiologic data was similar. Among
69 children with cancer, 36 had ALL, 5 had NHL (non-Hodgkin lymphoma), 5
had brain tumors, and COVID 19. Ivermectin, azithromycin, corticosteroids were
used for COVID-19 treatment. Unfortunately, seven of them died and, COVID-19
lethality is 10% in this study [35]. Graetz et al. reported that out of 79 countries and
213 centers, 88% had SARS-CoV2 testing opportunities, 43% of centers declined in
new cancer diagnosis. Reduction in surgery (72%), chemotherapy changes (57%),
disruption in radiotherapy (28%) has been a great deal. In low-middle income coun-
tries, unavailability of chemotherapy agents, lag in treatment, and radiotherapy was
more common [36].

In another cross-sectional study, 51 children with cancer were examined, and
they had COVID-109. Sixty point eight percent had hematologic malignancies;
six underwent stem cell transplantation, 17 had moderate or severe disease, nine
had a critical illness. Delay in treatment (chemotherapy, radiotherapy, surgery)
and reduction in chemotherapy doses were reported in 40-58% of the cases [37].
Kebudi et al. said the mortality rate was 1.9% in COVID-19 infection of pediatric
oncology patients. Hematologic malignancies, HSCT, a mixed condition, increased
the severity of COVID-19 disease [38]. COVID-19 recommendations are rapidly
changing, guidelines of the Ministry of health were used in this study. Recent
proposals for immunocompromised children in this guideline are; mild cases with
possible worsening respiratory failure should be treated. Here, drug interactions
should be carefully examined. These patients older than twelve receive favipiravir
with a loading dose of 1600 mgr twice a day, and a maintenance dose of 600 mg,
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once a day. Hydroxychloroquine + azithromycin is deleted currently but previously
given in this guideline [39].

2.6 Managing hematologic malignancies in COVID-19 pandemic

European Society for Blood and Marrow Transplantation (EBMT) reported
their recommendations (June 2020). Steroids that may cause viral rebounds and
adverse events are the main component of acute lymphoblastic leukemia treatment.
Dose reduction is not recommended in prophase, induction, and consolidation.
Asparaginase has thrombotic complications that are also observed in COVID
infections. Treatment delay is not recommended for drugs, blinatumomab or
inotuzumab. Tyrosine kinase inhibitors are the mainstay treatment in Philadelphia-
positive ALL; this treatment should not be delayed. As well as acute promyelocyte
leukemia should be treated immediately. Acute myeloid leukemia with adverse
cytogenetic risks and a suitable donor for allogeneic stem cell transplantation needs
intensive therapy. Patients with favorable or intermediate-risk factors should also
be treated, but some modifications in doses can be preferred after induction. This
procedure cannot be postponed for patients with a risk of progression or relapse
without allogeneic stem cell transplantation. Controversial indications should
be reconsidered [40]. Passamonti et al. reported that outcomes were worse in
hematological malignancies with COVID-19. The leading diagnoses with worse
survival were acute myeloid leukemia, indolent NHL, aggressive NHL, or plasma
cell neoplasms. In addition, the mortality rate of hematological malignancies was
four times higher than the general population with COVID-19. This rate was also 41
times higher than the hematologic malignancies without COVID-19. Thus, disease
type and status are essential for outcome [41]. Retrospective studies support a
mortality rate up to %62 in hematological malignancies with COVID-19. Prolonged
persistence of the RNA up to 32.7 days is reported.

Acute leukemias, especially acute myeloid leukemia (AML), myeloproliferative
neoplasms, myelodysplastic syndromes, lymphomas, have the worst complications
and outcomes. Chemotherapy was not generally associated with worse results.

PCR + CT. of the chest is recommended before treatment. Induction treatment
should not be delayed. In case of a positive test, a multidisciplinary team contain-
ing a pediatric hematology-oncologist and pediatric infectious diseases special-
ists should decide the time of others courses. With a positive test, the period of
chemotherapy can be postponed for two weeks. In high-risk AML, allogeneic stem
cell transplantation should not be delayed. Recommendations of EBMT should

be followed [42]. Tyrosine kinase inhibitors (TKIs) are the mainstay treatment in
chronic myeloid leukemia (CML). The cessation of these drugs needs a deep and
stable response to treatment and close follow-up. In the COVID-19 pandemic,
termination of therapy is not a helpful approach. The interaction of remdesivir
with imatinib, dasatinib, and nilotinib is essential. In CML blastic phase, TKIs plus
intensive chemotherapy is an urgent treatment [42].

Newly diagnosed aggressive NHL like Burkitt lymphoma and Diffuse large B
cell Lymphoma need acute treatment, and delay is inappropriate. DA-EPOCH-R
(dose-adjusted etoposide, cyclophosphamide, vincristine, doxorubicin, pred-
nisone) is the standard treatment for PMBCL (primary mediastinal B-cell
lymphoma). Because of the severe immunosuppressive effect of this regimen,
alternatives are recommended, like R-CHOP with radiotherapy consolidation.
RICE (rituximab, ifosfamide, carboplatin, etoposide) can be given as a salvage
regimen in a relapsed refractory setting. However, less myelotoxic regimens can be
preferred. In Hodgkin lymphoma treatment, bleomycin and checkpoint inhibitors
have adverse pulmonary toxicity events. In adults, the omission of bleomycin can
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be an option for complete remission after the second course. Guidelines for radio-
therapy should be followed [39]. Bendamustine as an option in relapsed refractory
patients is associated with mortality in COVID-19 positive lymphomas [43].

2.7 Treatment of brain tumors in COVID-19 pandemic

The mainstay treatment in children is surgery; the delay in treatment leads to
neurologic sequela, decreases survival, increases morbidity. Late diagnoses are
other challenges. Early intervention is essential [44].

2.8 Treatment of SARS-CoV2 infection for children receiving bone marrow
transplantation and current recommendations

Of 318 HSCT receipts with COVID-19 infection, 184 with allogeneic HSCT,
134 with autologous HSCT were included in one study. In the allogeneic HSCT
group, fifteen cases were < ten years old; eleven were between 11 and 20 years old.
Three patients were < ten years old; none were 11-20 years old in the other group.
Therefore, AML, ALL, MDS are the leading diagnoses for allogeneic HSCT. Fifty-
five patients had a severe presentation of COVID-19 infection requiring mechanical
ventilation. In the allogeneic HSCT group, 42% had a myeloablative regimen, 56%
took a reduced-intensity conditioning regimen (RIC), 45% received TBI (total body
irradiation) based conditioning regimen. In moderate—severe cases, COVID-19 con-
valescent plasma remdesivir, tocilizumab, Hydroxychloroquine, azithromycin were
commonly used. In addition, Lopinavir, ritonavir, methylprednisolone, oseltamivir,
ribavirin, acyclovir, famciclovir, antibacterial agents were also used. After 30 days
of transplantation, overall survival was 68% for the allogeneic HSCT group, 67%
for autologous HSCT receipts. Male sex, age older than 50, and COVID-19 within
12 months of transplantation was strongly associated with mortality [45].

The COVID-19 Treatment Guidelines include the following recommendations
for HSCT and cellular therapy receipts and donors;

¢ For adults, vaccination for SARS-COV?2 is recommended.

* In the presence of signs and symptoms of COVID-19, PCR testing is recom-
mended. If COVID-19 infection is suspected, time donation or transplantation
should be re-checked.

* In transplant and cellular therapy patients, COVID-19 treatment should be
consulted by a transplantation specialist. In addition, drug interactions of
immunosuppressants with other medications should be investigated [23].

3. Covid-19 vaccines in children

BNT162b2 (Pfizer; BioNTech) is the first vaccine approved in children (12-
15 years) with 100% efficacy. A trial of this vaccine for six months to eleven years of
age is ongoing. Moderna’s mRNA-1273 vaccine also has 100% efficacy in adolescents
(12-17 years aged). Sinovac’s mRNA vaccine is approved in China for children more
than three years of age. Protection may be lower against some variants. However,
BNT162b2 and AZD122 vaccines have excellent results in reducing hospitalization
and severe disease. Phase III trials for beta variants include BNT162b2s01 (Pfizer;
BioNTech), Moderna’s mRNA-1273.351, and mRNA-1273.211 vaccines [46]. More
recent studies revealed that the third dose of vaccine is warranted for active use of
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chemotherapy for cancer, hematologic malignancies, hematopoietic stem cell trans-
plantation. Administration of some drugs (rituximab etc.) should be postponed
until two-four weeks after vaccination completion if possible [47, 48]. FDA has
recently approved BNT162b2 (Pfizer; BioNTech) for individuals aged 16 years and
older. It is still under emergency use for children between 12-15 years of age [49].

4, Conclusions

COVID-19 infection is mild in children. However, the outcomes of COVID-19 in
children with cancer are worse than the healthy children. Therefore, cancer treat-
ment initiation should not be postponed for curable cancers. Treatment of COVID-
19 in children with cancer is the same with healthy children with COVID-19.
Therefore, Hydroxychloroquine plus azithromycin is no longer used; in the panel,
remdesivir is recommended. In Turkey, favipiravir is used. MIS-C is a critical and
late complication of COVID-19. Vaccination is recommended. However, the vac-
cine studies of COVID 19 in children are not completed [50]. Following the recent
guidelines, multidisciplinary teamwork is essential for deciding the management of
children with cancer.
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Abstract

The aim of this chapter is to look more closely at the impact that the crisis
generated by the SARS-CoV-2 is having on health, the economy and education in
the field of dentistry. The considerations that must be taken into account in dental
practice will be presented, as well as the usefulness that the use of teledentistry
(TD) could have in times of pandemic, reflecting on the different specialties
of dentistry that can benefit from this modality, as well as the advantages and
disadvantages that its use can present. Likewise, teaching has been condemned
to a lack of presence, having to resort to distance learning, both synchronous and
non-synchronous, which can cause needs and deficiencies in undergraduate and
postgraduate students. We will analyse the health risks in the dental field and the
changes and needs for safe dentistry in times of pandemic. We will also break down
the effect of the crisis on the medical-dental sector and the economy, from the point
of view of patients and professionals, especially in times of increased restriction
and confinement worldwide.

Keywords: oral health, protection, COVID-19, crisis, education, teledentistry,
SARS-Cov-2, pandemics

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causal
agent of coronavirus disease (COVID-19), is a 60-140 nm single-stranded RNA
virus that belongs to the genus p-Coronavirus, has a corona appearance because
of the presence of glycoproteins in the envelope, and it is substantially different
genetically from MERS-Cov but similar to SARS-CoV [1]. It can be transmitted
between humans and its intermediate host is still under investigation [2]. The
Covid-19 pandemic has caused huge changes in all fields, including dentistry.

It is known that several viruses, such as herpes simplex virus, cytomegalovirus
and Zika are transmitted through saliva and are able to infect and replicate in the oral
mucosa, causing painful ulcers. Currently some authors have reported oral manifes-
tations of COVID-19 disease [3]. These can have a variety of clinical presentations,

145 IntechOpen



SARS-CoV-2 Origin and COVID-19 Pandemic Across the Globe

presumably supporting the hypothesis of thrombus formation and vasculitis [4].
These include necrotic ulcers and aphthous ulcerations that develop early in the
course of the disease, as well as dysgeusia. Awareness of these oral manifestations
is important because lesions may precede typical respiratory symptoms by several
days, and worsening oral lesions may precede a more severe clinical scenario [3].

Saliva from asymptomatic persons with COVID-19 has also been observed to
have potential for viral transmission and a positive correlation between salivary
viral load and loss of taste [5]. SARS-CoV-2 utilises host entry factors, such as
members of the ACE2 (angiotensin-converting enzyme, the major host cell recep-
tor of SARS-CoV-2) and TMPRSS (TMPRSS2 and TMPRSS4) family that have
been expressed in salivary glands and oral mucosal epithelia [5, 6]. These data
demonstrate that the oral cavity is an important site for SARS-CoV-2 infection and
implicate saliva as a possible route of SARS-CoV-2 transmission.

In addition, it is considered that some oral diseases could be exacerbated by
COVID-19, especially those of autoimmune aetiology, as these are related to a com-
promised immune system or long-term pharmacotherapy, [7], which indicates that
we should pay special attention to the dental care of these patients. Patients with
oral psychosomatic illnesses are more susceptible to stress and this could be exacer-
bated in the current pandemic situation, so they may need emergency consultations
and psychological counselling. The dentist must provide comprehensive care to
patients and to this end, teleconsultation may be useful. [8].

Healthcare workers have a higher rate of exposure to the virus (face-to-face
interaction, exposure to body fluids such as blood and saliva) which increases the
risk of infection, as we try to illustrate in Figure 1. Dental practice presents a poten-
tial risk of cross-contamination and staff are at risk of transmission of infections.
[9] In this situation, it may be advisable to use teleconsultations. The advantages
of teledentistry (TD) during the COVID-19 crisis have been observed through a
pilot study, where it was determined that TD allowed a monitoring of all patients,
reducing costs and contact, therefore decreasing the risk of COVID-19 spreading
[10]. The Australian Dental Association has published the guidelines for TD and it
considers that teleconsultation is most suited to patients who require follow up, and,
likewise it is very convenient for patients presenting with an acute dental problem
that needs to be deal with outside of normal practising hours, for those who are
unable to attend the clinic due to illness or quarantine, and for vulnerable patients

Figure 1.
SARS-CoV-2 in dentistry.

146



Economic, Health-Care and Teaching-Learning Impact of COVID-19 (SARS-CoV-2) on Dentistry
DOI: http://dx.doi.org/10.5772/intechopen.98387

during the pandemic, including those who meet the triage protocol criteria for
suspected Covid-19 infection [11].
2. Clinical considerations

Dental professionals must examine and detect potential high-risk patients to
prevent the dissemination of infectious disease. No routine treatment should be
carried out on patients in the early stages of infection [1].

2.1 Telephone triage

We will ask the following dichotomous questions over the phone and repeat
them when the patient arrives at the clinic.

* Do you have fever or have you had one in the last 14 days
(temperature > 37.5°C)?

* Have you had a cough or any other respiratory sign in the last 14 days?

* Have you had or do you have diarrhoea or other digestive problems in the last
14 days?

* Do you have or have you had a feeling of great tiredness or discomfort in the
last 14 days?

* Have you noticed a loss of sense of taste or smell in the last 14 days?

* Have you been in contact or living with someone suspected or diagnosed to
have coronavirus?

* Has COVID-19 disease passed?

* If so, are you still in quarantine?

In order to make a decision, we must act as follows:
* In the case of the 8 negative responses:

o Patient with more than 37.5° (99.5°F) do not treat unless it is urgent, post-
pone 14 days to see evolution.

o Patients with less than 37.5° will be treated with the indicated protocols
* Atleast one affirmative answer
o Patient with more than 37.5° do not treat except as a matter of urgency

o Patients with less than 37.5°, it is advisable to postpone the treatments for
14 days.

o If itis an emergency (cellulitis, abscess, haemorrhage, severe trauma...) the
patient will be attended under maximum safety conditions.
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When the patient is summoned by telephone, he/she must be informed of the
recommendations for coming to the clinic:

o The patient should go alone (unless he/she is a minor or a person in need of help).

o Bracelets, rings, earrings, watches, etc. should be removed. The patient should
arrive at the agreed time and avoid bringing bags and unnecessary personal objects.

o As soon as the patient arrives, his your temperature will be taken by means of
an infrared thermometer, he will be asked to rub his hands with hydroalcoholic
gel for 20 seconds and to answer the questionnaire. The patient should main-
tain a distance of 2 metres if he or she crosses someone and should not wander.

The patient must be made aware of the importance of preventive measures. At
the same time, we must convey to him/her the feeling that he/she is in a place where
all preventive and safety measures are being followed.

2.2 Hand hygiene and personal protective equipment (PPE)

The WHO in 2012 recommends that hand hygiene should be performed before
touching a patient, before any cleaning or aseptic procedure, after body fluid expo-
sure risk, after touching a patient and after touching a patient’s surroundings [12].

In the dental practice, the spread of micro-organisms is mainly radiated to the
dentist’s face, specifically to the eyes and around the nose [13] therefore personal

protective equipment (PPE) should be used. PPE forms an effective barrier against
most of the aerosols generated [14].

* Respirators.

Filtering facepiece respirators, also known as disposable respirators, are subject
to different rules worldwide. Their use is recommended by dentists as they are
continuously exposed to aerosols [15]. Before selecting one, users should consult
their local regulations and requirements for respiratory protection.

The standardisation methods used in the different countries are as follows [16].
1.N95 (United States NIOSH-42CFR84).
2. Filtering facepiece particles 2 (FFP2) (Europe EN 149-2001).

3.KN95 (China GB2626-2006).

4.P2 (Australia/New Zealand AS/NZA 1716:2012).

5.Korea 1st class (Korea KMOEL-2017-2064).

6.DS (Japan JMHLW-Notification 214, 2018).

Under no circumstances should they include an exhalation valve, as in this case
the air is exhaled directly into the environment without any retention, favouring
the diffusion of the virus We must bear in mind that these should not be steril-

ised and at most can be disinfected through different methods depending on the
type, which will not increase the number of times or time we can use it [17, 18].
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¢ Gloves.

They should always be used as usual in daily clinical activity. It is recom-
mended to use gloves that protect against viruses (EN ISO 374-5) made of
nitrile. For cleaning and disinfection tasks, it is recommended to use thicker,
more break-resistant gloves.

* Eye and face protection.

The eye protectors certified according to the UNE-EN 166:2002 standard for
protection against liquids can be integral glasses or face shields. They should
always be used as COVID-19 can be transmitted through eye contact, as infec-
tious droplets could contaminate the conjunctival epithelium [19].

* Protective clothing,

We should avoid using street clothes or shoes in the clinic, avoiding wear-
ing earrings, rings, bracelets, watches and other elements, as they behave as
reservoirs of COVID-19.

In Table 1 we can see in what order we should put on and take off the PPE. With
the PPE on we must keep our hands away from our face and avoid touching surfaces.
When we remove the personal protective equipment, we must disinfect it. PPE must
be kept in a proper place and different from the place where we leave our street clothes.

2.3 The patient in the cabinet

The patient must pass with the mask on and it will be removed at the time
indicated by the professional.

2.3.1 Rinses

During dental practice, it is often difficult to avoid the generation of aerosols,
which is why it is important to reduce their viral load. To this end, the preoperative
use of antiseptic mouthwashes can be useful. SARS-CoV-2 is vulnerable to oxida-
tion, so a pre-procedure mouthwash with oxidising agents such as 1% hydrogen
peroxide or 0.2% povidone was initially suggested [1, 9], however, it was recently
noted that there is no evidence to support the indication of hydrogen peroxide rinse
to reduce viral load of SARS-CoV-2 [20]. A recently published systematic review

Putting on PPE Removing PPE
1. Hand hygiene 1. Protective gown
2. Protective gown 2. Gloves
3. Mask or respirator 3. Hand hygiene
4. Check fit 4. Eye protection
5. Eye protection 5. Hat: from the back
6. Hat 6.Respirator: from the back
7. Gloves 7. Hand hygiene
Table 1.

In what order should the PPE be put on and taken off.
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has highlighted the lack of scientific evidence to support the virucidal activity of
hydrogen peroxide rinse, associated with its lack of substantivity and and its indica-
tion in dental care protocols should be reviewed [21] . As for povidone-iodine,

it can be an effective measure, having demonstrated 99.99% activity when used
against enveloped and non-enveloped viruses such as influenza, Ebola, MERS and
SARS coronavirus [22], and has strong bactericidal and virucidal properties against
pathogens, which cause oral and respiratory tract infections.

Regarding chlorhexidine, a rinse often used in dental practice, several studies
have suggested that it had little or no effect against the virus compared to other
rinses [1, 23], but other authors have noted that its use could be beneficial [24].

With regard to Cetylpyridinium chloride (CPC), it could be effective against
enveloped viruses such as Sars-Cov 2 [25].

2.3.2 Aerosols
We must bear in mind that any procedure that produces aerosols is potentially
risky so high flow suction should be used, as it reduces the dispersion of aerosols,
as well as suctioning as close as possible to the treated area. In addition, the cabinet
door should remain closed and the cabinet should be aerated between patients.
High-speed rotating instruments must be equipped with an anti-retraction
system, which prevents the release of debris and fluids that can accidentally be
inhaled during clinical procedures [26]. During the current pandemic, the use of
these instruments without an anti-retraction system should be avoided.
The risk of aerosol generation depends very much on the clinical activity per-
formed. The ADA (American Dental Association) classifies the risk into 4 categories:
1. No risk of aerosols (no patient contact)
* Extraoral radiological diagnosis
2.Low risk of aerosols (contact with patients but no aerosols
* Diagnosis: clinical examination, intraoral x-rays
* Prevention: fluoride, atraumatic restorations
* Surgery: simple exodontia
* Orthodontics: adjustments

3.Moderate/high risk of aerosols (contact with aerosols, controlled)

* Prevention: manual tartrectomy, absolute isolation sealant, controlled

polishing
¢ Restorative: seals with absolute insulation
¢ Periodontics: manual treatments

* Removable prosthodontics: procedures without intraoral adjustments,
adjustments after disinfection, prosthodontics on implants

* Fixed prosthodontics: preparation with absolute isolation, cemented
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* Orthodontics: minimum use of rotary
4. Very high risk of aerosols (contact with aerosols, very difficult to control)
* Prevention: ultrasound tartrectomy
* Restorative: seals with high speed or without absolute insulation
* Endodontics: no absolute isolation
* Periodontics: ultrasonic treatments
* Removable prosthodontics: intraoral adjustments
* Fixed prosthodontics: no absolute isolation
* Surgery: surgical extraction

¢ Orthodontics: with generation of aerosols
2.3.3 Rubber dam

One of the easiest and most useful ways to reduce contamination is isolation
with rubber dams, especially in those procedures performed with high-speed
instruments. This isolation provides a 70% reduction in drops around the surgical
field [27]. When its use is not feasible, manual instruments should be used to keep
aerosol generation to a minimum [28].

2.3.4 X-rays

X-rays are one of the most commonly used complementary tests. Intraoral x-rays
are the most common, however they can stimulate saliva secretion and coughing
[26]. Therefore, extraoral x-rays, such as panoramic x-ray and cone beam CT, are
suitable alternatives [29].

2.3.5 Disinfection of impressions and prostheses

Before disinfecting it, it must be washed with water. After disinfecting it, rinse it
again. The prints made with alginate must be sprayed with 1% sodium hypochlorite
for 10 minutes, those made with elastomers (silicones and polyethers) with the
same material for 15-20 minutes. Metal-ceramic prostheses and skeletal prostheses
should be immersed in alcohol for 5 minutes, acrylics should be immersed in 1%
sodium hypochlorite for 10 minutes.

It should be remembered that solutions prepared with sodium hypochlorite have
a24-hour efficacy and should therefore be prepared daily.

2.3.6 Surface disinfection

Human coronaviruses, such as SARS and MERS, can persist on inanimate sur-
faces for up to 9 days and yet can be efficiently inactivated by surface disinfectants
within one minute. Surfaces should be disinfected after each patient visit, especially
surfaces near work areas.
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Ethanol between 62% and 71%, and sodium hypochlorite between 0.1% and
0.5% are considered to be the most effective [23, 26].

Initially Kampf et al. have suggested that 0.5% hydrogen peroxide applied for
one minute could be effective against the virus [23] however a study by our group
has observed that this is not the case [20] There is no study in the literature demon-
strating its effect at this concentration during that time and the authors portrayed
themselves shortly afterwards, indicating that their results can only be attributed to
0.5% hydrogen peroxide in an accelerated form [30].

2.3.7 Environmental disinfection

The greatest number of SARS-CoV 2 infections occur in closed spaces, such
as the dental cabinet, as the virus can persist viable in the air for hours [31].
Transmission of the virus through aerosols is affected by many factors, such as the
physical parameters of the particles, properties of the virus and environmental
factors [32]. It has been observed that the aerosols generated in the clinic are kept in
the air for 30 minutes and that the procedures that produce the most contamination
are those where ultrasound is used [33] and the turbine [34].

In these cases, ventilation is essential to produce a renewal of the air. Ventilation
consists of providing outside air to an enclosed space and is a key factor in the elimi-
nation of virus-laden air, since it reduces the concentration of the virus and thus
reduces the possibility of contagion [35]. It can be done through natural methods,
such as opening windows (which has proved effective in the current pandemic [36])
or mechanical methods such as air conditioning and can be complemented by air
filtration and disinfection systems.

If natural methods are used, an estimate of the external flow rate must be made
in each case as it depends largely on specific local conditions (such as the size of
openings and weather conditions). If the temperature in the clinic is unpleasant
because it is too low, additional heating methods should be used. In addition, air
recirculation should be avoided, as well as overcrowding in the room [35]. Filtration
of contaminated air can also be useful, there are different methods, the most used
being HEPA [37]. HEPA is an acronym for “High Efficiency Particulate Air Filter”
which can remove at least 99.97% of any airborne particles with a size of 0.3 micron
(pm), the most penetrating particle size. Particles that are larger or smaller are
trapped with even greater efficiency [38]. If filtration systems are used, the manu-
facturer’s maintenance recommendations must be followed.

Different methods have been used to disinfect the air in the current pandemic,
including ultraviolet radiation and ozone. Ultraviolet (UV) germicidal radiation can
damage microbial DNA and RNA, prevent the reproduction of infectious organisms
and reduce the harmful effects they cause [39]. Ultraviolet germicidal irradiation
(UVGI) uses UVC radiation to inactivate microorganisms by causing DNA damage
and preventing replication. It has been noted that UVC can inactivate coronaviruses
[40]. Ozone is a natural gas and an effective environmental sanitation system that
provides highly reactive free radicals capable of oxidising bacteria, viruses and
organic and inorganic compounds [41].

If there is no natural or artificial ventilation, wait half an hour for the aerosols to
settle and then clean the surfaces.

3. Applications of distance dentistry

Although there is a need to reduce face-to-face visits to decrease the risk
of infection, dentists must ensure continuity of care and “teleodontology” or
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“teledentistry” (TD) is a solution of choice [42]. In periods of pandemic, in many
medical specialties as well as in dentistry, teleconsultation can be an effective
alternative to office visits in many oral diseases, (as shown in Figure 2) while ina
normal setting, this system could be used as a complement.

In the case of patients with COVID-19, or those who suspect they may be
infected, TD can assist in remote assessment (triage) and continuity of care. For
people who are not infected with the virus, particularly those at higher risk of being
affected, TD can provide rapid access to care [43].

Teledentistry (TD) could be described as the combination of telecommunica-
tions and dentistry that involves the exchange of clinical information and images
over remote distances for dental consultation, diagnosis and treatment planning.
There are two main types of teleconsultation: real-time or synchronous and store-
and-forward or asynchronous.

Real-time consultation requires a video conference in which the dentist and
patient can see, hear and communicate with each other despite being in different
locations. The benefit of the real-time consultation format is that information is
transferred immediately, so patients and dentists are able to interact with each other
regarding dental health issues.

The store-and-forward format enables a patient to store data in a local database
that is subsequently forwarded to the dentist. In this system the patient’s relevant
information and images are collected and stored before being reviewed by the
dentist at a later stage. After reviewing the information, the dentist is able to pres-
ent their diagnosis and subsequent treatment plan. This methodology has several
advantages over real time telemedicine systems; the most important being the fact
that it is not necessary for the patient and the consultant to coincide in time and
space, and furthermore, this system makes it possible for the technological and
organisational difficulties that are commonplace during consultations via videocon-
ference to be avoided. It also allows for a greater number of patients to be evaluated
per session, and it is also cost-effective as it makes use of already-existing elements,
such as e-mail and the upcoming digitalisation of radiology in the hospital.

There is a growing interest in adopting telemedicine systems given that these
contribute to the reduction of inequalities in health care [44]. In general, TD can
be a useful tool in practically all fields of dentistry, especially during a pandemic
in which social distancing is of the utmost importance, given that it saves time for
both the patients and the health-care practitioner and it is also more cost-effective.

I [ n i Consent form

Figure 2.
Teleconsultation in dentistry.
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Oral Medicine Diagnosis, treatment, follow-up

Maxillofacial Diagnosis, referrals, follow-up

Orthodontics Diagnosis, emergencies, follow-up

Traumatology Diagnosis, follow-up

Periodontics Diagnosis (mucositis, periimplantitis, tartar detection, mobility...)
Caries Diagnosis (detection)

Endodontics Diagnosis, recognition of root canal, follow-up

Paediatrics Diagnosis (caries, anomalies, fluorosis, MIH...)
Prosthodontics CAD-CAM, diagnosis, treatment plan, follow-up, urgencies
Gerodontology Diagnosis, follow-up

Education Professionals and students (training and updating)

Patients (Instruction)

Table 2.
Main uses of teledentistry.

PROS CONS

It saves time It requires access to a software, hardware and the necessary
There is a financial saving skills to use it

It reduces inequalities (geographical People may feel uneasy about using technology

barriers) Certain clinical tests such as palpation or radiographs

It improves communication between cannot be performed

professionals Privacy related problems may exist

It reduces patient anxiety

Table 3.
Advantages and disadvantages of using teledentistry.

Although visits to the dental surgery are still necessary for many procedures, TD
opens new horizons for the diagnosis, treatment and follow-up of many patients, as
we can see in Table 2.

In almost all of the fields, referrals by teleconsultation are considered very useful
in reducing other unnecessary referrals. Several studies have shown that telemedicine
consultations are as reliable as those performed by traditional methods [45].

Teleconsultation offers many advantages, including it can reduce a patient’s
dental anxiety, which can be important for people who have an irrational fear of
dentists, for children and for patients with special needs. Although it also has limi-
tations (Table 3), its use is widespread and there are a growing number of applica-
tions for mobile phones and videoconferencing programmes being developed for
this purpose. In general, the perceptions of professionals and patients are positive,
although in many cases they receive limited training about this technology.

4, Education

This pandemic has also led to changes in education all over the world due to the
social distancing measures. The impact of the COVID-19 pandemic greatly affected
dental education, with smart technology showing certain benefits in the learning
process [46]. The training of future health science professionals is changing thanks
to this digital age. Marifio et al. discovered that the field in which TD was used
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most was education [47]. It can be an excellent tool for dentistry students, keeping
dentists continuously updated.

E-learning offers advantages for students such as eliminating travel time and
encouraging student-teacher interactions. Online education connects students
and teachers geographically, making the university more universal and accessible
[28, 48]. Some disadvantages of online courses for the student may include a sense
of isolation and difficulty in adjusting, and may also lead to misperceptions and
misunderstandings between students and teachers [49]. Although these virtual
tools were previously available, their use and exploitation in the Covid-19 crisis has
changed substantially. Recent studies confirm that training based on digital tools
can improve the learning and clinical decision-making skills of dental students
[50-53] especially in the pre-clinical setting [54]. According to Mardani et al. [55],
in a study among dental students divided into virtual (intervention) and face-to-
face (control) training, the mean clinical decision-making score in the intervention
group was higher than the control group (p < 0.001), indicating that the application
of virtual patient-based training can enhance students” skills.

In a previous study carried out by the group studied the perceptions of teachers
in Galicia, Spain with regards to online teaching, it was observed that prior to the
Covid-19 crisis, 49.2% of teachers did not use any of the available online tools, but
as a result of this health crisis their usage has increased [56]. However, the synchro-
nous method is seldom used.

It can also be used for teaching patients. The effectiveness of a mobile phone app
in educating mothers of children aged below 6 years of age about oral hygiene has
also been studied, and it was discovered that using this app significantly improves
the knowledge of mothers towards their child’s oral health [57].

5. Health and economic impact

In Beijing, China, 2,537 participants evaluated how the pandemic influenced the
use of emergency dental services and noted that the distribution of dental problems
has varied significantly. Oral infections increased from 51.0% before COVID-19 to
71.9% during COVID-19, and injuries decreased from 14.2% to 10.5%. Meanwhile,
non-urgent cases decreased to three tenths of pre-COVID-19 cases [58].

Costs of dental care may increase in the future for a number of reasons, includ-
ing the need for additional resources such as personal protective equipment,
changes in dental practice and the fact that the number of patients we will be able to
see each day will decrease due to the measures taken. There may also be an increased
demand for electronic consultations in the near future [59].

A study of 400 dentists in Galicia, Spain to determine the economic and health
impact of SARS-CoV-2 found that the economic impact appeared to be greater for
male participants than for female participants (OR = 3,121, p < 0.001). These losses
appear to have contributed to the requests for financial support, with 29.5% of
respondents who requested financial support recording losses of more than 15,000
euros. The number of patients treated was reduced, although it was noted that more
urgent patients were seen per week in the public sector than in private clinics. In
terms of health, only four professionals tested positive [60].

To date, we have not found any other document that addresses the economic
impact of COVID-19 in dentistry, however, the impact on patient loss and income
from SARS CoV-1 in Taiwan has been studied between 2000 and 2003. Significant
reductions in dental care (16.7%) have been observed, so fears of COVID-19 sig-
nificantly affected people’s care-seeking behaviour and this fear compromised their
accessibility to quality care [61].
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Anxiety and fear of becoming infected with COVID-19 among dentists has also
been studied in a cross-sectional study with 669 participants from different coun-
tries around the world. More than two-thirds were found to be frightened by the
effects of the virus and 90% were aware of recent changes in treatment protocols.
Dentists around the world, despite their high level of knowledge, are in a state of
fear while working due to the impact of the virus [62]. A multi-country study found
that in general, most dentists had good knowledge and practice scores with respect
to SARS-CoV-2 [63]. As fear among the population to visit dentists after the out-
break of COVID-19 could decrease the demand for conservative dental treatment
and increase emergency treatment [59].

6. Conclusions

The SARS-CoV-2 virus outbreak has had many immediate complications for
dentistry, some of which may have more long-term repercussions in the clinic.
COVID-19 forces oral health care personnel to understand the implications of the
outbreak in their clinical setting and to be aware of possible changes and updates
to protocols. New approaches such as teleconsultation could be very useful.
Teledentistry will help to assist patients without the need for contact, reducing
consultation time and costs. Modern forms of online information-based education
have also seen increased use during the current pandemic. Negative oral health and
economic impacts have been observed in the dental sector, however more global
studies are needed to examine the health and economic impact that the virus is
having on both public and private dental clinics.
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Chapter 10

COVID-19, Telehealth and Access
to Care

Charles M. Lepkowsky

Abstract

Telehealth has become increasingly prominent during the COVID-19 pandemic,
highlighting limitations in access to care for older adults less fluent in information
technology (IT). Although the 20 percent disparity in IT use between younger and
older adult cohorts remains unchanged over several decades, insurers, institutional
and independent providers of health care have made increasing use of IT for patient
communication. Data demonstrate an age-related decline in the frequency of IT use
for accessing health care. Restrictions on reimbursement for the use of the tele-
phone for accessing health care during the COVID-19 pandemic are discussed as a
barrier to access to care. Recommendations are made for assessment of media most
available to older adults for accessing health care, as well as providing funding to
support increased access to care.

Keywords: COVID-19, older adults, access to health care, information technology
(IT), FACETS

1. Introduction

The COVID-19 virus (SARS-CoV-2) was first identified in December of 2019
[1]. COVID-19 spread rapidly, and by the end of January 2020, the World Health
Organization (WHO) had officially labeled the COVID-19 outbreak a pandemic [2].
At risk populations were soon identified, including older adults [3-6]. In an effort to
contain the growth of the contagion, in early 2020 shelter in place practices were
adopted in many countries, forcing the closure of routine businesses including
schools, restaurants, and outpatient healthcare facilities [7-11]. Patient care rapidly
shifted to virtual contact using telehealth platforms including internet-based video-
conferencing software [12]. In the United States (US), the Center for Medicare and
Medicaid Services (CMS) made changes liberalizing standards allowing reimburse-
ment for videoconferencing telehealth, increasing access to care [13, 14]. However,
the rapid shift to telehealth brought to the forefront an access to care issue that had
been simmering for some time: compared with younger age cohorts, most adults
over the age of 65 make limited use of information technology (IT) [15-18]. The
intersection of the rapid growth of telehealth, age-related declines in IT utilization,
and access to care is a growing area of concern for the health care systems with
strong implications for the future of healthcare delivery.
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2. COVID-19: background and description

In December of 2019, a new coronavirus was identified in Wuhan, China. Based
on symptom presentation, it was called SARS-CoV-2, and based on the date of
identification was later called COVID-19. COCVID-19 spread rapidly. On January
30, 2020 the World Health Organization (WHO) officially declared COVID-19 a
public health emergency of international concern, assigning it the status of a pan-
demic [2]. The first identified symptoms of COVID-19 included fever, cough,
fatigue, dyspnea, sore throat, headache, conjunctivitis and gastrointestinal issues.
Loss of the senses of smell and taste were soon added to the symptom list. More
severe reactions included acute respiratory failure and death [10]. Disproportionate
severe acute respiratory symptoms appeared in patients with cardiovascular
comorbidities [19-21], which were eventually understood as a consequence of
SARS-CoV-2 infecting the host using the angiotensin converting enzyme 2 (ACE2)
receptor [22], which is expressed in several organs, including the lung, heart,
kidney, and intestine, as well as endothelial cells [23]. It was found that SARS-CoV-
2 can directly infect engineered human blood vessel organoids in vitro, and vascular
derangements in COVID-19 might reflect endothelial cell involvement by the
virus [22].

2.1 COVID-19: epidemiology and treatment

COVID-19 transmission appears to occur primarily from direct person to person
contact, but infection can also occur through contact with contaminated environ-
mental surfaces. Hand hygiene, wearing personal protective equipment (especially
masks covering the nose and mouth) and maintaining social distance (of at least six
feet) were soon recommended. COVID-19 testing rapidly evolved using nasal swab,
tracheal aspirate or bronchoalveolar lavage samples [11]. A variety of interventions
have been employed, but as of the time of this writing, there are no clinically
approved vaccines or specific therapeutic drugs available for COVID-19, and quar-
antine is the only intervention that appears to be effective in decreasing the conta-
gion rate [7-11]. COVID-19 is currently treated with available antiviral drugs, and
in severe cases, supportive care including oxygen and mechanical ventilation
[24, 25].

The genetic structure, pathogenic mechanism, and clinical characteristics of
COVID-19 have been studied extensively [26, 27]. Vaccination against COVID-19 is
widely believed to be the most promising path to resolution of the pandemic [28].
Having proven effective against similar coronaviruses SARS-CoV and MERS-CoV,
monoclonal antibody vaccination is being pursued by a number of laboratories
[29-33].

2.2 COVID-19: psychological impact

In addition to the physical threat posed by COVID-19, the pandemic has also had
a significant worldwide psychological impact. During the initial stage of the CoViD-
19 pandemic, acute psychological reactions were observed among the general pop-
ulation, healthcare workers, clinical populations, and other at risk groups [34-36].
Psychological triage has long been recognized as an essential care component
before, during and after emergencies and disasters [12, 37]. Care delivery during the
COVID-19 pandemic has been complicated by efforts to shelter in place and
minimize personal interactions, leading to a rapid increase in the utilization of
telehealth [12].

164



COVID-19, Telehealth and Access to Care
DOI: http://dx.doi.org/10.5772/intechopen.99300

As the duration of the pandemic grew, increased autonomic arousal in response
to fear of contagion soon translated to chronic stress, with consequent elevation in
adrenaline and cortisol production, activation of the amygdala, and consequent
suppression of activity in the pre-frontal lobe, impairing judgment and impulse
control [38-41]. Stress resulting from the effects of the disease itself was multiplied
by extended periods of social isolation, further complicated by what has been called
an “infodemic:” around the clock news about the pandemic, distributed not only by
news media, but also by social media. The widespread use of social media also
provided a platform for unprecedented expression of racism, stigmatization, and
xenophobia. The intense psychological impact of these combined factors has pro-
duced acute panic, anxiety, obsessive behaviors, hoarding, paranoia, and depres-
sion, and post-traumatic stress disorder (PTSD) [42].

Populations especially at risk for chronic stress related to COVID-19 include
frontline healthcare workers who are at higher risk than other for contracting the
disease, and are prone to burnout, anxiety, fear of transmitting infection, feelings of
incompatibility, depression, increased substance-dependence, and PTSD. Along
with psychiatric patients and marginalized communities, children isolated by school
closures and parents responsible for additional child care during school hours, as
well as assisting children with distance learning have also been identified as at-risk
populations for chronic stress. The psychosocial needs of older adults have been
significantly affected by the pandemic [42].

2.3 COVID-19 and older adults

Older adults have been identified as a high risk population for severe or fatal
responses to COVID-19 [43, 44]. Older adults demonstrate higher peaks of viral
load in response to COVID-19, and are in the highest risk group for comorbidities
including hypertension, cardiovascular disease, diabetes, chronic respiratory dis-
ease, and chronic kidney disease, all of which demonstrate more severe reactions to
COVID-19 and higher rates of fatality [3-6]. Increasing the risks associated with
COVID-19 for older adults, many patients with hypertension, diabetes, and chronic
kidney disease are prescribed medications containing angiotensin-converting
enzyme (ACE) inhibitors and angiotensin II receptor blockers. These medications
upregulate the ACE-2 receptor, which (as discussed above) is the specific receptor
used by the SARS-CoV-2 virus to enter host cells [3, 22, 23].

3. COVID-19 and telehealth

The unprecedented social, economic and healthcare challenges presented by
COVID-19 include the significant strain on medical center resources, and the need
to deliver healthcare at a distance. Telemedicine is a growing methodology that
makes possible timely healthcare delivery while minimizing exposure to protect
medical practitioners and patients. The combination of these factors quickly led to
the rapid adoption of telehealth during the COVID-19 pandemic [45]. Following
system-wide expansion of virtual urgent care staff at a large health system at the
epicenter of the COVID-19 outbreak in the United States, in a six week period
between March 2nd and April 14th 2020 telemedicine visits for urgent healthcare
delivery increased 683 percent. The majority of urgent care visits shifted to tele-
medicine (56.2%), and the utilization of telemedicine was found to be highest
among patients 20 to 44 years of age [46]. U.S. healthcare organizations report
consistent expansion of telehealth adoption during the 3 phases of the U.S.
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COVID-19 pandemic: (1) stay-at-home outpatient care, (2) initial COVID-19
hospital surge, and (3) post-pandemic recovery [47].

A retrospective observational cohort study found an 8729 percent increase in
telehealth visit utilization between March 4 and March 31, 2020 during the COVID-
19 pandemic compared to the same period the previous year (2019), with patients
reporting higher satisfaction for telehealth visits than in-person visits. The authors
of the study concluded that patient satisfaction with telemedicine is high and is not
a barrier toward a paradigm shift away from traditional in-person clinic visits [48].
A literature review of 35 research studies published from 2019 to May 2020
demonstrated the effectiveness of telemedicine as a healthcare delivery platform.
The authors of the literature review concluded that the effectiveness of virtual
healthcare delivery suggests increased integration of digital technologies into
healthcare in the near future [49].

3.1 Disparities in IT utilization

Significant disparities in IT utilization have long been associated with numerous
variables, including ethnicity, age, and socioeconomic status (SES) [15, 17]. People
with intellectual and developmental disabilities also utilize IT at a significantly
lower rate than the general population [50], despite organized efforts to engage
young adults with intellectual disability with social media and other IT [51].
Disparities in IT utilization and access have been described as the digital divide [52],
digital inequality [53, 54], and digital diversity [55].

In addition to variables including ethnicity, disability, and SES, everyone is
affected by the process of aging. In the United States, the number of adults over the
age of 65 is expected to more than double from 46.5 million today to over 98 million
(nearly 25% of the population) by the year 2060 [56, 57]. People over the age of 65
utilize health care at a significantly higher rate than members of younger age
cohorts: 136% of the under 65 group’s use of Emergency Department admissions,
263% for inpatient discharges, and 241% for outpatient office visits [58]. Median
health care costs for people over the age of 65 are 167% the costs for people 64 and
younger [59]. Although older adults’ IT use has increased during the last twenty
years, it continues to trail behind that of younger age cohorts by at least 20%
[15-17], as shown in Table 1.

The current disparity in IT utilization between age groups remains consistent
with that reported over a decade ago by the U.S. Census Bureau and Bureau of
Labor Statistics [15, 18, 55, 60, 61].

3.2 Default utilization of IT by insurers: potential barriers to care

Paradoxically, in the face of a substantial and growing body of research data
demonstrate disparities in IT utilization between groups associated with numerous
variables including age, SES, ethnicity, disability, and educational experience [62],

Age in years Access to home high speed internet
18-34 79.2%
35-44 83.2%
45 64 79.1%
65 and older 59.2%
Table 1.

IT access and utilization by age: Data from U.S. Census Bureau, 2016.
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over the past decade Medicare and private insurers have increasingly defaulted to
the use of IT (websites, MyChart, text messaging) for communication with patients
[63-65]. Similarly, hospitals, regional health centers, university teaching hospitals,
and local medical clinics have done so [66, 67], in the absence of any data indicating
that the populations they serve have fluency with IT [18].

Based on research data demonstrating disparities in IT utilization [15-18, 50-54],
the default use of IT for communication with all patients may create a barrier to care
for some patient populations. The potential consequence is that patient populations
most in need of health care (including older adults) will find it most difficult to
access [18, 55, 60, 61]. For older adults, CMS tracks potential access to care issues
including economic disparity [68], but it has not addressed IT fluency among older
adults [15-18, 55, 60, 61, 69].

4. Communication with patients and outcomes: assessment of IT
utilization by patient populations

Effective treatment and good outcome rely upon effective communication with
patients. Better communication with patients produces better health outcomes and
increased ratings of satisfaction by patients and providers of care [70, 71]. Para-
doxically, over the past decade health care organizations have defaulted to the use
of IT for patient communication, in the absence of any data supporting patient
utilization of IT for the purpose of communication with health care providers. With
one exception [18, 60, 69, 72], health care protocols, especially for working with
older adults, have not included frequency of internet or IT utilization as a specific
area of assessment or treatment [18, 55, 60, 61, 69, 72-74]. In fact, the American
Psychological Association’s (APA’s) 21 Guidelines for psychologists working with
older adults [75] do not specifically include familiarity with the assessment and
treatment of technology challenges or barriers for older adults as a guideline
[18, 55, 60, 61, 69].

In general, IT has not been included as area of assessment or treatment in
healthcare protocols [18, 55, 60, 61, 69, 72, 74]. Most of the research exploring IT
utilization has come from the IT sector [76-88]. Most IT assessment instruments
assess the person’s perception of their own proficiency with various technologies
[89-95]. These instruments and studies assess factors determining a person’s deci-
sion to use specific technologies, or self-perceived proficiency in using specific
technologies, but none of them assesses the person’s frequency of actual IT use or
perhaps more importantly, the person’s frequency of different kinds of IT use,
information necessary for individualized treatment planning using media that
allows effective communication with the specific patient to facilitate better treat-
ment outcomes [18, 55, 60, 61, 69]. The Functional Assessment of Currently
Employed Technology Scale (FACETS, Appendix 1) [18, 69] was designed specifi-
cally to meet those previously unaddressed needs.

4.1 The Functional Assessment of Currently Employed Technology Scale
(FACETS): description, reliability and validity

The Functional Assessment of Currently Employed Technology Scale (FACETS)
is a 10-item questionnaire that can be completed in one to three minutes. It asks two
questions in each of 5 functional IT domains: Home, Social, E-commerce, Health
Care, and Technical [18, 60, 69]. For each question there are 6 optional answers,
characterizing the respondent’s frequency of use for the specific type of IT
referenced in the question. Higher scores are associated with more frequent
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utilization of IT. A subtotal score for each functional domain is derived from
summating the scores for the two questions in that domain. The combined total of
the subtotal scores from each of the functional domains yields an overall FACETS
score. Higher utilization of IT across domains produces a higher overall FACETS
score. High reliability and validity have been found for FACETS, including multiple
group factor analysis, McDonald’s omega, Cronbach’s alpha coefficient, and
confidence intervals for alpha and omega [69].

4.2 FACETS outcome research

FACETS outcome research has been conducted with populations of varied age,
ethnicity, socio-economic status, household income, and educational level. Respon-
dents who had been diagnosed with, or demonstrated any symptoms of, any
neurocognitive disorder, including Alzheimer’s Disease, Neurocognitive Disorder
with Lewy Bodies, or Vascular Neurocognitive Disease were screened and excluded
from research samples. Among other variables, age groups were used to assess
potential differences in IT utilization between age groups. Age groups were
established based on age per decade, except those younger than 30 and those older
than or equal to 80, each of whom formed their own group. The age groups were
defined as 18 to 29, 30 to 39, 40 to 49, 50 to 59, 60 to 69, 70 to 79, and 80 or older.
The seven age groups are summarized in Table 2.

FACETS outcomes indicate that the strongest effect on IT utilization is for
differences in age. Older respondents consistently score lower in each of the five
FACETS functional domains, and although almost all respondents report access to a
computer (93.3%) and access to the internet (93.5%), the age effect is consistent
with previous data indicating lower internet and IT utilization with increasing age
[15, 17, 18]. FACETS outcome data also indicate that the decline in IT utilization
associated with increasing age advances differently for each domain, suggesting
that IT use is not a homogenous category. The frequency of IT utilization in the
Home domain showed the weakest correlation with age, while frequency of IT
utilization in the Health Care domain showed the highest association with age.
Figure 1 shows the differing patterns of decline in frequency of use for the five
domains.

Although the frequency of IT utilization declines with age in all domains, the
Health Care domain shows the steepest decline, which also occurs earlier than
declines in the other domains. Although previous research indicated that the 20%
discrepancy in IT utilization between younger age cohorts and people aged over 65
has not changed since 1985 [16], FACETS data indicate that discrepancies in the
frequency of IT utilization continue to increase with greater age beyond the age of

Group Age in years
1 18 to 29

2 30 to 39

3 40 to 49

4 50 to 59

5 60 to 69

6 70 to 79

7 80 or older

Table 2.

FACETS age group cutoff points [18].
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Figure 1.
Frequency of IT use for each FACETS domain by age group [18].

Domain  Ageunder Age30to Age40to Age50to Age60to Age70to Ageover

29 39 49 59 69 79 80
Health 95 98 95 68 40 7 2
Care
Table 3.

% IT utilization of health care by age [18].

65. This is a significant finding, suggesting that people over 65 years of age are not a
homogenous population [18].

Specifically, the frequency of IT utilization for communicating with doctors,
clinics and insurers declines most rapidly with age. In comparison with cohorts up
to age 40, the frequency of IT utilization for communication with insurers and
health care providers declined 28% by age 50, 58% by age 60, 93% by age 70, and
98% by age 80. The demonstrated decline in IT utilization with increasing age is
consistent with earlier research [15-17], but importantly provides more detailed
information about the age at which the rate of decline is greatest, and about prefer-
ences regarding IT utilization for communicating with health care providers at
different ages [18].

5. IT and access to health care

Older adults use IT less than younger age cohorts specifically for accessing health
care. While 95-98% of people under the age of 50 prefer to use IT to communicate
with health care providers and insurers, only 7% of people over the age of 70 and
only 2% of people over the age of 80 do so [18]. These data are shown in Table 3.

The decline in the use of IT for accessing health care with increasing age is more
dramatically apparent when viewed graphically, as in Figure 2.

For example, even though they state that are capable of doing so, adults in age
group 4 (50-59) prefer not to use IT to communicate with insurers or doctors. The
distinction between the respondent’s self-perceived ability to use IT as oppose to
their willingness to use it is especially important in the context of health care, and
has not previously been addressed. FACETS scores for members of older age groups
(aged 70 to 79, and those over 80) whose health care utilization is highest [58, 59]
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Figure 2.
% frequency of IT use for accessing health care by age group [18].

indicate that they almost never utilize IT for communication with insurers or
doctors [18].

5.1 Insurers and IT

The FACETS outcome research data demonstrate that the default use of IT
media (videoconferencing, websites, MyChart, text messaging) by insurers, health
care agencies or providers for communicating with older adult patients is ineffec-
tive, making health care least accessible to the population with the greatest health
care needs, older adults [58, 59]. The FACETS outcome research data also suggest
that the default use of IT by Medicare, private insurers, and providers of health care
for communicating with their patient populations might create a barrier to care and
communication, which in turn might lead to poor health outcomes and lower
satisfaction ratings by patients and providers of care [70, 71].

Despite these data, Medicare and private insurers continue to make increasing
use of websites for communication with patients [63-65, 69]. This trend is shared
by hospitals, regional health centers, university teaching hospitals, and local medi-
cal clinics [66, 67]. This is somewhat alarming, in the absence of any data indicating
that the populations they serve have fluency using the internet or with IT [60, 74].

5.2 Looking forward: IT and younger age cohorts

One of the arguments employed in defense of the increasing use of IT media by
Medicare, insurers and health care providers is that younger age cohorts are more IT
fluent and in time, those lacking IT fluency will no longer be part of the population.
The data demonstrate that this is a flawed premise. For example, the highest inter-
net users in the 1985 U.S. Census Bureau study (age 30-35) are now in the low
internet user category in the U.S. Census Bureau 2016 findings (now aged 63-68).

This finding appears paradoxical, and invites investigation and speculation. Data
from FACETS outcome research suggest that the high IT users of 1985 did not stop
using the internet as they aged, but rather, that adoption of new IT platforms
including those for accessing the internet is lower among increasingly older cohorts.
The lower rate of new IT adoption with age might reflect reduced neuroplasticity
with increasing age [96-98], or detachment from newly introduced technologies
after retirement, and/or lack of access to and/or training in the use of novel IT.
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Perhaps more importantly, these findings suggests that high IT utilization is tied
less to a specific individual consistently over time than it is tied to a person’s age at
the time novel IT is introduced. Younger people appear to adopt new IT & use it
more consistently than older people, even if the older people were high IT users
when they were young. This is especially relevant in the context of introducing new
or evolving IT for communicating with patient populations. The FACETS outcome
research data indicate that older adults continue frequent use of IT that is familiar,
likely adopted prior to age 40 or 50, while people over the age of 70 demonstrate
much lower utilization of IT introduced after they were in mid-life. Late-life intro-
duction of novel IT appears to dramatically decrease the likelihood that it will be
utilized. In the context of access to care, the introduction of novel IT by Medicare
and health care providers for patient communication with populations over the age
of 70 is likely to represent a future barrier to care even for people who currently
belong to younger age cohorts [18].

5.3 Insurers, IT and other age-related issues

It is important to recall that no symptoms or diagnosis of neurocognitive disor-
der had been observed in any of the participants in the study, including but not
limited to Vascular Neurocognitive Disease, Neurocognitive Disorder with Lewy
Bodies, or Alzheimer’s Disease. In 2015 the global number of people diagnosed with
neurocognitive disease was 46.8 million, and 50 million in 2017. It is expected that
by 2030, the number of people with neurocognitive disease will exceed 75 million,
and by 2050 it will exceed 131.5 million [99-101]. The progressive organic deterio-
ration characteristic of neurocognitive disease correlates with decreasing episodic
memory [102, 103], making it even more challenging for older adults with
neurocognitive illness to learn how to utilize new IT in order to communicate with
health care providers or insurers. The use of IT for communicating with patients in
this population may be neither practical nor realistic, and potentially creates a
barrier to access to care [18].

6. COVID-19, CMS, IT and access to care

Along with people who have serious underlying health conditions, older
adults belong to the cohort most at risk for serious illness reactions to COVID-
19, for whom shelter in place is most strongly recommended. People over age 70
have been encouraged not to leave their homes to purchase groceries or perform
other routine tasks, but only to leave their homes in the case of a physical
emergency [104].

In the context of shelter in place measures to reduce exposure to COVID-19,
between February and April of 2020 the Center for Medicare and Medicaid Services
(CMS) made a number of policy changes intended to make telehealth more acces-
sible to older adults. These include non-enforcement of policies limiting the
patient’s location to approved rural facilities, and the HIPAA compliance of the
audio-visual platforms used for telehealth communications [13, 105]. While these
measures increased access to care to Medicare subscribers with IT fluency, they
failed to address access to care for Medicare subscribers who lack IT fluency. As the
data demonstrate, 93% of people over the age of 70 and 98% of people over the age
of 80 lack IT fluency and do not use the internet to communicate with health care
providers, but instead rely entirely on face-to-face or telephone interactions with
health care providers [18].
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6.1 Advocacy for access to care for older adults during shelter in place

Beginning in March 2020, the American Psychological Association (APA) made
repeated appeals to CMS to allow reimbursement for the use of telephonic psycho-
therapy services during shelter in place [106]. On April 30, 2020, after a series of
refusals, CMS agreed to provide reimbursement for the use of routine psychother-
apy CPT codes for service provided using the telephone [107, 108]. Although the
Medicare policy change is temporary, it makes health care accessible to 95.5% of
Medicare subscribers over the age of 70. The policy change was intended to expire
when the status of COVID-19 was reduced from a national state of emergency, but
legislation is being considered that might make the changes partially or wholly
permanent [74].

6.2 Advocacy for making CMS changes permanent

During shelter in place due to COVID-19, the public was encouraged to utilize
virtual communications, especially videoconferencing, for access to health care.
A growing body of research demonstrates the effectiveness of telemedicine
[48, 109-113]. While this is a viable alternative for younger age cohorts, research
data demonstrate that older adults make very limited use of, and/or have very
limited access to IT for the purpose communicating with health care providers.
While the discrepancy in internet and IT use between younger age cohorts and
people aged over 65 is generally about 20% [16], mean utilization of IT
(internet, web-based interaction) for access to health care by people over the
age of 70 is only about 4.5% [18]. In other words, during shelter in place, 95.5% of
people over the age of 70 relied exclusively on telephonic contact for access to
health care. This finding is of special concern because older adults belong to the
cohort most at risk for serious illness reactions to COVID-19 [104]. Limiting
reimbursement for telephonic health care represents a barrier to care for older
adults [74].

While CMS’s decision to reimburse telephonic psychotherapy [108] is an impor-
tant acknowledgement of the potential barriers to health care IT represents for older
adults and makes health care accessible to an average of 95.5% of Medicare sub-
scribers over the age of 70 [18], the change is temporary and will expire when the
COVID-19 pandemic has been resolved [114]. Making reimbursement for tele-
phonic psychotherapy services a permanent policy will facilitate better communi-
cation with patients, leading to better treatment outcomes [70, 71]. To facilitate
better communication between patients and health care providers, routine assess-
ment of IT utilization might be conducted a part of the standardized initial intake
evaluation with older adults and other populations, in order to determine the most
effective means through which they can access health care. FACETS is a valid and
reliable instrument for assessing which media people use for accessing health care
[18, 69]. Instruments like FACETS can be employed in order to determine the most
effective means through which patients can access health care. Such assessment is
especially important for older adults and other populations with limited IT fluency
and/or access to IT or high-speed internet.

7. Conclusions
Although people over the age of 65 account for only 9% of the world’s popula-

tion, they account for 30 to 40 percent of COVID-19 cases and 80 percent of
COVID-19 deaths [114]. Despite these statistics, people over the age of 65 have been
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excluded from more than half of COVID-19 trials seeking effective treatments, and
from all of the vaccine trials [114]. These data speak to the healthcare system’s
tendency to overlook the needs of older adults. Hospitals, community health clinics,
government-funded health agencies and private practices might also conduct simi-
lar assessments to build a larger data base that informs decisions about which media
are most effective for communicating with older adult patients. A larger broad-
based sample might also provide valuable information about the ways in which
older adults access social contact, financial management, and other business func-
tions. At the time of this writing, the COVID-19 pandemic remains unresolved.
However, it is increasingly apparent that older adults rely heavily upon telephonic
access to health care, emphasizing the importance of permanent changes that
liberalize CMS telehealth policy.
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Appendix 1: Functional Assessment of Currently Employed Technology
Scale (FACETS)

Age: Male/( )Female { ) Hispanic( }African American( ) Asian( ) Other
Household Income: < $25,000 < $50,000 < $100,000 < $150,000 > $150,000.
Degree: ( ) N/A{ ) High School ( ) Some college ( } AA( ) Bachelor’s( ) Post graduate.

Access to a computer at home? Yes/( ) No Access to internet at home? Yes/( ) No.

Instructions: Check the response that most accurately completes each

A. Home Domain

1. Isend email...

Never A few times A few times Oncea A few Daily
ayear a month week  timesa
week
2. Ifind, open & close files in
ter...
my computer Never A few times A few times Oncea A few Daily
a year a month week  timesa
week
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A. Home Domain

Home Domain Subtotal

B. Social Domain

3. Isend text messages using a
smart phone...

Never A few times A few times Oncea A few Daily
ayear a month week  timesa
week
4. Ipost on social media (e.g.,
facebook, twitter) ...
’ ) Never A few times A few times Oncea A few Daily
a year a month week  timesa
week

Social Domain Subtotal

C. E-Commerce Domain

5. I manage my banking and

dit card t
credit card accounts Never Tried, but  Got help Only Canbut  Prefer

itdidnot  butdidnot with  prefernot to
work work help to

online ...

6. I pay bills and make
purchases via the

. Never Tried, but  Got help Only Canbut  Prefer
internet...

it did not but did not with  prefer not to
work work help to

E-Commerce Domain Subtotal

D. Health Care Domain

7. 1communicate with my

doct lini line ...
octor or clinic ontine Never Tried, but  Got help Only Can but Prefer

it did not but did not with prefer not to
work work help to

8. I communicate with my

health i
catth insurance company e ver Tried, but  Got help Only Canbut  Prefer

it did not but did not with  prefer not to
work work help to

online ...

Health Care Domain Subtotal

E. Technical Domain

9. Ihave installed components
(monitors, speakers,
mice) ...

Never Tried, but  Got help Only  Myself, Myself
it did not but did not with  with easily
work work help  difficulty

10. Ihave reset a modem or

router in my home... Never Tried, but Got help Only  Myself, Myself

it did not but did not with  with easily
work work help  difficulty

Technical Domain Subtotal

Total FACETS Score

Copyright 2018 The Functional Assessment of Currently Employed Technology Scale (FACETS) Charles M.
Lepkowsky, Ph.D.
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and the COVID-19 Pandemic:
A Response Strategy Model
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Abstract

Mobile health clinics are critical avenues for reaching under-resourced populations.
There are over 2,000 mobile clinics serving 7 million individuals annually. Costs
per patient are low compared to stationary clinics. Further, they play a critical role
in reducing healthcare access disparities by ensuring healthcare is delivered at the
doorstep of patients. However, this model of healthcare delivery is a tool that is
rarely considered for dealing with emergencies such as a pandemic. The case of
the COVID-19 pandemic illustrates several potential areas where mobile clinic
programs can play a critical role. Apart from the role mobile clinics have played in
improving COVID-19 testing for under-resourced populations, and the current
efforts in expanding their use in vaccinations, there are other proposed initiatives
that should be explored. Establishing a comprehensive approach to incorporate
mobile clinics in our entire health system, would not only be effective for addressing
health outcomes of under-resourced patient populations, but will also contribute
to the success of a national pandemic response. Mobile healthcare clinics are a vital
part of equitable national healthcare solutions, and it is time to recognize their
broader potential, and include them in preparation efforts for current and future
health crises.

Keywords: mobile clinics, pandemic, COVID-19, under-resourced, community,
healthcare

1. Introduction

In this chapter, we discuss mobile clinics and their importance in healthcare
delivery especially during health emergencies such as a pandemic. The COVID-19
pandemic has highlighted the need for creating channels for reaching under-
resourced populations in a fast and effective manner. We present the case that
mobile clinics, properly equipped, could deliver services to rural and urban com-
munities alike. However, creating an integrated system of mobile clinics is necessary
to successfully and sustainably achieve the opportunities which are described in this
chapter. We start by providing a thorough description of mobile clinics, highlight
cases of selected programs in Southern states of the United States, and finally
discuss examples and initiatives to strategically integrate mobile clinics in our
healthcare delivery systems to efficiently respond in emergencies.
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2. Role of Mobile clinics in health delivery systems

Mobile clinics are vehicles customized with medical equipment to provide health
services in communities for different health populations. They are staffed with
health professionals to increase health access to populations and enforce disease
prevention, as well as improve access to chronic health management at reduced
costs [1]. Mobile clinics have also been used to increase healthcare staff and provide
specialty equipment such as orthoses and prostheses to disabled patients in Sao
Paulo [2]. In situations such as flooding when building facilities were destroyed or
individuals were unable to access stationary healthcare facilities, mobile clinics were
alternatives to providing adequate medical services as was in the case in Malaysia
[3]. These examples illustrate how mobile clinics can provide the healthcare needs
of populations similarly to stationary healthcare facilities, and addresses geographi-
cal barriers by bringing the care to patients. Additionally, a study on patient satis-
faction for preventive services in Saudi Arabia showed that patients were satisfied
with the working hours and human resources of the mobile clinics 95% of the time,
while in northern Nigeria, [4] there were positive perceptions of mobile clinics by
providers, community leaders and patients [5].

Mobile health clinics have been used in the United States to provide healthcare
services to the uninsured or individuals lacking geographic access to health [6]. They
continue to be longstanding community-based service delivery models that fill gaps
in healthcare delivery safety-nets and reach under-resourced populations in both
urban and rural areas [1]. Their effectiveness could potentially increase should they be
used together with other forms of healthcare services delivery for coordinated health
management. There are about 2,000 mobile clinics in the United States serving 7
million at-risk people annually [5, 7]. The mobile clinic model is an efficient avenue for
healthcare delivery ($36 saved from mobile clinic services compared to emergency vis-
its for every $1 invested in the mobile clinic) [8]. “They work in some places where the
economics make sense, and where the technology can survive the bumpy roads” [9].

3. Geographic distribution of Mobile clinic programs in the United
States

A self-reported survey was sent to representatives of mobile clinics who were
either clinic managers, providers, or directors in Texas, Florida, North Carolina,

Figure 1.
National map with Mobile clinics in TX, FL, NC, GA.
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and Georgia [10]. There were a total of 49 mobile clinics that were operated by 15
organizations across all four states. Figure 1 illustrates the overall distribution of
the mobile clinics across the states in the surveyed programs. Florida had six rural

Florida Mobile Clinics

Figure 2.
Map of FL with Mobile clinics in urban and rural locations.

Figure 3.
Map of NC with Mobile clinics in urban and rural locations.

Figure 4.
Map of GA with Mobile clinics in urban location.
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Figure 5.
Map of TX with Mobile clinics in urban location.

and 12 urban locations (Figure 2); North Carolina had three urban and one rural
(Figure 3); Georgia and Texas had all clinics in urban locations, Figure 4 and
Figure 5 respectively. Reasons provided by the mobile clinic representatives as to
how they choose their respective locations varied across the different states and
the types of healthcare delivery strata (dental, dental/preventive, preventive care,
primary care/preventive, and mammography/primary care/preventive). Some of
the reasons mentioned included using results from hotspot mapping, and commu-
nity needs assessments [10].

4. Costs of operating Mobile clinic programs

Planning a mobile clinic program requires several stakeholders in both the pri-
vate and public sectors [11] therefore the costs and complexities of running mobile
clinics should not be underestimated [12]. Costs include recurrent costs (variable
costs of running the mobile clinic such as maintenance, repair, fuel, and compensa-
tion for the healthcare providers who provide services in the mobile clinics), as well
as capital costs such as the acquisition costs of equipment, and vehicle [13]. Brazil,
for example, has a sustainable 8-year mobile clinic program integrating the com-
munity, government, and private sectors [14] as a way to ensure the sustainability
of the program. Mobile clinic outreach programs can be complex and expensive;
however, these complexities can be mediated by public policy or resource plan-
ning [15]. Acquiring mobile clinics and delivering healthcare services is therefore
an effort that needs careful planning and assessment, as well as consideration of
outcomes and how performance would be evaluated [16].

A survey [10] based on the accounting documentation of the mobile clinics
in each of the stratified service types: dental, dental/preventive, preventive care,
primary care/preventive, and mammography/primary care/preventive was con-
ducted. The findings highlighted in a recent publication [17] showed the highest
averages of annual operating costs for dental and dental/preventive services ranging
($2.3-$2.5 million) and preventive and primary care/preventive between $479,000
and $822,000. Mammography/primary care/preventive had the lowest annual
average of $300,000. The largest overall cost line item was labor costs, followed by
depreciation and then maintenance costs. Largest percentage of labor costs of more
than 90% of total costs was in preventive and primary care/preventive. Dental and
dental/preventive labor costs represented 80%, while mammography/primary care/
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preventive had 65%. The highest percentage for depreciation costs was for mam-
mography/primary care/preventive with (25%), followed by dental and dental/
preventive (13%), and preventive and primary care/preventive services at 5% [17].
The variation in depreciation costs was attributable to the differences in the type
of capital equipment used by each of the stratified service types. For example,
mammography’s 25% likely corresponded to the expensive screening equipment.
The percent of total costs attributable to maintenance was 10% for mammography/
primary care/preventive, followed by dental and dental/preventive with 7%, and
preventive and primary care/preventive at 3% [17].

The estimated cost per patient visit was analyzed using the reported annual
patient visits from survey responses. Average annual operating cost per patient visit
ranged from $243 in preventive services to $65 for mammography/primary care/
preventive delivery services. While the cost per patient visit for dental services
($123) was considerably lower than dental/preventive services ($225), preventive
services had an average cost per patient visit of $243, suggesting an overall high cost
for prevention programs [17].

5. Role of Mobile clinic programs in healthcare disparities

The COVID-19 pandemic has exacerbated existing limitations of our health
systems when confronted with the unexpected emergence of major diseases and
highlighted the prevailing disparities in the healthcare delivery system. Populations
affected in such situations tend to be the poor [18]. Mobile healthcare delivery
programs play an important role in effectively supporting under-resourced popula-
tions during pandemics, and do so in a cost-effective manner [1]. Harvard Medical
School’s Family Van is an excellent example, offering blood pressure screenings, and
other chronic disease management services [19]. These screenings decrease the risk
of heart disease and stroke, and other chronic conditions which if left untreated can
result in negative health outcomes and further increase health disparities.

Mobile clinics are adaptive and have the capability to help address emergencies
in both an innovative and timely fashion [20]. As long-standing community-based
healthcare delivery avenues, they play a critical role in addressing healthcare access
barriers that exacerbate healthcare disparities. For example, representatives from
a clinic in North Carolina highlighted challenges around equitable access to health-
care that the population of farmworkers they serve, face. “The idea of having those
responsible for meeting the economic need of providing food for individuals in
the nation, have difficulty with accessing healthcare, is unimaginable”. The ways
in which the mobile clinic has proven resourceful to the farmworkers is by provid-
ing healthcare at minimal costs, and partnering with stationary clinics to ensure a
continuum of care [10].

6. Decision tool for Mobile clinics deployment

Results from the survey conducted by Attipoe-Dorcoo et al. [10], also indicated
that counties in North Carolina and Florida experienced varying degrees of additive
effects from the provision of primary and preventive care via mobile clinic provid-
ers. Mobile clinics in these counties were influential in delivering critical primary
and preventive healthcare services to under-resourced populations. A mobile clinic
primary care service index was constructed taking into account miles traveled by
the mobile clinic, speed of the mobile clinic, number of primary care providers per
mobile clinic program, number of primary care providers available in a primary
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care service area (PCSA), and the total population in a PCSA [21]. The index
provides a valuable unit of measure to enable program managers of primary care
mobile clinics to allocate their resources accordingly based on either a goal to extend
their level of influence, which can be a metric to share with funders, or identify
other potential areas of need to establish influence. Geographic areas with the great-
est need can be identified via the lowest index, and resources can be allocated either
as additional providers or mobile clinics to ensure the health needs of populations
are met [21].

The findings from Attipoe-Dorcoo et al. [10] also highlighted that only one
mobile clinic organization was identified in three counties in North Carolina and
a similar situation was observed for rural counties in Florida as well. Anecdotally
mobile clinic representatives constantly advocate for more mobile clinic access
in rural areas, however, the challenges of implementing such efforts are yet to be
overcome nationally. The index could be a tool that is leveraged to help provide the
needed geographic metric needed in operational decision-making to ensure effi-
cient allocation of resources [21].

7. Examples and opportunities for improved pandemic responses with
Mobile clinics

A recently published commentary shared the findings of a webinar co-hosted
by the Harvard Medical School’s Family Van together with the Mobile Healthcare
Association to gain an understanding of the current state of efforts by the clin-
ics, discuss best practices, and exchange ideas [20]. Several mobile clinics in the
United States offered services to different populations during the early stages of
the COVID-19 pandemic, and still continue to do so. Examples highlighted in the
commentary include the Parkland Health and Hospital System, which had staging
areas at COVID-19 testing sites, or triage locations in the parking lots near hospital
emergency departments. Another was a federally qualified health clinic in Austin,
Texas, conducting outdoor testing. Nurses at the clinic triaged patients in their
vehicles and not the mobile van, and then patients drove around to a doctor to get
tested. Finally, Cincinnati Children’s used the mobile clinic to test employees using
an algorithm for employees to call a centralized number for a referral [20]. Mobile
clinics are an essential aspect of our healthcare delivery system with innovative and
adaptable approaches to problem-solving. Mobile clinic programs repurposed their
operations to serve other dire needs of their patient populations, and communities.
For example, the Harvard Medical School’s Family Van hosted call-in hours, con-
tacted clients directly, and distributed handouts put together with the COVID-19
Health Literacy Project [22]. The vans for the Vision to Learn program were used
to take food and household supplies to seniors in East Los Angeles in a partnership
with the Weingart East Los Angeles YMCA, University of Southern California Keck
School of Medicine, Adventist Health White Memorial, and the American Heart
Association. Other programs also used their vans to distribute food, and supplies to
families in public housing [20].

In order to efficiently leverage the adaptable and community-based approach to
healthcare delivery that mobile clinics provide, especially as an avenue to improve
pandemic responses, there is a need to consider moving beyond the grant-based
model of funding to create sustainable mobile clinic programs [20]. We need to
be asking health policy questions about how we can leverage innovation in mobile
healthcare delivery to help enhance efforts to narrow the widening gap in dispari-
ties that have resulted from this pandemic. For example, mobile clinics can be used
in case management approaches similar to the model used by Uber Technologies,

190



Mobile Clinics in the United States and the COVID-19 Pandemic: A Response Strategy Model
DOI: http://dx.doi.org/10.5772/intechopen.98692

where mobile clinics can be requested on-demand to address localized and con-
textualized needs in areas where there are increases in reported cases of health
conditions during a pandemic.

Additionally, as part of the National Emergency Preparedness Strategy, mobile
clinics can play a pivotal role in the deployment of health resources to areas with the
direst need. The model can serve to provide trained medical professionals, the use
of the actual vehicles for triage and isolation units, temporary housing, and sourc-
ing additional medical equipment. Integrating mobile health clinics in our national
healthcare delivery systems in a comprehensive way will create an existing structure
of collaboration with stationary facilities, and an innovative infrastructure that
aims to address the underlying disparities in healthcare access and geographic
barriers to care. With the evidence around costs, their geographical influence, and
populations served, healthcare policies and funding models that support mobile
clinic programs and their integration in our healthcare delivery systems will ensure
improved responses during pandemics and other health crises.

National funding programs that expand the use of technology can also provide
the opportunity to establish close collaborative involvement with other stakeholders
in the healthcare system. As the nation grapples with logistical challenges and other
gaps in current vaccination efforts, more critical attention needs to be given to the
long-standing community model of healthcare delivery with mobile clinics, and
their capability to refer and navigate patients in a comprehensive real-time manner.
This will not only support the success of current efforts in response to combating
the COVID-19 pandemic but other potential future pandemics in an equitable
fashion.

8. Conclusions

Mobile clinics are both effective and efficient in ensuring populations have
access to equitable healthcare. They have been shown to be a sound complement to
stationary clinics. In order to better leverage, their critical role in addressing health
disparities that have dramatically worsened throughout the COVID-19 pandemic,
significant shifts in healthcare reimbursement policies will need to occur. With
national efforts to combat health disparities by addressing social determinants
of health, there is now more than ever the need to consider cohesive funding for
mobile health clinics, as well as a comprehensive approach to incorporating mobile
clinics in our entire health system. These efforts will not only be effective for
improving health outcomes of under-resourced populations but will also play a
role in contributing to the success of the current national pandemic response, and
future health crises.
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Practice Changing Innovations

for Emergency Care during the
COVID-19 Pandemic in Resource
Limited Settings
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Abstract

COVID-19 has affected millions worldwide. To combat the infectious pandemic
in resource limited settings, healthcare workers and techies have come up with
multiple innovations. Nations with scarcity of resources have resorted to innovative
strategies involving optimal utilization and repurposing of available commodities
to overcome the demand-supply mismatch. Emergency rooms overburdened with
diseased population are resorting to local innovative ideas to overcome obstacles
in COVID-19 patient care. Point of care testing strategies in emergency rooms,
sampling booths to reduce Personal Protective Equipment (PPE) use, disinfection
strategies such as tunnel disinfection and local production of sanitizers, face masks/
shields, aerosol containment chambers, novel triage protocols, telehealth care
strategies reaching out to remote population and utilizing point for care ultrasound
for resuscitation are few of the novel innovations which have benefitted medical
fraternity and patient care in testing times. Medical innovations have emerged as
the positive outcome of otherwise devastating COVID-19 pandemic. These practice
changing innovations could also prove beneficial in future infectious pandemics.

Keywords: COVID-19, innovations, emergency care, resource limited settings,
demand-supply mismatch

1. Introduction

COVID-19 pandemic has affected millions worldwide. Most developing countries
being densely populated, has witnessed swarming number of cases. To combat the
infectious pandemic in the resource constraint settings healthcare workers and
techies have come up with multiple innovations [1]. Government has also played a
role by implementing policies of universal masking, physical distancing, lockdowns,
ban on mass gatherings, testing, tracing and isolating suspected and positive cases
[2]. Challenges faced by developing economies have been distinct in comparison to
those faced by developed nations during the pandemic situation. The COVID-19
pandemic has had devastating impact on already fragile developing nation econo-
mies. To cater to demand-supply mismatches, countries have resorted to innovative
ideas with available resources. Emergency care deemed a crucial component of
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healthcare systems, has been affected enormously. Emergency department has been
operating as frontline portal of entry for patients with undifferentiated symptoms
into the healthcare setup. Innovations to facilitate emergency care, to reduce burden
over healthcare systems, to ensure standard care for all emergency patients by bridg-
ing economic and knowledge gaps are being implemented in majority of developing
nations.

2. Emergency care during COVID-19

Emergency services in most parts of the world have been overwhelmed with
patients since the onset of COVID-19 pandemic.

* Need for reorganization of emergency setup: The highly infectious COVID-19
disease warrants strict infection control and prevention measures. Need for
areas to cater to COVID-19 positive and suspected patients away from non-
COVID-19 patients has forced emergency rooms to reorganize their exist-
ing setups.

* Triage: Emergency Room (ER) triage to detect suspected patients early and
care for them in designated areas is of paramount importance to prevent
spread. This has led to new triage tools such point of care ultrasound based
triage in emergency rooms to supplement clinical history and examination
in detecting cases quickly. Studies have demonstrated high sensitivity but
low specificity in comparison with CT scan to detect COVID-19 related lung
pathology [3]. Point of care ultrasound being easily available, portable, quick
to perform even in resource limited settings with unavailability of CT scan, has
been found helpful in quick ER triage.

* Aggressive symptom screening: As ER is the first point of contact for most
patients presenting with severe and undifferentiated symptoms, a need for
aggressive symptom screening, manpower training to detect/screen patients,
need for judicious resource allocation has aroused.

* Isolation of patients: ER caters to both COVID-19 positive and negative
patients thus allowing risk of cross-contamination. Infection prevention mea-
sures such as distancing, masking patients, creation of isolation rooms with
adequate air exchange has become the new norm. Separate rooms for doffing
and donning of Personal Protective Equipment (PPE) are also necessary. All
these measures have been challenging to fulfill promptly in emergency setups
of resource limited settings.

* Increased need for manpower, PPE, infrastructure: Increasing patient number
has translated to increased demands for manpower and essential equipment
thus overwhelming the economies [4]. Working hours have undergone modi-
fication to ensure healthcare professionals with PPE work 4-6 hours shifts,
thus increasing the manpower demand.

3. Challenges faced by hospital setups

* Lack of infrastructure: This is one of the major challenge faced by hospitals due
to this pandemic. Many hospitals in developing countries lack the preparedness
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to handle a sudden outbreak of a pandemic like this and provide for the health
needs for every individual of the large population.

* Shortage of beds: Admission of new patients has become difficult because of
the burden of the existing patients which are already admitted for treatment.
Expanding capacity and creating space for new patients has therefore become a
major challenge.

* Ventilators: Apart from the shortage of beds and doctors, hospitals are also
facing the shortage of medical equipment like ventilators due to which many of
them are not able to treat patients efficiently.

* PPE for healthcare staff: Due to a sudden increase in the demand of the testing
kits and PPEs in this outbreak, the supply chains have faced many issues which
have also depleted the reserves of the PPEs of the hospitals.

* Difficulty in maintaining adequate number of staff: There is a sudden rise in
the requirement of manpower especially during this crisis because these are
the people who are required to take the charge of running and managing the
hospitals while the doctors and the nurses take up the forefront role of treating
the patients. Along with testing and treating the patients for COVID-19, it is
essential to keep the hospital staff safe from contracting the virus and getting
infected which might lead to the shortage of staff even more.

* Safety and hazardous waste management: Proper and safe disposition of used
PPE, masks and wastes from COVID positive patients is also one of the major
challenge

* Downfall in the revenue generation for the hospitals: Due to the pandemic,
there is a decrease in the patient visits to the hospitals because people try to
avoid going to hospitals due to the fear of contracting the virus. Many hospitals
had to cancel or postpone the surgeries of their previous patients because they
are under the pressure to free up bed space for COVID-19 patients. This has
also led to many people losing their jobs or salary cuts in some cases because
hospitals are not able to pay them their salaries [5].

4. Practice changing innovations

Few simple yet effective solutions have evolved to help developing countries
tackle the pandemic.

4.1 Innovative testing strategies

Sampling patients to diagnose cases of COVID-19 is considered aerosol generat-
ing procedure by itself, thus requiring healthcare personnel (HCP) in full Personal
Protective Equipment (PPE) to be recruited. In resource limited settings with scar-
city of PPE, the concept of sampling booths has emerged. These are booths similar
to telephone booths which are being used widely to sample patients in Delhi, Kerala
and other states [6]. An innovative modification of the traditional kiosk called by
the name “COVSACK” was made functional at ESI hospital in Hyderabad. The main
differences from traditional kiosk being that COVSACK has the suspected patient
inside the kiosk instead of the HCP. HCP is positioned outside the kiosk. Kiosk is
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also equipped with self-disinfection capability. As HCP is positioned outside the
kiosk and at theoretically reduced risk of aerosol exposure, the need for PPE is
also reduced [7]. Few models with dual chamber booths have also been proposed
and tried [8]. South Korea has devised an innovative model of “Drive Through”
COVID-19 testing of patients [9].

Testing using RT-PCR has been the standard but with a drawback of prolonged
downtime to obtain results especially in emergency settings. Over ten rapid anti-
body based kits for quick point of care testing have been devised, approved by
Indian Council of Medical Research (ICMR) and validated for clinical use [10].
With easy availability this has led to increased rates of testing along with quicker
results particularly in life threatening conditions.

A paper strip based COVID-19 detection test named “Feluda” has been devised
by research team at the CSIR-Institute of Genomics and Integrative Biology in
India and has been approved by Drug Controller General Of India (DCGI). Feluda
is based on Clustered Regularly Interspaced Short Palindromic Repeats-cas 9
(CRISPR-cas 9) technology. The test has been performed on over 2000 patients
reporting a sensitivity of 96% and a specificity of 98% which is very similar to the
gold standard RT-PCR [11]. With quicker results feluda could help reduce number
of patients waiting for over 12 hrs before interventions and definitive management
procedures at emergency rooms.

4.2 Innovative infection control and prevention strategies

Care of COVID-19 patients revolves around several logistic issues such as avail-
ability of oxygen ports and ventilators in resource constraint settings. Innovative
methods of oxygen splitting and ventilator splitting to benefit multiple patients
using a single device have been proposed and utilized in few parts of the country
with success [12, 13]. Critically ill patients mandate interventions such as intubation
which is aerosol generation procedure requiring measures to ensure HCP safety.
Novel aerosol containment chambers have been designed with modifications and
used in India [14, 15]. These plastic or acrylic boxes have openings to allow HCP
insert his hands and maneuver as per need.

Innovative negative pressure isolation tents called “Care cube” have been func-
tional in United States to care for COVID-19 patient population [16]. These tents
being low-cost models, similar designs can be adapted in resource limited settings for
infection control and prevention. Overcrowded ER with lack of free space to set up
new isolation areas can resort to such negative pressure tents to cater to COVID-19
positive patients.

4.3 Innovative airway management strategies

Companies like AgVa solutions, Big Band Boom Solutions, Aerobiosys, etc. are
building cost-effective portable ventilators. They are also lending a helping hand in
ramping up the production and supply of ventilators to the hospitals.

InnAccel Bangalore, a Stanford India Biodesign based medical devices setup,
has come to the fore with SAANS Pro, a non-invasive breathing support system
that was developed to serve as an alternative for ventilators in low resource settings.
The device has been designed to function with limited or no oxygen supply, with
an added benefit of being portable. This can be used in ambulances to transport
patients and in rural tertiary care centers where ventilators are in short supply [17].

The Gradian CCV (Comprehensive Care Ventilator) supports critically-ill
patients in settings with unreliable supplies of power and oxygen, including tempo-
rary field hospitals being set up to manage COVID-19 patients in many countries.
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The ventilator can run for 21 hours on battery power, and its portability features
enable single-ventilator use throughout critical care, including patient transport.
Simulation-based training is a critical component of Gradian’s model, with teams
of clinicians and bio-medical technicians providing remote and on-site training to
healthcare providers. Gradian has placed ventilators in Nepal, Sierra Leone, Kenya,
and several other countries, conducted several remote trainings with clinicians,
and is continuing to work with more health systems to build capacity for COVID
response and other critical care needs [18].

RespirAlID is a portable breathing support system developed by Biodesign
Innovation Labs with an aim to meet the shortage of ventilators in Indian hospitals
and globally. It uses a ventilation strategy called Intermittent Positive airway pres-
sure that can moderate essential respiratory parameters. This makes it suitable for
patients who are at severe risk of lung collapse [17].

4.4 Telemedicine innovations to combat COVID-19

Digital healthcare has been a boon in testing times of COVID-19 pandemic.
Telemedicine has been used widely for obtaining consultations and care via
virtual pathway. Many healthcare setups across the country have switched to
telemedicine based patient care. From obtaining appointments before presenting
at a healthcare facility thereby reducing overcrowding to obtaining consultations
and treatment for minor ailments, telemedicine has facilitated patient care in a
simple and user-friendly manner. Telehealth care to a certain extent has helped
in maintaining the continuum of care of chronically ill patients unable to visit
healthcare setups amid COVID-19 case surges and lockdowns. Telemedicine has
been a virtually perfect way to deploy HCP for patient care in remote parts of the
country [19, 20].

Prior to the pandemic, the growth of telemedicine has been very slow. The
apprehension among the medical practitioners regarding the legality of providing
virtual healthcare has been a major contributory factor for the lack of exponential
growth of telemedicine. All it required was a little help from the virus, to take
telemedicine from sidelines to the centre stage.

With hospital beds and isolation centers stretched more than ever, healthcare
organizations are helping patients better manage their care at home when it’s
deemed safe to discharge them. It can prevent costly and life-threatening read-
missions by catching problems before they arise. Patients with mild symptoms
receive a telehealth kit that includes a laptop with preloaded apps through which
they can monitor their signs and communicate twice daily with a nurse by phone
or virtual visit.

4.5 Technological innovations to combat COVID-19
4.5.1 Online COVID-19 screening tools
Artificial Intelligence (AI) Highway provides pre-screening and triage tools
that are based on risk-assessment scores for Covid-19, linked to symptoms, contact
history and more.
4.5.2 Robots on duty
With pandemic continuing, many countries have come up with the idea of using

robots to help the medical staff which limits the risk to their lives. The major duties
of these robots are autonomous delivery of food, medicine and other consumables
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inside the isolation wards. They also disinfect the used items and allow patients to
communicate with physicians and relatives [21].

4.5.3 3D-printed medical equipment

With the increasing number of COVID cases, the nation is scrambling to address
the shortage of Ventilators, Personal Protective Equipment (PPE) and other medi-
cal devices. Amid this crisis, Indian research institutions and companies have
started hinging on 3D-printing techniques as a quick fix. Medical equipment such
as ventilators, face shields, oxygen masks, parts of virus test kits and other protec-
tive gear to deal with the pandemic are produced in large numbers with the help of
this modern technology to address the shortage. 3D-printed ear guards for hospital
staff to help alleviate the pain caused by wearing face masks for too long [22] and
3D-printed ventilator valves for dealing with COVID-19 [23].

4.5.4 Artificial intelligence

The use of Al in healthcare is not a new concept and has been around for long.
Researchers and data scientists around the world are looking to use Artificial
Intelligence as a way of addressing the challenges posed by the coronavirus.

Several hospitals have started using Al software- which learns from experience- to
help with diagnosis and assessments. Recently, a group of scientists made use of
Artificial Intelligence to identify an underlying genomic signature for 29 different
DNA sequences of the novel coronavirus, providing an important tool for vaccine
and drug developers.

Indian based Internet of Things (IoT) startup called HELYXON uses Al-enabled
devices for better management of the pandemic by constantly monitoring the vital
parameters of patients or suspects. 98.6 Fever Watch is another innovation which is
useful particularly for unwell children in whom continuous monitoring of tempera-
ture is a vital parameter in disease management. It connects to hospitals systems or
personal systems and keeps transferring patient information to a central dashboard.

Qure.ai has deployed new solutions that automatically read and interpret
chest X-Ray scans for COVID-19 in seconds. This tool quantifies how much of
the patient’s lungs have been affected, enabling the clinicians to monitor disease
progression more effectively.

Bengaluru start-up Predible Health is using Al-based radiology solutions to
pre-screen COVID-19 patients with the help of a tool LungIQ, which can measure
percentage of lung damage in patients through CT scans & help doctors understand
how badly a patient is affected and if he needs a ventilator or not.

Aggressive contact tracing:

Using mobile apps, security camera footage, facial recognition technology, bank
card records, and global positioning system (GPS) data from vehicles and mobile
phones to provide real-time data and detailed timelines of people’s travel. Acrylosorb-
an instrument to collect body fluids and to dispose of it safely, an isolation pod that
restricts COVID-19 patients from having contact with others.

4.5.5 Contact tracing apps

Contact tracing applications enable users who have come in contact with
COVID-19 positive patients to be notified, traced and suitably supported. The
Aarogya Setu was initially conceived as a sophisticated tracking tool to map out
epidemic hotspots. But along with that it is capable of exchanging short-distance
Bluetooth signals when individuals are in proximity to each other. The application
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records these encounters and stores them in their respective mobile phones. If an
individual is diagnosed with COVID-19, government accesses the data to identify
contacts of the infected person. South Korea implemented tools for aggressive con-
tact tracing, using security camera footage, facial recognition technology, bank card
records, and global positioning system (GPS) data from vehicles and mobile phones
to provide real-time data and detailed timelines of people’s travel. By identifying
and isolating infections early, South Korea maintained among the lowest per-capita
mortality rates in the world [24].

Through “Corona Watch” application, the location of corona affected patients
can be tracked and their movement history of last 14 days can be recorded. A con-
tainment watch app has also been developed to undertake survey in containment
zones and ensure the provision of essential services.

4.5.6 Drone technology

Drones are being used for delivery of blood, medicines, PPE and other essential
medical supplies in many countries [25].

5. Proposed innovations

World economic forum has described five ways collective intelligence could prove
beneficial to help combat coronavirus in developing countries. Similar strategies
could be the way forward to deal with the infectious pandemic.

5.1 Mapping medical supply demands

Awareness regarding the needs and necessities of the nation is of paramount
importance. Developing countries may not be able to compete with richer econo-
mies to procure resources and supplies such as masks, ventilators and other essen-
tial commodities. It has thus been proposed for frontline workers to use applications
such as “Frontline SMS” to report shortage of key equipment on a common website.
The reported data can be uploaded on a map showing shortage locations. This will
allow local manufacturers, humanitarian agencies, government organizations and
businessmen to respond and help in crisis areas. Similar technology is already in use
since over a decade in Africa to map essential medicine supplies.

5.2 Localized production of supplies

When traditional logistics fail to cater to overwhelming crisis situations,
organizations such as “Field Ready” have proven beneficial to procure essential
supplies and equipment for care in crisis zones. “Field ready” is already functional
in countries such as Nepal to cater to local demands and to improvise healthcare.

Its utility can be extended to cater to COVID-19 pandemic. Governing bodies can
utilize local marketplace and manufactures to fulfill essential supply demands.
During COVID-19 lockdown situations, local 3D printing vendors can be allowed to
operate as “essential infrastructure” thus helping economies become self-reliant.

5.3 Resource and asset identification
Identification of available assests is important. Emergency care has been bur-

dened by increasing load of COVID-19 positive patients. Stable patients and those
fit for home isolation might hoard in emergency care facilities as emergency is
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readily accessible and these patients might be dwellers of overcrowded households
with no opportunity to isolate themselves at their residence. In such scenarios iden-
tification and repurposing of areas such as schools, stadiums into mass quarantine
centers could prove helpful.

5.4 Smarter surge response

Most countries face shortage of healthcare workers to cater to rapidly expand-
ing patient population. Training and education activities to deploy community
health workers for screening and symptom assessment could prove beneficial [26].
This would also reduce the burden of patients with minor symptoms presenting at
hospital triage facilities. In India, ASHA (Accredited Social Health Activists) and
anganwadi workers are being trained on infection prevention measures, infection
control, initial patient assessment, care and other COVID-19 related topics [27].
Such initiatives can be implemented in other developing countries with gross short-
age of healthcare staff.

5.5 Medical education

Mobilizing collective intelligence of frontline healthcare professionals across
the world can help medical staff in developing countries gain relevant and essential
knowledge quickly. Praekelt.org in South Africa has introduced Health-Alert, a
WhatsApp-based helpline disseminating accurate, timely COVID-19 information,
with automated answers to frequently asked questions, relieving call centre traffic.
Machine learning and its ability to understand natural language enable automatic
triage advice and large volume conversations. Insights from real-time data sup-
port effective systems-level COVID- 19decision-making [18]. Telemedicine and
internet based communications could serve as portals for percolation of knowledge
among peers.

6. Future perspectives

COVID-19 pandemic has taught many useful lessons to the world. Handling
the chaos, judiciously utilizing the available humanitarian supplies, re-purposing
resources to meet demands and striving to cater to masses affected has been the
prime focus during this pandemic. Every sphere of life has been hampered by
COVID-19 and left developing economies struggling. Health for all being the goal of
every existing nation, emergency care during the pandemic has been hampered. To
prevent and attenuate similar stressful scenarios in future, there is need for:

* Mitigation and emergency preparedness for future infectious pandem-
ics: Infectious pandemic such as COVID-19 are public health emergencies.
Applying the concepts of emergency management, such as use of Emergency
Operation Centers (EOCs) and Incident Management Systems (IMS) could
help public health systems protect populations impacted by health emer-
gencies. State and national programmes to device a uniform “Emergency
Management Plan” (EMP) as per CDC (Centre for Disease Control) advice for
preparedness and response during pandemics is need of the hour [28]. With
EMP in place nations will be aware of their resources, demands and shortcom-
ings. During an infectious outbreak there will be reduced chaos with easier and
earlier recruitment of humanitarian supplies as per the response strategy of
emergency management plan.
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* COVID-capable/Pandemic resilient healthcare system: Existing healthcare
systems need to transform into pandemic resilient healthcare setups consider-
ing the current day scenario of ever increasing disease burden. Rather than
focusing on building COVID-19 patient care setups, the emphasis should now
be on making the existing healthcare setups to become self-reliant to care
for COVID-19 patient population. Repurposing humanitarian supplies and
infrastructure to achieve this could prove useful.

7. Conclusion

COVID-19 has had devastating effects on health and economy of the country,
but COVID-19 has also forced innovative minds to emerge with novel ideas for
combating the infectious pandemic and helping mankind. Thus COVID-19 era has
witnessed a bundle of innovations with majority of them aiming to balance demand
supply discrepancy.
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Origin and Impact of COVID-19
on Socioeconomic Status

Gaffar Sarwar Zaman and Mesfer Al Shahrani

Abstract

The coronavirus pandemic, known as COVID-19, is an evolving pandemic
caused by a coronavirus, the SARS-CoV-2. The virus was first detected in Wuhan,
China, in December 2019. In January 2020, the World Health Organization (WHO)
notified this upsurge as an international emergency concerning public health. It was
declared a pandemic later in March 2020. By May 12, 2021, 160,363,284 cases had
been registered, and 3,332,762 deaths have been reported, caused by COVID-19,
characterized as a horrific pandemic in the history of humankind. Scientists have
reached a consensus about the origin of COVID-19, a zoonotic virus arising from
bats or other animals in a natural habitat. The economic impact of this outbreak has
left far-reaching repercussions on world business transactions, along with bond,
commodity, and stock markets. One of the crucial incidents that popped up was
the oil price war among OPEC countries. It caused plummeting oil prices and the
collapse of stock markets globally in March 2020, as the OPEC agreement failed.
However, COVID-19 plays a crucial role in the economic recession. The monetary
deficit impact on the travel and trade industries is likely to be huge, in billions of
pounds, increasing daily. Other sectors have also suffered significantly.

Keywords: pandemic, COVID-19, zoonotic virus, economic impact, economic
recession

1. Introduction
1.1 Historical background

Coronavirus (CoV) was tracked down in the 1960s. The Coronavirus Study
Group, patronized by the International Committee on Taxonomy of Viruses
(ICTV), applied the principle of comparative genomics to further evaluate and
segregate the reproductive proteins on open reading frames to identify the variables
that convert CoV at varying cluster ranks. CoVs are linked to diseases of different
magnitudes. SARS (in 2002-2003) and MERS (in 2012) were the most severe types
causing far-reaching pandemics.

Recently, people worldwide have been hugely impacted by COVID-19; it holds
the fifth rank as a pandemic since its inception following the 1918 Spanish flu.
Since late December 2019, there were possible warning signs followed by the
flare-up because of unusual pneumonia incidences in the Chinese city of Wuhan.
The symptoms of this complex disease in patients suffering from fever, malaise,
dry cough, and dyspnea have been identified as viral pneumonia [1, 2], termed by
the press, in the first instance, as Wuhan pneumonia, because of its association
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with its symptoms. A comprehensive analysis of the entire genomes has concluded
that the outbreak has been caused by the novel coronavirus that has earned the
7th rank as a member of the coronavirus family that infects human beings [3]. The
WHO temporarily used terminology for this latest virus as 2019-nCoV on January
12, 2020; soon after, this infectious ailment was officially named COVID-19 on
February 12, 2020. Based on phylogeny, taxonomy, and established practices, a sub-
sequent designation for this virus has been considered SARS-CoV-2 by the ICTV
[4]. Eventually, the people-to-people transmission of COVID-19 in Hong Kong
was identified in the clinical data [5]. As COVID-19 first cropped up in a Chinese
city, it gradually developed in four months and swiftly flared up to other partsas a
worldwide emergency. Finally, on March 11, 2020, the WHO evaluated COVID-19
as a pandemic, followed by the 1918 Spanish flu, 1957 Asian flu, 1968 Hong Kong
flu, and 2009 Pandemic flu. All these pandemics exterminated about 55.5 million
people collectively (Figure 1) [6-9].

2. Structure of COVID-19

Coronaviruses (CoVs) are affiliated with the Coronaviridae family, constitut-
ing a group of enveloped, positive-sense, single-stranded RNA viruses [10, 11].
They are named “CoVs” because of their crown-like structure under an electronic
microscope [12-15]. Coronaviruses emerge from the Coronaviridae family, of the
order of nidovirales. It was called the “coronavirus” due to the crown-like spikes on
its periphery. Coronaviruses comprise a single-stranded RNA that is a tiny nucleic
particle (65-125 nm in diameter) (Figure1).

Four subcategories of coronaviruses—(a) alpha, (b) beta, (c) gamma, and (d)
delta coronavirus—exist. These viruses were considered the agents of infections
only in animals until an upsurge of SARS-CoV was identified in Guangdong, China,

'— Spike Glycoprotein S
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Figure 1.

Construction of respiratory syndrome that generates coronavirus in humans. [ This file is licensed under
the Creative Commons Attribution-Share Alike 4.0 International license; https://en.wikipedia.org/wiki/
COVID-19].
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in 2002 [14]. MERS-CoV, another pathogenic coronavirus, caused an endemic in
the Middle East countries within ten years [15]. Around December 2019, Wuhan,
a burgeoning business point of China, had experienced a flare-up of an unusual
coronavirus, causing deaths of an estimated eighteen hundred people and infect-
ing seventy thousand citizens in a fortnight of the outbreak. A formal notification
announced that this virus was a member of the beta-type coronaviruses.
According to the ICTV, the main reason for COVID-19 is SARS-CoV-2; Chinese
researchers have labeled this extraordinary virus as 2019-nCov or Wuhan corona-
virus [16-18]. Statistically, 8098 individuals were infected by SRAS-CoV (2003),
causing several deaths; the mortality rate reached 9% in 26 countries, whereas the
novel coronavirus (2019) affected 120,000 individuals. In 109 nations, the infec-
tion caused a huge human loss, leaving a 2.9% mortality rate when this paper was
published. Regarding communicability, SARS-CoV-2 is more intense than SRAS-
CoV. The fundamental basis of the transmission was genetic rearrangements of the
spike protein in the receptor-binding domain (RBD) of SARS-CoV-2, expected to
have developed its transferability. In this review article, the source of human coro-
naviruses has been discussed as precisely as possible. The correlated infectivity and
biological characteristics of MERS and SARS have been discussed with exceptional
attention on COVID-19.

3. The virus (COVID-19)

From a pneumonia patient with an unidentified etiology, three specimens of
bronchoalveolar washing were extracted on December 30, 2019, in Wuhan Jinyintan
Hospital. However, close observation was established regarding this etiology due
to the SARS outbreak that flared up in 2000-2003. The polymerase chain reaction
(PCR) (reverse transcription-polymerase chain reaction RT-PCR) assessment of
these specimens was positive for the entire beta coronaviruses. For the procurement
of the whole genome sequences of the virus, Illumina and nanopore sequencing
were used only to establish that the characteristics of the virus are identical to
those of the coronavirus family. It was also proven that the virus belonged to the
Beta-coronavirus 2 B lineage, designated by bioinformatics analyses. Arrangement
of genome size of the COVID-19 virus and existing Beta-coronavirus depicted the
nearest interrelation with the strains of Bat-Cov RaTG13 with 96% similarity. Virus
segregation was carried out by commonly used cell lines—such as Vero E6, Huh-7,
and human airway epithelial cells; simultaneously, cytopathic effects (CPE) were
put in surveillance for 96 hours after vaccination. Typical crown-shaped flecks
were observed under a transmission electron microscope (TEM) with negative
staining. Sera extracted from convalescent patients have the potential to neutralize
the cellular infection of the isolated virus completely. Interstitial hyperplasia-
induced multifocal pneumonia was isolated from ACE2 Rhesus monkeys and mice
intranasally challenged with the same virus. One hundred and four strains of the
virus were separated from COVID-19 patients in different locations. The observa-
tion started at the end of December 2019 and lasted until mid-February 2020
for genome arrangement analysis; it exhibited 99.9 percent homogeneity lacking
transformation (Figure 1).

At the outset of the outbreak, the WHO announced the name of the interim
virus as 2019-nCoV for COVID-19. For histological examination, post-mortem
samples were collected from the liver, lungs, and heart of a 50-year-old male. The
analysis made it clear that there was bilateral alveolar disruption with cellular fibro-
myxiod exudation. The lung is the organ where a desquamation of pneumocytes
and a hyaline membrane is formed, indicating acute respiratory distress syndrome
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[ARDS]. These tissues in the lungs also exhibited cellular and fibromyxoid excre-
tion, pneumocyte exfoliation, and lung congestion. In addition to both lungs, the
domination of lymphocytes was also detected in interstitial mononuclear inflam-
matory infiltrates. Polynuclear syncytial cells with unusually expanded pneumo-
cytes featuring stretched nuclei, prominent nucleoli, acidic and basic granular
cytoplasm were deciphered within alveolus areas with an exhibition of cytopathic
effects, leaving no evidence of intranuclear inclusions.

4. Most likely ecological pool and source of coronavirus

It is important to be acquainted with its origin and transmission to develop pre-
ventive measures and to inhibit the spread of infection. As far as the occurrence of
SARS-CoV, surveyors primarily concentrate on palm civets and raccoon dogs as the
main storehouse of infection. Only the specimens excluded from the civets demon-
strated positive outcomes for viral RNA identification in the food market, suggesting
that the secondary host might be the civet palm [19]. In 2001, the samples obtained
from sound people of Hong Kong were isolated, and the molecular analyses were
conducted; the result showed 2.5 percent of antibodies developed against SARS-
coronavirus. This implied that SARS-coronavirus might have circulated in humans
before giving rise to the outbreak in 2003 [20]. Subsequently, Rhinolophus bats were
also discovered to develop antibodies against SARS-CoV, suggesting that bats were a
source for viral reproduction [21]. For the first time, MERS-coronavirus evolved in
the Kingdom of Saudi Arabia in 2012 [22]. MERS-coronavirus, known as beta-coro-
navirus, had camels as a primary host for the zoonotic disease [23]. In a recent study,
MERS-coronavirus is believed to be spotted in Perimyotisbats and Pipistrellus [24],
implying that bats are the virus’ primary source and transmission mode [25, 26].

At the outset, a group of researchers believed that snakes were the probable origin;
however, genomic analysis for similarity measures explains that novel coronaviruses
and SARS viruses support the assertion that snakes were not the central storehouse,
however, bats were [27, 28]. Further analyses of homologous rearrangement showed
that SARS-CoV (CoVZXC21) generated receptor binding and the prim of the spike
glycoprotein of novel coronaviruses (as shown in Figure 1). The construction of
respiratory syndrome generating human coronavirus CoVZC45 is an unknown
Beta-CoV [29].

5. Transmission of COVID-19

It is universally acknowledged that people-to-people transmission of SARS-
CoV-2 occurs in the community, family settings, and health care. Substantial
dissemination methods involve droplets from the respiratory duct and indirectly
through fomites and aerosols. Some circumstantial evidence shows that PCR and
culture are two important laboratory tests used to separate the virus from saliva
and identify its feces [30-33]. It has also been observed that the virus appears
differently in both blood and urine [34, 35]. If the COVID-19 is mild, the virus
shedding in respiratory samples remains for a long period in the case of children;
the virus having RNA is obtained in higher magnitude (83.3%) in feces with lasting
shedding for a fortnight, whereas it lasts for more than one month in children [27].
Diverse research suggests that the spread of the virus can be seen during incuba-
tion on the day or the day before the signs are set forth and spread from very mild
asymptomatic infections [36-40]. From the day of his admission, positive samples
were collected from the nasopharynx of a half-year-old baby with a high viral load;
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these specimens were positive for several days [41]. Therefore, multiple instances
may remain undetected and pose a sustainable challenge for virus transmission
[42]. The replication number (Ro) is usually considered to be in the range of 2.0
and 2.8 [37-40]; in case higher multiplication numbers are recommended, the serial
interlude remains within a span of 5 to 7 days [43-45]. The mean incubation period
is between 4.75 and 7 days [46, 47], ranging from 3 to 14 days. Information about
the virus load is increasing simultaneously with an increase in our understanding of
the virus. In another instance, patients with higher viral loads were identified; the
viral droplets in the nose were higher than those in the throat. The intensity of viral
droplets was alike in the case of a single symptomatic patient and an asymptomatic
patient [32]. On another occasion, for a comprehensive study, the assessment of
the virus load was conducted in a pair of patients with a series of samples collected
from swabs, throat, urine, stool, and sputum over consecutive days from admission
to hospitalization. The viral loads peaked with 104 to107 copies/mL at approxi-
mately 5 to 6 days after the onset of symptoms. Similar samples of viral droplets
from other patients were examined by the writers, who found the viral loads to be
nearly 1011 copies/mL in the throat sample, but the sputum samples had a median
of 799 x 194, 7.52 x105. Additionally, the virus was examined using RT-PCR in feces
from 9 out of 17 established studies [24]. An examination of nine pregnant women
infected with the virus did not provide substantial proof of ureteral transmission to
the fetus [48].

As a positive-stranded RNA virus, SARS-CoV-2 was discovered, which is
said to belong to the genus beta coronavirus, having a crown-like spike com-
posed of glycoproteins enveloping the surface (Figure 2) [18]. There are six
categories of coronaviruses found in human beings along with SARS-CoV-2;
they are MERS-CoV, HCoV-HKU1, HCoV-OC43, HCoV-229E, SARS-CoV, and
HCoV-NL63 [22]. Evaluation of phylogenetics demonstrated that ARS-CoV-2 was
nearly related to SARS, with 88-89% similaritys; it is also deemed to be derived
from bat-SL-CoVZXC21 (unique identifier: MG772934.1) and bat-SL-CoVZC45
(unique identifier: MG772933.1); however, it has a comparatively distant relation-
ship with SARS-CoV and MERS-CoV being 79% and 50% similar, respectively
[23-25]. SARS-CoV-2 is covered with a wrapper; it is circular, elliptic, and often
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Figure 2.

Tl':ge main stockpile and medium of transmission of coronaviruses (presumed stocks of SARS-CoV-2 are circled
red); the alpha and beta members of coronaviruses have the potential to afflict human beings; the devouring
of animals, infected with the virus as an origin of food, is the prime reason of virus spreading from beasts

to human beings. Owing to being in contact with a virus-infected person, finally, the virus spread to sound
individuals. Arrow with dotted black lines demonstrates the likelihood of virus spread from the bat, whereas
the arrow with solid black lines represents the accurate transferal. Reference: [49]. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

215



SARS-CoV-2 Origin and COVID-19 Pandemic Across the Globe

polymorphic elements have a radius ranging between 30 nm and 70 nm [26]. The
phylogenetic reports and additional research on entire genome sequencing have
shown that COVID-19 is inconsistent with SARS-CoV. It can thus be considered the
latest beta-coronavirus damaging human organs [27]. The genesis of the 2019-nCoV
has been mysterious ever since, but the rising surge is deemed to be connected to
the Seafood Market of Huanan in South China [28]. Researchers have been striving
to discover the sources in animals to do away with the spread of this novel corona-
virus, but none are certain until now. The maximum number of hosts is consistent
with the prospective sources of the 2019-nCoV that it belongs to seafood, pangolins,
or even bats [3, 4, 26]. The immediate work is to track down the transitory source
instrumental in transmitting the coronavirus to human beings. Therefore, deter-
mining the source of the virus must bear the potential to help discover the zoonotic
transmission method [26]. SARS-CoV-2 demonstrates the risk of high pathogenicity
and communicability [29]. It is likely to be transferred from one person to another
by the viral loads of infected persons who are directly in contact with the surfaces
already contaminated by the respiratory droplets through sneezing, coughing, and
physical contact with infected patients [29]. According to several reports, symp-
tomatic individuals are the most recurring sources of COVID-19 escalation [27].
Furthermore, there are opinions that asymptomatic individuals can also transmit
the virus as intensely as symptomatic individuals. Besides, more studies are
required to understand and explain the durability of infectiveness, the procedures
of transmission, and the incubation period of the virus. As HCoV-19 is the latest
phenomenon among human beings, much effort is needed to be acquainted with
the sources of this virus. Based on a twisted explanation or inappropriate delinea-
tion of the early released and restricted amount of data on the HCoV-19 genome,
different suppositions or hypotheses are prevalent in that HCoV-19 was artificially
produced in mysterious circumstances [50, 51] Specifically, the installation of a
polybasic (furin) at the cleavage site of the spike protein was discovered in beta-
coronaviruses for the first time (48). Based on the comprehension and information
collected from the MERS-CoV and SARS-CoV outbreaks, SARS (Bat-CoVRaTG13)
in Rhinolophus affinis was successfully detected and separated; it was 95% similar
to HCoV-19. It could be propounded that the COVID-19 virus possibly belongs to
bats with a higher degree of conviction [52]. Additionally, phenylacetic acid amide
on the cleavage region of S1 and S2 has recently been observed in the coronavirus
genetic arrangement detected in a different Rhinolophus malayanus [52]. These
outcomes imply that there are nearly two bat types: Rhinolophus malayanus and
Rhinolophus affinis. They are presumed to be the native sources of HCoV-19. Bats
are believed to be a possible animal pool for HCoV-19- and SARS-like [53] corona-
viruses. Presently, non-comprehensive evidence is found to show the bats respon-
sible for directly spreading HCoV-19-like coronaviruses to human beings. Recent
research shows that the Malayan pangolin (Manisjavanica) has been considered a
potential natural storehouse or transitional source of HCoV-19 [54-56]. In another
study, community genomic sequencing of blood, intestine, and lung samples

from Malayan pangolins was examined by Lam et al. [54, 57]. They detected

virus sequences with a connection with a pair of subcategories of HCoV-19 like
coronaviruses. Specifically, five analytical remnants of the pangolin virus, which
play a significant role in human receptor binding, are similar in every detail to
HCoV-19 [57]. Based on a re-evaluation conducted on a formerly announced virus
metagenomics dataset of Malayan pangolins [58], it is recommended that there is

a prospective pangolin origin of HCoV-19 [59]. The all-inclusive feature of HCoV-
19 concerning Pangolin-CoV in pangolins has repeatedly suggested that Malayan
pangolin could be a prospective transitional source for HCoV-19 [55]. It is believed
that HCoV-19 could spring from a probable intermingling of the aforementioned
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Bat-CoV-RaTG13-like virus [52] and Pangolin-CoV-like virus [55]. Malayan pango-
lins are reported to have been spotted in the natural habitat across Southeast Asia.
However, it has never been considered to belong to China, where HCoV-19 was
confirmed for the first time [3, 27, 45, 52] because it was significant as an origin of
food and herbal treatment.

Irrespective of its whereabouts still not being identified, multiple cases of
COVID-19 have been referred to those who have visited the Seafood Wholesale
Market of Huanan, situated in the city of Wuhan, China. On February 11, 2020,
the WHO came up with COVID-19, a shortened form for COVID 2019. The virus
responsible for this flare-up is recognized as SARS-CoV-2; recently, it has been
unearthed and is closely related to bat coronaviruses, SARS-Cov, and pangolin
coronaviruses.

6. Spread of the virus

With highly changeable symptoms, COVID-19 ranges from none to fatal ail-
ments. The virus of this illness is said to travel through the air from person to person
nearby. Once an infected person coughs, breathes, or speaks, the virus is released
and attacks the person next to him. It is also very likely to spread through surfaces
already contaminated by virus-affected patients. The duration of this virus is at
least 14 days, and it has the potential to spread asymptomatically as well (Figure 3).

7. Economic impact

The stock market collapse of 2020 was a serious and unprecedented global
phenomenon that started on February 20, 2020 and lasted until April 7, 2020
(Figure 4).

A transitional bear was experienced in the market due to the COVID-19
disaster, but the bull returned by April 2020; it went on through December 2020

Figure 3.

Total confirmed cases per country as of 10 May 2021. 10,000,000+ 1,000,000—9,999,999 100,000~999,999
10,000-99,999 1,000—9,999 100-999 1-99 0 [this file is licensed under the Creative Commons Attribution-Share
Alike 4.0 International license. https://en.wikipedia.org/wiki/COVID-19_pandemicy#/media/File:COVID
19_Outbreak_World_Map.Svg.
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Figure 4.

Movement of WTI (West Texas intermediate) price of crude oil from 2019. The collapse began on February 20,
2020. For the first time, on April 20, 2020, the prices went down to minus digits in petrolewm history. Reference:
Sheppard, David; McCormick, Myles; Brower, Dervek; Lockett, Hudson (April 20, 2020). “US oil price below
zero for first time in history.” financial times. Retrieved April 20, 2020.
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Figures.
Retail experienced a 40-60% plummet in footfall in Mar 2020. Reference: Inc., Aislelabs (April 2, 2020), how
retailers globally are vesponding to coronavirus by Aislelabs, retrieved June 2, 2020.

despite the inability of the US markets to return to the levels of January 2020. This
downturn remained until November 2020 because of a slowdown due to COVID-19
(Figure 5) [60-64].

The unexpected economic downturn due to COVID-19 trailed economic
development and continued growth following the revival of a global monetary
setback in 2009. Human history has given rise to unprecedented worldwide
joblessness, an all-time low, while the quality of life has gradually settled to a
better position worldwide. Over time, the 2020 COVID-19 outbreak—the most
menacing upsurge since the Spanish flu of 1918—set out to eradicate the entire
economy. The slowdown of the global economy occurred due to the pandemic
and the panic caused by it; the equilibrium of demand and supply disrupted the
market beyond measure. There is no denying that the International Monetary
Fund (IMF) also spotted other diminishing variables before COVID-19, like a
global synchronized slowdown in 2019, suggesting the already vulnerable condi-
tion of the market [65-70].
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Although the collapse started on February 20, 2020, there was a considerable
boost in sales in the first fortnight of March 2020. The collapse witnessed many
serious daily falls in the stock market worldwide, the largest fall being on March 16;
it was termed as ‘Black Monday II’ as there was a 12-13% fall in most of the business
worldwide [71-73]. Two more important collapse dates became obvious: March
9, termed ‘Black Monday I’ [74-76], and March 12, termed ‘Black Thursday’ [77].
Banks and reserves worldwide lowered their cash flow and interest rates to man-
age the stock; furthermore, they offered the markets and investors extraordinary
assistance to cope with the situation [78-80].

8. Recession during COVID-19

The slowdown due to COVID-19 is a serious worldwide economic catastrophe
that has generated a downturn in many countries and depression in others. It has
been considered the worst world economic disaster since the Great Depression [81].
The disaster began because of different government regulations against the pro-
duction created to inhibit the ongoing outbreak. Significant slowdown symptoms
in the collapse of stock markets appeared in late February 2020 and lasted until
March 2020 [82-87]. However, the stock market devastation was transitory, and
many market indices worldwide revived or established new records by the north-
ern autumn of 2020. By September 2020, every developed economy experienced
recession or depression, while all emerging economies were in recession [88-90].
According to the World Bank’s anticipation, returning to normalcy would not be
accomplished in many countries even by 2025 [91-94].

Due to the COVID-19 pandemic, half of the world population came to a halt to
inhibit the spread of COVID-19 [95]. It has caused serious consequences on econo-
mies worldwide [96] just after the 2019 world economic slowdown that witnessed
the inertia of higher magnitude in the stock markets and consumer activities
globally [97, 98].

The slowdown due to the pandemic has caused massive unemployment, inability
to sustain unemployment insurance, crashing computer systems, and strug-
gling slow claims processing of the applications [99, 100]. More than 10 million
unemployed people were registered in the US by October 2020 [101]. According to
the UN forecast conducted in April 2020, the world would see more unemployed
people, reducing working hours by nearly seven percent. It has been estimated that
nearly 195 million full-time workers lost their jobs [102]. Unemployment, in some
countries, was anticipated to reach ten percent; the countries seriously impacted
by the COVID-19 outbreak had higher unemployment than before [103-105].
Regarding remittals, even developing countries were not unaffected [106], which
exacerbated the global food crisis [107].
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Psychosocial Effects and Public

Health Challenges of COVID-19
Pandemic in India

Shankar Das and Julie Richards

Abstract

The COVID-19 pandemic is an ongoing global crisis that poses enormous and
multifarious challenges to humanity since the end of 2019. The pandemic has
severely devastated public health systems and universally affected socio-economic
development. India is among the worst-hit nations owing to its massive population
of 1.35 billion, and more significant socio-economic challenges than most other
countries. Despite the current issues and challenges surrounding the COVID-19
pandemic, India has been making targeted efforts towards the fight against the
spread of coronavirus, including medical, treatment, vaccination, community
prevention and control strategies. The chapter examines the implications of the
pandemic on Indian population which have certain unique challenges than other
parts of the world. It delves on the gradual progression of the challenges among
people especially the vulnerable and the disadvantaged in the existing public health
systems. This chapter encompasses a wide array of human suffering and efforts for
its mitigation. It highlights and brings to forefront the unique experiences of diverse
populations who have faced a crisis within a crisis and its psychosocial ramifica-
tions, as well as the psychosocial adversities and public health challenges.

Keywords: Covid-19, Psychosocial effect, Public Health, India, Origin, Societal
Impact, At-risk Population, Prevention and Control

1. Introduction

The COVID-19 pandemic is an ongoing global crisis that poses enormous
multifarious challenges and threatening all of humanity since the end of 2019.

The infectious disease COVID-19 (SARS-CoV-2) spread swiftly throughout the
world and the outbreak placed most nations on a high public health alert. The
pandemic has severely devastated public health systems and universally affected
socio-economic development. India is among the worst-hit nations owing to its
massive population of 1.35 billion, and more significant socio-economic challenges
than most other countries.

By September 2020, the nation witnessed a considerable drop in new and active
cases’ and declining infection rates. However, during the second wave in April 2021,
the virus started to spread faster than ever before. The country witnessed over 3
lakh new cases of COVID-19 daily while death rates surged to new peaks. Despite
the current issues and challenges surrounding the COVID-19 pandemic, India has
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been making targeted efforts towards the fight against the spread of coronavirus,
including community prevention and control strategies, COVID-19 RT-PCR

tests, strengthening public health systems, immunization initiatives, nationwide
lockdown, phased relaxation of restrictions, night curfews, doubled fines for not
wearing masks and crowding, etc. However, the second wave of the pandemic in
April 2021 had been enormous with very grim outcomes whereby oxygen, hospital
beds and treatment facilities are in extremely short supply.

This chapter examines and discusses the range of societal challenges and public
health burden that resulted from the COVID-19 pandemic in India. We examine
the impact of the pandemic that has shaken the fundamental essence of social
development and the response of public health systems. This chapter encompasses
awide array of human suffering and efforts for its mitigation. The findings are
presented and several thematic psychosocial and public health areas which emerged
are discussed, primarily the genesis and spread of the virus and its management,
the physical impact of the disease and its psychosocial ramifications, as well as the
psychosocial adversities and public health challenges.

More specifically, we describe the individualized experiences of varied high-risk
groups in a densely populated country that posed unique challenges in the social
and economic sphere. This rich learning may serve a significate value in the area
of community prevention strategies. The authors further elucidate lessons learned
about advancements and strategies of prevention, treatment and control of the pan-
demic in the country. The chapter concludes with a number of potentially fruitful
research themes and directions.

2. Origin and progression of the pandemic

At the initial stage, on 31 December 2020, Chinese national authorities reported
unspecified cases of pneumonia to the World Health Organization (WHO). Such
cases of unknown etiology were identified in Wuhan city of Hubei province, China
and within a mere 3 days, 44 patients were reported with such cases without any
known causal agent [1]. Wang et al. [2] reported most common clinical symp-
toms among the hospitalized patients included fever (98.6 percent), fatigue (69.6
percentage) and dry cough (59.4 percent). Originally, the patients had a history
of exposure to the Huanan Seafood Market - a live animal and seafood market in
Jianghan District, Wuhan, Hubei, China [1]. On 30 January 2020, the World Health
Organization [3] declared the pandemic a Public Health Emergency of International
Concern and pandemic on 11 March 2020 [4]. At that point the agency also recom-
mended that all countries should be ready with control strategies such as screening,
early detection, containment, case management, contact tracing and prevention of
further spread of COVID-19 infection and data sharing with WHO.

As per the available global data on 14 June 2021 there are total 91,451 confirmed
COVID-19 cases in China with 86,344 recovered cases which indicates 94 percent
recovery rate and 4,636 cases of deaths. Further, worldwide there have been
175,686,814 confirmed cases of COVID-19, including 3,803,592 deaths, reported to
WHO [5]. To date, the pandemic rapidly spread across almost 222 countries and ter-
ritories around the world. The top 10 most-affected countries include: United States
of America, India, Brazil, France, Turkey, Russian Federation, the United Kingdom,
Italy, Argentina and Spain. The infection levels, which continue to fight against the
pandemic, are presented below (Table1).

India reported a total 28,996,473 confirmed COVID-19 cases. The total number
of patients who succumbed to the viral disease has reached 351,309 and thereby
comprises 17 percent of the global share of case burden [4, 6].
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Name Cases — Cases — Death - Death Transmission
Cumulative newly Cumulative newly Classification
Total reported total reported
inlast in last
24 hours 24 hours
Global 173,331,478 308,911 3,735,571 7,801 —

1 United 33,042,622 15,410 592,114 418 Community
States of transmission
America

2 India 28,996,473 86,498 351,309 2,123 Clusters of cases

3 Brazil 16,947,062 39,637 473,404 873 Community

transmission

4 France 5,611,217 946 109,209 88 Community

transmission

5. Turkey 5,293,627 5,647 48,255 91 Community

transmission

6. Russian 5,145,843 9,977 124,496 379 Clusters of cases

Federation

7 The United 4,522,480 5,584 127,841 1 Community
Kingdom transmission

8 Italy 4,233,698 1,270 126,588 65 Clusters of cases

9 Argentina 3,955,439 16,415 81,214 347 Community

transmission

10 Spain 3,707,523 883 80,236 2 Community

transmission

Source: WHO [86], 09 June 2021 https://covid19.who.int/tablel.

Table 1.
Top 10 countries with Most-affected by COVID-19 pandemic as on 9 June 2021.

The first case of Coronavirus was reported on 30th January, 2020 and today the
country has the second highest number of confirmed cases in the world after the
USA. The first death due to COVID-19 was reported on 12 March 2020 from Kalburgi
in Karnataka state in India [7].

During the first wave of the Coronavirus pandemic in September 2020, India
witnessed the highest peak on 16th September 2021 with a total number of 97,894
infected persons. Again, after six months the country had a sharp upsurge from the
first week of March indicating the second wave of the pandemic with the high-
est number of 4,14,188 infected cases on 6th May 2021. Fortunately, the national
pandemic situation is steadily and rapidly improving with a decline in cases. Recent
data recorded 100,636 new cases on 6th June 2021. Additionally, death rates and
hospitalizations are also dropping [8].

3. Societal impact of COVID-19 in India

Amidst the unprecedented and devastating Coronavirus pandemic, particu-
larly during the second wave, numerous issues related to crumbling public health
infrastructures, increasing number of death tolls, psychosocial, economic, political,
educational, agricultural effects and many more ramifications have created devas-
tating impact on the lives of people across all states. For example, the social reality
of human beings in the modern world revolves around unlimited social interaction.

231



SARS-CoV-2 Origin and COVID-19 Pandemic Across the Globe

This interaction came to a sudden halt with the advent of worldwide lockdowns and
restrictions on social movement as a result of the coronavirus. Feelings of loneli-
ness and boredom in the population ensued and had varied impacts on people’s
mental health (see ref. [9]). While this pandemic wreaked havoc in health systems
across the world, the social aspects of the disease complicated the recovery process.
The contagious character of the pandemic, along with its unpredictable nature of
progression on various individuals, has resulted in catastrophic socioeconomic
disruption caused by the coronavirus. It is estimated that there were nearly 690 mil-
lion people globally undernourished in 2019, and by the end of 2021, an additional
132 million are expected to go hungry. Also in this short timeframe, it is anticipated
that tens of millions of individuals will be further pushed into risk of extreme
poverty [10].

India is not exempt from this prediction. The Covid-19 crisis has amplified the
situation of poverty in the country, and left a large number of citizens grappling
with inadequate access to clean water and nutritious food, insufficient access
to livelihoods or employment, poor education and lack of infrastructure. There
is strong underlying evidence between poverty and psychological health [11].
Additionally, studies also indicate that poverty leads to developmental and mental
health problems that in turn prevent people from escaping the poverty trap; creat-
ing an intergenerational and causal nexus of poverty and ill-health [12]. A study
conducted by Mukhtar [13] highlighted the psychological impact of COVID-19
making it a secondary health concern, which requires attention. “Globally imple-
menting preventive and controlling measures, and cultivating coping and resilience
are challenging factors; modified lifestyle (lockdown curfew, self-isolation, social
distancing and quarantine); conspiracy theories, misinformation and disinforma-
tion about the origin, scale, signs, symptoms, transmission, prevention and treat-
ment; global socioeconomic crisis; travel restrictions; workplace hazard control;
postponement and cancellation of religious, sports, cultural and entertainment
events; panic buying and hoarding; incidents of racism, xenophobia, discrimina-
tion, stigma, psychological pressure of productivity, marginalization and violence;
overwhelmed medical centers and health organizations, and general impact on
education, politics, socioeconomic, culture, environment and climate” ([13], p.
512) are the causative factors arousing challenge and concern.

These factors have diverse impact on people belonging to various strata of
society. Demographics such as whether people reside in urban or rural communities
and whether they are young or elderly contribute to their vulnerability. Further,
hailing from different geographical locations with varying access to social net-
works, healthcare facilities and personal economic status also contribute to people’s
exposure to risk. Everyone struggled at his or her individual level with the double
burden of the disease and its accompanying factors. In a cross-sectional study by
Karmakar et al. [14], they reported that extensive sociodemographic risk factors
such as socioeconomic position, family composition, environmental factors and
racial/ethnic marginal status were all significantly linked with COVID-19 preva-
lence and mortality.

Regardless of the socioeconomic risk factors, the microorganism invaded
every aspect of social life; individual, family, community and nation. The home
environment changed into stressful office rooms and online schools. The per-
sonal space was compromised immediately and leaving no alternative. Children
were confined to homes and their energy was bottled up causing frustration
and loneliness. In some homes, other stressors (such as loss of jobs or ailing
people) further dampened the spirit and caused anxiety about the future. While
the sanitization rituals by individuals helped disease prevention, it is reported
that rigorous hygiene routine to combat COVID-19 resulted in a rise in cases of
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obsessive—compulsive disorder [15]. There were countless stories of social isola-
tion and its impact from around the nation and the world, each pointing towards
the need to address this unsaid challenge.

4. Psychosocial aspects of COVID-19

Prolonged exposure to stress, regardless of age or race and ethnicity, adds
another dimension to the pandemic’s major public health threat. As a consequence,
the COVID-19 infection and physical ailments produce pandemic-induced men-
tal health issues that are critical challenges that must remain at the forefront of
response. Studies reported heightened attention to evaluating social impact and
community tension in order to facilitate psychosocial support to the population
during this pandemic. The COVID-safe behavior such as social distancing, home
isolation and security measures have grossly affected the social relationships among
individuals and their perceptions of compassion towards fellow-beings. During
the current unprecedented times in India, a large number of families are grieving
their loss of near and dear ones. Prevailing mental health conditions triggered by
a distressing or fearful event (either because of experiencing it first hand or by
witnessing it) is commonly reported.

The current situation of COVID-19 is not only distressing for those grieving the
loss of life, but it is also distressing individuals and families beyond, or irrespective
of, their grief. People who are directly affected by the virus, or hit indirectly due
to fear of infection, social isolation, and/or financial crisis, are struggling. More
specifically, a large proportion of the Indian population have diverse and vulnerable
life situations, such as people who are elderly and poor with chronic or acute ail-
ments, migrant labourers, senior citizens, quarantined individuals in their homes or
health facility, and families of those suffering or quarantined. Such large numbers
of individuals are vulnerable and may show signs and symptoms of mental distress
and emotional problems.

The pandemic has given rise to situations where these signs and symptoms
of mental distress and emotional problems manifest in the risk of anxiety and
depression, substance use, loneliness, and domestic violence; and with schools
closed, there is a very real possibility of an epidemic of child abuse [16]. Several
studies emphasized COVID-19’s effect on mental well-being on vulnerable groups,
including children, college students, and health care personnel, as they are more
likely to develop post-traumatic stress disorder (PTSD), anxiety, depression, and
other symptoms of distress [17]. While dealing with such public health emergen-
cies, the past experiences have also testified that the generalized public fear and
anxieties increase due to uncertainty, fatality, and lack of public health prepared-
ness. Researchers must continue to investigate the strong link between mental and
physical health [18, 19].

Across the world, anecdotal literature elucidates the large-scale reporting of
mental health suffering of people. The literature calls for concentrated behavioral
and mental health programmes to minimize and ameliorate psychosocial issues
caused by the outbreak. In the current circumstances, crucial behavioral strate-
gies such as physical distancing, hand hygiene and wearing masks, etc. are the
only effective approaches to combat and survive the pandemic. Even so, there are
a number of protective factors which may help alleviate these stressors and assist
with maintaining good mental health among families and communities. Therefore,
it is essential to systematically study the emerging psychosocial impacts and public
health issues suffered by individuals in response to the lockdown or quarantining.
Secondly, research needs to ascertain the psychosocial impact on specific vulnerable
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groups due to physical distancing, school closures, restricted health and social care
provision, and loss of group activities. Thirdly, generating evidence for effective
behavioral interventions, strategies and mechanisms to mitigate the psychosocial
stressors and prevention of infections are equally important for developing policy
and programmes for community mental wellbeing.

Similar to the recommendations above, comprehensive management and treat-
ment of mental health issues at the institutional and community levels are just as
significant as the various COVID-19 related protocols for physical health. Moreover,
management and treatment of pre-existing mental disorders and new onsets are of
an enormous concern. Lastly, it is imperative to understand the indirect effects of
the pandemic and how these factors differ among population groups. The follow-
ing discussions elucidate the psychosocial impact of Coronavirus disease on a few
selected vulnerable populations. These notable lessons learned during the pandemic
are highlighted here with a view to improving the effectiveness of policy planners,
researchers and interventionist in the forthcoming months and improve future
response.

5. COVID-19 and At-risk population

The country’s coronavirus pandemic response with regard to the people living
in poor urban and rural settlements, migrant workers and other vulnerable popula-
tions has been meager and slow. The current situation raises concerns about health
inequity in terms of accessibility and availability of basic health care services to
survive during the deadly pandemic.

Therefore, in order to best plan for preventative care and appropriate interven-
tions to move public health policy and programming forward, it is essential to
further understand the indirect effects of the pandemic, including the psycho-
social impact of COVID-19 in India, which has been well documented [20-24].
While the pandemic has not discriminated among the Indian population, several
population groups, and even their subgroups, have been particularly at-risk of
psychosocial impact. In particular, special attention must be given to respond to
the unique risk factors of women, children, health care professionals, migrant
workers, and people with disabilities, who are among some of the populations
that are disproportionately vulnerable to the impact of the pandemic in most
facets of their lives.

Adverse effects, such as the risk of abuse, significantly rise during global
emergencies [25-27]. Violence against women, including intimate partner vio-
lence (IPV), further presents a public health concern that is impacting already
strained public health systems during the COVID-19 pandemic. Several factors
contribute to the anticipated, and confirmed, rise of IPV during the pandemic.
With restricted movement and stay-at-home orders, consistently close contact,
additional stress, and potential income reduction or loss of livelihood, women
who have previously been abused can experience increased violence in the home.
Further, contact with supportive friends and family may also be reduced as a
result of social/physical distancing. Concurrently, caregiving responsibilities for
women increase while school closures also add to the care work of women. Since
many women work in the informal wage-earning sector, the loss of their liveli-
hoods leaves families further vulnerable to resource scarcity, ultimately resulting
in placing women at “greater risk for experiencing economic abuse” [27-29]. A
case vignette is provided below to exemplify the increased risk women face during
this pandemic.
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COVID-19 and the Increased Risks for Women

When a domestic worker and her husband have both lost their jobs, Mrs. T. takes the responsibility to make
ends meet to manage the household and feed her children while her husband spends their savings on his
alcohol use. Mrs. T. explains that prior to the pandemic, her husband beat her at night after he got home from
work. However, since he lost his job (he was a rickshaw driver), he beats her unpredictably in the day [30].

Furthermore, for women experiencing IPV, access to essentials such as hand
sanitizer and soap may be restricted, while information shared with them about
COVID-19 may be misleading and stigmatize partners [27]. Access to services is also
further limited due to the reduction in services resulting from organizations having
to scale back services due to the pandemic.

Additionally, as options for essential travel are reduced, women may find
themselves in a double bind. They may be both further exposed to risks of violence
as well as infection. With metros shutting down, and any available transportation
responsible for disinfection and limiting passengers to one at a time, the connection
from home to destinations has significantly increased in cost while simultaneously
reducing the cost saving opportunity to rideshare [27]. Several researchers note
that women, comprise 81.6% of the informal work sector and are precluded from
accessing social protections such as unemployment and cash transfers [31-33].
Moreover, women have reported being harassed both inside, and while waiting
for, public transportation [34, 35]. An updated 2019 nationwide survey of women
commuters found that only 9% of women felt very safe on public transportation
[36]. Therefore, not only do women find themselves potentially further exposed
to infection when commuting, but they also incur further expenses due to limited
options and increased prices for intermediary public transportation. Finally, with
women’s reluctance to use public transportation for fear of being vulnerable to both
sexual and other forms of violence, more effective urban planning to create a safer
physical environment is essential. However, equally important are the coordinated
efforts of civil society organizations, police, and transport authorities to ensure the
protection of women travelers [37].

The violence against women often results in physical injuries, including affect-
ing sexual and reproductive health, mental well-being, and perpetuating sexually
transmitted diseases [38]. Risk factors that predispose vulnerability to violence,
include economic stress, social isolation, poverty and associated factors (such as
overcrowding and unemployment), poor neighborhood support and cohesion,
unwillingness of neighbors to intervene when witnessing violence, and traditional
gender norms and gender inequality [27-29]. Such risk factors are further exacer-
bated due to the pandemic. Although crimes against women are mostly unreported,
or underreported at best, records suggest that this is a significant social and public
health epidemic. Prior to the onset of the COVID-19 pandemic, of the 4.05 lakh
registered crimes against women in 2019, over 30% of them were domestic vio-
lence occurrences [39]. Since the onset of the nationwide lockdown in response to
the COVID-19 pandemic, the National Commission for Women has reported an
increase of domestic violence being more than 2.5 times the previous rate of
occurrence [40].

6. Children affected by COVID-19

The second wave of the Indian COVID-19 situation was certainly alarming com-
pared to the first wave in 2020, as many more pediatric cases were reported across
the country. Several children, including infants, are at greater risk of acquiring
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and spreading the infection. However, their condition remained under control
and seldom turned fatal [41]. Notwithstanding, as per the Government of India
[42] Protocol for Management of COVID-19 in the Pediatric Age Group indicates,
a small percentage of children who are symptomatic may need hospitalization.
Moreover, 1-3% of infected children may manifest severe symptoms necessitating
intensive care treatment.

Nevertheless, a substantial number of families are undergoing a persistent sense
of despair due to losses of livelihood, financial security, social support networks and
threatened loss of loved ones. Such complexities tend to impact the quality of family
cohesion and relationships among children and parents. The current pandemic-
related uncertainties, fears, and worries certainly launched other crises among
children which complicate and potentially hinder their developmental outcomes.

School - As the pandemic led to nationwide school closures beginning 16, March
2020, more than 290 million children were left to participate in education through
virtual mode technology (e.g., smartphone, television, or computer). Although
lessons pivoted to web links and TV, only 1 in 4 students have access to digital learn-
ing. Further, electricity and connectivity also present challenges for many students,
highlighting the digital divide [43]. Across 23 states, 12% of school children do not
have access to smartphones or basic phones [44], rendering education unattainable.
Moreover, in Maharashtra, “only 50 percent of public-school students from classes I
to VIII could access digital learning” [45]. Parents and teachers grappled with their
own low levels of technology and digital literacy, further complicating education
delivery. With such educational limitations, the incidence of school dropout risk
increases significantly [46].

Child Protection - Issues of child protection have also seen a spike during the
COVID-19 pandemic. In addition to families plunging further into poverty, violence
against children (as with women) has also increased. CHILDLINE (a telephone
helpline for children in distress) has received 4 million distressed calls from chil-
dren requesting assistance; 92,000 calls reporting abuse and violence in just the
early days of the 2020 lockdown [47]. As families come under duress responding to
the pandemic, child labour, marriage and institutionalization are on the rise. With
access to education compromised as described above, children are pressured to join
the labour force and contribute to the family income [48]. Research demonstrates
that during emergencies and crises, children are at higher risk for physical, verbal,
and sexual abuse, as well as exploitation and trafficking [43, 49]. The case vignette
below illustrates the desperation that can lead to child exploitation.

COVID-19 and the Increase in Child Labour

Despite it being a cognizable offense to employ a child as per the law, the last census indicated that “10 million
of India’s 260 million children “are child labourers [50]. The lockdown has caused parents to grapple with the
decision to offer their child to human traffickers when they have gone for months with virtually no income.
For example, Mr. L made the heart wrenching decision to offer his 13-year-old son to work in a bangle factory
1,000 km away from home after traffickers refused to bring Mr. L because they needed “nimble” fingers and
an adult was “of no use.” He told reporters that his children were going hungry and he felt he was left with no
choice [50].

Considering children and adolescents’ cognitive and emotional development,
their inability to fully understand the pandemic and communicate their feelings
fosters additional risk of mental health issues. Protective factors such as socializa-
tion and physical activity have all but come to a standstill. Social media, with its
flood of information and misinformation further contributes to “anxiety, depres-
sion, sleep disturbance, and loss of appetite” [21, 51].
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Children, particularly girls, have also seen a significant rise in their domestic
workload responsibilities [52]. School-aged girls have become more vulnerable to
child marriage in order to defray household expenditure. During the lockdown,
5,584 CHILDLINE interventions were related to child marriages (Tol, 27 June
2020). In addition, menstrual hygiene was also compromised during the pandemic.
Menstrual hygiene products, such as sanitary napkins, were not initially designated
as essential items and therefore inaccessible for menstruating girls, potentially
leading to unhygienic practices that could have serious health consequences (such as
toxic shock syndrome, infections, and vaginal diseases [45, 53].

Child malnutrition is also a concerning ramification of the pandemic [21, 54].
Not only with food insecurity on the rise in homes that have been economically hit
by the pandemic, but children have also been hit with an additional blow as access
to government food programmes have been disrupted in some states. And despite
increased food insecurity, the risks of weight gain and other additional adverse
physical effects of a sedentary lifestyle have increased. For example, children’s aver-
age daily screen time has increased from 3.5 hours to 5.12 hours, leading to associ-
ated loss of physical fitness, increased psychosocial problems, ophthalmic issues,
sleep disruption and decline in academic achievement [55-57].

In addition to these issues of malnutrition and childhood weight gain resulting
from the shift to a more sedentary lifestyle living in a restricted mobility environ-
ment, it is also essential to consider the 486,000 children living in alternative care
[21]. For these children, residential or institutional environments further increase
their risk for poor outcomes during the pandemic. As Roy, S., [58] points out, non-
residential care providers were unable to provide in-person services and therefore
children have had to further rely on overworked residential staff for activities
facilitation, schooling and therapeutic services. Overcrowded institutions are also
challenged by finding adequate quarantine space for children infected with the
virus. Issues of technology constraints (especially accessible learning materials for
children with disabilities), understaffing, inadequate food, hygiene and medical
supplies, and physical distancing with limited social connectivity are all prominent
for children in childcare institutions and further exacerbate their anxiety and fear
of the pandemic. For those children aging out of the system, limited options, con-
current with the inability to prepare for discharge during the pandemic, can hinder
their ability to successfully transition into independent living and predispose them
to exploitation, violence, and further adverse consequences [59].

On an encouraging note, however, immediately after the Ministry of Women
and Child Development reported 577 children had been orphaned during
the second wave, the Prime Minister (PM) announced support under the PM
CARES for Children’s scheme. Such support includes financial aid and free
education for all COVID-19 orphans, the surviving parents, legal guardian or
adoptive parents. In addition, the PM assured that the “GOI stands in solidarity
with these families” [60].

7. Healthcare workers

Health care workers (HCW) are at high-risk for not only contracting the coro-
navirus, but also for the adverse psychosocial effects of the pandemic. However, the
infection incident rate among healthcare workers is difficult to ascertain since there
is no routine covid testing at health care facilities or accessible centralized reposi-
tory for HCW prevalence data. Nevertheless, there are some recent studies that
examine prevalence of infection among HCWs [61-63]. For example, Mahajan et al.
[63] found 11% prevalence among the HCWs in their Mumbai study. Another study
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of healthcare workers in Kolkata suggests that routine COVID screening for HCWs
is essential since they found 31% of their study participants who tested positive
were asymptomatic; thereby increasing the risk of infection transmission unknow-
ingly [63].

Dubey et al’s [20] comprehensive literature review identified several factors
that further compromise HCW well-being beyond the risk of infection exposure.
Of particular relevance, they found that “burnout, anxiety, fear of transmit-
ting infection, feeling of incompatibility, depression, increased substance-
dependence, and PTSD” added to HCW s already concerns due to their high risk
for contracting the virus. A cross sectional study of both HCWs and non-HCWs
presented similar results with prevalent conditions such as depression, insomnia
and anxiety as the significant psychological impacts of the pandemic [64]. Chew
et al’s [65] multinational study of HCWs reported that 79% of HCWs experienced
moderate to very severe depression. Further, 2.2% reported feeling moderate to
extremely severe stress, while 3.8% reported experiencing moderate to severe
levels of psychological distress. These psychological impacts seemed to manifest
in psychosomatic symptoms such as headaches, throat pain, anxiety, lethargy and
insomnia.

The issue of stigmatization further adds to the stress and anxiety level of health-
care workers. Medical personnel, ward attenders and COVID-19 patient caregivers
have all been targets of public outrage (including assaults) since they are perceived
as high-risk infection transmitters [66, 67]. The following case vignette lucidly
highlights the impact on a revered medical provider.

COVID-19 Warriors

An announcement was uploaded on Twitter as “It causes us immense pain to inform you that our dear Dr KK
Aggarwal passed away at 11.30 pm on May 17, 2021, in New Delhi, after a lengthy battle with Covid-19...,”
India’s most prominent face of Medical Fraternity is no more. The 62-year cardiologist Dr. K K Agarwal,
Padma Shri awardee and former national president of Indian Medical Association, was critical and he had
been on ventilator support for the past few days but later succumbed to COVID-19 in All India Institute of
Medical Sciences. His family put out a statement “KK Agarwal wanted his life to be celebrated not mourned.”
Ironically during the pandemic, Dr. Agarwal made relentless efforts to educate the common people and was
able to reach out to 100 million people through several videos and education programmes and also saved
innumerable lives. According to the report of the Indian Medical Association (IMA), 270 physicians have
died in India’s recent COVID-19 surge since early April and so far, more than 1,000 have died since the
beginning of the pandemic. IMA also reported state-wise data on doctors’ death, with the maximum figures
in Bihar (78), Uttar Pradesh (37), and Delhi (28). The death toll is likely far higher since the association
tracks only 350,000 registered members, but India has about 1.2 million doctors. A large number of them are
survived by their families and children who need help for sustenance, education and rearing. The IMA very
generously initiated the COVID Martyrs Fund by appealing for a minimum one-day income donation from
members and citizenry [68].

8. Persons with disabilities (PWD) and the elderly

According to Census 2011, India is home to 26.8 million persons with disabilities;
2.21% of the total population [69]. This statistic may also underrepresent the total
number of people coping with a disability since there is not yet an established uni-
versal definition of disability in either the international or national discussions. The
Coronavirus pandemic, along with the subsequent lockdown, has brought diverse
challenges for PWDs. For example, procuring essential supplies, accessing medical
treatment, and adopting physical distancing practices have devolved into further
obstacles. The following case of Mr. AK, illustrates his experience of additional
challenges with activities of daily living during the pandemic.
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More Challenges for PWD During COVID-19

Mr. AK, a 33-year-old with vision impairment, shared how he has organized his life for an independent
existence. However, with the pandemic, Mr. AK is under tremendous stress as cleaning utensils, fixing
broken gadgets, and the ability to differentiate and select particular food items at the market have become
more complicated. No longer having domestic help available to assist with errands only further adds to his
stress during the pandemic [70].

Further, the Secretary-General of the United Nations, has declared that
COVID-19 has “disproportionately [impacted] PWDs both directly and indirectly”
([71], p. 2). PWDs may face barriers to several protective measures. Access to water,
sanitation and hygiene facilities can be hindered, along with public health informa-
tion access. Additionally, people with disabilities who are placed in institutional
care can be further at risk of infection due to overcrowded and unhygienic condi-
tions in many institutions. PWDs also often rely on physical contact for mobility
and to complete activities of daily living, thereby diminishing physical distancing
protective measures. Elders, too, often face these same barriers.

Moreover, skill training programs for PWDs have all but stopped dead in their
tracks in response to the COVID-19 lockdown in March, 2020. In 2018-2019, 47,286
people with disabilities participated in skill training programs which dropped to
merely 1,434 participants in 2019-2020. The Department for Empowerment of
Persons with Disabilities has empaneled 75 programs to meet the more stringent
expectations, compared with the previous 280 programs [72]. It is essential that
rigorous safety protocols are followed as training programs reopen. As an additional
option, online training program proposals for people who are differently-abled are
currently being explored.

Of the persons with disabilities in India, nearly half of them have vision impair-
ment. Senjam [73] points out that 13 million of those with vision impairment have
functional low vision. However, appropriate and accessible information related to
COVID-19 are inadequate, especially for people with visual disability in the areas
of transmission, nature of the virus, and prevention and protective strategies.
They also require personal assistance with activities of daily living and rely on
tactile sensory for performing “routine activities or outdoor movement which may
further increase the chance of getting the infection from the virus” ([73], p. 1368).
Protective techniques such as handwashing and face mask wearing rely on visual
functioning, while assistive devices require regular disinfection in order to prevent
the transmission of infection. For people with visual impairment and other disabili-
ties, the “sudden disruption of [their] support system, including personal assis-
tance, and potential economic hardship ... will have serious consequences in health
and wellbeing” ([73], p. 1368). The quality of life for people living with disabilities
will be significantly impacted by the added risk factors and necessary precautions
needed to interact with their surroundings during the pandemic [73-75].

The lack of priority given to establishing and distributing clear guidelines and
recommendations for people with disabilities is further impacting persons with
disabilities. If people with disabilities do not have disability certificates or ration
card documentation, they can be denied food. Hospitals are closing their doors to
non-COVID patients, leaving people with disabilities without the necessary and
accessible healthcare infrastructure to support them [74, 76].

For elderly, as with people with disabilities, the physical risks of the pandemic
and related issues are further exacerbated by the social isolation that they face
[77, 78]. Elders have limited, if any, access and proficiency with technology to
foster connections to information and alleviate social isolation. With such isola-
tion and heightened anxiety, elders are also at an increased risk of suicide [79].
Further, with social isolation, particularly from their family systems, seniors are
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also predisposed to greater risks of “inactivity, smoking, alcohol abuse, unhealthy
diet, depression, introversion, poor social skills, and post-traumatic stress disor-
der leading to greater risks of cardiovascular diseases, dementia, and premature
mortality” ([78], p. 1).

9. Harder hit migrant workers

Throughout the Coronavirus pandemic, domestic migrant workers have been
experiencing numerous adversities and destitution. With industries and factories
closed down as a result of the nationwide lockdown, millions of migrant workers
were left with loss of livelihood, food shortages, ambiguity about their future and
unfortunate eventualities. The story of Mrs. SY, below, highlights the agony that
some migrant workers and their families have faced during this time.

Ordeal and Tragic Departure of a Migrant Family

With excessive numbers of migrant workers without work and little hope once the lockdown began March
24,2020, many began the journey back to their villages by foot, cycling, hitchhiking, etc. Mrs. SY and her
family were living and working in Mumbai with their food cart. When their savings depleted in the first two
months of the lockdown, they tried to book the special train tickets to return to their village some 1,500 km
away. Their tickets never came so they left by Auto-rickshaw. Driving 11 hours/day and sleeping on the
pavements, Mrs. SY, her husband and two children were eager for the safety of their village. However, on the
fourth day of their journey home and just 200 km away, their Auto-rickshaw was struck by a truck and killed
both Mrs. SY and one of her daughters [80].

Migrant workers comprise a significant sector of the population, and as such
they have become particularly at-risk during the Coronavirus pandemic [77, 81,

82]. Presently, there is significant discrepancy among estimates of the migrant
worker count in India. Estimates of the informal economic sector range from 70 to
400 million workers [83-85]. Further, the World Bank reports 471,689,092 workers
in India’s labour force [86]. The informal economy, therefore, comprises roughly
anywhere between 14.8 and 76.2% of the workforce in India.

Regardless of the actual number of migrant labourers, the unique challenges and
adverse psychosocial effects of the pandemic on the informal sector can be dispro-
portionately significant and even fatal. With the initial lockdown, workers abruptly
lost income and/or were subject to working conditions with suspended occupational
safety precautions [81]. In addition to their susceptibility to communicable diseases
due to migrant workers’ factors relating to their socioeconomic status (e.g., malnu-
trition, substandard and crowded living and sanitation conditions, and pre-existing
health issues related to their conditions), they also have had to contend with the
absence of family support and economic constraints, as well as the burden of failing
to provide financial support to their loved ones [81, 87].

Migrant workers’ opportunities to meet their basic needs of food and shelter,
coupled with the abrupt loss of income and concern with contracting the infection
and developing anxiety, all converged in large-scale movements from the cities
to return to home communities. However, such movements, supported by special
train transportation, led to an increase in the spread of the infection, includ-
ing migrant passengers losing their lives later to COVID-19 [87, 88]. The lack of
available transportation during the lockdown has also led to “significant deaths
of migrant workers in road accidents” ([77], p. 207). Further, even once migrant
workers return home, they may further compromise their family’s food and shelter
access while employment opportunities back home are scarce. Moreover, social
exclusion and the stigma of possibly transmitting the infection from the cities to

240



Psychosocial Effects and Public Health Challenges of COVID-19 Pandemic in India
DOI: http://dx.doi.org/10.5772/intechopen.99093

their communities upon their return has also further alienated the worker and
their family from their community. For those migrants who remained in their host
cities, unsanitary, crowded living conditions and the inability to therefore adhere
to social distancing guidelines only further jeopardized the remaining migrant
workers’ health [87]. Furthermore, accessing health care, particularly during the
pandemic, has proven to be another obstacle for migrant workers. The dearth of
trained health professionals to address communicable and noncommunicable
diseases was already an issue for India’s public health infrastructure prior to the
onset of the pandemic.

10. Conclusion

The novel coronavirus impacted life in every facet, marking it as an epoch in
human history. With the efforts of the scientific community, the mystery around
the virus unfolded gradually as humanity grappled with the crisis each day over
the last year and a half. To build a holistic picture, we touched upon multiple areas
where the repercussions of the virus were felt. The chapter delineated the problem
from multiple perspectives and endeavored to highlight the intervention strategies
that were adopted at governmental, community and individual levels to fight the
pandemic. There is a substantial amount of documentation to show the altruisms
and resilience among the local communities of India during the time of the coro-
navirus pandemic. The citizens organized, offered and provided various types of
assistance, such as setting up quarantine facilities, pooling resources for medical
aids, oxygen, feeding millions of needy people and those stranded by lockdown,
and assisting both the elderly and children affected directly or indirectly by
COVID-19. Such fortitude of self-reliance and collective sense of purpose of Indian
communities must be leveraged and empowered to fight the outbreak of the Corona
pandemic and future challenges resulting from any health emergencies. As the
second wave of the pandemic begins to decline, there is growing speculation and
uncertainty yet again for a third wave. There is an urgent need to reflect and learn
lessons for the future by undertaking evidence-based multi-disciplinary policy
research that should pave the way to prepare for a public health challenge. In case of
an anticipated third wave, the national and state health care systems and communi-
ties should be ready to invest in developing adequate public health infrastructure,
effective prevention strategies and most importantly, enhancing societal participa-
tion in caring for vulnerable people.
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Stress, Anxiety, Depression and

Burnout in Frontline Healthcare
Workers during COVID-19
Pandemic in Russia

Ekaterina Mosolova, Dmitry Sosin and Sergey Mosolov

Abstract

During the COVID-19 pandemic, healthcare workers (HCWs) have been subject
to increased workload while also exposed to many psychosocial stressors. Most
studies reported high levels of depression and anxiety among HCWs worldwide.
Our study is based on two online surveys of 2195 HCWs from different regions of
Russia during spring and autumn epidemic outbreaks revealed the rates of anxiety,
stress, depression, emotional exhaustion and depersonalization and perceived stress
as 32.3%, 31.1%, 45.5%, 74.2%, 37.7%,67.8%, respectively. Moreover, 2.4% of
HCWs reported suicidal thoughts. Revealed risk factors included: female gender,
younger age, working for over 6 months, living outside of Moscow or Saint
Petersburg, the fear of getting infected or infecting family and friends. These results
demonstrate the need for urgent supportive programs for HCWs fighting
COVID-19 that fall into higher risk factors groups.

Keywords: stress, anxiety, depression, suicide, burnout, healthcare workers,
COVID-19

1. Introduction

A large group pf HCWs was involved in the treatment of patients with the novel
SARS-COV-2 virus worldwide. Recently World Psychiatric Association states that
HCWs, working long hours in life-threatening conditions, often without appropri-
ate protective equipment, may develop anxiety, depression, post-traumatic stress
disorder (PTSD), insomnia, and excessive irritability and anger. The paper also
states that these HCWs feel it is important to engage psychiatrists to provide self-
help techniques, offer group or individual support or treatments for distressed
colleagues and their families [1].

The levels of depression, stress, anxiety and burnout are at disturbing levels in
many parts of the world. Some studies report the level of moderate and severe
depression and anxiety according to Patient Health Questionnaire-9 (PHQ-9) and
General Anxiety Disorder-7 (GAD-7) scales as 44.71% [2], 32.8% [3], respectively.
Moreover, many studies assessed and reported high levels of stress and burnout
among HCWs worldwide [4-7].

Despite cultural and organizational differences, many risk factors are similar
worldwide. Risk groups that previously displayed higher level of stress and affective
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symptoms include: frontline workers [8], women [9] nurses [6, 10], younger age
[11] and HCWs with chronic illness [7], or mental disorders [12], respiratory ther-
apists [13] intensive care unit workers [13]. Potentially controllable risk factors
include: significant working demands [4], lack of personal protective equipment
[15], insufficient training for protection [14], low income [2], lack of support [14],
isolation from families [3], the fear of relatives getting infected [15].

However, due to the differences in assessment tools, cut-off scores, and per-
centage of frontline HCWs in different studies, it is difficult to compare results
across countries, especially as it relates to stress and burnout. We did not find
studies that reported rates of suicidal thoughts and/or behavior among HCWs.
Moreover, today, there are only a few studies that compare HCW’s mental health
between the first and second waves of COVID-19 [16, 17], however there is evi-
dence that longer duration of frontline work correlates with higher levels of stress
[18]. Moreover, only a few studies assessed the state of mental health in HCWs in
Russia [19, 20], where the HCWs mortality is among the highest in the world [21].

Therefore, we undertook a study to assess the range of psychopathological
symptoms (anxiety, stress, depression, burnout) and risk factors in frontline HCWs
during spring and autumn outbreaks of the new coronavirus infection in Russian
Federation.

2. Materials and methods

We conducted two independent, cross-sectional hospital-based online surveys.
Data were collected between May 19th and May 26th 2020 — sample 1, (S1) and
between October 10th and October 17th 2020 - sample (S2). Participants answered
online questionnaire spread through social networks. The surveys were anonymous,
and confidentiality of information was assured. The study and the form of the
survey were approved by the Local Ethical Committee of Moscow Research Insti-
tute of Psychiatry, waiving a written participation consent. Most participants
worked in the hospitals treating patients with COVID-19 in Moscow.

Both questionnaires investigated stress and anxiety symptoms. These were
assessed using the validated Russian version of Stress and Anxiety to Viral Epidemic
Scale (SAVE-9) [22] and the Russian version of GAD-7 [23]. We also collected
information on age, gender, occupation and the duration of work with patients
diagnosed with COVID-19. The total score of anxiety using GAD-7 was interpreted
as: normal (0-4), mild (5-9), moderate (10-14), and severe (15-21) anxiety [23].
The cut-off score for the Russian version of SAVE-9 was taken as 18 [24]. HCWs
with SAVE-9 score < 18 was considered low stress and anxiety group (LSA), and
with >18 - high stress and anxiety group (HSA).

The second survey collected additional information about the place of residence,
duration of work with COVID-19, health history of COVID-19, participation in the
vaccine study for COVID-19. We also measured symptoms of depression using
Patient Health Questionnaire (PHQ-9) [25]. The total score of depression was
interpreted as: minimal (0-4), mild (5-9), moderate (10-14), moderately severe
(15-19), severe (10-27) [25]. We used single items measures of emotional burnout
and depersonalization derived from Maslach Burnout Inventory (MBI) scale to
assess burnout [26]. We also used Perceived Stress Scale-10 (PSS-10) to access
perceived stress [27]. The total score was interpreted as: low stress (0-13), moderate
stress (14-26) and high stress (27-40).

Data analysis was performed using SPSS statistical software version 21.0 (IBM
Corp., Armonk, NY). Given that all data were not normally distributed according to
Kolmogorov-Smirnov test (p < 0.05), they were presented as medians with
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interquartile ranges (IQRs). Sample characteristics and median levels of symptoms
were compared using y2 test for categorial and Mann-Whitney U test for dependent
variables. A multivariable logistic regression model was used in order to explore the
association between the level of stress according to SAVE-9 score and age, gender
and occupation for both pandemic waves and between the level of stress and age,
gender, occupation, the duration of work with COVI D-19, place of residence,
vaccination and positive test for COVID in the second survey. Spearman rank
correlation was used to measure the degree of association scales total score. Associa-
tions between multiple variables were investigated using network analytic methods
[28, 29]. These analyses were conducted in the R statistical environment. The
chosen significance level for all tests was set as a = 0.05.

3. Results
3.1 Demographics

S1and S2 included 1090 and 1105 participants, respectively. LSA group included
1486 HCWs (67.7%), and HAS - 709 (32.2%). Demographic characteristics and
differences in stress and anxiety symptoms between S1 and S2 as well as between
LSA and HSA groups are outlined in Table 1. S1 and S2 samples did not differ by
gender. However, S2 included significantly more physicians (p < 0.001) and
HCWs in older age group (p = 0.009). The level of anxiety among the participants
of the second study was higher relative to levels of participants in the first study
according to GAD-7 score (<0.001), but both samples had equal severity of stress
and anxiety symptoms according to SAVE-9 score. LSA group included significantly
more men relative to HSA (p < 0.001). LSA group had significantly lower anxiety
level according to GAD-7 scale (p < 0.001). The SAVE-9 total score significantly
correlated with GAD-7 total score (rho = 0.565, p < 0.001).

Additional characteristics assessed in the second survey are presented in
Table 2. Most participants (455 [41.2%]) worked with patients diagnosed with
coronavirus disease for over 6 months. 316 [28.6%] have tested positive for COVID-
19. Only 23 [2.1%] HCWs participated in the vaccine study for COVID-19. SAVE-9,
GAD-7, PHQ-9 and PSS-10 scores did not differ significantly for HCWs who were
involved in the 1st and 2nd wave (worked for over 6 months) and for those who
worked less than 6 months as well for those who have been tested positively for
COVID-19 and for those who have not.

According to the MBI, 416 [37.7] HCWs have become more callous toward
people since they took this job (depersonalization), 827 [74.9%] feel burned out
from their work (emotional exhaustion). We compared demographic characteris-
tics between groups with high (4-6) and low (<4) emotional exhaustion. Those
with high emotional exhaustion differed by gender, residence location, and dura-
tion of work with COVID-19: were women (p < 0.001), lived outside of Moscow or
Saint Petersburg (p < 0.001), worked for less than 6 months (p < 0.001). HCWs
with high emotional exhaustion also had significantly higher scores across all scales.

Moderate or severe depression was registered in 504 [45.5%] HCWs, according
to PHQ-9. The PHQ-9 score significantly correlated with SAVE-9 score
(rho = 0.476, p < 0.001). Moderate or high perceived stress was reported by 750
[67.8%] HCWs according to PPS-10 scale. PSS-10 score significantly correlated with
SAVE-9 score (rho = 0.506, p < 0.001).

Vaccinated participants had significantly lower anxiety level (p = 0.031). HCWs
from LSA group also had significantly lower MBI total and both items scores, as well
as PHQ-9 and PSS-10 scores (p < 0.001).
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Parameter S1(n=1 S2(n=1 P LSA (n= HSA P Total (n=2
090) 105) 1486) (n=709) 195)
Physicians 548 941[85.1%] <0.001" 1012[68.1%] 477[67.3%] 0.699 1316 [60.0%]
[50.3%]
Nurses 542[49.7%] 164 474[31.9%]  232[32.7%] 474 [21.6%]
[14.9%]
Female 740 742 0711  516[34.7%] 197[27.8%] <0.001" 1482 [67.5%)]
[67.9%] [67.1%]
Male 350 363 970[65.3%]  512[72.2%] 713 [32.5%]
[32.1%] [32.9%]
Age Median Median p Median Median P Median
(IQR) (IQR) (IQR) (IQR) (IQR)
33 (19) 34 (17) 0.009 34(18) 33(17) 0.177 34 (18)

Symptom assesement

GAD-7 Median Median p Median Median P Median
(IQR) (IQR) (IQR) (IQR) (IQR)
5(9) 7(9)  <0.001 4(7) 10(9)  <0.001° 6 (9)

normal 503 361 772[52.0%]  92[13.0%] 864 [39.4%]
[46.1%] [32.7%]

mild 309 339 438[29.5%] 210 648 [29.5%]
[28.4%] [30.7%] [29.6%]

moderate 144 220 171[11.5%]  193[27.3%] 364 [16.6%]
[13.2%] [19.9%]

severe 134[12.3%] 185 105[7.1%] 214 319 [14.5%]

[16.7%] [30.2%]

SAVE-9 Median Median P Median Median P Median
(IQR) (IQR) (IQR) (IQR) (IQR)
14 (9) 15 (10) 0.051 11(7) 21(5)  <0.001 15 (9)

Footnote: GAD-7 — general anxiety disorder-7 scale, HSA — high stress and anxiety group, IQR — interquartile range,
LSA — low stress and anxiety group, SAVE-9- Stress and Anxiety to Viral Epidemic scale, S1— Sample 1, S2 — sample 2.
*P<0.05.

Table 1.
Comparison of demographics chavacteristics between S1 and S2 and between LSA and HAS groups.

3.2 The frequency of symptoms

The frequency of participants’ answers from S1 and S2 and from HSA and LSA
groups on each SAVE-9 scale question are presented in Table 3. During the second
wave HCWs worried more that the virus outbreak would continue indefinitely, felt
more skeptical about their job after going through this experience, more frequently
thought that they would avoid treating patients with viral illnesses, and more
frequently thought that their colleagues would have more work to do due to their
absence from a possible quarantine and might blame them. However, S2 partici-
pants worried less that others might avoid them even after the infection risk has
been minimized. The frequency of all symptoms assessed with SAVE-9 were
significantly higher in HSA group. 62.3% of HCWs have been often or always
worrying that family or friends may become infected because of them, 34,7% have
been more sensitive toward minor physical symptoms, 32.8% have been thinking
that their colleagues might blame them, 29.6% have been worried about getting
infection.
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Parameter LSA (n=727) HSA (n =378) P S2 total

The duration of work with COVID-19

< 1week 22[3.0%] 9[2.4%] 0.787 31 [2.8%]
1 week — 1 month 59[8.1%] 31[8.2%] 90 [8.1%]
1 -3 months 116[16.0%] 67[17.7%] 183 [16.6%]
4 - 6 months 235[32.3%] 111[29.4%] 346 [31.3%]
>6 months 295[40.6%] 160[42.3%] 455 [41.2%]

Have you been tested positive for COVID-19?

Yes 215[29.6%] 101[32.0%)] 0.319 316 [28.6%]

No 512[70.4%] 277[73.3%] 789 [71.4%]

Have you been vaccinated against COVID-19?

Yes 20[2.8%)] 3[0.8%)] 0.031" 23 [2.1%]
No 707[97.2%] 375[99.2%] 1082 [97.9%]
MBI Median (IQR) Median (IQR) P Median (IQR)
7(4) 93) <0.001" 7(4)
Depersonalization 3(3) 4(3) <0.001 3(3)
Low (0-1) 245[33.7%] 70[18.6%] 315 [28.5%]
Moderate (2-3) 256(35.2%] 118[31.2%)] 374 [33.8%)]
High (4-6) 226[31.1%)] 190[50.2%] 416 [37.7%]
Emotional exhaustion 4(2) 6(2) <0.001" 5(@3)
Low (0-1) 58[8.0%] 2[0.5%] 60 [5.4%]
Moderate (2-3) 179[24.6%] 39[10.4%) 218 [19.7%]
High (4-6) 490[67.4] 337[89.2%] 827 [74.9%)]
PHQ-9 Median (IQR) Median (IQR) P Median (IQR)
7(9) 12(9) <0.001" 9 (10)
Minimal (0-4) 253[34.8%] 35[6.6%] 278 [25.2%]
Mild (5-9) 233[32.0%] 90[23.8%] 323 [29.2%]
Moderate (10-14) 132[18.2%] 118[31.2%)] 250 [22.6%]
Moderate Severe (15-19) 76[10.5%] 83[22.0%] 159 [14.4%]
Severe (20-27) 33[4.5%] 62[16.4%] 95 [8.6%]
PSS-10 Median (IQR) Median (IQR) P Median (IQR)
15(10) 21(8) <0.001" 17 (11)
Low stress (0-13) 312[42.9%)] 43[11.4%)] 355 [32.2%]
Moderate stress (14-26) 366[50.3%] 262[69.3%] 628 [56.8%)]
High stress (27-40) 49[6.8%] 73[19.3%] 122 [11.0%]

HSA - high stress and anxiety group, IQR — interquartile range, LSA — low stress and anxiety group, MBI -The Maslach
Burnout Inventory, PHQ-9 - Patient Health Questionnaire, PSS-10 — perceived stress scale-10, S2 — sample 2.
*P < 0.05.

Table 2.
Demographic characteristics of the participants from S2 with LSA and HSA.

The frequency of participants’ answers on each GAD-7 scale question are
presented in Table 4. The frequency of all symptoms assessed with GAD-7 were
significantly higher during the second wave and in HAS group. The most common
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SAVE-9

Are you afraid the virus outbreak will continue indefinitely?

Never Rarely Sometimes Often Always P
S1. No. (%) 444 (40.7) 232 (21.3) 301(27.6) 79(7.2) 34(3.1) <0.001"
S2. No. (%) 315 (28.5) 186 (16.8) 378 (34.2) 141(12.8) 85(7.7)
LSA 703(47.3) 322(21.7) 371(25.0) 68(4.6) 22(1.5) <0.001"
HSA 56(7.9) 96(13.5) 308(43.4) 152(21.4) 97(13.5)
Total. No. (%) 759(34.6) 418(19.0) 679(30.9) 220(10.0) 119(5.4)
Are you afraid your health will worsen because of the virus?
Never Rarely Sometimes Often Always p
S1. No. (%) 180 (16.5) 263 (24.1) 412 (37.8) 154(14.1) 81(7.4) 0.435
$2. No. (%) 192 (17.4) 239 (21.6)  405(36.7)  177(16.0)  92(8.3)
LSA 365(24.6) 454(30.6) 559(37.6) 91(6.1) 17(9.8) <0.001
HSA 7(1.0) 48(6.8) 258(36.4) 240(33.9) 156(22.0)
Total. No. (%) 372(16.9) 502(22.9) 817(37.2) 331(15.1) 173(7.9)
Are you worried that you might get infected?
Never Rarely Sometimes Often Always p
S1. No. (%) 133(12.2) 264(24.2) 357(32.8) 217(19.9) 119(10.9) 0.062
$2. No. (%) 174 (157) 276 (25.0)  341(30.9)  185(167) 129 (11.7)
LSA 300(20.2) 484(32.6) 531(35.7) 146(9.8) 25(1.7) <0.001"
HSA 7(2.3) 56(7.9) 167(23.6) 256(36.1) 223(31.5)
Total. No. (%) 307(14.0) 540 (24.6)  698(31.8)  402(18.3)  248(113)
Are you more sensitive towards minor physical symptoms than usual?
Never Rarely Sometimes Often Always P
S1. No. (%) 139(12.8) 249(22.8) 315(28.9) 250(22.9) 137(12.6) 0.332
S2. No. (%) 159 (14.4) 281 (25.4) 292 (26.4) 234(21.2) 139(12.6)
LSA 287(19.3) 476(32.0) 456(30.7) 201(13.5) 66(4.4) <0.001"
HSA 11 (1.6) 54(7.6) 151(21.3) 283(39.9) 210(29.6)
Total. No. (%) 298(13.6)  530(24.1) 607(27.7)  484(221)  276(12.6)
Are you worried that others might avoid you even after the infection risk has been minimized?
Never Rarely Sometimes Often Always P
S1. No. (%) 414(38.0)  198(18.2) 243(22.3)  158(14.5) 77(7.1) <0.001"
S2. No. (%) 479 (43.3) 235 (21.3) 231 (20.9) 102(9.2) 58(5.2)
LSA 800(53.8) 313(21.1) 269(18.1) 89(6.0) 15(1.0) <0.001"
HSA 93 (13.1) 120(16.9)  205(28.9)  171(24.1)  120(16.9)
Total. No. (%) 893(40.7) 433(19.7) 474(21.6) 260(11.8) 135(6.2)
Do you feel skeptical about your job after going through this experience?
Never Rarely Sometimes Often Always p
S1. No. (%) 471(43.2) 172(15.8) 235(21.6)  140(12.8) 72(6.6) <0.001"
S2. No. (%) 365 (33.0) 168(15.2) 284(25.7) 184(16.7) 104(9.4)
LSA 728(49.0) 254(17.1) 297(20.0) 142(4.4) 65(4.4) <0.001"
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SAVE-9

Are you afraid the virus outbreak will continue indefinitely?

Never Rarely Sometimes Often Always P

HSA 108(15.2) 86(12.1) 222(31.3) 182(25.7) 111(15.7)

Total. No. (%) 836(38.1) 340(15.5) 519(23.6) 324(14.8) 176(8.0)

After this experience. do you think you will avoid treating patients with viral illnesses?

Never Rarely Sometimes Often Always p
S1. No. (%) 741(68.0) 159(14.6) 107(9.8) 54(5.0) 29(2.7) 0.009"
$2. No. (%) 669(60.5)  195(17.6) 140(12.7) 67(6.1) 34(3.1)
LSA 1134(76.3) 202(13.6) 103(6.9) 30(2.0) 17(1.1) <0.001
HSA 276(38.9) 152(21.4) 144(20.3) 91(12.8) 46(6.5)
Total. No. (%)  1410(64.2)  354(16.1) 247(11.3) 121(5.5) 63(2.9)

Do you worry your family or friends may become infected because of you?

Never Rarely Sometimes Often Always P
S1. No. (%) 57(5.2) 95(8.7) 231(21.2) 320(29.4)  387(35.5) 0.162
S2. No. (%) 69(6.2) 114 (10.3) 261(23.6) 288(26.1) 373(33.8)
LSA 125 (8.4) 194(13.1) 437(29.4) 429(289)  301(20.3)  <0.001
HSA 1(0.1) 15(2.1) 55(7.8) 179(25.2)  459(64.7)
Total. No. (%) 126(5.7) 209(9.5) 492(22.4) 608(27.7) 760(34.6)

Do you think that your colleagues would have more work to do due to your absence from a possible
quarantine and might blame you?

Never Rarely Sometimes Often Always p
S1. No. (%) 337(30.9) 185(17.0) 249(22.8) 174(16.0) 145(13.3) <0.001"
S2. No. (%) 334(31.1) 124(11.2) 236(21.4) 228(20.6) 172(15.7)
LSA 599(40.3) 248(16.7) 329(22.1) 205(13.8) 105(7.1) <0.001
HSA 82(11.6) 61(8.6) 156(22.0) 197(27.8)  213(30.0)

Total. No. (%) 681(31.0) 309(14.1) 485 (22.1) 402(18.3) 318(14.5)

HSA — high stress and anxiety group, LSA — low stress and anxiety group, SAVE-9- Stress and Anxiety to Viral
Epidemic scale, S1— Sample 1, S2 — sample 2.
*P < 0.05.

Table 3.
The frequency of S1 and S2 participants’ answers on each SAVE-9 scale question.

symptoms included: have been feeling nervous, anxious, or on edge (40.8% more
than half the days or nearly every day), have had trouble relaxing (36.5%) have
been easily annoyed or irritable (31.4%).

The level of emotional burnout and depersonalization according to two single-
item MBI question scale differed significantly between LSA and HSA groups
(Table 5). 32.5% every day felt burned out from their work, and 9.7% became more
callous toward people.

All the symptoms assessed with PHQ-9 and PSS-10 differed significantly
between groups with low and high stress according to SAVE-9 during the second
COVID-19 wave (Tables 6 and 7). Most participants felt tired or had little energy
(31.0%), had little interest or pleasure in doing things (22.0%), had trouble falling
or staying asleep, or sleeping too much (21.4%). 2.4% of participants had suicidal
thoughts that they would be better off dead, or of hurting themselves.
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GAD-7

How often have you been bothered by feeling nervous, anxious, or on edge over the past 2 weeks?

Notatall Several days More than half the days Nearly every day P

S1. No. (%) 335(30.7)  408(37.4) 131(12.1) 216(19.8) <0.001"
S2. No. (%) 176 (15.9) 381 (34.5) 216 (19.5) 332 (30.0)
LSA 469(31.6)  586(39.4) 195(13.1) 236(15.9) <0.001"
HSA 42(5.9) 203(789) 152(21.4) 312(56.9)
Total. No. (%) 511 (23.3)  789(35.9) 347(15.8) 548(25.0)

How often have you been bothered by not being able to stop or control worrying over the past 2 weeks?

Notatall Several days More than half the days  Nearly every day

S1. No. (%) 608(55.8)  312(28.6) 83(7.6) 87(8) <0.001"
S2. No. (%) 448(40.5)  412(37.3) 124(11.2) 121(11.0)
LSA 896(60.3)  436(29.3) 84(5.7) 70(4.7) <0.001°
HSA 160(22.6)  288(39.8) 123(17.3) 138(19.5)
Total. No. (%) 1056(48.1) 724 (33.0) 207(9.4) 208 (9.5)

How often have you been bothered by worrying too much about different things over the past 2 weeks?

Notatall Several days More than half the days  Nearly every day

S1. No. (%) 407(37.3)  422(38.7) 130(11.9) 131(12.1) <0.001"
S2. No. (%) 289(26.2)  465(42.1) 165(14.9) 186(16.8)
LSA 620(417)  608(40.9) 138(9.3) 120(8.1) <0.001"
HSA 76(10.7)  279(39.4) 157(22.1) 709(32.3)
Total. No. (%) 696(317) 887 (40.4) 295(13.4) 317(14.4)

How often have you been bothered by trouble relaxing over the past 2 weeks?

Notatall Several days More than half the days  Nearly every day

S1. No. (%) 405(37.2)  341(313) 154(14.1) 190(17.4) <0.001"
S2. No. (%) 271(245)  375(33.9) 185(16.7) 274(24.8)
LSA 589(39.6)  503(33.8) 194(13.1) 200(13.5) <0.001"
HSA 87(12.3)  213(30.0) 145(20.5) 264(37.2)
Total. No. (%) 676(30.8) 716 (32.6) 339(15.4) 464 (21.1)

How often have you been bothered by being so restless that it's hard to sit still over the past 2 weeks?

Notatall Several days More than half the days  Nearly every day

S1. No. (%) 657(60.3)  288(26.4) 82(7.5) 63(5.8) <0.001"
S2. No. (%) 556 (50.3)  329(29.8) 126(11.4) 94(8.5)

LSA 1006(67.7)  350(23.6) 87(5.9) 43(2.9) <0.001"
HSA 207(29.2)  267(37.7) 121(17.1) 114(16.1)

Total. No. (%) 1213 (55.3) 617 (28.1) 208 (9.5) 157 (7.2)

How often have you been bothered by becoming easily annoyed or irritable over the past 2 weeks?

Notatall Several days More than half the days  Nearly every day

S1. No. (%) 398(36.5)  418(38.4) 128(11.7) 146(13.4) <0.001"

S2. No. (%) 249(22.5) 441(39.9) 209(18.9) 206(18.6)
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GAD-7

How often have you been bothered by feeling nervous, anxious, or on edge over the past 2 weeks?

Notatall Several days More than half the days Nearly every day P

LSA 575(38.7) 595(40.0) 173(11.6) 143(9.6) <0.001"
HSA 72(10.2) 264(37.2) 164(23.1) 209(29.5)

Total. No. (%) 647(29.5)  859(39.1) 337(15.4) 352(16.0)

How often have you been bothered by feeling afraid as if something awful might happen over the past
2 weeks?

Notatall Several days More than half the days  Nearly every day

S1. No. (%) 579(53.1)  351(32.2) 66(6.1) 94(8.6) <0.001
S2. No. (%) 526(47.6) 357(32.3) 121(11.0) 101(9.1)

LSA 959(64.5) 407(27.4) 66(4.4) 54(3.6) <0.001"
HSA 146(20.6) 301(42.5) 121(17.1) 141(19.9)

Total. No. (%) 1105(50.3) 708(32.3) 187(8.5) 195(8.9)

GAD-7- general anxiety disorder-7 scale, HSA — high stress and anxiety group, LSA — low stress and anxiety group, S1
— Sample 1, S2 — sample 2.
*P < 0.05.

Table 4.
The frequency of S1 and S2 participants’ answers on each GAD-7 scale question.

MBI

I feel burned out from my work

Never A few Once a A few Once a A few Every P
timesa monthor timesa week times a day
year less month week

LSA 12(1.7) 46(6.3) 54(7.4) 125(17.2)  184(25.3) 140(19.3) 166 <0.001"

(22.8)

HSA 0(0.0)  2(0.5) 4(1.1) 35(9.3)  58(15.3)  86(22.8) 193(51.1)

Total. 12(1.1) 48(4.3) 58(5.2) 160 (14.5) 242 (21.9) 226 (20.5) 359(32.5)

No.

(%)

I have become more callous toward people since I took this job

Never A few Once a A few Once a A few Every p
timesa  month or times a week times a day

year less month week

LSA 151(20.8) 94(12.9) 101(13.9) 155(21.3) 114(15.7) 64(8.8) 48(6.6) <0.001°

HSA 34(9.0)  36(9.5) 40(10.6) 78(20.6)  75(19.8)  56(14.8) 59(15.6)

Total.  185(16.7) 130(11.8) 141(12.8)  233(21.1) 189(17.1) 120(10.9) 107(9.7)
No.
(%)

HSA - high stress and anxiety group, LSA — low stress and anxiety group, MBI -The Maslach Burnout Inventory.
*P < 0.05.

Table 5.
The frequency of S2 participants’ answers on each MBI single-item.
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PHQ-9

Little interest or pleasure in doing things

Never Rarely Sometimes Often P
LSA 220(30.3) 264(36.3) 118(16.2) 125(17.2) <0.001"
HSA 31(8.2) 123(32.5) 106(28.0) 118(31.2)
Total. No. (%) 251 (22.7) 387 (35.0) 224 (20.3) 243 (22.0)

Feeling down. depressed. or hopeless

Never Rarely Sometimes Often P
LSA 243(33.4) 307(42.2) 105(14.4) 72(9.9) <0.001"
HSA 35(9.3) 141(37.3) 118(31.2) 84(22.2)
Total. No. (%) 278 (25.2) 448 (40.5) 223 (20.2) 156 (14.1)

Trouble falling or staying asleep. or sleeping too much

Never Rarely Sometimes Often p
LSA 242(33.3) 240(33.0) 122(16.8) 123(16.9) <0.001"
HSA 45(11.9) 110(29.1) 109(28.8) 114(30.2)
Total. No. (%) 287 (26.0) 350 (31.7) 231 (20.9) 237 (21.4)

Feeling tired or having little energy

Never Rarely Sometimes Often P
LSA 74(10.2) 314(43.2) 155(21.3) 184(25.3) <0.001"
HSA 9(2.4) 91(24.1) 120(31.7) 158(41.8)
Total. No. (%) 83 (7.5) 405 (36.7) 275 (24.9) 342(31.0)

Poor appetite or overeating

Never Rarely Sometimes Often p
LSA 329(45.3) 212(29.2) 89(12.2) 97(13.3) <0.001"
HSA 73(19.3) 110(29.1) 92(24.3) 103(27.2)
Total. No. (%) 402(36.4) 322 (29.1) 181 (16.4) 200(18.1)

Feeling bad about yourself or that you are a failure or have let yourself or your family down

Never Rarely Sometimes Often P
LSA 482(66.3) 148(20.4) 47(6.5) 50(6.9) <0.001"
HSA 135(35.7) 111(29.4) 72(19.0) 60(15.9)
Total. No. (%) 617 (55.8) 259 (23.4) 119 (10.8) 110(10.0)

Trouble concentrating on things. such as reading the newspaper or watching television

Never Rarely Sometimes Often p
LSA 387(53.2) 188(25.9) 70(9.6) 82(11.3) <0.001"
HSA 84(22.2) 134(35.4) 73(19.3) 87(23.0)
Total. No. (%) 471 (42.6) 322(29.1) 143(12.9) 169(15.3)

Moving or speaking so slowly that other people could have noticed. Or the opposite being so figety or
restless that you have been moving around a lot more than usual

Never Rarely Sometimes Often p
LSA 490(67.5) 162(22.3) 43(5.9) 31(4.3) <0.001"
HSA 160(42.3) 117(31.0) 62(16.4) 39 (3.4)
Total. No. (%) 650(58.8) 279(25.2) 105(9.5) 70(6.3)

260



Stress, Anxiety, Depression and Burnout in Frontline Healthcave Workers during COVID-19...
DOI: http://dx.doi.org/10.5772/intechopen.98292

PHQ-9

Little interest or pleasure in doing things

Never Rarely Sometimes Often P

Thoughts that you would be better off dead. or of hurting yourself

Never Rarely Sometimes Often P
LSA 647(89.0) 54(7.4) 12(1.7) 14(1.9) <0.001"
HSA 299(79.1) 48(12.7) 18(4.8) 13(3.4)
Total. No. (%) 946(85.6) 102(9.2) 30(2.7) 27(2.4)

HSA - high stress and anxiety group, LSA — low stress and anxiety group, PHQ-9-Patient Health Questionnaure-9, S1
- Sample 1, S2 — sample 2.
*P < 0.05.

Table 6.
The frequency of S2 participants’ answers on each item of PHQ-9 scale.

PSS-10
In the last month. how often have you been upset because of something that happened
unexpectedly?

Never Almost never Sometimes Fairly often Very often P
LSA 169(23.2) 191(26.3) 244(33.6) 92(12.7) 31(4.3) <0.001
HSA 8(2.1) 50(13.2) 156(41.3) 116(30.7) 48(12.7)
Total. No. (%) 177 (16.0) 241 (21.8) 400 (36.2) 208 (18.8) 79(7.1)

In the last month. how often have you felt that you were unable to control the important things in your
life?

Never Almost never ~ Sometimes  Fairly often  Very often
LSA 237(32.6) 195(26.8) 180(24.8) 83(11.4) 32(4.4) <0.001"
HSA 23(6.1) 73(19.3) 145(38.4) 90(23.8) 47(12.4)
Total. No. (%) 260 (23.5) 268 (24.3) 325 (29.4) 173 (15.7) 79(7.1)

In the last month. how often have you felt nervous and “stressed”?

Never Almost never ~ Sometimes  Fairly often ~ Very often
LSA 71(9.8) 116(16.0) 250(34.4) 174(23.9) 116(49.8)  <0.001
HSA 3(0.8) 13(3.4) 92(24.3) 153(40.5) 117(31.1)
Total. No. (%) 74 (6.7) 129 (11.7) 342 (31.0) 327 (29.6) 233(21.1)
In the last month. how often have you felt confident about your ability to handle your personal
problems?

Never Almost never ~ Sometimes  Fairly often  Very often
LSA 36(5.0) 45(6.2) 168(23.1) 294(40.4) 184(25.3)  <0.001
HSA 9(2.4) 37(9.8) 175(46.3) 116 (30.7) 41(10.8)
Total. No. (%) 45(4.1) 82 (7.4) 343(31.0) 410 (37.1) 225 (20.4)

In the last month. how often have you felt that things were going your way?

Never Almost never ~ Sometimes  Fairly often ~ Very often
LSA 42(5.8) 100(13.8) 254(34.9) 236(32.5) 95(13.1) <0.001
HSA 29(7.7) 98(25.9) 153(40.5) 77 (20.4) 21(5.6)
Total. No. (%) 71 (6.4) 198 (17.9) 407 (36.8) 313(28.3) 116(10.5)
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PSS-10

In the last month. how often have you been upset because of something that happened
unexpectedly?

Never Almost never Sometimes Fairly often Very often P

In the last month. how often have you found that you could not cope with all the things that you had to
do?

Never Almost never ~ Sometimes  Fairly often ~ Very often
LSA 141(19.4) 203(27.9) 248(34.1) 93(12.8) 42(5.8) <0.001"
HSA 11(2.9) 62(16.4) 168(44.4) 100(26.5) 37(9.8)
Total. No. (%) 152 (13.8) 265 (24.0) 416 (37.6) 193(17.5) 79(7.1)

In the last month. how often have you been able to control irritations in your life?

Never Almost never ~ Sometimes  Fairly often  Very often
LSA 39 (5.4) 67(9.2) 194(26.7) 273(37) 154(21.2) <0.001
HSA 10(2.6) 40(10.6) 161(42.6)  121(32.0) 46(12.2)
Total. No. (%) 49 (4.4) 107(9.7) 355(32.1) 394(35.7) 200(18.1)

In the last month. how often have you felt that you were on top of things?

Never Almost never ~ Sometimes  Fairly often ~ Very often
LSA 12(1.7) 34(4.7) 193(265)  333(45.8) 155(21.3)  <0.001"
HSA 10(2.6) 50(13.2) 166(43.9) 120(31.7) 32(8.5)
Total. No. (%) 22(2.0) 84(7.6) 359(32.5) 453(41.0) 187(16.9)
In the last month. how often have you been angered because of things that were outside of your
control?

Never Almost never ~ Sometimes  Fairly often  Very often
LSA 100(13.8) 185(25.4) 276(38.0) 128 (17.6) 38(5.2) <0.001
HSA 14(37) 41(10.8) 159(42.1) 118(31.2) 46(12.2)

Total. No. (%)  114(10.3) 226(20.5) 435(39.4) 246(22.3) 84(7.6)

In the last month. how often have you felt difficulties were piling up so high that you could not
overcome them?

Never Almost never ~ Sometimes  Fairly often ~ Very often
LSA 247(34.0) 191(26.3) 184(25.3) 74(10.2) 31(4.3) <0.001"
HSA 31(8.2) 73(19.3) 136(36.0) 85(22.5) 53(14.0)

Total. No. (%) 278 (25.2) 264 (23.9) 320 (29.0) 159 (14.4) 84 (7.6)

HSA — high stress and anxiety group, LSA — low stress and anxiety group, PSS-10 -Perceived Stress Scale-10,
S1- Sample 1, S2 — sample 2.
*P < 0.05.

Table 7.
The frequency of S2 participants’ answers on each PSS-10 scale.

The most common symptoms according to PSS-10 scale included: fairy or
very often felt nervous and “stressed” (50.9%), fairy or very often have been
angered because of things that were outside of their control (29.9%), fairy or

very often have been upset because of something that happened unexpectedly
(25.9%).
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Categories P OR Lower limit Upper limit

Male 0.001* 0.710 0.581 0.866

Female 0 0 0 0

Age 0.077 0.992 0.984 1.001

Physicians 0.727 1.035 0.852 1.259

Nurses 0 0 0 0
Table 8.

Influence of gender, age, position in participants from HAS group (total sample — S1+S2).
3.3 Logistic regression and network analysis

The regression model for total sample (N = 2195) was reliable (—2Log likelihood
ratio = 571.5; p = 0.05). The group with LSA (SAVE-9 score < 18) was used as the
reference category. Male sex (Odds Ratio (OR) 0,710 [95%CI 0.581-0.866,

p = 0.001]) was associated with lower anxiety level among the participants from
HAS group (see Table 8).

The regression model for second wave sample (N = 1105) was reliable (—2Log
likelihood ratio = 1067.1; p = 0.05). The LSA group (SAVE-9 score < 18) was used
as the reference category. Male sex (OR 0.686 [95%CI 0.512-0.908, p = 0.008]) and
working in Moscow (OR 0,544 [95%CI 0.402-0.736, p = 0.001]) or Saint
Petersburg (OR 0,357 [95%CI 0.181-0.704, p = 0.003]) were associated with lower
anxiety level among the participants from HAS group (see Table 9).

Categories P OR  Lower limit Upper limit
Male 0.008" 0.686 0.512 0.908
Female 0 0 0 0
Age 0.904 0.999 0.987 1.012
Physicians 0.727  1.035 0.852 1.259
Nurses 0 0 0 0
Place of residence: Moscow 0.001"  0.544 0.402 0.736
Place of residence: St. Petersburg 0.003"  0.357 0.181 0.704
Place of residence: Other 0 0 0 0
Duration of work with COVID-19: < 1 week 0.465 0.739 0.328 1.664
Duration of work with COVID-19: 1 week — 1 month ~ 0.607  0.880 0.541 1.431
Duration of work with COVID-19: 1 - 3 months 0.952  0.880 0.541 1.431
Duration of work with COVID-19: 4 - 6 months 0.174  0.810 0.598 1.097
Duration of work with COVID-19: >6 months 0 0 0 0
Have been tested positive for COVID-19 0.590  0.924 0.694 1.230
Haven’t been tested positive for COVID-19 0 0 0 0
Have been vaccinated against COVID-19 0.057  0.301 0.87 1.034
Haven’t been vaccinated against COVID-19 0 0 0 0
Table 9.

Influence of gender, age, position, place of residence, the duration of work with COVID-19, the history of
COVID-19 and vaccination in participants from HAS group (S2 sample).
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Figure 1.

Relationships between multiple variables for 2195 HCWs during first and second waves of COVID-19 in
Russia (network analysis). Nodes vepresent variables. The coloring of the nodes indicates different groups of
variables (green = mental health, blue = demographics, light yellow = work-related factors, pink = COVID-19-
related factors); edges represent associations between the nodes (continuous /green = positive, dashed/red =
negative, thickness = magnitude of the relationship); age = years of age, women = gender (levels: men = 1,
women = 2); duration = the duration of work with patients with COVID-19 (levels: less than 6 months = 1, 6
months and over = 2); city = hospital location (levels: Moscow/ Saint Petersburg = 1,0ther location = 0); nurse =
working position (levels: physician = 1, nurse = 2); COVID = the history of COVID-19 (positive test) (levels:
No = o, Yes = 1), Vaccine = the history of vaccination against COVID-19 (levels: No = 0, Yes = 1); MBI-D =
depersonalization according to MBI, MBI-EB = emotional burnout according to MBI; SAVE-9 = total SAVE-9
score, GAD-7 = total GAD-7 score, PHQ-9 = total PHQ-9 score, PSS-10 = total PSS-10 score.

The results of the network analyses are presented in Figure 1.

Scores across all scales significantly correlated with each other. Age negatively
correlated with perceived stress according to PSS-10, emotional exhaustion, total
score of SAVE-9 and being a nurse. Being a woman positively correlated with
perceived stress according to PSS-10, anxiety, depression, emotional exhaustion.
Living in Moscow or Saint Petersburg negatively correlated with all symptoms.
Working for over 6 months positively correlated with level of stress and anxiety
according to SAVE-9 and emotional burnout.

4, Discussion

This study revealed that a substantial proportion of HCWs working during the
COVID-19 pandemic in Russia have mental health problems that have exacerbated
since the first wave in the spring. High level of stress by SAVE-9 and moderate or
severe anxiety by GAD-7 were registered in 32,3% and 31,1% HCWs, respectively.
The level of anxiety in Russia was higher when compared with other countries
[10, 12-14]. This at least partially can be explained by higher contamination and
mortality rates among HCWs in Russia [21]. Another possible reason is that all
participants were directly involved in treating patients with COVID-19 and worked
as frontline personnel. However, mean total score of SAVE-9 in our sample was
lower than in some other studies [30, 31].
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All studies consistently reported the main symptom of the fear that family or a
friend may become infected because of the HCWs [31]. Therefore, providing
HCWs with appropriate PPE and training them how to use it to stay safe is essential.
Another potential solution could be providing an opportunity for HCWs to live
separately from family and friends to protect them from infecting others. It is
important to note, however, that previous studies reported that living alone was
associated with higher levels of stress and anxiety [11].

The level of anxiety among the participants of the second study was higher when
compared to the level of anxiety of participants from the first study according to
GAD-7 mean score. Some studies confirm that duration of work with COVID-19 was
associated with higher stress levels [18]. Other studies reported lower levels of anxi-
ety in May compared to those in April in Switzerland [16] as well as in China in
March compared to January [17]. The results of our study may be different given that
our survey dates correspond to the peak of two outbreaks of COVID-19 in Russia,
while dates of other mentioned studies correspond to the first outbreak and the
subsequent decline in incidence of COVID-19 cases and deaths after the initial peak.

Network analysis also revealed that working for over 6 months positively corre-
lated with level of stress and anxiety according to SAVE-9 and emotional burnout.
On the other hand, HCWs who worked for less than 6 months reported higher
emotional exhaustion. Similarly, some previous studies reported higher levels of
anxiety and stress in those who have less working experience [32]. Therefore, the
effect of the duration of work with COVID-19 on mental health of HCWs needs
further investigation.

During the second wave HCWs worried more that the virus outbreak would
continue indefinitely, felt more skeptical about their job after going through this
experience, more frequently thought that they would avoid treating patients with
viral illnesses, and more frequently thought that their colleagues would have more
work to do due to their absence from a possible quarantine and might blame them.
Indirectly these data could be the evidence of depressive ideas of guilt. However,
during the second wave participants worried less that others might avoid them even
after the contamination risk has been minimized that can be associated with lower
stigmatization of HCWs. The main finding of the second survey was that 74,2% of
participants felt burned out from their work. Almost half of the respondents
(45,5%) had moderate or severe depression according to PHQ-9. Most participants
had asthenic complaints (feeling tired or having little energy), anhedonia (little
interest or pleasure in doing things), and insomnia (trouble falling or staying
asleep). The level of moderate or severe depression in our sample was higher
relative to other studies [2, 5, 9, 10, 12]. Moreover 2,4% of participants had thoughts
that they would be better off dead, or of hurting themselves, which reflects a higher
potential risk of suicide. Our study shows the importance of assessing the risk of
suicide in HCWs perhaps with using more specific and valid scales like C-SSRS [33]
or SAD PERSONS [34]. Two thirds of participants (67,8%) had moderate or high
perceived stress according to PPS-10 scale that was also higher relative to other
studies [11]. The most common symptoms included: feeling nervous and “stressed”,
have been angered because of things outside of their control, have been upset
because of something that happened unexpectedly.

In discussing possible risk factors of psychological problems in frontline HCWs
we should note that women had higher levels of stress and anxiety according to both
surveys. This result corresponds to other studies [6, 8, 11, 12], and female gender
seems to be the main risk factor. According to the network analysis being a woman
also positively correlated with perceived stress according to PSS-10, anxiety,
depression, emotional exhaustion. Age was also associated with higher perceived
stress and emotional exhaustion according to the network analysis similar to other
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studies [11, 14]. Working in Moscow or Saint Petersburg (two major cities of
Russian Federation) were associated with lower anxiety level as well as other
symptoms among HCWs. This result can be explained by having better working
conditions, including sufficient PPE, higher salaries and full personnel strength in
big cities compared to others. Mortality rates of HCWs in Russia were higher in
cities other than Moscow [21]. Vaccinated participants in our study had signifi-
cantly lower stress and anxiety levels. This finding once again indicates that the
main factor contributing to the anxiety level is the fear of getting infected or
infecting family and friends.

Therefore, risk groups of HCWs should be defined at early stages of work and
provided with additional social and psychological support. Unfortunately, nowa-
days, many barriers limit the immediate formation of such support programs due to
the quarantine policy; however, self-help interventions [35], spread of online mate-
rials on stress and anxiety reduction, access to psychological assistance hotlines, and
involvement in leisure activities among HCWs may be helpful [36].

This study has several limitations. The bias related to anonymous online survey
could not be excluded; we had to follow this design due to the pandemic, although
face-to-face interviews would have been more accurate in assessing the levels of
depression, anxiety, stress and burnout. The levels of depression and burnout have
not been specifically assessed during the first wave; therefore, it was difficult to
compare their rates.

5. Conclusions

Our study has shown high rates of stress, anxiety, depression and burnout
especially among frontline HCWs in Russia. Female gender, living outside of Mos-
cow or Saint Petersburg and not being vaccinated for COVID-19 were factors
associated with higher level of stress and anxiety in HCWs. It is known that high
level of depression may lead to increased suicide rate. Therefore, these results
demonstrate the urgent need for supportive programs to the frontline HCWs at risk
fighting COVID-19.
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The Role of Architecture
and Urbanism in Preventing
Pandemics

Bogdan Andprei Fezi

Abstract

This chapter aims to assess the historical role of architecture and urbanism in
the prevention and mitigation of pandemics and the place it may occupy in future
international strategies. During COVID-19, the contemporary healthcare system
response to pandemics showed its limits. There must be investigated a more inter-
disciplinary answer in which the role of the built environment in the One Health
should be clarified. Since the 19th century, the built environment traditionally
occupied a decisive role in mitigating pandemics. The war against tuberculosis led
to the Hygiene movement which set the principles of the Modernist architectural
and urban movement. With the discovery of antibiotics, the medicine emancipated
from architecture. In the absence of health implications, the social and environ-
mental counterreactions to the Modernist movement led to the Green Architecture,
New Urbanism or Urban Village movements. After the last decades warnings about
future pandemics, some of the present COVID-19 scientific findings have notable
impact on the built environment design: pollution, green areas, urban population
density or air quality control. Finally, the chapter analyses architectural and urban
measures for preventing and mitigating future pandemics: air control, residential
approaches, public spaces, green areas design, working, transportation and mixed
neighborhoods.

Keywords: architecture, urbanism, green buildings, built environment, pandemics,
health, environment, ecology, COVID-19, SARS-CoV-2

1. Introduction

This chapter aims to reveal the role of architecture and urbanism in the pre-
vention and mitigation of pandemics. Although since the 19th century the built
environment traditionally had a decisive role in mitigating pandemics, such as
tuberculosis, the emancipation of medicine, after the discovery of antibiotics,
gradually excluded architecture and urbanism from the strategies against pandem-
ics. In the context of COVID-19, there are relevant reasons for an interdisciplin-
ary scientific approach of pandemics including the built environment and for a
reevaluation of the future international strategies.
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2. The limits of the contemporary healthcare system response to
pandemics

In the second half of the 20th century, a complex set of measures was set in place
that successfully fought against pandemics. Pharmaceutical interventions brought
substances such as antibiotic drugs against tuberculosis or such as vaccine products
against influenzas. In 1997, International Coordination Group (ICG) was established
by the World Health Organization (WHO) “to manage and coordinate the provi-
sion of emergency vaccine supplies and antibiotics to countries [1]”. Unfortunately,
although existing influenza vaccines are among the most effective protections and
strategic stockpiles for several influenza types are gathered, they are ineffective
against new strains. Developing and distributing a new vaccine takes several months,
delaying the pharmaceutical response. As for antibiotics, WHO started, since the
1990s, to strengthen the surveillance of the drug resistance for the tuberculosis.

Lack of pharmaceutical means, non-pharmaceutical interventions “should
be put in place, at the early stage of a pandemic [1]”. The foreseen interventions
included hygiene, social distancing, using facemasks and schools’ closures. The
non-pharmaceutical interventions were established as part of the international
response interventions: anticipation, early detection, containment, control and
mitigation as well as elimination or eradication. These measures were regulated,
since 1969, by the International Health Regulations that aimed to “prevent, protect
against, control and respond to the international spread of disease”. Events that
might have international consequences were supposed to be promptly reported by
the states to WHO for assessment.

The COVID-19 pandemic showed the limits of the existing healthcare system
strategies. By the end of 2020, lack of adequate response, the pandemic led to a
dramatic health impact, with more than 1.5 million deaths by December 2020 [1],
to a huge social disruption and an economic result that brought to the biggest global
recession since the 1930s Great Depression.

Without an effective treatment for COVID-19, governments adopted the
19th century traditional measures concerning people and the built environ-
ment. The 2020 approach was contrary to the WHO politics of 2018, which stated
that “many traditional containment measures are no longer efficient” and that
“measures such as quarantine, for example, once regarded as a matter of fact,
would be unacceptable to many populations today [1]”. People oriented measures
in 2020 addressed individuals, like hygiene or wearing face masks, or were related
to contacts with people, like the social distancing (or physical distancing), curfew,
isolation, quarantine and confinement (lockdown). Building oriented measures
were also adopted by interior air control through ventilation.

The COVID-19 pandemic brought into attention other non-pharmaceutical
methods that may prevent or mitigate the effects of pandemics. One of the direc-
tions concerns the environmental approaches. As for the role of the built environ-
ment in fighting against pandemics, scientific studies undergone during 2020
concerning pollution, urban heat islands, land use, green areas, urban density and
interior air quality suggest that the buildings and the built environment may play a
decisive role in the international strategies against future pandemics.

3. The One Health system response to pandemics and the role of the built
environment

In the 1980s, after increased outbreaks of zoonoses, human healthcare system
became aware of the benefits in approaching human and animal diseases together
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with the unifying concept of One Medicine [2]. In the 1990s, due to the alteration
of the ecosystems which led to new ways of diseases spread, the role of the environ-
ment in human health became relevant [3]. During the decade of the 2000s, the
unification was extended to the humans, animals and environment resulting the
One Health system in the 2000’5 [4, 5]. A broader spectrum of professions was
brought together, gathering veterinarians, ecologists, economists, sociologists or
wildlife managers.

The 2010 decade brought an increased awareness of the urbanization risks for
pandemics. The approaches were quantitative and focused on the overlapping of
habitats, the heat that provide high-risk habitats for animals and the high den-
sity of people. As for the building health, there is also consistent literature about its
role in supporting physical, social or psychological health. One of the key aspects is
the indoor environmental quality, focused on the air quality.

Despite these advances in understanding the role of the built environment
in human health, by the end of 2020 the was still not international strategy that
included buildings and the built environment in the fighting against pandemics.

4. The historical role of the built environment in pandemics before the
advent of antibiotics

Until the arrival of antibiotics in the middle of the 20th century, the main
historical methods against bacterial pandemics were limiting the contacts between
individuals through isolation, quarantine and confinement (lockdown) and,
from the 19th century, the architectural and urban measures concerning air quality
and sunlight.

In the case of leprosy, containment led to the appearance of the first dedicated
architectural program, the leprosarium. The measure was common in Medieval
Europe [6], although “less uniform and prescriptive [7]”

Plagues were the deadliest pandemics. The 1346-1353 Black Death supposedly
killed up to half of Europe’s population [8]. They pushed to a diversification of
measures aiming the limitation of contacts between individuals, such as isolation,
quarantine, confinement, the use of plague mask and the introduction of the medi-
cal passport. They also led to dedicated constructions, such as the 27 km long, six
feet tall, Plague Wall in the French Vaucluse mountains traced in 1721 [9, 10]. Since
the 19th century, plagues impact diminished.

The tuberculosis, “the white plague”, took the relay, with a peak mortality rate
in Western Europe in 1800 [11]. Tuberculosis deaths counts for 45% between 1790
and 1796 in Bristol, 33.2% of deaths between 1751 and 1778 in Marseille [12] and for
25% of death between 1810 and 1815 in New York City [13]. In 1900, it remained the
third cause of mortality after cardiovascular diseases and influenza—pneumonia in
the US [14].

In France, the backbone of the fight against tuberculosis was the Hygiene move-
ment in which public health was supposed to scientifically guide political decisions,
architecture and urbanism. The movement started in the 1820s, continued with the
creation of the Hygiene Commissions (1848) and of the Commission for Unhealthy
Housing (1950) [15] and reached its peak in the urban renewal during the
Haussmann period as Seine (Paris) prefect (1853-1870). The French capital applied
the hygiene reform at the largest scale ever seen: sewage, wastewater treatment,
waste removal, air circulation inside and between buildings, sunlight.

Hygiene movement derived principles definitively marked architecture
and urbanism. The sunlight that kills bacteria imposed the sanatoriums as general
architectural models, with vast windows stretching from one side to the other of the
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room and terraces for sun baths. Sunlight and ventilation at the 45th parallel north
are the reason for imposing distances in between buildings greater than the build-
ing height.

At the turn of the 20th century emerged the British Garden City movement,
started with the Ebenezer Howard’s 1898 book, republished in 1902 as Garden
Cities of To-morrow. In Germany and Switzerland appeared the Lebensreform (Life
Reform) movement.

The turn of the 20th century brought the first International Congresses on
Tuberculosis: Berlin (1899), London (1901), Paris (1905). The First International
Congress for Sanitation and Housing Health Safety was held in Paris (1904). The
congress report correlates population density and health. The European research
of the French dr. Samuel Bernheim concludes that “The tuberculosis mortality is
proportional to the housing density; the danger of infection is all the greater when
the residents are more cramped in their housings [15]”.

The hygiene measures led to a decline of tuberculosis and, at the turn of the 20th
century, mortality was reduced at half in Paris between 1872-1900 and 1901-1925
periods [12].

The 19th century Hygiene movement marked the Interwar modernist architec-
ture. Architect’s Le Corbusier Five Points of a New Architecture are derived from
Hygiene movement theories. The house on pilotis, reinforced concrete columns
raising the house from the ground, allows aeration. The roof garden is inspired by
the sanatorium sunbath terraces. The free plan allows the liberation from being
the “slave of the load-bearing walls” The horizontal window, “essential goal of the
house”, which “runs from one end to the other of the fagade” is directly taken from
the 19th century recommendations. The free fagade in front of the columns isa
“lightweight membrane made of isolating walls or windows”. Modernist urbanism is
synthesized by the Le Corbusier architect book Athens Charter (1933) and the Josep
Lluis Sert architect Can our cities survive? (1942). Hygiene movement principles
were employed, emphasizing lighting and sunlight, light-oriented buildings and air
circulation inside and between buildings.

One year later, in 1943, the discovery of the streptomycin antibiotic brought
the first effective treatment for tuberculosis. The health strategies against bacterial
pandemics no longer needed the support of architecture and urbanism.

5. Architecture and urbanism after the emancipation of medicine

As human health ceased to be an architectural and urban issue, Modernist
movement, that promoted air, sun and light, was judged by social and environmen-
tal concerns determined by the functional segregation and the automobile-based
traffic. In 1972 was symbolically declared the death of the modernist movement
with the demolishment of a 1955 modernist US housing planned according to the
principles of Le Corbusier [16].

The environmental counterreaction appeared in the late 1960s with the green
architecture, as a reaction to the suburban sprawl and to the energy crisis.
Different approaches are green city, sustainable city, eco city, zero & low carbon
cities, zero energy city, livable city, compact city, smart city or resilient city. They
concern pollution, carbon emission, energy, water, waste management and recy-
cling, green-space ratios, forests and agricultural land loss.

The counterreaction to the social environment led in the US to the New
Urbanism movement, in the 1980s. It emphasized mixed-use neighborhood and
encouraged walking and bicycle transportation [17]. At the same time emerged in
Europe the Urban Village movement that also promotes mixed use zoning aiming
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for partial self-containment by combining working, leisure and living, leads to
medium-density housing, encourages walking and bicycling as well as public space
encounters.

6. Health engaged architecture and urbanism certifications

At the end of the 20th century were introduced building certification systems.
At the architectural level, green building certifications of the 1990s concerned
health issues, such as the 1990 Building Research Establishment’s Environmental
Assessment Method (BREEAM) and the 1993 Leadership in Energy and
Environmental Design (LEED). They relate to indoor air quality, ventilation,
interior lighting and daylight, thermal comfort, acoustic performance and the
quality of views.

More health-oriented certifications started in the 2010s with the 2012 Fitwel,
ajoint initiative led by the US Centers for Disease Control and Prevention (CDC)
and General Services Administration (GSA), or WELL Building Standard from the
International WELL Building Institute, launched in 2014.

At the urban scale, healthy cities topics are only generally addressed by
initiatives such as the WHO European Healthy Cities Network or the Urban
Low Emissions Development Strategy (Urban LEDS). As for the LEED for
Neighborhood Development, it repeatedly addressed health as a main issue: pre-
ferred location within existing cities to avoid the health consequences of sprawl,
reduced motor vehicle use to reduce pollution, promote bicycling, walkable
streets “to improve public health”, compact development, access to public space
and connected community “to improve public health”, access to recreation facili-
ties to “improve public health by providing recreational facilities close to work
and home”, neighborhood schools “to improve students’ health by encouraging
walking and bicycling to school [18]”.

7. The last decades warnings about future pandemics

According to a 2008 Nature paper, emerging infectious diseases, dominated by zoo-
noses, “are increasing significantly over time”, with “the emergence of 335 infectious
diseases between 1940 and 2004” and “reflecting a large number of drug-resistant
microbes [19]”. The most commonly cited reasons for this increase are the environ-
mental issues, such as overlapping of habitats due to the agricultural intrusion in the
ecosystems [20-22] or the global warming [23, 24] and urban heat islands [25, 26].

During the last decades, there was such concern about the zoonotic diseases
impact that the COVID-19 pandemic seems the precise illustration: “Virtually
every expert on influenza believes another pandemic is nearly inevitable,
that it will kill millions of people, and that it could kill tens of millions—and
a virus like 1918, or H5N1, might kill a hundred million or more—and that it
could cause economic and social disruption on a massive scale. This disruption
itself could kill as well. Given those facts, every laboratory investigator and every
public health official involved with the disease has two tasks: first, to do his or
her work, and second, to make political leaders aware of the risk. The prepared-
ness effort needs resources. Only the political process can allocate them [27]

In the 2016 United Nations Environment Programme report about the “Emerging
Issues of Environmental Concern”, zoonosis arrived second out of the six issues
[28]. In 2018, WHO estimated that “another influenza pandemic is inevitable but
unpredictable [1]”.
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8. COVID-19 scientific findings with impact on the built environment
design

The inevitable came with the COVID-19 pandemic. It led to an important
allocation of resources in scientifically addressing the pandemic. Although the most
notorious studies concern vaccines and antivirals, other research directions regard
non-pharmaceutical measures aimed to prevent or mitigate pandemics. As in the
19th century, the implementation of some of these findings needs a dedicated built
environment approach.

8.1 Pollution

Air pollution was already subject to studies that proved the effects on human
health, such as respiratory diseases or lung cancer [29]. The correlation between road
traffic, pollution and health has been associated with heart disease mortality [30].

Studies undergone in 2020 almost unanimously found that the relationship
between air pollution and the COVID-19 led to a “large increase [31]” in the
US, clear increases in the Netherlands [32], to a “significant relationship [33]” in
China, “aggravating [34]” in a study on nine cities form India, China, Pakistan,
and Indonesia and “increase vulnerability [35]” or positively associated with higher
fatality rates [36] in Italy.

8.2 Green areas

Pre-pandemic studies already concluded not only that “the percentage of green
space in people’s living environment has a positive association with the perceived
general health [37]” but also “consistent negative association between urban green
space exposure and mortality, heart rate, and violence, and positive association
with attention, mood, and physical activity [38]”

In the context of the COVID-19 pandemic, studies interpreted the distribu-
tion of green areas as part of the environment role on the infection’s risks [39].
Green spaces are also interpreted as a barometer for health inequity [39]. The
green spaces help regulate the heat islands [40], generally considered as a zoonotic
pandemic aggravating factor. There are studies that show how suburban forest
fragmentation led to increased human disease risk.

8.3 Urban population density

Studies carried over time aimed to determine the correlation between popula-
tion density and pandemics. For the 1918 Spanish flu, in England and Wales,
research found “30-40% higher rates in cities and towns compared with rural
areas” but “no association between transmissibility, death rates and indicators of
population density and residential crowding [41]”. A research on India stretches
that districts with a lower density experienced lower rates of population loss [42].
A US research revealed “the positive correlation between population density and
influenza mortalities [43]” although another paper finds no significant correlation
between population density and transmissibility measured by the reproductive
number (R) [44]. As for Japan, a paper concluded that “lower morbidity in the
towns and cities is likely explained by effective preventive measures in urban
areas [45].

Other researchers investigated the correlation between population density and
epidemics of tuberculosis or avian flu [46-49]. Paper also discussed on the impact
of urban form and land use on the transmission of vector-borne viruses [50].
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During the COVID-19 pandemic, most of the researches consider increased
population density as a health risk. Papers in Japan concluded that “the correla-
tions between the morbidity and mortality rates and population density were sta-
tistically significant [51]” or “the population density was shown to be a major factor
[52]”. In India, there was a “moderate association between Covid-19 spread and
population density [53]”. In Algeria, “there is a strong correlation [54]”. In Turkey,
“population density mediated the effect of wind speed (9%) on the number of
COVID-19 cases [55]”. US studies show contradictory results which must be further
analyzed through different criteria. A paper concludes that “counties with greater
population density have greater rates of transmission [56]“. Some concluded that
denser locations more likely to have an early outbreak but did not found evidence
that linked the population density to the COVID-19 cases and deaths [57]. Another
study pointed that “county density leads to significantly lower infection rates and
lower death rates [...] possibly due to superior health care systems [58]".

Those conclusions must be correlated with studies that include income,
education or health care systems [36, 59]. A study involving more variables was
realized in Italy, showing that population density was not statistically significant
but, instead, car and firm density were positively associated with higher fatality
rates [36].

These researches are limited though by the ability of collecting geolocation data.
In the US and in the EU, gathering spatial data about people movements was neither
intended by the governments nor embraced by citizens’ free participation [60].

8.4 Air control

Respiratory route transmitted diseases can spread either by droplets or by aero-
sols (suspensions in air of finer particles). By 2020, “virtually all infectious disease
dynamics models on influenza have thus far ignored aerosol-transmission [61]”.

Research conducted during the COVID-19 pandemic showed that aerosols
could be one of the most dangerous way of transmission in the interior spaces.

A paper concluded that “virus could be detected in aerosols up to 3 hours post
aerosolization [61]”. The badly ventilated rooms present the highest risk as an
article on a Wuhan Hospital shows that the highest virus concentration was found
in the toilets [62].

A 2020 research shows that 3 air changes per hour, which is common in most
countries legislation, “generated reductions in expected outbreak sizes that would
normally only be possible with a substantial vaccination coverage of 50-60%,
which is within the range of observed vaccination rates in school settings [63]”.

Studies show also that recirculating the air without proper filtration presents
a potential risk. According to the study of a closed restaurant in Guangzhou,
published on 2 April 2020, “droplet transmission was prompted by air-con-
ditioned ventilation” and therefore the virus might have traveled through the
central HVAC system [64]. The finding was confirmed by the April 2020 state-
ment of the American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHARE) that “infectious aerosols can be disseminated through
buildings by pathways that include air distribution systems and interzone
airflows [65]”.

9. Architectural and urban measures in mitigating pandemics

During the COVID-19 pandemic, the established principles were opposed to
contrary solutions:
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* the need for creating public spaces for encounters was replaced by social
distancing

* the dense city paradigm, as opposed to the urban sprawl, posed virus
transmission problems

* encouraging public transport was replaced by the individual
transportation.

Based on the scientific findings during the COVID-19 pandemic and based on
previous experiences, architecture and urbanism can provide solution with the
design of the buildings and of the built environment:

* interior spaces: air quality
* residential: middle density and the intermediate housing
* public spaces: the key for the social interaction
* green areas: a perennial goal
» working: downsizing and dispersion
* shopping: proximity and downscaling
* transportation: walking, bicycling, shared mobility and robo-taxies
* city scale: mixed use neighborhoods
9.1 Interior spaces: air quality

In the interior spaces, the virus transmission can be reduced by air control
through ventilation, humidifying and filtering.

A 2020 research shows that 3 air changes per hour, which is common in
most countries legislation, “generated reductions in expected outbreak sizes
that would normally only be possible with a substantial vaccination coverage
of 50-60%, which is within the range of observed vaccination rates in school
settings [63]”.

As for filtering, pre-pandemic experiments have been conducted since
1968 on the efficiency of HEPA filters that “showed an average reduction of
99.996% [66]” or in which “aerosol transmission of PRRSV occurred in 0 of
the 10 HEPA-filtration replicates [67]”. During COVID-19 pandemic, HEPA
filters were recommended in hospitals for air filtering in operating rooms or in
the breathing circuit [68, 69]. Some papers recommend HEPA for filtering the
recirculating air in closed rooms or vehicles [70, 71], although certain studies
are reserved concerning the HEPA filters capacity of filtering submicron size
particles [70].

Humidifying could play an important role as long as a 2013 research concluded
that “maintaining indoor relative humidity >40% will significantly reduce the
infectivity of aerosolized virus [72]”.

As in the 19th century, air control becomes a key measure in mitigating pandem-
ics in 2020.
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9.2 Residential: middle density and the intermediate housing

There seems to be a conflict between epidemiologic studies that suggest a lower
people density and the environmental approach that recommends the increasing of
the built density. The urban sprawl is considered to increase pollution, to cause the
loss of a sense of community [73], global warming [74], higher transportation costs
and create health effects due to the dependence on automobiles [75]. It is addressed
by professional organizations such as Architects’ Council of Europe, the American
Institute of Architects and the American Planning Association, by agencies such as
European Environment Agency or by national legislation, such as the French law for
Solidarity and Urban Renewal.

On the other hand, lowering the people density is not only implied by studies
carried over time that correlate population density and pandemics but also the
public preference. Pre-pandemic surveys showed that 76% of French [76] and 80%
of US Americans [77] would choose to live in single-family houses. The COVID-19
pandemic increased this desire. Teleworking and the reduced access to shops, “led
to areduced demand for housing in neighborhoods with high population density”,
trend which strengthen after the market recovery in June 2020 [78].

The solution to reconcile the dense city environmental paradigm with the
low density of population suggested by epidemiologic studies can only find
the answer in architecture and urbanism. For most epidemiological approaches,
people density is a figure in a quantitative approach while for architecture and
urbanism there is also a shape-related morphological and typological building
approach. Urban approach also considers different densities, such as population
density (related to inhabitants’ number), residential density (related to number of
housings) or built density (related to gross floor area). Moreover, the same people
density can be achieved with different urban typologies, such as parallel buildings,
courtyard or scattered. Architectural approach also takes into account building
morphology. The same people density can be achieved under different morpholo-
gies, such as detached houses, row houses or blocks. Therefore, addressing popula-
tion density as a figure is not enough for analyzing the complexity of the built
environment.

A more detailed approach should also be based on studies carried over the virus
transmission in the interior spaces. Small, confined and poorly ventilated spaces,
such as stairs or elevators, must be carefully planned as they are the most suscep-
tible for aerosol contamination [79].

Medium density environments are the mostly supposed to reach this goal. Both
New Urbanism and Urban village movements promote medium density hous-
ing. There are urban and architectural approaches that stay in between the single
family detached house and the block paradigm. The French Intermediate Housing
concept addresses buildings with more than one superposed apartments and with
private access to each apartments. The definition appears in a French 1973 decree:
the social intermediate housing (habitat social intermédiaire) is supposed to have a
private access, a private exterior space of one quarter of the apartment surface and
a height of no more than three floors. The organization led to densities of 80 to 100
dwellings per hectare for intermediate housing compared to the 10-50 dwellings per
hectare for dense single-family houses [80].

9.3 Public spaces: the key for the social interaction

One of the problems the COVID-19 pandemic created was the social disruption.
The public space was put under scrutiny [81]. In this matter, exterior public spaces
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could play a key role. The COVID-19 droplets transmission occurs up to 6 feet (2
meters). According to Edward T. Hall’s proxemics theories, the social distance far
phase is in between 7 and 12 ft. (2.1-3.7 m) and the public distance is in between
12 and 25 ft. (3.7-7.6 m) for the close phase and more than 25 ft. (7.6 m) for the far
phase. Therefore, far social and public contacts could be achieved in exterior spaces
without transmission risks.

According to Jan Gehl’s theories, social contacts in public spaces are among the
most important. They have the characteristic of being spontaneous because people
interact as a result of necessary or optional activities. The space in between the
buildings is ideal for conversation, greetings, children playing: “life between build-
ings as dimension of architecture, urban design and city planning to be carefully
treated [82]”

9.4 Green areas: a perennial goal

As recent scientific studies show, green areas can improve the response to pan-
demics. They were already present in the 1900s urban theories and they maintain
their permanent importance.

9.5 Working: downsizing and dispersion

Architectural measures can be taken in the case of office buildings. Some
approaches concern general building measures, such as air control by ventilation
filtration and humidification. Other methods should lean on morphologic changes
that consider access separation and office space distribution.

There is also question of the offices size and their urban distribution. During the
COVID-19 pandemic, an Italian multicriterial research concluded that firm density,
based on an over 250 employees firm index for each region, was positively associ-
ated with higher fatality rates [36].

The COVID-19 pandemic also accelerated the use of telecommuting (telework-
ing or working from home). In 2019, 5.5% of workers in the US already worked
from home [83] and, in April 2020, already 20% of Americans were able to work
from home and doing so [84]. Estimations from 2020 are that “37 percent of U.S.
jobs that can plausibly be performed at home account for 46 percent of all wages
[85]”. Telecommuting has an indirect environment impact by reducing the green-
house emissions, fuel and energy usage and network congestion [86, 87].

9.6 Shopping: proximity and downscaling

Apart air quality methods, different measures can be taken for shops. Reducing
the size cold lead to a better ventilation and less potential contacts. Proximity shop-
ping is also an environmental desideratum as it allows for less automobile transpor-
tation, lead to pedestrian cities, reduced pollution, less energy consumption and
less environmental impacts. Recent study shows that “to achieve a balance between
energy consumption, GHG [Greenhouse Gas] emissions and energy generation
potential, a neighborhood should contain an optimal ratio of commercial to resi-
dential buildings of about 0.25 [88].

The proximity and downscaling decision have long term social and environment
motivations more than short term economic reasons. An example are hypermar-
kets, huge stores combing supermarkets to department stores. It is symptomatic
how France, the country that first implemented hypermarkets with Carrefour, in
1963, prevented their implantation in cities ten years later, by the Royer law which
regulated the creation of shops over 1500 m” inside towns.
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9.7 Transportation: walking, bicycling, shared mobility and robo-taxis

Before the pandemic there was already very strong evidence of aerosol trans-
mission over long distances [89]. Studies during 2020 showed substantial trans-
mission in closed vehicles and suggest “future efforts at prevention and control
must consider the potential for airborne spread of SARS-CoV-2, which is a highly
transmissible pathogen in closed environments with air recirculation [90]”. At
the beginning of 2020, studies drew a warning about public transportation show-
ing that, for New York City, the subway system was the major disseminator of
COVID-19 [91].

To keep the present transportation system there could be applied methods
that reduce the viral transmission. Airborne virus spread in public transport can
be reduced by installing HEPA filters and surface disinfection can be done by UV
disinfection.

There is also question of changing the current transportation paradigm. Changes
that may reduce the virus transmission in the transportation system already
begun before the COVID-19 pandemic. Cities designed at the scale of walking or
bicycle distances were proposed by the 1900s Garden City movement, the 1970s
Intermediate Housing or 1980s New Urbanism and Urban Village movements.

Mobility sharing with bicycles can increase the efficiency of an urban public
transport network [92] and has health benefits [93]. Starting with the white
bicycle and white path proposed by the Provo movement in Amsterdam, in
1965, the Vélib’ in Paris, launched in 2007 and reached the Chinese bike shar-
ing system where the two largest operators, Ofo, launched in 2014, and Mobilke
2015, totalize over 50 million orders per day [94]. Electric car sharing, on which
UV disinfection could be applied, could be a pandemic and environmental
solution too. It has a positive environmental approach by “reducing 29% of CO2
emissions and increasing 36% electric vehicle adoption, when compared to the
business-as-usual scenario [95]”. Along with UV disinfection, robo-taxis (robo-
cabs, self-driving taxis or driverless taxis) could be used. Experiment in Beijing
with electric robo-taxis showed a good impact in lower energy consumption,
zero tailpipe emissions, traffic decongestion and reduced health risks [96] while
simulation in Milan “propose that introducing a robo-taxi fleet of 9500 vehicles,
centered around mid-size 6 seaters, can solve traffic congestion and emission
problems in Milan [97]”.

From the larger urban point of view, transportation is influenced not only by the
means of transport but also by the overall cities’ organization.

9.8 City scale: mixed use neighborhoods

Reducing transportation while maintaining social contacts and the access to
urban facilities is a key aspect in preventing and mitigating pandemics. Research
done during the 2020 pandemic suggest that “connectivity matters more than
density in the spread of the COVID-19 pandemic [98]”. The risks are represented
by commuting, tourists and businesspeople. Studies emerged during pandemic
concern health inequities derived from the urban development [99].

This desideratum can be reached by designing mixed use neighborhoods that
could concentrate transportation on walking and bicycling. These neighborhoods
are likely to lead to a medium density environments [100]. They should combine
living with working, leisure, education and public space encounters.

The concept is not new, as it is already present in Ebenezer Howard’s Garden City
with self-contained mixed-use new towns and socially mixed population. It is also
relevant for the US 1980s New Urbanism or for the European Urban Village.
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10. Opportunities

There is a consistent scientific literature about the opportunities highlighted by
COVID-19 pandemic in different domains. There is also an expressed confidence
that “architecture and urbanism after the COVID-19 epidemic will never be the
same [101]”. Some built environment related trends may be accelerated by the
pandemic:

* the recognition of the role of environmental impacts on zoonosis, such as
deforestation and destroying natural habitats

* anincreased awareness of the public space importance
* the architectural research on new medium density typologies

* the acceleration of promoting mixed-use neighborhood and encouraging
walking and bicycle transportation

* accelerate advancements in transportation such as shared mobility and
robo-taxis.

11. Conclusion

Healthcare shape our cities and vice versa.

Although fighting against pandemics was traditionally associated with the
built environment, the 20th century pharmaceutical progress allowed medicine to
emancipate from architecture and urbanism. As WHO stated in 2018, “Will history
repeat itself? The answer must be: Yes, it will [1].” Last decades evolutions which
culminated with the COVID-19 pandemic stretched the role of a new interdisciplin-
ary strategy in both combating and mitigating future outbursts.

There is an important COVID-19 scientific literature concerning pollution,
green areas role, urban population density or air control that can be addressed
mainly through built environment measures. These measures include air control,
residential measures, public spaces, green areas design, working, transportation
and mixed neighborhoods.

The COVID-19 pandemic dramatic implications can be also perceived as an
opportunity for setting up a more stable health and built environment systems.
Scientific evidence is not enough and it should be doubled by public awareness and
by political implication. Otherwise, it may end like The Great Illusion, the 1910 book
of the Nobel Prize winner Sir Norman Angell, which, although scientifically proved
that economic interconnection among nations made future wars illogical and
counterproductive, was followed by two World Wars.
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Chapter 17

Why a Bioethical Approach is
Needed in Addressing Health
Risks Stemming from Pandemics
Due to Zoonoses Linked to Human
Impact on Biodiversity?

Tullia Penna

Abstract

This chapter aims to demonstrate why a precautionary and bioethical approach
is needed to avert forthcoming pandemics due to zoonosis. Precautionary principle
should be intended as a conceptual tool for assessing whether human action, and
its arising environmental alterations, exceed the absorption capacity of Nature.
Likewise, original meaning of bioethics, namely the questioning of unsustainable
progress and human survival, should be resumed to reflect on human footprint
on biodiversity. This reflection seems to be even more pressing if we consider
how national policies are struggling to face the pandemic’s socio-economic conse-
quences. Focusing on how to prevent zoonosis’ events, by pondering on the concept
of ‘biological wisdom’ coined by Van Rensselaer Potter, might be more effective
than suggesting complex reforms of healthcare systems. Furthermore, a bioethical
approach, by its very definition, consists of a multidisciplinary approach, increas-
ingly worthwhile in present-day societies characterized by strong complexity.
Indeed, the SARS-CoV-2 pandemic has demonstrated how dense is the network
of nature, human beings and socio-economic structures. It seems appropriate to
think origins of SARS-CoV-2 pandemic as a warning for the future, by questioning
methods and extension of human impact on biodiversity.

Keywords: SARS-CoV-2 Origin, COVID-19, Bioethics, Wildlife Preservation,
Precautionary Principle, Anthropocene, Public Health

1. Introduction

On February 11, 2020, World Health Organization (WHO) named COVID-19
anew severe acute respiratory syndrome, provoked by a new coronavirus isolated
a month earlier. WHO declared this disease an international health emergency
and the virus, SARS-CoV-2, has entered to take part of our daily lives. Life as we
know it has changed rapidly, and the evolving pandemic scenario has made us
realize how deep globalization is. Every country around the world willing to curb
the spread of COVID-19 has placed precautionary principle at the core of public
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health policies. At EU level, precautionary principle is defined as principle enabling
“decision-makers to adopt precautionary measures when scientific evidence about
an environmental or human health hazard is uncertain and stakes are high” [1]. In
the case of SARS-CoV-2, reflecting on human health means reflecting on environ-
mental conditions as well, given the strong interconnection between human beings
and their surrounding environment. Indeed, even if the whole causal sequence
between ecological changes and emerging zoonosis is not thoroughly clear, there is
strong evidence of their bonding. Especially, when we consider that the epoch we
are living in could be termed ‘Anthropocene), since the devastating impact of human
activity on our planet. This much is clear: addressing pandemic tightly as a national
healthcare issue would prove to be unsuccessful, likewise conceiving it as a merely
human health matter. Indeed, multidimensional connection between human health
and environment is nowadays very clear and we have a pressing need to choose an
ethical and legal approach that takes due account of this link.

2. Zoonosis as an environmental and human health crisis

SARS-CoV-2 belongs to the family of coronaviruses, whose preferred hosts in
nature are various animal species [2], and which were identified in human beings
for the first time in 1966 [3, 4]. In the event of transmission of disease or infection
from vertebrate animals to humans, we refer to “zoonosis”. Nowadays we know over
200 types of zoonoses, whose conspicuous portion consists of existing diseases in
humans (rabies, AIDS, etc.) [5]. The possibility of infection and disease transmission
from other vertebrates to human being testifies to the belonging of humans to the
animal kingdom, as a memorandum of the interdependence amongst animal species.

When it comes to zoonosis, infectious disease is due to a pathogen (such asa
bacterium, virus, parasite or prion) affecting a reservoir animal, which actually can
remain undamaged by this infective agent. Pathogens hosted by reservoir animals
may need an intermediate to gain access to humans, and this intermediate serves as
an amplifier of the infectious strength [6]. That is, sometimes the last victim in a
zoonotic infection chain requires higher dose of pathogens or prolonged contact to
getinfected [7]. A differentiated infection threshold ensures significant protection
to humans against viruses, but more considerable degree of protection is ensured
by high biodiversity and an unhindered ecosystem. In such a context, possibility of
contact and transmission decrease sharply. Pathogens are definitely unconscious,
therefore their transfer responds to an evolutionary mechanism: they move from
one host to another since this solution, randomly found, turned out to be successful
from both reproductive and survival standpoint. Amongst pathogens, viruses are
undoubtedly the most troubling due to their evolutionary rapidity, flexibility, and
resulting mortality rate. Moreover, “viruses have no locomotion yet many of them
have traveled around the world” [8].

Describing zoonotic mechanism requires also to stress the difference between
spillover and emerging infectious diseases. Spillover indicates the point at which a
pathogen moves from one animal species to another; while an emerging infectious
disease is the one which has been increasing after introduced in a specific popula-
tion. These notions are clearly linked, especially if we consider that, under ordinary
conditions, infectious diseases are natural events, which bond individuals and spe-
cies in their ecosystems. Cross-species transmission is not rare, but rarely it is the
result of chance. In fact, last decades have been heavily characterized by an increas-
ing disruptive human activity perpetrated on the environment: Transforming
natural habitats, altering ecosystems, reducing biodiversity and damaging patterns
of interactions between different species [9-12]. Climate change, deforestation,
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overfishing, natural resources extraction, intensive farming, wildlife poaching and
trade are all key drivers of increased rates of zoonotic emerging diseases. Human
communities find themselves living near wildlife ever more frequently, and wildlife
turns out to be often potential host of pathogens responsible for transmitting infec-
tion [10]. So, it is hardly surprising that zoonosis has been indicated as a word of
the future, expected to become quite common in this century [13]. Environmental
devastation provides a suitable growth medium for interspecies viral transmission,
a perfect trampoline for “host jump”. Three core elements have to be considered.
The first is the difference between past and present human activity: nowadays
Earth hosts 7 billion people, equipped with the most up to date technologies. This
set far exceeds the absorption capacity of Nature. The second core element regards
the notion of “virosphere”, that is the remarkable viral diversity existing on our
planet - a group of living organisms of exceptional size [14]. The third core element
consists of the overlapping of the first two: Where wildlife and natural habitats are
destroyed, there is an impressive amount of unknown pathogens prompt to assure
their own survival by affecting new kind of hosts. Consequently, when we consider
zoonoses, we can safely affirm that we face both an ecological and a health crisis.

Within this framework, SARS-CoV-2 is no exception. Current pandemic is the
third of zoonotic origin in the twenty-first century, after severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coro-
navirus (MERS-Cov) [15]. Even if the animal species at the origin of COVID-19
outbreak has yet to be determined, knowledge gained on SARS-CoV and MERS-CoV
has enables scientists to identify bats as likely reservoirs of SARS-CoV-2 [2, 11, 16].
Evidences suggest that pangolins might have served as amplifiers, in a sequence of
spillover from bats to pangolins and finally to humans [11, 17].

3. Contemporary legal shape of the precautionary principle

Emerged in German law during the 1970s, precautionary principle, in its legal
declination, has since been uphold in a number of international environmental
treaties and by the European Union (EU) in the Maastricht Treaty. Then, this
principle has been included in the Treaty on the Functioning of the European Union
(TFEU), under article 191 § 2, which provides for preservation, protection and
improvement of the quality of the environment, as well as protection of human
health, prudent and rational utilization of natural resources, and the promotion
of measures addressing regional or worldwide environmental problems, and in
particular countering climate change. Indeed, the Court of Justice of the European
Union (CJEU) has classified precautionary principle as general principle of the EU
(case Artegodan v Commission, T-74/00). In general, at EU level, precautionary
principle is defined as principle enabling “decision-makers to adopt precautionary
measures when scientific evidence about an environmental or human health hazard
is uncertain and stakes are high” [1].

Notwithstanding, there is no universal, or European, consensus on the kind
and the extension of measures that can be adopted according to precautionary
principle. In fact, domestic institutions enjoy a wide discretion when defying
precautionary policies, although these measures have always to be declined accord-
ing to the degree of scientific uncertainty, severity of potential hazards, and costs
linked to action or inaction. In this regard, a minimalist interpretation of precau-
tionary principle does not support action to be taken as long as scientific evidence
of the existence of specific hazard is provided. Instead, a maximalist interpretation
advocates adoption of measures until a scientific evidence of the absence of any

hazard is provided [1].
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Considering pandemic spread in western contemporary societies brings to mind
the notion of “risk society” immediately, that is societies facing unprecedented
hazards for persons, communities, and surrounding environment [18]. Therefore,
it is absolutely plain that every democratic government has a specific managing and
regulatory duty towards its citizens when it comes to risk. This duty relates both to
the degree of scientific uncertainty of a given phenomenon, and to the risk appetite
that a given society tends to prove [19]. In this setting, precautionary principle plays
a key role, whose legal nature is subject to jurisprudential and academic debate
focused on the combination of risk and emergency. The first COVID-19 outbreaks
in Europe, especially in Italy, have been a shining example of this combination:
formerly infection containment measures have been adopted at a local level, then
national governments took emergency measures.

To support the hypothesis that health emergency due to COVID-19 represents a
textbook case of application of precaution, we should take into account the mean-
ing to be attributed to scientific uncertainty. Far from suggesting that scientific
uncertainty means mere ignorance, it regards “different forms of lack of informa-
tion in science: the complexity of knowledge, the lack of data, the unpredictability
of results, and the stochastic character of predictions” [20]. In other words, the
field of action of precaution consists of complex scenarios (the case with the
COVID-19 entails economic, social, health and environmental interconnection),
shady risk factors (infection transmission through aerosol), and unforeseeable
circumstances (acquired immunity against SARS-CoV-2).

Given complexity of scenarios and scientific uncertainty, precautionary
principle may take different forms. As ethical principle, precaution is rooted
in Hans Jonas’ philosophical statements [21]. Precautionary principle is not a
moral principle, suitable for distinguishing between good and evil, but an ethical
one, that is a guiding criterion for human activity according to awareness of the
uncertainty of risks and responsibility in managing hazards. At the foundation
of awareness and responsibility, Hans Jonas placed the psychological element,
rather than the cognitive one. That means that when facing hazards without a
structure of scientific knowledge, a prudential mechanism (genus of the precau-
tionary one) proves to be a suitable response to psychological dimension of fear,
which tends to prevail over the cognitive dimension of ignorance. In legal terms,
precautionary principle acknowledges a positive role to ignorance, that is it
emphasizes the epistemological status of ignorance in contemporary science, by
disengaging law from the submission to science and by opting for actions aimed
at general safety [20]. Relationship between science and law, and between science
and institutions, yields a form of science neither pure nor applied. This relation-
ship gives rise to a policy-related science [22] required to frame problems in the
light of feasible solutions identifiable through public policies. It follows that, in
the case of COVID-19, precautionary principle may be declined according to dif-
ferent intensities under a cost-benefit analysis pertaining the adoption of more-
or-less sharp containment measures. In this regard, the European Commission
(EC) requires Member states to verify that measures based on precaution are
proportional to chosen level of protection, consistent with eventual actions
already taken, and revisable in the event that brand-new scientific evidences are

acquired [1].

4. A precautionary approach based on the principle of responsibility

Recovery of a precautionary approach, in its ethical declination proposed by
Hans Jonas, could be suggested as a theoretical and operational proposal aimed not
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only at managing current pandemic emergency, but also future health or environ-
mental crises. During the 1970s, precautionary principle was enshrined in German
law on environmental pollution and, particularly, degradation of air quality caused
by deforestation. That law was enlivened by responsibility principle, as a corner-
stone of human activity when it affected the environment. We suggest that the
profile of ethical responsibility of human activity towards environment should be
recovered, as proposed by Hans Jonas [21]. Consequently, it should be highlighted
how human activity, and its arising environmental alterations, exceeds the related
absorption capacity of Nature [23]. This is particularly true if we consider how
human knowledge is, by its very definition, limited to a given time in history and, in
the present, characterized by a high degree of complexity and global interconnec-
tion. Nowadays we live in risk societies wherein we have to be aware that our action
on environment yields unknown and unprecedented hazards. In this context, it is
often a principle of reaction, rather than precaution, which leads public health and
environmental policies. That means Governments and their regulatory agencies,
before they can act, find themselves in a position to have to wait until evidence of
harm is established beyond all reasonable doubt [24]. Therefore, we believe that
precautionary principle has to be declined both as responsibility principle and
foresight, aiming at emphasizing a proactive and anticipating approach, suitable to
result in actions of planning [25]. Because, if on one side human knowledge is, by
its very definition, limited, on the other increasingly sophisticated technologies for
assessing risks and data-processing do exist. Suffice it to refer to research project
“Exscalate4CoV”, dedicated to virtual screening, through supercomputing services
and urgent computing, of a wide variety of molecules in order to verify their capac-
ity to contrast SARS-CoV-2 and better the course of the disease.

Recovery of principle of precaution, with distinctive focus on human respon-
sibility towards the environment, seems particularly profitable in the case of
COVID-19. Formerly, for the zoonotic nature of the pandemic [26, 27]. Spillover
phenomenon, that is a host jump from an animal species to human beings, has its
deep roots in the human disruption of natural habitats, through deforestation,
overfishing, natural resources extraction, intensive farming, wildlife poaching
and trade. Therefore, principle of responsibility, whose archetype - according to
Hans Jonas - is responsibility of human beings for human beings, and ultimately
for every living, should serve as guiding criterion when it comes to foresee natural
hazards and to regulate related risks. This is particularly true in so far as COVID-19
pandemic management could have taught us that, both at a domestic and inter-
national level, a governance of risks may be more effective than a governance of
damages.

5. Bioethics in addressing zoonotic diseases

From an ethical perspective, precautionary principle and responsibility prin-
ciple, which encompass not only human beings but also science, technology, and
nature, may have as counterpart bioethics as a discipline. Originally, bioethics was
aterm coined and conceptualized by Van Rensselaer Potter in the 1970s, refer-
ring to the proposal to set up a new discipline able to combine ethical values with
biological facts. In this sense, Potter portrayed wisdom as “the knowledge of how to
use knowledge for the social good” and, more specifically, as a guide for action for
the last decades of the twentieth century [28], when some scientists and scholars
already perceived human activity’s impact on nature as deadly disruptive. Indeed,
until the 1970s Nature’s limitlessness was taken for granted, along with its capacity
to regenerate from human exploitation. Therefore, no specific questioning had been
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led about human responsibility for consequences of the destruction of ecosystems,
natural habitats and natural resources. Beginning to sense that exploitation of
nature could have resulted in human extinction, Potter suggested that an instinct for
survival was not enough. It was more about setting a system of priorities in order to
re-think how humankind related to nature, and drawing up a new “science of sur-
vival” [29]. This science had to be nourished with multidisciplinary planning: biol-
ogy and ethics should have conversed progressively to create a new discipline called
bioethics. Potter warned scholars on risks stemming from dangerous knowledge,
that is knowledge acquired faster than the wisdom to manage it. Given that knowl-
edge in itself cannot be intrinsically good or bad, dangerousness should be traced in
the use made of knowledge. Particularly if knowledge is understood as technology.
Potter did not suggest a radical criticism of technology, instead he highlighted the
potential misuse of it, regarded as meager questioning about the consequences of its
application. In this respect, a more rigorous intervention of politics was demanded,
since human activity was perceived as potentially devastating to nature and hence
to humankind. Indeed, amongst the priority problems of his time, Potter already
identified pollution and material progress by all means.

Fifty years later, ecological instability has sharply increased and ecosystems’
crisis has been drastic exacerbated. As indisputable proof of it, in the twenty-first
century we faced two zoonotic epidemic due to a coronavirus, and we are currently
facing the third. In this matter, the agreement on a common ethical value system
and the notion of obligation to future generations assume great importance. A com-
mon ethical value system which designs responsibility principle as key factor in the
relationship of human beings with nature, and precautionary principle as element
capable of safeguarding when it comes to environmental hazards due to human
activity. As Potter marked fifty years ago, “If the nations of the world are to find a
“bridge to the future”, they will have to realize that they must unite to preserve the
fragile web of nonhuman life that sustains human society. From this moment on we
are fighting a desperate war for survival, and we cannot indulge in fratricidal forays
to uphold value systems that may no longer be relevant” [30].

6. COVID-19 as paradigmatic disease of the Anthropocene

To support this thesis, in recent years it has been suggested that Earth is in an
epoch called Anthropocene [31, 32]. The main character of Anthropocene is a major
geological and environmental force, more relevant that natural forces, which is
also the most powerful species: The Homo sapiens [31, 33]. Human beings exhibit
indeed three peculiar broad-scale ecological (macroecological) patterns: “humans
spreading geographically disperse pathogens and parasites [and] visiting or settling
in new areas encounter new organisms, including new pathogens, and new alterna-
tive hosts for existing pathogens and parasites; [then] increased human population
density and frequency of contact substantially influence the ecology of disease”
[34]. Moreover, given this deep interconnection between humans and surrounding
habitats, COVID-19 outbreak will potentially have several consequences on the
functioning of human population and extensive effects for human-affected ecosys-
tems (e.g., incremented poaching, bans to wildlife trade, increased medical waste,
and bad medical refuse disposal) [33, 35].

On the point of Anthropocene, and in particular of anthropogenic climate change
(ACG), bioethics scholars have advocated a return to the origins of bioethics, in
order to reflect about human interaction with the environment through the lens of
hard sciences and humanities as well [36]. Truly, in recent years bioethics has been
focusing strictly on human beings, by caring mostly about human health and clinical
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medical practice. Consequently, some bioethicists suggest employing public health
ethics as a bridge between environmental ethics and bioethics (in its contemporary
meaning) [37-43]. According to some, recovering original bioethics would mean dis-
rupting discipline itself insofar as it would endanger its humanist character. In other
words, many environmental scholars already embody Potter’s perspective, mostly
unconsciously, but in so doing they threaten the humanist element of the discipline
[36]. This suggestion comes from a traditional understanding of humanism, as a
philosophical stance placing humans at the very center of the universe, by empha-
sizing their experience of living and hence interpreting every phenomenon in this
perspective. “Humanism involves the privileging of the human” [36]. But nowadays
this angle is not consistent with precautionary principle, responsibility principle,
and, even more fundamental, with a clear understanding of the environmental realm
wherein we live. Given human action as a major geological force [31, 33, 44-45],
whose effects will be potentially persistent for millennia, a perspective prioritizing
human amongst non-human lives may be considered outdated or even dangerous.
In this setting, Timothy J. LeCain notes, by addressing Dipesh Chakrabarty’s work
on the history of climate [45], that considering human beings as a geological force,
a natural force, entails a metaphysical thesis. Thesis which consists of dissolving the
traditional distinction between humans and nature, and hence suggesting an onto-
logical flattening. LeCain’s analysis is thus characterized as the “Great Ontological
Collapse” [46]. In philosophical terms, it would be an authentic revolution.
Nonetheless, we may consider that addressing climate change, deforestation,
natural resources exploitation, and other disruptive human activities, does not
require this immediate and radical revolution. We may suggest that adopting a bio-
ethical approach, in Potter’s perspective, is feasible without thoroughly eradicating
humanism as philosophical statement. Indeed, humanism may be declined differ-
ently, that is taking into account, as imperative human exigence and experience, the
urgency of compressing human activity towards environment. Increasing of public
environmental awareness, and consequent implementation of new international
laws, would benefit both nature and human health. In other words, a new human-
ism might encompass the protection of the whole biotic community, since this
means protecting human beings ultimately [11]. What is certain is that COVID-19
pandemic claims a new questioning about how humankind conceive its role towards
the environment and, even earlier, a deep awareness of the powerful connection
between humans and their surrounding habitats. We cannot pursue our action on
the Earth without acquiring a “planetary health lens” [10, 47]. There can be little
doubt that COVID-19 is a paradigmatic example of an Anthropocene disease, and
therefore we should adopt the angle of Planetary Health, that is to say, reacting to
the current pandemic being aware that we need a valid response to the crisis both
for humans and the environment [9]. SARS-CoV-2 epidemic, global environmental
degradation, and climate change have their roots in the very same ground, wherein
we should seed a bioethical approach to face future challenges.

7. Conclusions

On the whole, COVID-19 pandemic provides a wake-up call for humankind. Asa
zoonotic disease, it represents a textbook case for scholars engaged in environmen-
tal, public health policies, ethical, medical, and legal studies. We therefore suggest
that a multidisciplinary appraisal is needed. Zoonosis in itself is not a rare event,
nevertheless it cannot be regarded as a random one. Indeed, zoonoses are due to
many factors, such as climate change, deforestation, overfishing, natural resources
extraction, intensive farming, wildlife poaching and trade. In this century,
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increased rates of zoonotic emerging diseases shed light on the relationship between
human action and surrounding environment, and they highlight how dangerous is
to conceive, even unconsciously, environment as a non-viable stage design wherein
human act, concerned only by their mutual relations. Environment consists instead
of a huge variety of non-human lives, increasingly affected by our exploitation of
resources and transformation of habitats. Human beings and surrounding environ-
ment are inherently bound.

Nowadays, Earth is in an epoch called Anthropocene, whose main feature is
a major geological force: humans. In such a context, many living beings are chal-
lenged in their habitats and fight a war, more or less consciously, for reproduction
and survival. In the case of pathogens, and in particular viruses as SARS-CoV-2, we
refer to unconscious living beings, which, once their habitats are disrupted, seek
new organisms wherein survive, reproduce, and eventually flourish. Unfortunately,
humans cannot make an analogous “host jump”, as zoonosis, for their survival. For
this very reason, it is unlikely that facing COVID-19 pandemic with a strictly human
health perspective shall prove to be a successful strategy. Instead, it might reveal
palliative care: undoubtedly relieving in short-term period, but pointless in the long
one. Maybe a consistent question is not if, but when another zoonosis will occur, in
the case of human action pursuing its journey of exploitation and disruption.

In this context, we would suggest that precautionary and bioethical approach
would be as feasible, as effective. This means recovering and implementing pre-
cautionary principle, responsibility principle, and bioethical focus in their original
meaning, as proposed by Hans Jonas and Van Rensselaer Potter. In general, that
means understanding how deep is human interconnection with nature, and how
relevant is human responsibility towards both other human beings and surround-
ing environment, conceived as a whole of living beings. In particular, at EU level
precautionary principle is defined as principle enabling “decision-makers to adopt
precautionary measures when scientific evidence about an environmental or human
health hazard is uncertain and stakes are high” [1]. Elements depicted in this defini-
tion play a key role in contemporary society, which may be indicated as risk societies.
Indeed, degree of technological progress and need for natural resources exceed
more and more often the absorption capacity of Nature. This excess entails unavoid-
ably increased natural hazards, particularly in the shape of ecological instability
and human health crises.

If we agree that we are a major geological force, the need to implement respon-
sibility principle ensues. Responsibility towards the whole biosphere as awareness
of Nature’s limitedness capacity to regenerate. Precaution as guide for action when
the consequences of human activity occur. Then, prevention as perspective, instead
of reaction. COVID-19 pandemic taught us how disruptive the sense of emergency
can be. At the same time, we might have learnt from pandemic management, both
domestic and international, that a governance of risks may be more effective than a
governance of damages.

In this context, a bioethical approach appears potentially useful. We refer
to the traditional understanding of bioethics, as a discipline that encompasses
both biological facts (hard sciences in general) and ethical values (humanities).
Contemporary bioethics scholars, in fact, focuses almost entirely on human health
and clinical medical practice. Meanwhile many Anthropocene ethicists apply Van
Rensselaer Potter’s view, being unaware of doing so, or at least without saying it. In
any case, there are many scholars who advocate a bioethical approach when it comes
to natural hazards as environmental responses to human activity. Biomedical ethics,
in this setting, is unquestionably needed to face effects of natural hazards such as
zoonoses. But it should not be regarded as sufficient, specifically in a precaution
and prevention perspective. Finally, the most urgent goal may be considered the
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increasing of public environmental awareness, in order to adopt and implement
new international binding laws within the shortest possible time. Laws led by
precautionary principle as response to natural hazards, such as zoonoses, but
enlivened by a deep-rooted principle of responsibility, and nourished by scientific
knowledge and ethical values. If the pandemic vanishes, we should strictly question
our relationship with the environment, otherwise the precarious stability perhaps
regained would result in a future - quite certain - natural catastrophe. In the end,
protecting wildlife, natural habitats, and their patterns and mechanisms will also
mean protecting us as living beings deeply bound with them.
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