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Preface

Coronavirus disease is the latest pandemic that has affected humans. The disease
has manifested itself in several forms and is now the focus of research worldwide.

In this book, we have tried covering all clinical aspects of the coronavirus dis-
ease. The volume includes topics related to basic sciences, such as the virology and
pathophysiology of the disease. Chapters related to the symptomatology of the dis-
ease and making diagnosis have been included. Chapters related to the preparation
of the healthcare workers to deal with coronavirus disease have also been included.
Anesthetic and intensive care management of coronavirus disease victims is of vast
importance, and so chapters covering these issues have also been included. As this
pandemic has taken many lives across the world, issues have been raised regarding
disposal of bodies of the victims. Therefore, a chapter dealing with this issue has
been included, which will throw light on ethical aspects. Special considerations
have been given in a chapter to patient population such as geriatrics, pediatrics, and
pregnant women.

The book will be useful for trainees and clinicians in any field of medicine. It
would be very useful for residents and fellows pursuing their courses in emergency
medicine, anesthesia, and critical care. Fellows, resident doctors, postgraduates, and
even undergraduates would be benefited by this book. With contributions from
renowned authors from across the globe, this book would be a ready reckoner in
clinical practice of physicians from varied specialities.

New Delhi, India Hemanshu Prabhakar

New Delhi, India Indu Kapoor
New Delhi, India Charu Mahajan
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Introduction: History of Coronavirus
Disease Pandemic

Indu Kapoor, Hemanshu Prabhakar, and Charu Mahajan

Coronaviruses are group of ribonucleic acid [RNA] viruses that broadly infect ver-
tebrates including humans, birds, bats, snakes, mice, and other wild animals [1]. To
our interest, human coronaviruses are divided into four subgroups: alpha, beta,
gamma, and delta. There are seven strains of coronavirus that may infect humans.
The common human strains that produce mild symptoms include 229E [alpha],
NL63 [alpha], OC43 [beta], and HKU1 [beta]. In humans, the common sign and
symptoms include cough, sore throat, fever, muscle ache, and difficulty in breath-
ing. Some patients even may present with uncommon symptoms like anosmia, chest
pain, and stroke. The severity of these symptoms can vary from very mild to very
lethal ones like, Middle East respiratory syndrome [MERS], severe acute respira-
tory syndrome [SARS], and coronavirus disease [COVID-19].

Virus: Coronaviruses are enveloped viruses who have a positive-sense single-
stranded RNA genome and a nucleocapsid of helical symmetry [2]. The virus size
ranges from 26 to 32 kilobases and is one of the largest virus among RNA viruses
[3]. On their surface, they have club-shaped spikes, which in electron micrographs
form an image reminiscent of the solar corona, from which their name derives [4].
The name of this virus is derived from Latin word “corona,” which means “crown or
wreath” [5]. This name “coronavirus” was first coined by June Almeida and David
Tyrrell who first observed and studied human coronaviruses [6]. In an infected
person, the viral spike protein in the virus attaches to host cell receptor, the virus
particle is uncoated, and its genome enters the cell cytoplasm. A number of non-
structural proteins coalesce to form a multiprotein replicase-transcriptase complex
(RTC). The main replicase-transcriptase protein is the RNA-dependent RNA poly-
merase (RdRp). The other nonstructural proteins assist in the replication and tran-
scription process. The exoribonuclease nonstructural protein, for instance, provides
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extra fidelity to replication by providing a proofreading function which the RNA-
dependent RNA polymerase lacks [7]. In humans, epithelial cells of the respiratory
tract are mainly targeted by the coronavirus, while animal coronaviruses generally
infect the epithelial cells of the digestive tract [8]. The main route of transmission
from one host to another host, depending on the coronavirus species, is by either an
aerosol, fomite, or fecal-oral route [9]. SARS coronavirusis transmitted via an aero-
sol route, [10] binds to the angiotensin-converting enzyme 2 receptor, and infect
human epithelial cells of the lungs [11].

History: The family of coronavirus has been around us for a long time.
Coronavirus was first identified in 1930, which was responsible for bronchitis in
birds caused by infectious bronchitis virus [IBV] [12]. A decade later, in 1940s, two
animal coronaviruses, mouse hepatitis virus (MHV) and transmissible gastroenteri-
tis virus (TGEV), were isolated [13]. Researchers discovered evidence of human
coronaviruses in the 1960. The virus B814s was isolated from the nose of a boy
having common cold [14]. This isolated virus when inoculated into the nose of
volunteers caused a cold and was inactivated by ether since it had a lipid envelope
[14]. Meanwhile, another novel virus 229E was isolated, and like the virus B814,
when inoculated in volunteers, it induced common cold and inactivated by ether
[15]. Not only these two viruses were related to each other but were related to IBV
also. The National Institutes of Health during the same time isolated another mem-
ber of this new group of viruses, named OC43 [16]. All these viruses on electron
microscope had distinctive club-like spikes [17]. This new group of viruses because
of their distinctive morphological appearance is known as coronaviruses [13]. Since
then other human coronaviruses were discovered which include SARS-CoV (2003),
HCoV NL63 (2004), HCoV HKU1 (2005), MERS-CoV (2012), and SARS-CoV-2
(2019) [18, 19].

MERS-CoV was isolated from a patient in Saudi Arabia in 2012 [20]. It was
responsible for 2494 cases and 858 deaths from 27 different countries (case-fatality
rate: 34.4%) [21]. SARS-CoV was first recognized in China in 2003. It caused a
total of 8422 probable SARS cases, 919 SARS-related deaths (case-fatality rate:
11%), and spread to 32 different countries or regions between November 2002 and
August 2003 [22]. SARS-CoV-2 was also first recognized in China. Since December
2019 to date, the SARS-CoV-2 has infected many people around the world and
caused significant number of deaths. The number of COVID-19 infected patients
is increasing very fast around the world, although there is increase in number of
recovered patients as well. The 2019 novel coronavirus lead to global pandemic,
after the outbreak of disease from Wuhan, China. This disease is known as corona-
virus disease-19 [COVID-19] caused by a virus now known as severe acute respira-
tory syndrome coronavirus 2 [SARS-CoV-2] [19]. At present there is no vaccine or
treatment dedicated to treat COVID-19 patients. Although various drugs have been
tested and with some trials are still going on, till date none of the medication has
been proved to be beneficial in killing the virus or decreasing the mortality rate in
coronavirus infected patients. The list of drugs which have been tried on patients
with coronavirus disease includes antimalarial drugs, antiviral drugs like remdesi-
vir, antibiotics like azithromycin, teicoplanin, corticosteroids, antiaging drugs like
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doxycycline, antiparasitic drugs like ivermectin, immunoglobulins, and convales-
cent plasma. However, results with these drugs are not satisfactory. Worldwide sci-
entists are doing research to invent the wonder drug as an antidote to defeat this
crisis. At present we are lacking with a good-quality research on this disease. On
literature search, most of the articles are either editorials, case reports, correspon-
dences, review article, or case control or observational studies. One can also come
across some randomized controlled trials including different interventions or drugs.
Till date, none of the studies have shown a satisfactory result with significant clini-
cal benefits to the COVID-19 patients. A well-designed, high-quality randomized
clinical trial with good sample size is the need of hour in this pandemic to provide
the world a clear direction toward a specific drug or intervention which can be used
to treat COVID-19 patients.
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Basic Virology and Pathophysiology 2
of COVID-19
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Abbreviations

ACE Angiotensin-converting enzyme
CoV Coronavirus(es)

COVID Coronavirus disease

E Envelope protein

HCoV Human coronavirus

IFN Interferon

Ig Immunoglobulin

IL Interleukin

IRF Interferon response factor

JAK-STAT Janus kinase-signal transducer and activator of transcription
kDa Kilodaltons

M Membrane protein

Mpre Main protease

MCP Monocyte chemoattractant protein
MERS Middle East respiratory syndrome
MHC Major histocompatibility complex
N Nucleocapsid protein

ORF Open reading frame

PLpr Papain-like protease

PRR Pattern recognition receptors
RdRp RNA-dependent RNA polymerase
RNA Ribonucleic acid
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S Spike protein

SARS Severe acute respiratory syndrome

STAT 1 Signal transducer and activator of transcription 1
TGF Transforming growth factor

TLR Toll-like receptors

TNF Tumor necrosis factor

VLPs Virus-like particles

2.1 Introduction

A hitherto unknown virus emerged in Wuhan, China, during late December, 2019.
Since then it has spread globally and has taken numerous lives. It is a highly trans-
missible virus which can afflict apparently healthy individuals even with momen-
tary contact. The virus responsible for the current pandemic is the severe acute
respiratory syndrome virus (SARS-CoV-2), and the disease it causes is known as
COVID-19. The disease can have serious manifestations like respiratory distress,
severe dry cough, high-grade fever, and in some cases even death [1]. Coronaviruses
measure approximately 125 nm in diameter and contain single-stranded positive
sense RNA. “Spikes” (club-like projections) on their surface give them the name
Corona (crown) [2]. They are mainly zoonotic (only four coronaviruses are known
in humans) and can be found in bats, birds, cats, dogs, mice, pigs, horses, and
whales. Since the start of the twenty-first century, fatal pneumonia has been caused
by three coronaviruses—severe acute respiratory syndrome coronavirus (SARS-
CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), and SARS-
CoV-2. All these are understood to have crossed over from animals to humans [3].
The following sections deal with the basic virology and pathophysiology of SARS-
CoV-2 in detail.

2.2 Classification

The International Committee on Taxonomy of Viruses is responsible for giving out
classification of all known viruses. Coronaviruses have been identified to be in the
Coronaviridae family of the order Nidovirales. In order for a virus to be classified
under Coronaviridae tamily, it should have the following characteristics [4]:

1. Enveloped virions having large (15-20 nm) surface projections.

2. A helical nucleocapsid, made up of genome and several copies of a single basic
phosphoprotein species.

3. Anenvelope having varying number of viral membrane proteins, at least two of
which are the same (conserved) family-wide and are essential for virion mor-
phogenesis and/or infectivity.

4. A 200-250-aa triple spanning N**° C*"® integral membrane protein M.



2 Basic Virology and Pathophysiology of COVID-19 7

5. A 1100-1600-aa class I fusion protein S which forms peplomers and is highly
N-glycosylated.

6. A positive sense RNA, linear, unimolecular, infectious, 26—32 kb long, capped,
polyadenylated, and structurally polycistronic genome.

7. Follows a 5'-UTR-replicase-S-M-N-UTR-3’ general genome organization with
the genome acting as mRNA for replicase gene.

8. The replicase gene is made of overlapping open reading frames (ORFs) 1a and
1b which code for two huge polyproteins—ppla and pplab. The synthesis of
pplab should require a programmed 21 ribosomal frameshift, and both ppla
and pplab should be processed autoproteolytically.

9. Expression of the downstream ORF should be mediated by (—1) ribosomal
frameshifting.

10. Virion assembly (morphogenesis) should take place through budding of pre-
formed nucleocapsids of smooth intracellular membranes of endoplasmic retic-
ulum/early Golgi compartments.

Coronaviridae has two subfamilies—Coronavirinae and Torovirinae.
Coronavirinae has four genera: alpha (o), beta (), gamma (Y), and delta (3). o
and P coronaviruses are known to infect only warm-blooded animals, while Y and
O coronaviruses mainly affect birds. Some Y and & coronaviruses, however, are
known to affect mammals [5]. The novel coronavirus (SARS-CoV-2) belongs to the
subgenus Sarbecovirus of genus Betacoronavirus (Fig. 2.1).

2.3  Jump from Animals to Humans

Coronaviruses are mainly zoonotic and produce diseases in animals mostly.
Coronaviruses were thought to be minor pathogens for humans that generally
caused mild respiratory infections in otherwise healthy immunocompetent individ-
uals. These infections usually passed off as common cold with the rare exceptions
of severe illnesses in infants, young children, and the older population [6]. However,
this understanding took a paradigm shift with the advent of the highly pathogenic
severe acute respiratory syndrome (SARS) in 2002, which was caused by the severe
acute respiratory syndrome coronavirus (SARS-CoV) [7]. Up until the novel coro-
navirus pandemic, only six known coronaviruses caused diseases in humans. These
included HCoV-229E, HCoV-NL63, HCoV-OC43, HCoV-HKU1, SARSCoV, and
Middle East respiratory syndrome coronavirus (MERS-CoV). These viruses along
with their hosts and associated diseases are shown in Table 2.1. The novel coronavi-
rus is the seventh coronavirus known to produce disease in humans.

Since coronaviruses are mainly localized to animals, the novel coronavirus is
thought to have been transmitted from an animal host to humans. This “jump” is
thought to have occurred via an intermediate host. Knowledge of this intermediate
host is important in preventing further spread of the disease [8]. Based on codon
usage, snakes were thought to be the possible source of the novel coronavirus
[9]. However, it is now hypothesized that mammals or birds may be the source or
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Table 2.1 Coronaviruses known to afflict humans

Natural Target receptor in human
Genus Virus host Disease severity body
Alphacoro- | HCoV-NL63 Bats Mild respiratory Angiotensin-converting
navirus infections enzyme 2
HCoV-229E Bats Mild respiratory Human aminopeptidase N
infections
Betacoro- | HCoV-OC43 Rodents | Mild respiratory 9-O-acetylsialic acids
navirus infections
HCoV-HKU1 | Rodents | Mild respiratory 9-O-acetylsialic acids
infections and
pneumonia
SARS-CoV Bats Severe acute Angiotensin-converting
respiratory syndrome enzyme 2
MERS-CoV Bats Severe acute Dipeptidyl peptidase-4
respiratory syndrome
SARS-CoV-2 | Bats Severe acute Angiotensin-converting
respiratory syndrome enzyme 2

intermediate hosts. Genetic analysis of the genome of SARS-CoV-2 showed that
it is related to the bat CoV RaTG13. It is, thus, a separate lineage than SARS and
bat SARS-like CoVs. It is now suggested that the 2019 novel coronavirus is a new
human-infecting coronavirus which most probably originated from bats and, there-
after, jumped to human via intermediate hosts [7]. Liu et al. [8] predicted the inter-
action between receptor binding domain of coronavirus spike protein and the host
receptor after analyzing coronavirus genome sequences and spike protein residues.
They suggest that bats are the natural host, while pangolins, snakes, and even turtles
can serve as intermediate hosts for the novel coronavirus. A definite conclusion
about the natural and intermediate hosts is, however, still missing.

24 Morphology of SARS-CoV-2

As mentioned above, a virus has to fulfill certain criteria to be called a coronavirus.
Members of Coronaviridae family are relatively large, enveloped, single-stranded
RNA viruses. In fact, they are the largest known RNA viruses with the virion sizes
ranging from 118 to 136 nm in diameter and genomes ranging from 25 to 32 kilo-
base pair (kbp) in length. The virions are spherical in shape and are characterized
by relatively large spikes that emerge from the virus envelope [10]. Park et al. [11]
isolated and reported the morphology of the novel coronavirus in a 35-year-old
female patient. For identification, monolayers of vero cells were inoculated with
the oropharyngeal samples of the patient. Five days after this first inoculation,
blind passage of the culture supernatant was done. Thereafter, vero cell monolayers
showing cytopathic effects were fixed using 2% formaldehyde and 2.5% glutaralde-
hyde. These fixed cells were sectioned and observed under an electron microscope.



10 V.Singh et al.

Observation revealed spherical particles with crown-like spikes. These spherical
particles were 66—-81 nm in diameter and were observed within the cytoplasmic
vesicles and in the extracellular space next to the cell membrane.

Four main proteins, called the structural proteins, and other accessory proteins
make up and define the visible structure of the novel coronavirus. The structural
proteins starting from the inside out include nucleocapsid (N) protein, membrane
(M) glycoprotein, envelope (E) glycoprotein, and the spike (S) glycoprotein [12].

The nucleocapsid also known as the N proteins functions primarily to bind to
the CoV RNA genome, making up the nucleocapsid [13]. It is located in the endo-
plasmic reticulum-Golgi region which is bound to the nucleic acid of the virus. It
is involved in functions of the viral genome, replication of the virus, and the host
response to viral infections [12]. It is heavily phosphorylated and is thought to lead
to structural modifications that enhance affinity for viral RNA. Transient expression
of the nucleocapsid proteins has, however, been shown to increase the production
of virus-like particles (VLPs) markedly in some coronaviruses, thus suggesting that
this protein might be required for complete virion formation and not envelope for-
mation [14].

The next is the membrane or M protein. It is the most well-structured and the
most abundant of all structural proteins in SARS-CoV-2. It determines the shape of
the viral envelope. It is considered to be the central organizer of coronavirus assem-
bly. It can bind and interact with all other major structural proteins [14]. Homotypic
interactions among M proteins are responsible for the formation of virion envelope,
but the M protein is not sufficient for virion formation by itself [15]. Interactions
between M and N proteins stabilize the nucleocapsid proteins (N) and help in com-
pletion of viral assembly [12]. The interaction of spike (S) and membrane (M) pro-
teins is essential for retention of S in the endoplasmic reticulum-Golgi intermediate
compartment and also for the incorporation of S into new virions. However, it is not
required for the assembly process [14, 16]. The M and E proteins together make
up the viral envelope, and their interaction leads to the production and release of
VLPs [14].

The envelope (E) protein is the smallest among the major structural proteins. It
is a short, integral membrane protein of 76—109 amino acid sequences and ranges
from 8.4 to 12 kDa in weight [14, 17, 18]. E has a short, hydrophilic amino terminus
containing 7—12 amino acids and a large hydrophobic transmembrane domain of 25
amino acids. It ends with a long, hydrophilic carboxyl terminus which makes up
a majority of the protein [14, 19, 20]. The envelope protein is needed for produc-
tion and maturation of the virus. It is copiously expressed inside an infected cell,
but only a small portion of this is incorporated into the virion envelope [14]. It is
mainly localized at sites of intracellular trafficking—the endoplasmic reticulum,
Golgi apparatus, and the endoplasmic reticulum-Golgi complex. Here it partakes in
the assembly and budding of the virus [21]. Its importance in virus production and
maturation can be gauged from the fact that recombinant coronaviruses which lack
the envelope protein display markedly reduced viral titers, affected viral maturation,
or produce incompetent progeny [14, 22].
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The outermost protein responsible for giving a characteristic appearance and
name to the coronavirus family is the spike (S) protein. It is a transmembrane pro-
tein and has a molecular weight of around 150 kDa. It mediates the entry of the
virus into the host cell and hence also receives particular attention from scientists.
The S glycoprotein forms homotrimers that project up from the viral structure and
promote binding to the host cells by attraction and attachment to the angiotensin-
converting-enzyme 2 (ACE2) receptors [12]. This protein is made up of two func-
tional subunits—S,; and S,. These can be recognized upon cleavage of the S protein
by host cell furin-like protease [3, 16]. Subunit S, binds to the host cell receptor and
thus determines the host range and the types of cells that a virus can affect. Subunit
S, mediates fusion of virus with the host cell membrane. Both these subunits remain
non-covalently bound in the prefusion state [3]. The distal S, subunit makes up the
receptor-binding domains (RBDs) and stabilizes the S, subunit that has the machin-
ery needed for fusion in the prefusion state [23]. The S homotrimers contain numer-
ous N-linked glycans which are needed for achieving the correct structure and
access to host proteases and neutralizing antibodies [3]. Compared to the S protein
of SARS-CoV (and other beta coronaviruses), the spike protein of SARS-CoV-2
has 12 extra nucleotides at its cleavage site which is similar to a canonical furin-
like cleavage site. The presence of this furin-like cleavage site might increase the
efficiency of spread of SARS-CoV-2 as compared to other beta coronaviruses [24].

Some beta coronaviruses exhibit an additional structural protein called the
hemagglutinin-esterase (HE) protein. This protein binds to sialic acid present on
the virion surface, and this binding and the esterase activity together help the virus
enter into the host cell. This entry is further facilitated by the spike protein. The HE
protein also helps in mucosal spread of the virus [24]. A difference between SARS-
CoV and SARS-CoV-2 is that HE proteins are present in SARS-CoV although they
lack membrane fusion activity and are accessory to the spike protein. It is also
debatable whether they help in virion attachment or not [25]. However, the genome
of SARS-CoV-2 lacks the hemagglutinin esterase gene [26]. A graphical represen-
tation of the structural proteins and genomic material of the novel coronavirus is
given in Fig. 2.2.

All these proteins along with other nonstructural proteins are coded for by the
genome of the virus which is discussed in the next section.

2.5 Genome of the Novel Coronavirus

Coronaviruses possess a single-stranded positive sense RNA (+ssRNA). There is a
5'-cap and 3'-poly-A-tail. The novel coronavirus genome is about 30 kb long and
has at least six open reading frames (ORFs). At the 5’ end, ORFla and ORF1b,
the first open reading frame genes, constitute around two thirds of the complete
genome length and codes for ppla and pplb proteins, respectively. These together
make up 16 nonstructural proteins (nspl-nsp16) [27]. These nonstructural proteins
are required for the maintenance, replication, and optimum function of the virion.
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Nucleocapsid
protein (N)

Envelope
protein (E)

RNA

Membrane
protein (M)

; Spike protein (S)

Receptor Binding
Domain (RBD)

Fig. 2.2 Structure of the novel coronavirus-SARS-CoV-2. SARS-CoV-2 has four structural pro-
teins—N, M, S, and E. S protein mediates binding of the virus with the host cell surface recep-
tor—ACE?2. The M and E proteins are embedded in the host membrane-derived lipid bilayer which
encapsulates the single-stranded helical (positive sense) viral RNA around the N protein

A summary of their purpose in the virion is presented in Table 2.2. The four struc-
tural proteins mentioned in the previous section are coded for by the ORFs near the
3’-end of the genome [28].

The 30 bp long nucleotides of the virus can be broken down as follows [1]:

. 8.903 (29.86%) Adenosines
. 5.482 (18.39%) Cytosines

. 5.852 (19.63%) Guanines

. 9.54 (32.12%) Thymines.

AW N =
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Table 2.2 Functions of the 16 nonstructural proteins of SARS-CoV-2

Protein Process mediated

nspl Inhibition of interferon signaling, degradation of cellular mRNA

nsp2 Not known

nsp3 Cleaving of papain-like protease domains, blocking host innate immune
response, promoting cytokine expression, tether RNA genome to the replicase/
transcriptase complex

nsp4 Formation of double membrane vesicle (membrane remodeling), transmembrane
scaffold

nsp5 Inhibition of interferon signaling, splitting chymotrypsin like proteins and main
protease

nsp6 Formation of double membrane vesicle, restrict expansion of autophagosome

nsp7 Acts as a co-factor of nsp8 and nsp12

nsp8 Acts as a co-factor of nsp7 and nsp12, primase, can function as a processivity
clamp for RNA-dependent-RNA-polymerase (RdRp)

nsp9 Dimerization and binding of single-stranded RNA

nspl0 Acts as building protein for nsp14 and nsp16

nspll Not known

nspl2 RNA-dependent-RNA-polymerase primer

nspl3 RNA 5’ triphosphatase (cap synthesis), RNA helicase

nspl4 N7-methyltransferase, exo N 3'-5" exonuclease (provides proofreading function
for coronavirus RdRp)

nspl5 N endo U endonuclease (cleaves single- and double-stranded RNA downstream
of uridylate residues, producing 2-3 cyclic phosphates), evasion of double-
stranded DNA sensors

nspl6 Methyltransferase, helps avoid MDAS (melanoma-differentiation-associated
protein 5) recognition, downregulates innate immunity

Also, five mutations exist in this genome, namely [1]:

. T8782C (ORF1, codons AGT to AGC-silent mutation).

. T9561C (ORFla, codons TTA to TCA-nonsilent mutation).

. C15607T (ORF1b, codons CTA to TTA-silent mutation).

. C28144T (ORF8b, codons TCA to TTA-nonsilent mutation).

. T29095C (nucleocapsid, codons TTT to TTC-silent mutation).

O N N R S

It is also known that these mutations in the novel coronavirus exist at the nucleo-
tide level in S gene, nspl, nsp3, and nsp15, and not at the amino acid level [1].

Lu et al. [29] have described the genomic characteristics of the novel corona-
virus in detail. Their analysis revealed that the novel coronavirus is most closely
related to bat-SL-CoVZC45 and SARS-like betacoronavirus of bat origin, bat-
SL-CoVZXC21. The sequence resemblances were more than 90% in five gene
regions—E, M, 7, N, and 14. Out of these, the E gene displayed a sequence simi-
larity of 98.7% (the highest). The lowest similarity, between the novel coronavirus
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and the other bat-SLCoVs, was seen in the S gene region being only around 75%.
An interesting finding was the low genetic resemblance between SARS-CoV and
SARS-CoV-2 (about 79%) and between SARS-CoV-2 and MERS-CoV (about
50%). Compared to previous coronaviruses—the SARS-CoV, MERS-CoV, and
the bat SARS-like coronaviruses—SARS-CoV-2 codes for a longer spike protein.
As mentioned earlier, the spike (S) protein facilitates binding to host receptor and
fusion with cell membrane and is functionally composed of the S1 domain and
S2 domain—the functions of them both have been discussed in the previous sec-
tion. The S2 protein of the novel coronavirus exhibits a 93% similarity to bat-SL-
CoVZ(C45 and bat-SL-CoVZXC21, while the S1 protein displays a similarity of
only 68% with these viruses. It is seen that the receptor binding domain of the men-
tioned bat coronaviruses is located in the C-terminal domain of S1; however, despite
similarities in the S1 and S2 domains, the receptor binding domain of SARS-CoV-2
falls within lineage B and is hence closer to that of SARS-CoV. Thus, in terms of
the whole genome sequence, the novel coronavirus is closer to bat SARS-like coro-
naviruses than SARS-CoV. Based on the observations above, certain differences in
the genome sequences of the novel coronavirus (SARS-CoV-2) and SARS-CoV are
given in Table 2.3. However, it remains to be seen how these differences affect the
pathogenesis and functionality of the novel coronavirus. A basic representation of
the genomes of the novel coronavirus and that of SARS-CoV is given in Fig. 2.3.

Upon analysis and comparison of the genome of SARS-CoV-2, it is evident that
it resembles the genome of bat coronaviruses. Hence, the host and intermediate
hosts of this virus can also be identified. As seen earlier, bats are purported to be
the natural host of this virus. However, there are several factors suggesting that the
conjecture of a direct transmission from bats to humans is fraught with inadequacies
as mentioned below:

1. An outbreak was reported in late December 2019. This is a period of winter
when bats are hibernating.

Table 2.3 Differences in genome of SARS-CoV and SARS-CoV-2

Trait SARS-CoV SARS-CoV-2

Vulnerability to mutations in spike Low High

protein-cell receptor interface-associated

amino acids

Length of S protein Shorter (1255 amino Longer (1273 amino
acids) acids)

Receptor-binding domain Lineage B Lineage B (similar)

Free-binding energy of S protein-human Low 28 times more than that

ACE2-binding complex of SARS-CoV

Protein 8a Present Absent

Protein 8b Shorter (84 amino Longer (121 amino
acids) acids)

Protein 3b Longer (154 amino Shorter (22 amino acids)
acids)
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2. No bats were sold or found in the wet seafood market which is supposed to be
the starting point of the pandemic, although there were several nonaquatic ani-
mals being sold.

3. The overall sequence similarity between SARS-CoV-2 and other bat coronavi-
ruses is less than 90%; hence, bat coronaviruses cannot be said to be the direct
ancestors of the novel coronavirus.

4. Coronaviruses are mainly zoonotic. Even in previous SARS and MERS out-
breaks, there were intermediate hosts (masked palm civet for SARS and drome-
dary camels for MERS), and bats were the natural hosts of the virus.

Hence, based on the above points, the hypothesis that bats are the natural hosts
while some other animal acted as an intermediate host of the virus is further strength-
ened [29]. However, making conclusive remarks about definitive and intermediate
hosts is not possible at the moment.

2.6 Life Cycle of SARS-CoV-2

Viruses are like parasites which need another living body to survive. Outside this
body, they either lie dormant or cannot survive for long. Similarly, the novel coro-
navirus too needs the human body to survive. The virus can enter the body either
through direct contact, indirect transmission through aerosols, or through droplets
[30]. There are different steps involved in entry and propagation of the virus inside
the human body which are given below:

1. Attachment: Angiotensin-converting enzyme 2 (ACE2) receptor is a zinc-binding
carboxypeptidase receptor expressed on the cell surfaces of different organ sys-
tems, viz., lungs, heart, ileum, small intestine, kidney, bladder, and others [10,
31]. This receptor has been identified as the target receptor for SARS-CoV-2.
Receptor recognition is the first step in viral infection. It is also a key determi-
nant of host cell and tissue tropism. As discussed earlier, the spike (S) protein of
SARS-CoV-2 is responsible for recognition and attachment to human ACE2
(hACE2) receptors. It contains a receptor binding domain (RBD) that specifi-
cally recognizes ACE2 as its receptor. The RBD contains a core and a receptor-
binding motif (RBM) that mediates contact with the receptor. The surface of
ACE2 contains two virus-binding hotspots that are essential for binding with the
virus. While binding to the receptor, the S protein RBM forms a concave surface
with a ridge on one side which binds to the exposed outer surface of the “claw-
like” ACE2 receptor. As compared to SARS-CoV, the RBM of SARS-CoV-2
forms a larger binding interface and more contacts with its receptor. SARS-
CoV-2 RBM contains a four-amino-acid residue motif: glycine-valine/glutamine-
glutamate/threonine-glycine. Due to these bulky residues and flexible glycine,
the binding loop takes a different conformation as compared to SARS-CoV. This
structural difference leads to the formation of an additional main chain hydrogen
bond between Asn487 and Ala475 in the RBM of the novel coronavirus. Due to
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this the ridge takes an even more compact arrangement, and the loop containing
Ala475 gets even closer to ACE2. As a result the ridge forms more contacts with
the N-terminal helix of ACE2 [32]. Two virus-binding hotspots have been identi-
fied in ACE2-SARS-CoV-2 interface: hotspot Lys31 (also known as hotspot 31)
and hotspot Lys353 (also known as hotspot 353). These hotspots are relatively
weak in SARS-CoV; however, in SARS-CoV-2, they are stronger and well-
stabilized due to different conformations. These hotspots are important for coro-
navirus binding [32].

2. Penetration: As mentioned earlier, the S protein is made of two subunits—S, and
S,—which are non-covalently bound. The presence of the four amino acid residue
at the boundary between S; and S, subunits results in the introduction of a furin
cleavage site. The cleavage of the subunits occurs by furin present in the Golgi
compartment. One reason, why the novel coronavirus affects different organs and
is highly transmissible, could be the presence of this polybasic cleavage site in the
fusion glycoprotein (S) which is cleaved by furin—a protease which is found ubiqg-
uitously in the body [3]. Once attachment occurs, type II transmembrane serine
protease (TMPRSS?2), which is present on the host cell surface, clears the ACE2
and activates the receptor-attached S protein. S protein is also activated by furin via
cleavage. Activation of the S protein causes conformational changes and allows the
virus to enter host cell either by fusion of the envelope (E) protein with the host cell
surface or by the endosomal pathway [12, 33]. If virions are taken up into endo-
somes, cathepsin L activates the spike protein. However, this cysteine protease can
be blocked by lysosomotropic agents (like bafilomycin Al or ammonium chloride
inhibitors). Thus, it is not an efficient mode of viral replication. Alternatively, if the
S protein is activated by TMPRSS2, the viral membrane fuses with the plasma
membrane [34]. This fusion is less likely to activate host cell immunity and is thus
a more efficient method of viral replication.

3. Biosynthesis: Once the virus enters a host cell, it releases its genetic material in
the cytoplasm. The first synthetic event in the life cycle of coronavirus is the
translation of viral genome by host cell ribosomes. As the released viral genome
is positive stranded, 5’ capped, and 3’ polyadenylated, it can be directly trans-
lated to proteins by the host ribosomes. The virus has 14 open reading frames
(ORFs) which code for a variety of proteins—structural as well as nonstructural.
The gene segments which code the nonstructural proteins (nsp) are translated
first into ORFla and ORF1b. This translation produces two large overlapping
polyproteins—ppla and pplab through a ribosomal frame-shifting mechanism.
These polyproteins are supplemented by protease enzymes—papain-like prote-
ases (PLP™) and a serine-type MP® [chymotrypsin-like protease (3CLP™)] prote-
ase which are coded in nsp3 and nsp5. Thereafter, cleavage occurs between ppla
and pplab into nspl-nspl1 and nspl-nsp16, respectively [12]. These nsps play
important roles in various processes in the virus and host cells which are men-
tioned in Table 2.2. Several of these nsps form replicase-transcriptase complex
(RTC) with RNA-dependent RNA polymerase (RdRp) in double membrane
vesicles (DMVs). This complex leads to transcription of positive sense mRNAs,
and this process is mediated by RdRp [12].
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. Maturation: During biosynthesis, the subgenomic proteins get translated to

structural (and nonstructural and accessory) proteins—N, M, S, and E. These
proteins are bound/ formed on smooth-walled vesicles in the endoplasmic reticu-
lum and then moved to the endoplasmic reticulum-Golgi intermediate compart-
ment (ERGIC) [12]. Genomic RNA is bound by N protein. This associates with
M protein and buds into endoplasmic reticulum/Golgi membranes. M packs into
membranes and is thought to produce membrane curvatures which leads to bud-
ding. S and E are acquired during budding [10].

. Release of virions: The synthesized virions are released from the host cell via

exocytosis. The ion channel activity of E protein is that of a viroporin. It alters
the cell secretory pathways to expedite the release of virions from the cell. It
increases the pH of transport vesicles [10]. Once these vesicles fuse with the
plasma membrane, virions are released to continue infecting other cells.

Figure 2.4 shows the different steps involved in the life cycle of the novel

coronavirus.

2.7 Host Immune Response

(a) Innate immunity: Host immune response is triggered as the virus enters the host

cell. The viral antigens are presented to the antigen-presenting cells (APCs)
which include dendritic cells and macrophages. These constitute a central part
of the body’s antiviral immunity. APCs possess pattern recognition receptors
(PRRs) including Toll-like receptors (TLRs), NOD-like receptors (NLRs),
RIG-I like receptors (RLRs), and other free molecules located in various places
in host cells like the plasma membranes, endosomal membrane, lysosomes,
endocytolysosomes, and cytosol. These recognize different molecules present
in viruses such as the nucleic acids, carbohydrate moieties, glycoproteins, lipo-
proteins, and other molecules or intermediate products like dsSRNA and bring
about cascade signaling to produce immune system cell effectors. Each PRR is
capable of inducing a different biological response to different proteins [35, 36].

TLR-4 recognizes the spike protein. Through mediation of MyD88, it trig-
gers activation of NF-kB transcription factors and the pathogen-activated pro-
tein kinase pathway to produce pro-inflammatory proteins. Activation of
endosomal receptors like the TLR-3 and TLR which can recognize the RNA or
dsRNA genome of coronavirus leads to recruitment of TRIF adapter protein
directly. TRIF in turn directs interferon response factor 3 (IRF 3) and nuclear
factor NF-xB transcription factors to induce pro-inflammatory cytokines like
interferon-o (IFN-a) and tumor necrosis factor-beta (TNF-f). Type I IFN com-
plexes with its receptors and activates the JAK-STAT pathways. JAK1 and
TYK2 kinases phosphorylate STAT1 and STAT2 followed by its complexing
with IFN-9. Both these migrate to the nucleus to start transcription of IFN-
stimulated genes and lead to suppression of viral replication and prevent the
severity of the disease [12]. This process can cause exhaustion, weakness, and
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cough in patients. An important observation in case of SARS-CoV-2 infection
is that immune response by type 1 IFN is suppressed [37]. It is seen that SARS-
CoV-2 infection produces an aberrant immune response wherein the release of
pro-inflammatory cytokines like IFN-a, IFN-y, IL-1f, IL-6, IL-12, IL-18,
IL-33, TNF-a, and TGFp, and chemokines CCL2, CCL3, CCLS5, CXCLS,
CXCL9, and CXCL10 in excessive quantities from immune effector cells leads
to hyperinflammation leading to acute respiratory distress syndrome
(ARDS) [12].

(b) Cell-mediated immunity: The APCs present the CoV antigens to CD4+ T-helper
(Th) cells via major histocompatibility complex (MHC) class 1. This causes
release of IL.-12—a stimulatory molecule which stimulates Th1 cell activation.
In addition to the stimulation of Thl, other processes like the release of 1L-12
and IFN-a, increase in MHC class I expression, and activation of natural killer
(NK) cells are also required for thwarting viral replication and eradication of
virus-infected cells. Antigen presentation also causes production of pro-
inflammatory cytokines via the NF-kB signaling pathway. These cytokines
recruit neutrophils and monocytes to the infection site and activate other pro-
inflammatory cytokines and chemokines including IL-1, IL-6, IL-8, IL-21,
TNF-p, and MCP-1 [12]. Activation of Th1 cells stimulates CD8+ T cells which
target and kill cells infected with the coronavirus. Simultaneously, CD4 T cells
stimulate humoral immune response by activating T-dependent B cells [12, 38].

It is seen that in COVID-infected patients, the number and function of CD8+
T cells is greater than CD4+ T cells. Also, virus-specific T cells from severely
infected patients tend to possess a central memory phenotype with a signifi-
cantly higher polyfunctional CD4+ and CD8+ T cells. Strong T cell responses
have been shown to have higher neutralizing antibody, while more serum Th2
cytokine secretion (e.g., IL-4, IL-5, IL-10—which increase production of anti-
bodies) have been observed in deceased patients [37].

(¢c) Humoral immunity: The production of neutralizing antibodies plays a protec-
tive role in limiting infection. It also prevents re-infections in the future. The
antibodies produced against SARS-CoV-2 infection are IgM and IgG which
display a unique presence pattern. Usually IgM produced against SARS-CoV-2
lasts for only 12 weeks, but IgG will last longer [12]. SARS-CoV-2 infection
induces production of IgG against the N protein, and this can be detected as
early as day 4 after the onset of disease with most patients seroconverting by
day 14 [37]. In addition to antibody formation, exposure to the novel coronavi-
rus also leads to formation of CD4 T cells and CD8 memory cells as seen above,
and these can last for up to 4 years [12].

2.8 Immune Evasion by Coronaviruses

Over the course of evolution, viruses have developed mechanisms to protect them
from immune system cells. This ability enables them to survive and infect host
cells efficiently. Such an avoidance strategy can be applied to different processes
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both before and after entering a host cell. As seen earlier, host immune cells recog-
nize a virus by various PRRs. The virus can avoid recognition by forming double
membrane vesicles which lack these PRRs. This way they can replicate inside such
vesicles without their dSRNA being detected [39].

Additionally, the virus has proteins that block IFN and thus avoid the immune
system onslaught. nspl can suppress IFN 1 by inactivating the host translation
mechanism, degrading host RNA and inhibition of STAT1 phosphorylation. This
mechanism can cause IFN 1 failure and can lead to dissemination of viruses at an
early stage and hence an increased severity of the disease [12, 40]. nsp14 and nsp16
can help the virus mimic the host capping mechanism. nsp14 initiates cap formation
(5" end similar to host cell RNA), and nsp16 later modifies it to viral RNA. This way
the virus seems similar to host cell RNA and thus can escape being recognized by
immune cells [12, 41, 42].

nsp3 is another nonstructural protein which encodes two functional proteins,
macro-domains and PLP™ (which cleaves nsps). This nsp also helps the virus evade
host cell immune response. Besides nonstructural proteins, the virus may also use
accessory proteins to escape immune response. As an example, a protein coded
for by ORF3b can antagonize the IFN signaling pathway and thus lead to inhibi-
tion of effector cell activation cascade responsible for eradication and inhibition of
viral replication. Similarly, proteins coded in ORF6 can inactivate JAK-STAT sig-
naling pathway by complexing with karyopherin-a2 and tethering karyopherin-f1
on internal membranes thus blocking nuclear translocation of transcription factor
STAT-1 [12].

The novel coronavirus is a new virus, and limited literature is available on its
different attributes. Hence, conclusive remarks about its life cycle or immune
responses cannot be made at the present moment. Much understanding of how it
behaves inside the human body comes from research on SARS-CoV which has been
studied in detail in the past years. The immune evasion methods described above
are also based on SARS-CoV research. As such, readers are encouraged to update
themselves about immune mechanisms and responses of SARS-CoV-2 as and when
additional information is added in the literature about it.

2,9 Pathogenesis

Knowledge about the life cycle and immune response to the novel coronavirus
can help us better understand the progression of the disease that it causes. Various
hypotheses have been proposed to explain the course of COVID-19 in the human
body. From a cellular biology perspective, COVID-19 can be divided into three
stages [43]:

1. First stage: asymptomatic period (the first 1-2 days of infection).
The virus which has gained entry inside the body most likely binds to epithe-
lial cells in the nasal cavity and begins multiplying. Through research conducted
on SARS-CoV, it is surmised that ciliated cells are the first cells to be infected in
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conducting airways. However, this understanding remains to be validated as con-
ducting airways show low levels of ACE2 expression. At this stage, the virus
progresses locally, and there is a limited innate immune response. The virus can
be detected via nasal swabs during this period.

The clinical significance of this period is that in spite of having low viral load,
the infected individuals can transmit the virus to others.

. Second stage: upper airway and conducting airway period (the next few days).

The virus multiplies and migrates downward along the conducting airways. A
stronger immune response is elicited at this stage. For testing purposes, both
nasal swabs and sputum samples should theoretically yield the virus. The disease
COVID-19 manifests itself clinically at this stage. The host immune responses
given in the previous section are activated and amplified during this stage. Thus
biochemical markers (cytokines, interferons, antibodies, etc.) can be tested for
during this period. A majority of the infected patients (about 80%) experience
the disease till this stage only, and they can be monitored at home via symptom-
atic therapy.

. Third stage: hypoxia, pulmonary infiltrates, and progression to respiratory

distress.

Around 20% infected patients progress to this stage of COVID-19. In this
stage, the virus reaches the alveoli (gas exchange units) and infects type II pneu-
mocytes. The virus proliferates in these cells releasing large number of viral
particles which can affect other organs. The infected cells, however, undergo
apoptosis and die. This way, large areas of the lungs may lose their type II cells,
and thus epithelial regeneration is triggered. COVID-19 causes diffuse alveolar
damage with fibrin-rich hyaline membranes and a few multinucleated giant cells.
An aberrant wound healing leads to even more scarring and fibrosis.

Cytokine storm in COVID-19: The viral infection, if not controlled at stage 2
or 3, can lead to the death of the infected individual. A major cause of death from
COVID-19 is the acute respiratory distress syndrome (ARDS). A severely lethal,
uncontrolled systemic inflammatory response due to the release of large amounts
of pro-inflammatory cytokines and chemokines (refer to Innate immunity under
host immune response section) is called a “cytokine storm.” This cytokine storm
triggers a violent attack to the body by its own immune system which can lead to
ARDS, multi-organ failure, and eventually death [44].

Some other investigation parameters which have been reported from
COVID-19 patients are given in Table 2.4.

The clinical presentation of COVID-19 varies with age—most severely affecting

the elderly [43] while the pediatric age group remains relatively unaffected [31].
It is interesting because infants and young children are a high-risk group for other
respiratory infections like the respiratory syncytial and influenza virus infection.
The reason for this finding remains unknown; however, some possible explanations
have been proposed [30, 31]:
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Table 2.4 Blood investigation parameters from COVID patients [37]

Percentage of

Parameter patients
Lymphopenia 89.2
Neutrophilia 74.3
Thrombocytopenia 24.3
High (>5) neutrophil to lymphocyte ratio 94.5
High (>500) systemic immune inflammation index 89.2
Increased C-reactive protein level 100
Increased lactate dehydrogenase 93.2
Increased p-dimer 97.1
High level (>10 pg/ml) of IL-6 100
High levels of pro-inflammatory cytokines (IL-2, IL-7, IL-10, G-CSF, 100
IP-10, MCP-1, MIP-1A, TNF-a) during cytokine storm

1. Immature and quantitatively less ACE2 receptors in children.

2. Growing immune system in children reacts differently to SARS-CoV-2 as com-
pared to adults.

3. Presence of other viruses in airways and lungs of children which can limit growth
of SARS-CoV-2.

The target receptor for the novel coronavirus (ACE2) is found abundantly in the
lungs and small intestine and is highly expressed in endothelial cells and smooth
muscle cells of virtually all organs. Thus, SARS-CoV-2 is a threat not only to the
respiratory system but also to the gastrointestinal, central nervous, and circulatory
systems [45]. These systems along with their specific pathophysiology and symp-
toms are discussed below:

1. Respiratory system: The mechanism of infection of type II pneumocytes in lungs
has been discussed previously. Three classical symptoms of COVID-19 related
to the respiratory system are fever, cough, and shortness of breath. Other symp-
toms may include sore throat, nasal congestions, and dyspnea.

Radiographically, bilateral lung involvement in the form of sub-pleural and
peripheral areas of ground glass opacity and consolidation is seen [46].

Histopathological examination reveals pulmonary edema, cellular fibromyx-
oid exudates with diffuse alveolar damage, pneumocyte desquamation, and for-
mation of hyaline membrane. Lungs also exhibit interstitial mononuclear patchy
inflammatory infiltrates dominated by lymphocytes. Intra-alveolar spaces show
multinucleate syncytial cells with atypical enlarged pneumocytes showing virus-
induced cytopathic effect [33].

2. Gastrointestinal system: The clinical features representing involvement of the
digestive system are not very specific. Diarrhea, vomiting, and abdominal pain
have been reported by affected patients [47]. Though these symptoms are not
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very severe and are also not reported by all patients, they do point to the fact that
the gastrointestinal system might get affected and also contribute in transmission
of the virus. The intestinal epithelium comes in direct contact with exogenous
pathogens, and, hence, it possibly gets affected first after consumption of a
SARS-CoV-2-infected animal. The nucleic acids of SARS-CoV-2 have also been
detected in stool samples of the affected patients strengthening the assumption
that gastrointestinal system is a potential route of transmission [45].

Other than this, patients can also suffer from liver injury with raised enzymes
found in blood tests. It is assumed that liver injury can occur in three ways—
direct viral infection of hepatocytes, immune-related injury, or due to drug hepa-
totoxicity. The possible mechanism of liver involvement could be the binding of
the virus to ACE2 receptors on cholangiocytes. Histopathology of liver samples
from deceased COVID-19 patient has revealed microvesicular steatosis and mild
lobular activity. However, no viral inclusions were seen [47].

. Urogenital system: COVID-19 patients exhibit increased serum creatinine, urea

nitrogen, and urine protein indicating renal damage. Different studies have
shown that 3-10% of COVID patients have renal insufficiency and 7% have
acute kidney injury. Viral nucleic acids have also been isolated from urine sam-
ples of these patients. The CT scan of kidneys in COVID patients suggests
inflammation and edema in parenchymal region [45]. Apart from renal tubular
and mesenchymal cells, ACE2 is expressed in testicular and vas deferens cells as
well. It is thought that SARS-CoV-2 binds to these receptors and leads to dys-
function of kidneys and testis [48]. It is, therefore, important for clinicians to
assess the risk of testicular lesions in young patients to lessen the impact of
COVID-related reproductive injury.

Central nervous system (CNS): It is known that viruses can travel along infected
nerve endings. As the nasal mucosa is usually the first affected part of the body,
it is possible that the olfactory tract can act as a channel for viral transmission to
brain. The potential invasion of the brainstem by the novel coronavirus can lead
to acute respiratory failure. Headache, epilepsy, and confusion have been
reported by some COVID patients all of which point to intracranial infection.
Pulmonary injury can lead to hypoxia in the CNS leading to interstitial edema,
obstruction of cerebral blood flow, congestion, and even coma. CNS can also get
damaged from the cytokines released by glial cells as a result of SARS-CoV-2
infection [45].

. Cardiovascular system: COVID patients have been known to present with circu-

latory system symptoms like palpitations, chest tightness, and shortness of
breath. Elevated creatinine kinase, creatinine kinase-MB, and hs-cTnl have been
also reported in COVID patients. It is presently believed that SARS-CoV-2
causes myocardial injury through three possible mechanisms:

(a) The virus infects the heart and causes direct myocardial injury.

(b) The virus binds to ACE2 receptors in the cardiovascular system and causes

myocardial injury via signaling pathways.
(c) The cytokine storm that occurs in COVID patients causes myocardial injury.
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Additionally, hypoxemia and respiratory dysfunction caused by the virus can
also damage myocardial cells [45]. Biopsies performed on COVID patients have
revealed infiltration of myocardium by interstitial mononuclear inflammatory
cells [46].

6. Oral cavity: ACE2 receptors are ubiquitously present in the respiratory tract as
well as salivary gland duct epithelium in the mouth [30]. As such, the oral cavity
and its functions can also be affected in COVID-19. Symptoms like irregular
ulcers on dorsal surface of the tongue [49], hyposmia/anosmia and dysjeusia
[50], glossodynia, unilateral ulcers (resembling recurrent herpetic stomatitis) on
keratinized as well as non-keratinized mucosa, pain in the palate, and sore throat
[51] have been reported. Some authors have also speculated that these might be
the first manifestations of COVID in the human body [50]. However, this claim
remains to be validated.

7. Ocular manifestations: It has been previously suggested that respiratory disease
could be transmitted through the nasolacrimal system. It is known that the ocular
mucosal system clears and drains fluid from the eye to the inferior meatus of the
nose. Hence, it is possible that if a respiratory droplet is deposited in the eye, the
infected ocular fluid can enter the respiratory system. Moreover, ACE2 receptors
have been demonstrated on corneal and conjunctival cells. Conjunctival hyper-
emia, chemosis, epiphora, unilateral or bilateral conjunctivitis, foreign body sen-
sation, tearing without blurred vision, inferior palpebral conjunctival follicles,
and tender palpable preauricular lymph nodes have all been reported as the ocu-
lar manifestations of COVID-19. These findings are consistent with acute viral
conjunctivitis. However, they have not been reported in all patients, and patients
who presented with these complaints have not consistently tested positive for
COVID. This paradox has been attributed to low viral load in ocular secretions
and improper collection techniques [52, 53].

8. Dermatological manifestations: The commonly reported skin anomalies include
chilblain-like lesions, maculopapular lesions, vesicular lesions, urticarial lesions,
livedoid/necrotic lesions, pain, and burning. Skin lesions have been reported
especially on acral sites like the digits of feet. These lesions begin as erythema-
tous violaceous patches which turn to purpuric lesions, blisters, and necrotic
lesions and finally return to normal [54]. Improvement in skin lesions has also
been reported to be concomitant with improvement in laboratory markers (bili-
rubin transaminases and coagulation parameters) [55]. Once again the exact
mechanisms of dermatological manifestations are not fully understood; however,
a few plausible explanations have been suggested [56]:

(a) Viral particles in cutaneous blood vessels lead to a lymphocytic vasculitis
induced by immune complexes which activate cytokines. Immune reaction
to COVID infection activates Langerhans cells leading to vasodilation and
spongiosis.

(b) Accumulation of microthrombosis from other organs can reduce blood flow
to cutaneous microvascular system.
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(c) Accumulation of deoxygenated blood in veins due to hypoxia and low-grade
generalized intravascular coagulation can also cause such lesions.

(d) Pauci-inflammatory thrombogenic vasculopathy with deposition of C5b-9
and C4d can also cause such manifestations.

None of the above given theories can explain the cutaneous manifestations on
its own, and such features are most likely a result of these mechanisms acting
together. Cutaneous manifestations could also be late manifestations of the
inflammatory phase of a primary respiratory infection [55].

Thus, it can be appreciated that once the novel coronavirus reaches the blood
stream, it can affect any organ in the body; however, its target remains the same—
the ACE2 receptor. This is of concern because patients might present with symp-
toms other than the recognized classical features of COVID, and misclassification
or incorrect diagnosis of patients can negatively impact community transmission
control efforts. Therefore, a sound knowledge and understanding of the pathophysi-
ological mechanisms and manifestations of SARS-CoV-2 can help in its early diag-
nosis and management.

2.10 Conclusion

The novel coronavirus has ravaged the world since it first came to light in December
2019. It is a beta-coronavirus approximately 66—-81 nm in diameter. Having origi-
nated in bats, it has jumped from its natural host into humans via an intermediate
host which is still not known. Four main structural proteins—N, M, E, and S—pro-
vide the necessary framework for establishing its characteristic morphology and
also define its pathologic ability. These as well as other nonstructural and accessory
proteins are coded for by the genome of the virus which displays significant differ-
ences from its predecessor—the SARS-CoV. The virus can enter the body by direct
contact, aerosols, and droplet transmission and attaches to its target receptor ACE2
via the spike protein. This spike protein exhibits considerable differences from other
coronaviruses which might explain its increased transmissibility. Post attachment,
it multiplies and also escapes detection by host immune cells via specific strategies.
SARS-CoV-2 can affect pulmonary as well as extrapulmonary sites due to the ubig-
uitous distribution of ACE2 receptors. An understanding of its structure, immune
response, and pathophysiology can help in better management of affected patients
and possibly arrest the spread of this pandemic.
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Clinical Manifestations of Corona Virus 3
Disease

Piyush Srivastava and Nidhi Gupta

3.1 Introduction

COVID-19, formerly called “2019 novel coronavirus” or “2019-nCoV,” is the name
given to the disease caused by a new strain of coronavirus, called severe acute respi-
ratory syndrome coronavirus-2 or SARS-CoV-2. SARS-CoV-2 belongs to the fam-
ily of highly contagious B-coronaviruses, including the fatal severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome corona-
virus (MERS-CoV). However, compared to its predecessors, SARS-CoV-2 is less
fatal, with a greater number of asymptomatic cases, thereby resulting in extensive
spread of COVID-19 in significantly larger number of individuals worldwide.

As per the latest World Health Organization (WHO) situation report, SARS-
CoV-2 has an overall case fatality rate of 1.4%, with the documented rates vary-
ing widely from <1% to >7%, depending on the study population demographics
[1]. However, the results of recently conducted seroprevalence studies from across
the world have demonstrated that that the actual number of infected cases is much
higher than the cumulative number of confirmed infections, probably due to lack of
screening of asymptomatic or mildly symptomatic (paucisymptomatic) individuals
[2, 3]. Hence, the reported fatality rates based on confirmed cases may be higher
than rates based on number of infections, falsely elevating the rates of hospitaliza-
tion, critical condition, and disease fatality. Nevertheless, SARS-CoV-2 appears to
have a complex and unpredictable disease course and needs further elucidation. The
enormous wealth of data generated on SARS-CoV-2 to date suggests that it can
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affect anyone—from infants to the elderly, male and female, newborn and pregnant
women—resulting in a wide variety of clinical signs and symptoms, with varying
disease severity.

3.2 Clinical Manifestations of COVID-19

COVID-19 has indeed baffled the healthcare professionals worldwide with its wide-
spread symptomatology, multiorgan involvement, and a wide spectrum of disease
severity ranging from asymptomatic to symptomatic but mild or moderate, to severe
requiring intensive care management, and to the disease being fatal (Table 3.1). As
per WHO, approximately 80% of infections in COVID-19 are mild-to-moderate
or asymptomatic; 15% develop severe disease that requires supplemental oxygen;
and 5% have critical disease with complications such as respiratory failure, acute
respiratory distress syndrome (ARDS), sepsis and septic shock, acute kidney injury,
thromboembolism, and/or multiorgan failure [4]. Other acute and life-threatening
conditions that have been described in COVID-19 patients include acute pulmonary
embolism, acute coronary syndrome, delirium, and acute stroke.

Symptomatic cases often develop a wide spectrum of clinical manifestations on
an average of 5-6 days (can be up to 14 days) after exposure to the virus (Table 3.2).

Table 3.1 Clinical criteria for assessing the severity of COVID-19 disease in adults

Disease severity | Clinical criteria

Asymptomatic | No clinical symptoms
No findings on chest imaging

Mild disease Symptomatic patients with minimal symptoms
No hypoxia
No evidence of viral pneumonia in chest imaging studies

Moderate Pneumonia

disease Presence of fever, cough, dyspnea, and fast breathing but no signs of severe
pneumonia

SpO, > 90% on room air

Multiple limited patchy shadows and interstitial changes in chest imaging
Severe disease | Severe pneumonia

Presence of fever, cough, dyspnea, and fast breathing with either respiratory
rate of >30 breaths per minute or severe respiratory distress or SpO, < 90%
on room air or PaO,/FiO, <300 mmHg

Multilobular disease or lesion progression of >50% within 48 h

Sequential organ failure assessment of >2 points and/or other clinical
conditions requiring hospitalization

Critical Acute respiratory distress syndrome with chest imaging showing bilateral
disease opacities, not fully explained by volume overload, lobar or lung collapse, or
nodules
Sepsis

Septic shock
Multiorgan dysfunction

SpO; blood oxygen saturation level, PaO, arterial blood partial pressure of oxygen, FiO, fraction
of inspired oxygen



3 Clinical Manifestations of Corona Virus Disease 33

Table 3.2 Organ-specific clinical manifestations of COVID-19

General Fever, anorexia, soreness in throat, rhinorrhea, nasal stuffiness or
congestion, dizziness, fatigue or myalgia and arthralgia

Respiratory Cough, dyspnea or shortness of breath, chest tightness or tachypnea, silent
hypoxemia, excessive mucus production with expectoration, hemoptysis
Chest computed tomography findings: Bilateral, peripheral/subpleural,
posterior ground-glass opacities, with or without consolidations;
pulmonary vascular

Enlargement, intralobular septal thickening, adjacent pleural thickening,
air bronchograms, subpleural lines, and crazy paving

Neurological Headache, myalgia, dizziness, anosmia or hyposmia, hypogeusia,
impaired consciousness, acute cerebrovascular disease (acute ischemic
stroke and acute cerebral hemorrhage), ataxia, seizure, meningitis/
encephalitis, acute disseminated encephalomyelitis, acute encephalopathy,
acute transverse myelitis, Guillain—Barré syndrome and its variants, nerve
injury

Delirium, anxiety, depression, mood swings, insomnia, psychosis, and
suicidal ideation

Cardiovascular Acute myopericarditis, myocarditis, pericardial effusion and /or cardiac
tamponade, arrhythmias, acute myocardial injury, new or worsening heart
failure, stress cardiomyopathy, arrhythmias, cardiogenic shock, arterial
and venous thromboembolic events, and cardiac arrest

Gastrointestinal Anorexia, nausea and vomiting, abdominal pain, diarrhea, abnormal liver
and hepatic function tests (increased levels of alanine aminotransferase, aspartate
aminotransferase and bilirubin; hypoalbuminemia)

Hematological Leukopenia or normal WBC count, leukocytosis, lymphopenia,

and biochemical thrombocytosis, thrombocytopenia, consumptive coagulopathy, increased
levels of cytokines (IL-6, IL-10, and TNF-a) and inflammatory markers
(ferritin, LDH, CRP, ESR, and procalcitonin)

Ophthalmic Conjunctivitis, epiphora, anterior uveitis, retinitis, or optic neuritis
Dermatological Exanthematous rash, vascular lesions, urticarial rash, and acro-papular
eruption.

Adverse drug skin reactions including Steven-Johnson syndrome and toxic
epidermal necrolysis

IL interleukin, TNF tumor necrosis factor, LDH lactate dehydrogenase, CRP C-reactive protein,
ESR erythrocyte sedimentation rate

In addition, COVID-19 is characterized by a high proportion of asymptomatic cases,
who despite being infected [i.e., detected positive for nucleic acid of SARS-CoV-2
by reverse transcriptase-polymerase chain reaction (RT-PCR)] does not develop
any typical clinical symptoms or signs and no apparent abnormalities in images,
including lung computed tomography (CT). Al-Sadeq et al. performed a systematic
review of 63 studies from around the world to estimate the incidence of asymp-
tomatic COVID-19 cases [5]. Authors found a great heterogeneity in the reported
data, with studies having a large sample size (n > 1000 cases), showing a lower
incidence, ranging from 1.2 to 12.9%, while studies with a smaller sample size
(n < 1000) reported a much higher incidence of up to 87.9%. Apparently, the term
“asymptomatic cases” in literature has been broadly applied to include all those
cases who are either completely asymptomatic, have mild symptoms or CT chest
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findings, and do not seek medical advice (paucisymptomatic), or develop symptoms
beyond the incubation period (presymptomatic). A follow-up study of 24 asymp-
tomatic RT-PCR-positive patients done in China showed that 60% of them were
presymptomatic and showed COVID-19 symptoms after a period of 1-3 weeks [6]
Similarly, in a meta-analysis of 38 studies with 506 asymptomatic cases, abnormal
chest CT imaging was found in approximately 62% of cases, with ground-glass
opacity being the most frequently observed abnormality (43.09%) [7]. Of note,
patients with normal CT scan findings were younger than patients with abnormal
CT. However, irrespective of the terminology applied for these asymptomatic cases
in general, recent virologic, epidemiologic, and modeling reports have supported
the possibility of SARS-CoV-2 transmission from either of them, therefore rein-
forcing the adoption of isolation measures by everyone infected with this virus [8].

SARS-CoV-2 apparently infects mostly adults, with the average age of hospital-
ized patients being 49-56 years [9—12]. Children account for approximately 1-5%
of diagnosed COVID-19 cases and appear to have a mild course of disease with an
overall good prognosis [13]. Very old people and immunosuppressed patients in
particular may present with atypical symptoms such as fatigue, absence of fever
or low-grade fever, reduced alertness, reduced mobility, diarrhea, loss of appetite,
and delirium [14, 15]. Available literature also reveals a slight male predominance
(54-73%) in the incidence of COVID-19, suggesting that males are more suscep-
tible to SARSCoV-2 infection than females [12]. However, this observed gender
difference could be the result of differences in susceptibility and exposure to the
virus, along with bias in reporting or diagnosis of infection. Elderly male patients
(over 60 years), smokers, and those with underlying conditions such as hyperten-
sion, diabetes, cardiovascular disease, chronic respiratory disease, cerebrovascular
disease, chronic kidney disease, immunosuppression, and cancer are at the high-
est risk of getting severe disease and death, probably due to the attenuated early
immune response [16, 17].

3.2.1 General Systemic Manifestations

To date, fever, cough, and/or shortness of breath have been described as the three
most prevalent and typical clinical manifestations in COVID-19 patients, which
are similar to any other respiratory viral illness [9—11]. In a systematic literature
review with meta-analysis on clinical findings of COVID-19, fever (88.7%), cough
(57.6%), and dyspnea (45.6%) were identified as the most common presenting
symptom in 632 hospitalized patients with confirmed COVID-19 [10]. In another
recent meta-analysis of 80 studies, fever (87%) and cough (68%) were the most
commonly reported symptoms by a bigger cohort of 61,742 patients infected with
SARS-CoV-2 [11].

Apparently, most initial studies on COVID-19 clinical manifestations high-
lighted only fever and cough as the common symptom, since in the initial stages of
the pandemic the diagnostic testing was limited to only severe symptomatic cases
[18]. However, the clinical data collected after the expansion of the number and
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types of patients eligible for diagnostic testing reflects a more complete COVID-19
symptom profile, including symptoms such as new changes in taste and smell (anos-
mia/hyposmia and ageusia/ hypogeusia), anorexia, soreness in throat, rhinorrhea,
nasal stuffiness or congestion, dyspnea, chest tightness or heaviness, cough with
excessive mucus production and expectoration, hemoptysis, headache, dizziness,
fever with chills, fatigue or myalgia, arthralgia, nausea, vomiting, abdominal pain,
and diarrhea [19]. In addition, some patients may report even nonspecific or vague
symptom such as chills and a “tickle in throat,” without cough and normal chest
radiograph.

3.2.2 Respiratory Manifestations

Lung involvement is the most common manifestation of COVID-19, ranging from
mild pneumonia to severe disease associated with hypoxia and finally critical dis-
ease associated with ARDS and death. [9, 12, 14, 16-18, 20] The most common
clinical manifestations of pneumonia cases associated with COVID-19 include
fever, non-productive cough, and dyspnea, which are consistent with the manifesta-
tion of lower respiratory tract infections. Compared with moderate cases, severe
cases more frequently report chest tightness along with tachypnea and dyspnea
[with oxygen saturation level (SpO,) of 90% or lower and showing no improvement
even with high-flow nasal cannula [12]. Out of 82 patients admitted at a single insti-
tution in India with confirmed COVID-19, up to 75% patients were admitted with
severe pneumonia, with a mortality rate as high as 28% [20].

Hypoxia is frequently a presenting feature of COVID-19 pneumonia [21].
However, one atypical presentation is the occurrence of extremely low SpO, levels
along with normal breathing, commonly being referred to as “silent hypoxemia” or
“apathetic hypoxia” or “happy hypoxia.” [22] Though it is insidious in onset and
initially well tolerated by patients, it can be a harbinger of sudden clinical dete-
rioration with rapid progression to severe hypoxia and respiratory failure [21, 23].
Elucidating the different clinical findings of severe hypoxemia, Gattinoni et al. have
identified two distinct phenotypes of COVID-19 pneumonia [24]. At the beginning,
COVID-19 pneumonia presents with Type L phenotype characterized by low elas-
tance (i.e., high compliance), low ventilation-to-perfusion ratio, low lung weight
with only ground-glass densities present on CT scan (primarily located subpleurally
and along the lung fissures), and very little amount of non-aerated recruitable tissue.
The near-normal lung compliance and increased respiratory drive explains absence
of dyspnea with hypoxemia. As the disease progresses, Type L may evolve into
Type H COVID-19 pneumonia in nearly 20-30% of patients. It is characterized by
severe hypoxemia, decreased respiratory system compliance, increased lung weight
with bilateral infiltrates on chest CT scan, and potential for lung recruitment. Serial
CT chest imaging of patients thus could help to continuously monitor the disease
changes and establish the basis for appropriate treatment.

In chest radiological findings, chest X-ray are usually normal in mild to moder-
ate cases. However, in patients with severe pneumonia, bilateral patchy nodular or
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interstitial infiltration is seen in more than 90% of cases. (Fig. 3.1) Ground-glass
haziness or opacification, with or without subsegmental areas of consolidation, are
the most common chest CT scan findings, seen in approximately 50% and 44%
cases, respectively [25]. Most of these lesions are bilateral (seen in >80% patients),
located peripherally or subpleural, and posterior with a lower lobe predominance
[9-11, 25] (Figs. 3.2 and 3.3). Other common findings include pulmonary vascular

Fig.3.1 A 62-year-old
male, known case of
hypothyroidism, presented
with fever, cough, dyspnea,
anorexia, and diarrhea.
Chest X ray shows bilateral
heterogenous chest
infiltrates consistent with
severe pneumonia

Fig. 3.2 A 30-year-old female presented with mild COVID-19 symptoms including fever, cough,
sore throat, fatigue and anosmia. CT scan chest (a, axial view and b, coronal view) shows near-
normal findings with a documented small patchy area of ground glass opacity in postero-basal
segment of right lower lobe
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enlargement (64%), intralobular septal thickening (60%), adjacent pleural thicken-
ing (41.7%), air bronchograms (41.2%), subpleural lines, crazy paving, bronchus
distortion, bronchiectasis, and interlobular septal thickening (Figs. 3.4 and 3.5). In
severe and critically ill patients, chest CT scan may demonstrate extensive multi-
lobular and diffuse infiltrates which can rapidly evolve into full lung consolidation
(Fig. 3.5).

3.2.3 Neurological Manifestations

There has been a consistently growing literature regarding the neurological mani-
festations of SARS-CoV-2 virus, which share structural homology to other known
neurotropic coronaviruses, such as the SARS-CoV and MERS [26-28]. However,
the neurotropism and neuropathogenicity of SARS-CoV-2 is complex and not yet
fully elucidated [29]. Direct entry of virus to the nervous system could plausibly be
achieved via the transcribial route infecting the olfactory nerve, axonal transport,
and trans-synaptic transfer across infected neurons, hematogenous and/or lymphatic
spread leading to infection of vascular endothelium, or leukocyte migration across
the inflamed blood-brain barrier. In addition, various indirect mechanisms such as
hypoxia, coagulation dysfunction, cytokine storm, immune-mediated neuroinflam-
mation, altered lung-brain and gut-brain crosstalk, and presence of cardiovascular
comorbidities, like hypertension or diabetes (especially in elderly population), may
contribute to the neuropathogenesis of severe neurological manifestations.

The most common neurological manifestations of SARS-CoV-2 include head-
ache, myalgia, dizziness, new onset smell and taste dysfunction, and impaired con-
sciousness. In an initial investigational study of neurologic manifestations of 214
COVID-19 patients from Wuhan, China; a total of 78 patients (36.4%) manifested

Fig. 3.4 A 57-year-old male, known hypertensive, diabetic and asthmatic, presented with fever,
productive cough, and chest pain. CT scan chest (a, axial view and b, coronal view) shows bilateral
interlobular septal thickening with ground glass opacities and traction bronchiectasis
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neurological symptoms including central nervous system (CNS) manifestations
(dizziness, headache, impaired consciousness, acute cerebrovascular disease, ataxia,
and seizure), peripheral nervous system manifestations (new changes in smell or
taste, vision impairment, and nerve pain), and skeletal muscular injury manifesta-
tions [27]. Compared to patients with mild to moderate disease, patients with severe
COVID-19 were found to have a higher incidence of neurologic symptoms, includ-
ing acute cerebrovascular diseases (5.7% vs. 0.8%), impaired consciousness (14.8%
vs. 2.4%), and skeletal muscle injury (19.3% vs. 4.8%).

A recent systematic review of 92 studies on neurological symptoms of
COVID-19 revealed headache [(observed in 3308 patients out of total 16,446 of
patients (3308/16,446; 20.1%)], dizziness (151/2236; 6.8%), headache or dizzi-
ness as a combined manifestation (79/654; 12.1%), taste and smell dysfunctions
(536/906; 59.2% and 430/846; 50.8%, respectively), and impaired conscious-
ness (146/2890; 5.1%, ranging from 1.4 to as high as 69.0% in different studies)
as the most frequently described neurological symptoms of SARS-CoV-2 infec-
tion [28]. New onset of smell and taste dysfunction and headache were more com-
monly reported by patients with mild or moderate COVID-19 (65.0% and 66.0%;
and 10.8% respectively), as compared to patients who were serious or critically ill
(3.4% and 8.3%, respectively). On the other hand, impaired consciousness (also
described as confusion or agitation in certain studies) was more frequently observed
among seriously ill patients (11.9%) in comparison with patients who presented
with either mild or moderate COVID-19 (3.2%). Dizziness has been described as
a vague symptom in majority of studies with no clear difference between vertigo
and dizziness. Furthermore, the exact etiology of dizziness, such as generalized
weakness, myalgia, stroke, or eight cranial nerve involvement, remains undisclosed.
COVID-19 infection has been shown to have a significant independent association
with acute ischemic stroke secondary to pathophysiologic mechanisms such as the
proinflammatory prothrombotic state and cytokine storm [30]. Hence, COVID-19
patients without any other comorbidities may present in neurological emergency
with an acute stroke.

Recent literature has revealed that new-onset smell and taste dysfunction
(anosmia/hyposmia and ageusia/ hypogeusia) are well-established symptoms of
COVID-19, with a reported prevalence of 52.73% (29.64-75.23%) and 43.93%
(20.46-68.95%) [31]. These symptoms are more prevalent early in the clinical
course of infection, with a large study of 417 patients with mild to moderate SARS-
CoV-2 infection showing smell dysfunction in 85.6% and taste dysfunction in
88.8% of patients [32]. This high prevalence of olfactory and gustatory dysfunction
indicates neurotropism of SARS-CoV-2, resulting in direct damage to the olfactory
receptor neurons. For many patients with COVID-19, especially in paucisymptom-
atic patients, olfactory dysfunction may be the first or the only presenting symptom
[33, 34]. Though most patients gradually regain their sense of taste and smell as
they recover, some may have persistent symptoms even after complete recovery
from SARS-COV-2 infection.

The complete spectrum of neuropsychiatric manifestations of COVID-19
is still unclear. Delirium is now recognized as one of the potential neurological
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manifestations of COVID-19 and may be the sole presenting feature in absence
of any respiratory symptom [35]. Other common neuropsychiatric manifestations
reported in COVID-19 patients include anxiety, depression, mood swings, insom-
nia, psychosis, and suicidal ideation [36, 37].

Several other severe neurological manifestations observed in serious or criti-
cally ill COVID-19 patients reported in literature include acute cerebrovascular
complications including stroke, acute cerebral hemorrhage, and cerebral venous
sinus thrombosis; generalized seizures; meningitis/encephalitis; acute disseminated
encephalomyelitis; acute hemorrhagic necrotizing encephalopathy; acute flaccid
myelitis; Guillain—Barré syndrome and its variants (Miller Fisher syndrome, poly-
neuritis cranialis); and CNS demyelination [38—45].

3.2.4 Cardiovascular Manifestations

Cardiac involvement in COVID-19 patients is the commonest associated comorbid-
ity in the form of hypertension and the commonest complication associated with
mortality in the form of acute myocardial injury as a result of acute coronary syn-
drome, new or worsening heart failure, myocarditis, stress cardiomyopathy, arrhyth-
mias, cardiogenic shock, and cardiac arrest [46]. Furthermore, cardiac involvement
has been shown to occur both in the presence as well as absence of respiratory
involvement [47].

The most plausible causative mechanisms of cardiac manifestations include
direct viral invasion of myocardium, hypoxemia, unstable hemodynamic status with
hypoperfusion, instability of coronary plaque, enhanced systematic inflammation,
ACE2 receptor downregulation, cytokine storm, increased catecholamine produc-
tion, and concurrent medication toxicity [48]. COVID-19 patients may present with
acute myopericarditis with typical chest pain and pericardial effusion and/or car-
diac tamponade, myocarditis, acute myocardial injury, and de novo arrhythmias
[47,49-51]. Arterial and venous thromboembolic events, presenting either as aortic
thrombosis, deep vein thrombosis, acute pulmonary embolism, ischemic stroke, or
myocardial infarction, secondary to COVID-19-associated coagulopathy, are com-
mon cardiovascular manifestation among severe COVID-19 patients [52, 53].

Laboratory testing, including serial cardiac troponin and D-dimer levels, elec-
trocardiography (ECG), echocardiography, and CT coronary angiography, in sus-
pected individuals with recent symptoms of an acute cardiac illness helps in early
identification and prompt treatment of COVID-19-related cardiovascular manifes-
tations. An analysis of ECGs from 50 patients with proven COVID-19 pneumonia
showed ST-T abnormalities in 30% of patients and left ventricular hypertrophy in
33% of patients at baseline [54]. During hospitalization, 26% of patients developed
new ECG abnormalities which included atrial fibrillation, ST-T changes, tachy-
brady syndrome, and changes consistent with acute pericarditis. Pavri et al. have
demonstrated that abnormal PR interval behavior (paradoxical prolongation or lack
of shortening) with an increasing heart rate is associated with increased severity of
disease and mortality [55].
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Cardiac injuries have more frequently been observed in patients with severe
disease and leads to the higher mortality rate (10.5%) than those without cardiac
injuries [48]. In a cohort of 54 patients with COVID-19, troponin I (Tnl) eleva-
tion was found in 42.6% of all the 39 severe and 15 critical patients [56]. Sinus
tachycardia was the most common type of arrhythmia, present in all critical patients
and 23 severely ill patients. Atrioventricular block and ventricular tachycardia were
observed in critically ill patients at end stage, while bradycardia and atrial fibrilla-
tion were less common. Of note, persistent hypotension during treatment, presence
of pericardial effusion, and severe myocardial injury have been found as indepen-
dent risk predictors for severity of COVID-19 [46-48, 56].

3.2.5 Gastrointestinal and Hepatic Manifestations

Though initially overlooked in the course of pandemic, the frequent involvement
of the gastrointestinal (GI) tract and the hepatic system by SARS-CoV-2 is now
being increasingly recognized in the literature. SARS-CoV-2 infects the GI tract
via its viral angiotensin-converting enzyme II receptor, which is found to be highly
expressed both in GI epithelial cells and in liver [57, 58].

GI symptoms can manifest with a frequency as high as 39.6-50% in COVID-19
patients [58]. The most common GI presentation in patients with COVID-19
includes anorexia (1.0-78.64% %), diarrhea (3.8-34%), nausea and/or vomiting
(3.9-10.1%), and abdominal pain (1.1-5%) [11, 58-60]. These GI symptoms may
either coexist, occur prior to the onset of, or may even manifest in the complete
lack of respiratory manifestations of COVID-19. It is important for gastroenterolo-
gist to recognize that diarrhea may be the only presenting feature of COVID-19.
Most cases of diarrhea are mild and present as nondehydrating loose stools. In a
cross-sectional multicentric study focusing on the prevalence of digestive symp-
toms of COVID-19, Pan et al. found that nearly 50% patients presented with one
or more digestive symptom, including lack of appetite (78.6% of cases), diarrhea
(35% of cases), vomiting (3.9% of cases), and abdominal pain (1.9% of cases). Of
the total 103 patients, 97 had developed respiratory symptoms along with digestive
symptoms, while 6 presented with only digestive symptoms in the absence of respi-
ratory symptoms [59]. Authors also found that patients with digestive symptoms
were more likely to exhibit elevated liver enzymes and prolonged coagulation on
laboratory testing.

Mao et al. performed a systematic review and meta-analysis of 35 studies, com-
prising 6686 patients, to determine the prevalence and prognosis of digestive system
involvement, including gastrointestinal symptoms and liver injury, in patients with
COVID-19 [60]. Authors found that the pooled prevalence of all GI symptoms was
15%, with nausea and/or vomiting, diarrhea, and loss of appetite being the three
most common symptoms, while the pooled prevalence of abnormal liver functions
was 19%. Of concern, patients with GI symptoms were found to have a delayed
diagnosis, severe course of disease, and a higher prevalence of complications.
Recent literature also confirms fecal-oral transmission of COVID-19, indicating
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that the virus can replicate in both respiratory and digestive tract [61]. Mao et al.
demonstrated a pooled estimate of 54% for SARS-CoV-2 viral RNA positivity in
fecal samples, with positivity persisting for up to 47 days after symptom onset [60].
However, isolating virus from stool samples does not necessarily equate to virus
infectivity, and more research is needed to establish the direct role of feco-oral route
in disease transmission.

In addition to the GI manifestations, the SARS-CoV-2 infection may also lead
to a broad spectrum of liver impairment, secondary to hepatocyte invasion, hepa-
totoxic potential of drugs used for COVID-19 treatment, or immune-mediated
liver injury. The reported incidence of liver function abnormalities in patients with
COVID-19 ranges from 1% to 53% [59, 60, 62]. These abnormalities commonly
include increased levels of hepatocyte-related enzymes, including alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) along with total bilirubin
concentrations, with greater elevations seen in severe cases compared with mod-
erate cases [12]. Cholangiocyte-related enzymes, such as alkaline phosphatase
and y-glutamyl transpeptidase, have also been reported to be slightly increased in
a few patients [62]. Hypoalbuminemia (<35 g/L) is seen in severe cases and may
predict the outcome of COVID-19 independent of age and comorbidity [12, 63].
Most patients only have mild elevation of liver enzymes levels, which resolves as
the patient improves clinically. However, the risk of hepatic injury increases with
the increasing severity of COVID-19, with a noted pooled prevalence of 22.8%
(11.7-39.8%) among 288 death cases [64].

3.2.6 Hematological and Biochemical Manifestations

COVID-19 cases commonly present with wide variation in white blood cell (WBC)
counts, ranging from leukopenia or normal WBC count, leukocytosis, and lympho-
penia. Lymphopenia is the most common WBC derangement (noted in approxi-
mately 35-75% of patients) and is believed to represent a defective immune response
to the virus [9, 10, 65]. SARS-CoV-2 primarily affects T lymphocytes, in particular
CD4+ and CD8+ T cells, causing lymphopenia and a decrease in interferon y (IFN-
y) production by CD4+ T cells. Since the production of IFN-y is essential for the
resistance against infection of various pathogens including viruses, the suppres-
sion of IFN-y production in severe cases seems to correlate with disease severity of
COVID-19 [12].

Compared to leukopenia, leukocytosis (either neutrophilia, lymphocytosis,
or both) is noted in a minority of COVID-19-infected patients and may repre-
sent a superimposed bacterial infection or the hyperinflammatory state associ-
ated with cytokine storm (particularly neutrophilia). Thrombocytopenia is more
frequently found in severe cases and is associated with nearly fivefold increased
risk of mortality [66]. Recent laboratory findings analysis of 61,742 patients with
SARS-CoV-2 infection revealed thrombocytosis in 61%, lymphopenia in 57.5%,
leukopenia in 28%, leukocytosis in 18.3%, and thrombocytopenia in only 13% of
patients [11].
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The evaluation of serum cytokines on admission reveal significantly increased
levels of macrophage-related proinflammatory cytokines [interleukin (IL) 2R, IL-6,
IL-10, and tumor necrosis factor a (TNF-a)], particularly in severe COVID-19 cases
[12]. Neutrophil/lymphocyte ratio and peak platelet/lymphocyte ratio can be used as
independent prognostic markers in determining disease severity [67]. Coagulation
parameters, particularly the values of prothrombin time and activated partial throm-
boplastin time, D-dimer, fibrin, and fibrin/fibrinogen degradation products, are more
frequently deranged in patients with severe or critical COVID-19 and are suggestive
of onset of consumptive coagulopathy [68].

In association with hematological markers, multiple biochemical markers of
systemic inflammation, and organ injury, including serum levels of ferritin, lactate
dehydrogenase, C-reactive protein (CRP), erythrocyte sedimentation rate, procalci-
tonin, and cortisol, liver enzymes (ALT and AST), serum creatinine, and cardiac-
specific troponin levels tend to be higher in severe cases compared to mild and
moderate cases and denotes poor prognosis [9-12, 69].

3.2.7 Ophthalmic Manifestations

The ophthalmic manifestations of COVID-19 may develop in the form of conjunc-
tivitis, epiphora, anterior uveitis, retinitis, or optic neuritis [70-72]. Conjunctivitis
may even manifest as the sole symptom, with either redness, irritation, foreign body
sensation, or tearing in eyes, thus predisposing the ophthalmologists to the risk of
contracting the virus in undiagnosed or unsuspected cases [73]. Examination find-
ings are consistent with clinical diagnosis of mild follicular conjunctivitis and may
include unilateral or bilateral bulbar conjunctival hyperemia, follicular reaction of
the palpebral conjunctiva, watery discharge, and mild eyelid edema. Bilateral che-
mosis alone may represent third-spacing in a critically ill patient rather than a true
ocular manifestation of the virus.

In aretrospective analysis of 38 patients with clinically confirmed COVID-19, 12
patients (31.6%) had ocular manifestations suggestive of conjunctivitis [71]. Patients
with ocular symptoms were found to have higher values of WBC and neutrophil
counts procalcitonin, CRP, and LDH. While 11 of 12 patients (91.7%) had positive
RT-PCR test results from nasopharyngeal swabs, only two (16.7%) tested positive
for SARS-CoV-2 from both nasopharyngeal and conjunctival swabs. Conjunctival
specimens usually demonstrate the presence of viral RNA during the middle phase
of illness and may not be useful in early diagnosis [72, 74]. Nonetheless, despite
the low prevalence and rapid regression of viral presence in the conjunctiva, SARS-
CoV-2 transmission through tears may be possible, even in patients without appar-
ent ocular involvement [75].
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3.2.8 Dermatological Manifestations

SARS-CoV-2 infection can affect skin like any other organ system. The patterns of
dermatological manifestations associated with SARS-CoV-2 could be classified into
four main categories: exanthema (varicella-like, papulovesicular, and morbilliform
rash), vesicular (chilblain-like, purpuric/petechial, and livedoid lesions), urticarial,
and acro-papular eruption [76]. In addition, one should also consider the cutaneous
adverse drug reactions to the prescribed drugs for the treatment of COVID-19 in the
differential diagnosis of skin lesions [77]. Rare occurrence of oral ulceration and
blistering has also been described as one of the dermatological manifestations of
COVID-19 [78].

Highlighting the wide spectrum of cutaneous manifestations associated with
COVID-19, Freeman et al. demonstrated morphologies such as morbilliform (22%),
pernio-like (18%), urticarial (16%), macular erythema (13%), vesicular (11%), pap-
ulosquamous (9.9%), and retiform purpura (6.4%) in 171 patients from an interna-
tional registry from the American Academy of Dermatology [79]. In a nationwide
study from Spain, Casas C et al. have described five cutaneous clinical patterns
and several subpatterns associated with COVID-19 in the form of pseudo-chilblain
(19%), vesicular eruptions (9%), urticarial lesions (19%), maculo-papules (47%),
and livedo or necrosis (6%) [80]. They also showed that the large groups appear at
different times in the disease and are associated with different duration, severity,
and probably prognosis. Hence, accurate diagnosis of the varied skin lesions seen in
COVID-19 may help in early diagnosis and categorization of the disease.

3.3 Summary

SARS-CoV-2 viral infection has been shown to infect people across all the ages and
range in severity from completely asymptomatic, to symptomatic with multisys-
temic manifestations, to being lethal with dramatic complications. As our knowl-
edge about COVID-19 is rapidly evolving, new and atypical symptoms are being
added to the existing broad list of clinical manifestations. It is important that public
healthcare professionals and clinicians are aware of the entire clinical spectrum of
SARS-CoV-2 infection so as to aid prompt recognition of infected cases. Timely
diagnosis can lead to appropriate isolation and treatment measures, thus helping to
curb the growing menace of this global pandemic.
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with Coronavirus Disease

Vasudha Singhal

4.1 Introduction

The highly contagious and infectious Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS CoV-2) has taken the world by a storm and has impacted the
globe socially, mentally and economically in a big way. Social distancing, quarantine
and contact tracing are the primary tools adopted for limiting the disease spread.
Owing to a high rate of human-to-human transmission of the Coronavirus disease
(Covid-19), the primary challenge in the containment of this pandemic is to iden-
tify asymptomatic carriers of the disease, which cause a rapid spread. Moreover, the
pathogenic potential or reproduction number (R,) of the SARS CoV-2 is >2.5 (up to
4 in some studies), reflecting the high number of secondary cases that can be infected
by an individual, if not isolated at an early stage [1, 2]. The widespread use of accu-
rate, rapid and convenient diagnostic methods can effectively aid in the early identifi-
cation and elimination of the silent spread of the pandemic by asymptomatic carriers.

Structure of SARS CoV-2: SARS CoV-2 virus is an enveloped, positive-sense
RNA (+ssRNA) virus of zoonotic origin, belonging to the beta-coronavirus fam-
ily, and is found to be infectious to humans with a high fatality rate. It is typically
spherical or pleomorphic in form, with a diameter of approximately 60—-140 nm,
and a single-stranded RNA genome of around 30 kb, which typically has an RNA-
dependent RNA polymerase (RdRp) sequence. The viral genome and subgenomes
may present six or more open reading frames (ORF). The first ORF (ORFla/b)
encodes 16 non-structural proteins (nspl-16) involved in viral replication and
encompasses around 66% of the entire genome. The remaining one third of the
genome encodes the structural proteins of the virus.

SARS CoV-2 contains four structural proteins—envelope (E), spike (S), mem-
brane (M) and nucleocapsid (N). The S, M and E proteins form the envelope of the
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virus, while the N protein remains associated with the RNA forming the nucleocap-
sid inside the envelope. Polymers of S protein remain embedded in the envelope,
giving it a crown-like appearance (hence the name coronavirus) (Fig. 4.1). Spike
glycoproteins comprising of S1 and S2 subunits bind to receptors on the human
cell surface called angiotensin-converting enzyme 2 (ACE-2), causing the infec-
tion [3]. Since the ACE-2 receptors are abundantly present in the epithelia of the
lung and the small intestine, the commonest symptoms seen with the coronavirus
disease relate to those of the respiratory and gastrointestinal tract. Two strains of the
Covid-19 virus, namely, the L-type and the S-type, have been known, out of which
the L-type (a mutated strain of the S-type) is more aggressive and contagious. The
error prone nature of the viral replication process accounts for the easy mutation and
recombination of this group of viruses, causing an adaptive evolution and sequence
diversity. This would necessitate a long-term genomic surveillance of the SARS
CoV-2, as it may cause a constant and long-term health threat, even if a vaccine is
developed anytime soon.

4.2 Diagnostic approach to Covid-19

The primary transmission of the Covid-19 disease occurs via direct, indirect, or
close contact with the respiratory droplets of the infected person. The incubation
period of COVID-19, or the time between viral exposure to symptom onset in an
individual, is 5-6 days on an average, but can be as long as 14 days [4]. Therefore,
rapid and accurate identification of cases through appropriate testing and isolation
of infectious cases is mandatory to prevent disease transmission. The diagnostic
approach to the SARS CoV-2 may either involve detecting the viral RNA in the
acute phase of infection via molecular assays, or by detecting the antibodies that
may have developed as a result of viral exposure in the patient’s blood, which may
be possible only after a few weeks of infection. All symptomatic patients, or individ-
uals with any recent international travel history, or those in contact with confirmed
or suspected patients, need to be tested for the virus. The World Health Organization

Fig.4.1 Schematic of a
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(WHO) recommends the collection of upper respiratory specimens using nasopha-
ryngeal or oropharyngeal swabs for the diagnosis of the Covid-19 in ambulatory
patients. For severely ill patients, sputum, bronchoalveolar lavage (BAL) or tra-
cheal aspirate from the lower respiratory tract yield better results. Collection and
processing of respiratory specimens require compliance with the guidelines for
aerosol-generating procedures and use of a biosafety level 2 (BSL-2) facility with
stringent BSL-3 work practices. The efficacy of blood and stool samples in viral
detection techniques, in addition to the respiratory specimens, is still unclear in the
absence of sufficient data on viral shedding in these samples [5]. Correct handling
of specimens during transportation is essential. The specimens should be stored and
shipped at 2-8 °C until testing. In the event of a delay in testing, the use of viral
transport media is strongly recommended. The specimens may be shipped on dry
ice at —70 °C if further delays are expected [6].

Chest CT in diagnosis of Covid-19: In addition to the molecular assays for viral
detection, imaging methods like the CT (computed tomography) chest were ini-
tially recommended as an auxiliary diagnostic method for Covid-19. It was claimed
that the chest CT had a higher sensitivity for diagnosis of the corona virus disease
and may be considered as a primary diagnostic tool for Covid detection, especially
during the early course of the disease [7]. Typical CT findings included bilateral
pulmonary parenchymal ground-glass and consolidative pulmonary opacities, pro-
gressing to ‘crazy paving’ patterns, and peripheral lung distribution [8]. Bai et al.
reported the most discriminating features of Covid-19 pneumonia on chest CT to be
a peripheral distribution (80%), ground glass opacity (91%), fine reticular opacity
(56%), and vascular thickening (59%) [9] (Fig. 4.2). But these recommendations
were not supported by major medical organizations and societies in view of the low
specificity of the CT chest findings to the Covid-19 disease. The American College
of Radiology recommends that CT scan should not be used as a first line test to
diagnose the disease and should be reserved for hospitalized, symptomatic patients
with specific clinical indications for CT [10]. The Society of Thoracic Radiology
and American Society of Emergency Radiology, in their joint statement, said that
chest CT scans should be restricted to patients who are tested Covid positive and
are suspected to have pulmonary complications, and not as a routine screening tool
for the disease.

Fig. 4.2 (a) Peripheral patches of consolidations and ground glass haziness in left upper (A) and
lower lobes (B and C). (b) Ground glass haze with interstitial thickening and subpleural reticula-
tions bilateral lower lobes. (Image courtesy: Dr Anshu Mahajan)
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Fig. 4.2 (continued)

The commonly available testing methods for Covid-19 are, therefore, classified
into two major categories:

1. Molecular nucleic acid detection assays.
2. Serological or immunological assays.

4.3  Molecular Assays for Viral Nucleic Acid Detection

The evolution of SARS CoV-2 specific testing has been greatly facilitated by the
availability of detailed genetic sequence of the virus, resulting in the development
of various primers and probes needed for nucleic acid amplification. The various
molecular assays available at present include:

1. Reverse Transcription-Polymerase Chain Reaction (RT-PCR).

2. Isothermal Nucleic Acid Amplification:

(a) Reverse  Transcription Loop-Mediated Isothermal Amplification
(RT-LAMP).

(b) Transcription-Mediated Amplification (TMA).

(c) CRISPR-Based Assays.

(d) Rolling Circle Amplification.

Microarray Hybridization Assay.

4. Amplicon-Based Metagenomic Sequencing.

O8]

4.3.1 Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

RT-PCR assay is the gold standard for identification of SARS CoV-2 virus.
It is a technique that combines reverse transcription of viral RNA template into
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complementary DNA (cDNA) and the amplification of specific targets on cDNA
inside a thermal cycler, using polymerase chain reaction (PCR). In real-time PCR
techniques, the amplification in each PCR cycle is monitored real time using a
fluorescent dye, enabling quantification, and hence is known as quantitative PCR,
or qRT-PCR. The amplification curve is analysed to obtain a cycle threshold (Ct)
value, with lower Cts indicative of abundant target nucleic acid in the sample.

RT-PCR is conventionally performed as a one-step or a two-step approach.
Single step quantitative RT-PCR is the preferred diagnostic approach for the
detection of SARS CoV-2, as it is quicker, with minimal handling of the viral
sample and decreased bench time, and also has reduced chances of error and cross-
contamination. Various molecular targets within the +ssSRNA genome of the virus
are used for RT-PCR, including the ORFlab or ORF8 genes; envelope (E), spike
(S) or nucleocapsid (N) proteins; or genes encoding RNA-dependent RNA poly-
merase (RdRp). The WHO has provided primers for the genes that encode the E,
N and RdRp [11], although different targets may be preferred by different authori-
ties. As per the standard protocol, a patient is confirmed of infection when both
the selected target genes come to be positive. Further improvement in detection
methods and better automation of the RT-PCR tests play an instrumental role in
facilitating greater safety, lower costs and higher sensitivity.

The variable sensitivity and specificity of qRT-PCR remains one of the major
challenges in the diagnosis of Covid-19. Multiple factors may contribute to the low
sensitivity of the RT-PCR test, including:

1. Viral load kinetics:

(a) Sampling site: Different anatomic sites have different diagnostic efficacy for
SARS CoV-2 detection rates. The sensitivity of lower respiratory tract speci-
mens like BAL and sputum is more as compared to other sites, including the
upper respiratory tract [12]. Testing of specimens from multiple sites may
improve the sensitivity and reduce false-negative test results.

(b) Sampling timing: Viral load is shown to be greatest at the time of viral onset,
the rate of positivity declining thereafter [13]. Prolonged viral shedding may
however be seen in older patients and those with comorbidities [14].

(¢) Sampling quality: Poor quality of the specimen containing little patient
material due to inappropriate collection techniques, improper transportation
or handling of the specimen may yield false-negative results.

2. Technical reasons inherent in the test, e.g. virus mutation or PCR inhibition, may
result in a false-negative test.

3. Mismatches between primers and probes and the target sequences can lead to
decrease in assay performance and potential false-negative results, as different
kit manufacturers use different viral genome sequence data [15]. Multiple target
gene amplification, in the form of multiplex RT-PCR Kkits, is being used increas-
ingly to avert this issue. An example of the multiplex PCR technique is the
TagPath COVID-19 Combo kit, developed by the ThermoFisher-Applied
Biosystems, which contains three primer/probe sets specific to N, S and ORFlab
regions of SARS-CoV-2, making it highly sensitive in the detection of the
Covid-19 virus.
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If a negative RT-PCR result is obtained from a patient with a high index of sus-
picion for COVID-19 virus infection, particularly when only upper respiratory tract
specimens were collected, additional specimens, including from the lower respira-
tory tract if possible, should be collected and tested [16].

Similarly, patients showing positive RT-PCR results after repeated negative tests
and clinical recovery, should be interpreted with caution. A positive RT-PCR result
may not necessarily mean the person is still infectious or that they still have any
meaningful disease. The RNA could be from non-viable virus, and the amount of
live virus may be too low for transmission [17].

Despite being widely used for the diagnosis of Covid-19 disease, the RT-PCR
technique has its set of drawbacks, which include requirement of sophisticated lab
equipment and technical expertise and the possible biological safety hazards during
transport and sample processing [18]. Though most of these techniques yield results
in less than 2-3 h, the need for sample transportation to the specific lab may make
the overall process time-consuming.

4.3.2 Isothermal Nucleic Acid Amplification

It is a molecular amplification technique based on the synthesis of target DNA at
a constant temperature of 60—-65 °C, instead of thermal cycling used in RT-PCR
techniques, making it faster and highly efficient. The cost effectiveness of isother-
mal platforms clears the way for their use in resource limited settings. They have a
higher sensitivity and specificity in comparison to PCR, primarily due to the utiliza-
tion of strand displacement amplification methods. These technologies have proved
revolutionary, as they propose to improve the turnaround time to results and need
minimal training to conduct at the community level, thereby helping to recognize
both symptomatic as well as asymptomatic patients and preventing the disease
spread. Swift collection of the upper respiratory swabs directly into a lysis buffer
(containing an inactivating agent like guanidinium thiocyanate to inactivate any via-
ble virus and a non-denaturing detergent to prevent RNA degradation), combined
with personal protective equipment (latex hand gloves, laboratory coat, appropriate
face mask and eye goggle), makes isothermal nucleic acid amplification testing safe
for non-laboratory personnel at community outreach clinics [19]. Several methods
have been developed on the basis of the isothermal nucleic acid amplification tech-
nique, and these include:

e Reverse Transcription Loop-Mediated Isothermal Amplification (RT-LAMP): Tt
is a rapid and simple test that combines reverse transcription and isothermal
amplification, eliminating the need for RNA extraction, to achieve the detection
of SARS CoV-2 virus in less than 30 min at a constant temperature of 65 °C. The
LAMP method employs four sets of primers to target RNA encoding ORF1lab, S
protein and two regions in N protein of the virus. The results of RNA amplifica-
tion can be visualized by the naked eye and has a good sensitivity and specificity.
The technology is therefore promising to be used for screening individuals for
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SARS CoV-2 virus at the point of care testing [20]. A few currently available
molecular assays that have come up using this user-friendly technology are ID
NOW COVID-19 test from Abbott Diagnostics and iAMP COVID-19 detection
kit from Atila Biosystems, Inc.

e Transcription-Mediated Amplification (TMA): 1t is an isothermal, autocatalytic
target amplification method, which involves RNA transcription (via RNA poly-
merase) and DNA synthesis (via reverse transcriptase), to produce an RNA
amplicon from a target nucleic acid. This method is easy to use and has a high
throughput capability on a sensitive molecular detection platform. The Hologic
Aptima SARS-CoV-2 Assay, utilizing TMA as a target amplification mechanism,
has been shown to have a markedly higher analytical sensitivity than RT-PCR in
the detection of SARS CoV-2 [21].

e CRISPR-Based Assays: CRISPR technology, popularly used as a genome editing
tool, is adapted from the natural antiviral defence mechanisms of prokaryotes,
like bacteria. Clustered regularly interspaced short palindromic repeats (CRISPR)
are specialized stretches of DNA with two distinct characteristics — nucleotide
repeats, and spacers or DNA bits interspersed among these repeats. In case of
bacteria, the spacers are taken from viruses that attacked the organism previously
and are used to detect and destroy DNA from similar viruses during subsequent
infections. Once a spacer is incorporated and the virus attacks again, a portion of
the CRISPR is transcribed and processed into CRISPR RNA, which helps Cas
(or ‘CRISPR-associated”) proteins to act like a pair of molecular scissors, cutting
strands of foreign pathogenic DNA. These Cas proteins or nucleases can be used
as a tool for molecular testing due to their ability to specifically target viral RNA
sequences, e.g. the Cas12 and the Cas13 families of nucleases are used for the
detection of SARS CoV-2 viruses. Sherlock Biosciences have used the Cas13
enzyme that is effective in cutting out reporter RNA sequences in response to
activation by the SARS CoV-2 virus. Similarly, Mammoth Biosciences have
come up with a dipstick test (DETECTR assay) that depends upon the excising
of fluorescent reporter RNA by Cas12a [22]. Both these tests are quick (require
less than an hour), low cost, simple and reliable and provide a novel alternative
for the portable, sensitive and specific detection of the Covid-19 virus [23, 24].

e While both SHERLOCK and DETECTR employ target amplification as the pri-
mary step, two amplification-free biosensing systems using CRISPR technology
have recently been introduced: Cardean Transistors, 2020 using CRISPR Cas9,
and Diagnostics with molecular, 2020 employing Casl3a. Both techniques
promise a handheld corona virus detection device, which also have the potential
to address potential mutations of SARS CoV-2 in a timely manner, owing to their
multiplexed microfluidic chip technology.

* Rolling Circle Amplification (RCA): It is an isothermal nucleic acid amplification
technique that can amplify target nucleic acid sequences with high fidelity and
specificity by using strand displacing polymerases [25]. This enzymatic process
is capable of amplifying the nucleic acid 10°-fold in each circle within 90 min. It
requires only a few reagents and generates minimal false positive results and
may prove to be a useful assay in the detection of SARS CoV-2 virus.
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4.3.3 Microarray-Based Hybridization Techniques

A microarray is a laboratory tool used to detect gene expression. It has thou-
sands of DNA fragments or oligonucleotides of known sequence (called probes
or oligos) arrayed in a known sequence of rows and columns on a chip. Nucleic
acid hybridization using microarray involves reverse transcription of viral RNA to
cDNA, labelling of cDNAs with specific probes on the chip, their hybridization by
the formation of hydrogen bonds between complementary nucleotide base pairs,
and finally, washing away of non-specific bonding DNA sequences, generating
a signal depending upon the amount of target sample bound to the probes. The
advantage of microarray-based detection is that it can combine powerful nucleic
acid amplification strategies with the massive screening capability of microar-
ray technology, resulting in a high level of sensitivity, specificity and throughput
capacity [26].

PathogenDx’s novel DetectX-RV technology combines RT-PCR with powerful
DNA microarray technology for multiplex testing in Covid-19. Following RNA
extraction and PCR amplification, the resulting cDNA is labelled with a fluoro-
phore and added to the DNA microarray containing 144 synthetic ssDNA probes.
DetectX-RV supports rapid analysis, with results in 6-8 h, and the microarray
design enables 12 individual specimens per slide, and up to 16 slides are tested
simultaneously for improved throughput. The test is still in research phase and has
not yet been approved by the Food and Drug Administration (FDA) for use in labo-
ratory for diagnostic purposes.

4.3.4 Amplicon-Based Metagenomic Sequencing

These are two complementary techniques used to identify and sequence SARS
CoV-2. First, an amplicon-based next generation sequencing enables complete
genome sequencing via a highly multiplexed target enrichment panel, from RNA to
sequence-ready libraries in a short time (<6 h). Secondly, a metagenomics approach
helps in assessing the background microbiome, besides the SARS CoV-2 genome,
helping in the identification of co-infections with other viruses or bacteria, thereby
aiding in future treatment decisions and predicting patient outcomes. Based on
these principles, /l/lumina has devised two workflows for sequencing SARS CoV-2
from clinical samples—one based on shotgun metagenomics and the other on target
enrichment [27]. This dual technique of next generation sequencing provides many
advantages. Specific amplicon-based sequencing of SARS CoV-2 helps in effective
epidemiological studies and contact tracing. The use of metagenomics approach,
e.g. sequence-independent single primer amplification (SISPA), provides a check
on genomic divergence for amplicon-based approaches. This may help in identify-
ing viral mutations and recombination, thereby influencing vaccine and antiviral
efficacy [28].
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4.4 Serological or Immunological Assays

Serological testing, or analysis of the patient’s blood or plasma for monitoring the
immune response to the disease, plays an important role in the diagnostic, surveil-
lance and epidemiological progress of the SARS CoV-2 disease. These immunoas-
says work on the principle of specific antigen-antibody reaction and mainly target
the immunogenic proteins of the SARS CoV-2 virus—the S (spike) and the N
(nucleocapsid) proteins. The S1 subunit-based immunoassay may be more specific
than the entire S antigen for diagnosing SARS-CoV-2 infections. Also, the receptor-
binding domain (RBD) located along the S protein that binds ACE-2 in humans
is a target of interest to detect the presence of SARS CoV-2 specific antibodies.
Exposure to the Covid-19 virus is determined by the detection of either IgM or IgG
antibodies specific for these viral antigens. Rapid antigen tests, wherein the pres-
ence of viral antigens in swab samples is detected by the SARS CoV-2 antibodies,
may be used in conjunction with the antibody detection tests in Covid-19.

SARS-CoV-2 infection follows a seroconversion timeline similar to other viral
infections. The seroconversion rate and antibody levels rise quickly during the fort-
night after symptom onset, and the cumulative seropositive rate is 50% on day 11 and
100% on day 39 [29]. The SARS CoV-2 specific IgM antibodies peak between 2 and
3 weeks after symptom onset, while the IgG antibodies peak after 17 days of infec-
tion. A high titre of total antibodies is independently associated with a more severe
clinical disease. The characterization of antibody profiles suggests that any suspected
individual with undetectable antibody levels against SARS CoV-2 after 20 days of
symptom onset may be a true negative case. There is no specific chronological order
in terms of IgM or IgG seroconversion, suggesting the importance to test for both [gM
and IgG antibodies to confirm a positive infection [30]. Also, seroconversion does not
imply a rapid decline in the viral load, and people may continue to remain infectious
despite being truly positive in the antibody testing [31] (Fig. 4.3).

The primary application of antibody testing in Covid-19 is to detect previous
infections in individuals who had few or no symptoms, to guide serosurveillance
and epidemiological studies, as well as to facilitate effective contact tracing in the
community. These tests may also be used in the screening of eligible convalescent
plasma donors from individuals who have recuperated from the infection, and in
evaluating the immune response and effectiveness of candidate vaccines in their
research phase. Also, the antibody tests may help in the diagnosis of COVID-19 in
RT-PCR-negative patients who present later during disease course.

Serological antibody tests are fast, robust and easy to perform, but cannot detect
the infection in early stage of the disease. There may be an inherent variability of
the antibody response due to different genetic makeup of each individual, and cross
reactivity to other common coronaviruses may limit the sensitivity and specificity of
the antibody test [32]. Presently, the serological tests cannot be used as a definitive
tool for determining protective long-term immunity in a recovered patient, as we do
not yet have definitive proof of the same.
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The various techniques available for COVID-19 serology tests include the
following:

Enzyme-Linked Immunosorbent Assay (ELISA).
Lateral Flow Immunoassay.

Luminescent Immunoassay.

Neutralization Assay.

Biosensor test.

Dk e

4.4.1 Enzyme-Linked Inmunosorbent Assay (ELISA)

ELISA is a plate-based ligand binding assay technique, to detect the presence of
COVID-19 antibodies in a patient. The blood sample is placed inside the microtiter
wells of an ELISA plate, which is coated with SARS CoV-2 specific antigens. The
antibodies, if present in the sample, passively bind with these specific antigens, and
an additional tracer antibody may be used to detect the bound antigen-antibody
complex to generate a colorimetric or fluorescent-based readout. This technique
needs sophisticated equipment and skilled technicians but can screen large number
of specimens (up to 96 samples at a time) in less than 3 h.

A number of IgG/IgM ELISA testing kits have been approved for use under the
FDA Emergency Use Authorization (EUA)—examples include the DEIASL019/020
SARS CoV-2 IgG ELISA kit by Creative Diagnostics; EUROIMMUN Anti-SARS-
CoV-2 ELISA; KT-1032/33 EDI™ Novel Coronavirus COVID-19 ELISA Kit by
Epitome Diagnostics; etc. The Center for Disease Control (CDC) also developed
a SARS-CoV-2 serological kit (ELISA based) with a specificity of >99% and sen-
sitivity of 96% [33], but this test awaits permission to be used as a diagnostic test.
ELISA antigen tests may be developed in the future to detect current infections.

4.4.2 Lateral Flow Immunoassay (LFIA)

The LFIA rapid detection kits use the principle of immunochromatography, produc-
ing fast, qualitative results within 10-30 min without the need for specialized and
costly equipment, and typically requires no sample or reagent preparation.

The LFIA kit is essentially a dipstick encased in a cassette, containing the cap-
ture reagents (either the viral antigen protein or monoclonal antibodies) immo-
bilized on defined locations on a nitrocellulose membrane, as well as labelled
detector antibodies that recognize the same target. A positive result, triggered by
the antigen-antibody binding, is visible as a coloured line, much like the regular
pregnancy kit. This rapid diagnostic test (RDT) has the potential to be deployed
in large-scale serological surveys and can be used as a point-of-care (POC) test
or self-test. However, at present, the WHO recommends the use of these tests in
research settings only, until evidence supporting use for clinical decision-making
is available [34, 35].
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Lateral flow assay technology has been used to develop rapid antigen test kits,
like the Standard Q COVID-19 Ag (SD Biosensor) and COVID-19 Ag Respi-Strip
(Coris Bioconcept), which use nasopharyngeal swabs for sampling. The viral pro-
teins in the swab samples bind to the specific monoclonal antibodies in the reagent
strip to yield results in 30 min. These tests detect actively replicating viruses and
therefore may be used to identify acute or early infection. In view of their high
specificity but relatively low sensitivity, it is recommended that a patient who has
tested negative for Covid-19 by rapid antigen test should be tested sequentially by
RT-PCR to rule out infection, whereas a positive test should be considered as a true
positive.

4.4.3 Luminescent Immunoassay

Luminescent immunoassays are variations of the standard ELISA technique using
chemiluminescence or fluorescence.

Chemiluminescence immunoassay (CLIA) is an assay that combines chemilu-
minescence technique with immunochemical reactions (or immunoassays). CLIA
utilizes chemical probes which could generate light emission through chemical
reaction to label the antibody. This technique has become popular due to its high
sensitivity, wide dynamic range and complete automation to quantitatively mea-
sure antibodies in plasma of infected individuals. It does not require long incuba-
tions and is therefore faster than the conventional ELISA technique, with a high
throughput. Diazyme DZ-Lite SARS CoV-2 IgG/IgM test (Diazyme Laboratories)
and Maglumi COVID-19 1gG/IgM test (Snibe Diagnostics) are few examples of the
available CLIA testing kits for Covid-19, that promise high throughput, high clini-
cal sensitivity, rapid detection within 30 min and antibody detection with numerical
results.

Fluorescence immunoassay (FIA) is an immunoassay technique in which anti-
gen or antibody is labelled with a fluorescent dye for rapid detection. Bioeasy nCoV
rapid antigen kit utilizes fluorescence immunochromatography for detecting the
SARS CoV-2 antigen.

4.4.4 Neutralization Assay

It is a specialized type of immunoassay which detects only those antibodies that can
block virus replication (called neutralizing antibodies), and not all antigen-antibody
reactions. This helps in the identification of the virus serotype, as groups of viruses
may share common antigens, but only a fraction of these would be targets of neu-
tralizing antibody.

Fluorescence-based neutralization assay is a rapid, high throughput assay that
rapidly and reliably measures neutralization of a reporter SARS-CoV-2 by anti-
bodies from patient specimens. The presence of SARS CoV-2 neutralizing anti-
bodies would predict protection from reinfection, thereby helping in large scale
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serodiagnosis and vaccine evaluation, and identification of high neutralizing conva-
lescent plasma for therapy. The test, however, needs to be conducted in a biosafety
level 3 (BSL-3) containment [36].

4.4.5 Biosensor Test

Biosensors are a promising alternative and a reliable solution to clinical diagno-
sis and real-time detection of the SARS CoV-2 virus. The biosensor technology,
known as localized surface plasmon resonance (LSPR) sensing, detects interactions
between molecules on the surface of a constructed metallic nanostructure incorpo-
rating DNA probes that recognize specific SARS-CoV-2 RNA sequences, which
registers these interactions as a local change in refractive index [37]. This technol-
ogy is complex and expensive, but is quick, sensitive, automated and real time, and
offers tremendous potential for the rapid medical diagnosis of Covid-19.

4.5 Conclusion

The global data reflects the continuing menace of the novel coronavirus SARS CoV-2
across the world, despite preventive and therapeutic advancements. The key to prevent
the spread of the virus is to develop better methods for mass screening. While RT-PCR
remains the current gold standard for detection of Covid-19, newer molecular tests like
isothermal amplification, hybridization microarray and cutting edge CRISPR-based
techniques offer faster, cheaper and reliable alternatives. Serological tests like ELISA,
lateral flow assays and CLIA help in predicting the course, degree and durability of
immune response to the SARS CoV-2 infection, paving way for the development of
effective vaccines in the future. These tests may also aid in epidemiological research
and will help in confirming if seropositivity equates to immunity. The development
of efficient, cost effective point of care laboratory techniques with high sensitivity
and specificity, which can be employed on a large scale, is the need of the hour. The
validation of these tests across different populations will however be required before
they can be routinely used for clinical decision-making.
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5.1 Introduction to COVID-19 Therapeutics

The global pandemic of coronavirus disease 2019 (COVID-19), caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV2), was first identified
in Wuhan, China, in December 2019. The viral genome was rapidly identified in
order to develop diagnostic testing and therapeutic options. SARS-CoV2 is a single-
stranded RNA-enveloped virus that uses its surface spike (S) protein to bind host
cell’s angiotensin converting enzyme 2 (ACE2) receptor in the presence of host cell
protease TMPRSS2, a cofactor for virus entry [1]. The virus uses RNA-dependent
RNA polymerase to synthesize RNA leading to viral assembly and exocytosis [2].

Drug therapies that could target one or several of the phases of the viral entry
and replication processes have been evaluated as potential therapeutics for the treat-
ment of coronavirus disease 2019 (COVID-19). The COVID-19 pandemic has led
the scientific community to repurpose different drugs that were previously used
for other viral infections such as Middle East respiratory syndrome coronavirus
(MERS-CoV) and severe acute respiratory syndrome coronavirus (SARS-CoV).
In addition, dysregulation of the immune system and consequent cytokine release
syndrome have been identified as the main pathophysiological processes associated
with COVID-19 [3]. This has led to the evaluation of different immunomodulatory
agents to target the inflammatory cascade.
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As of July 2020, 2764 studies are registered on clinicaltrials.gov for COVID-19.
In this chapter, we discuss the evidence regarding the use of different therapeutics.
Due to the evolving nature of the evidence, we have included drugs that have at least
five published and/or undergoing clinical trials evaluating their use in COVID-19.
In addition, we summarize the recommendations provided by multiple societies
including the Infectious Disease Society of America (IDSA), Society of Critical
Care Medicine (SCCM), and the National Institute of Health (NIH) [4-8].

In the following sections, Fig. 5.1 depicts the mechanism of action of therapeu-
tics discussed in this chapter.

Table 5.1 summarizes general information regarding investigational treatments
for COVID-19 including dosing, common adverse effects, and pharmacotherapy
pearls. Table 5.2 summarizes the recommendations from national guidelines and
societies. Finally, due to the rapidly evolving volume of literature, Table 5.3 only
summarizes randomized controlled trials of the therapeutic options discussed within
the text.

5.2  Antiviral Agents
5.2.1 Favipiravir

Favipiravir is a competitive inhibitor of RNA-dependent RNA polymerase and is
approved in Japan for the treatment of influenza (Table 5.1) [9]. It was also shown
to decrease mortality in patients with Ebola virus and was effective at preventing
Ebola virus infection. An in vitro study showed its effectiveness at inhibiting SARS-
CoV2 growth; however, due to the higher EC50 (half maximal effective concentra-
tion) compared to influenza, higher than standard doses have been recommended
for its use for the treatment of SARS-CoV2 [29].

Two studies have evaluated the efficacy and safety of favipiravir in patients
with COVID-19. One was a before-after observational cohort study comparing
favipiravir to lopinavir/ritonavir both in combination with inhaled interferon-olb
in patients with mild-moderate disease [30]. Treatment was continued until viral
clearance, for up to 14 days. The study showed shorter time to clearance and more
improvement in chest imaging in the favipiravir group. The second study was a
randomized controlled trial from China of 240 patients who received favipiravir or
umifenovir (Table 5.3) [17]. There was no difference between both treatments in the
clinical recovery at 7 days. A post hoc analysis showed that patients with moderate
disease had a higher clinical recovery at day 7 in the favipravir group (71.4% vs.
55.9%, p = 0.0199). More hyperuricemia occurred in the favipiravir group: 13.79%
vs. 2.5% (p = 0.0014).

The current evidence does not support the use of favipravir for the treatment
of COVID-19 patients. The observational study is hypothesis generating, and the
randomized controlled trial is only available as a peer-print in MedRxiv since May
2020 and has not been peer reviewed yet. Future randomized controlled trials are
needed to evaluate its efficacy and safety in this patient population (Table 5.2).
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Fig. 5.1 Viral cycle of severe acute respiratory syndrome coronavirus 2 (SARS-CoV?2) and target
of therapeutic agents. “Corticosteroids posses anti-inflammatory and immunosuppressive effects
through multiple mechanisms including indirect effects on gene expression, post-translational
modification of the glucocorticoid receptor, and inhibition of inflammatory proteins. “Colchicine
possesses multiple anti-inflammatory properties including inhibition of neutrophil adhesion and
activation as well as the release of pro-inflammatory cytokines
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5.2.2 Remdesivir

Remdesivir is an investigational adenosine nucleotide analog that causes premature
termination of viral RNA transcription (Table 5.1). It has been shown to have broad-
spectrum activity against RNA viruses including Ebola, Marburg, respiratory syn-
cytial virus (RSV), as well as MERS and SARS-CoV. In addition, it showed in vitro
activity against SARS-CoV2, which identified it as a promising therapy [29].

Gilead Sciences accepted requests for compassionate use of remdesivir in hos-
pitalized patients with SARS-CoV-2 infection, oxygen saturation (Sa0,) < 94%
on room air, creatinine clearance (CrCl) > 30 mL/min, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) within five times the upper limit of
normal [31]. The drug was administered as a 200 mg intravenous infusion on the
first day followed by 100 mg intravenously daily for a total duration of 5 days. In
this compassionate use cohort, 57% of patients received mechanical ventilation.
Patients were followed up for a mean of 18 days. Out of the patients who were intu-
bated at baseline, 57% were extubated. Overall, 47% of patients were discharged
and 13% died.

Following compassionate use, a multicenter, randomized controlled trial from
China was published [18]. The trial was terminated early prior to attaining the pre-
specified sample size. The study showed no statistically significant clinical ben-
efit in the primary endpoint, time to clinical improvement up to day 28. Clinical
improvement was defined as a decline of two levels on a 6-point ordinal scale of
clinical status (1 = discharged, 6 = death). A few limitations of this trial include
low baseline use of mechanical ventilation (7%) and a high rate of corticosteroid
use (66%).

A preliminary report of the Adaptive Covid-19 Treatment Trial (ACTT-1) spon-
sored by the National Institute of Allergy and Infectious Diseases (NIAID), from 60
trial sites in the United States, Europe, Asia, and Latin America, was subsequently
published [19]. Based on preliminary data that showed shorter time to recovery in
the remdesivir group compared to the placebo group, the data and safety monitor-
ing board recommended early unblinding of the data. A total of 1059 patients were
included in this analysis (538 in the remdesivir group and 521 in the placebo group).
Patients in the remdesivir group had a median time to recovery of 11 (95% CI;
9-12) days vs. 15 (95% CI; 13-19) days in the placebo group (p < 0.001). There
was no mortality difference between both groups. A subgroup analysis showed that
patients who received remdesivir within 10 days as well as those who received it
after 10 days of symptoms onset benefited from the therapy and had a shorter time
to recovery. The authors also analyzed time to recovery according to the patients’
baseline oxygen requirement. This showed that the benefit of remdesivir on time
to recovery decreased as baseline oxygen requirement increased. Patients receiv-
ing mechanical ventilation or extracorporeal membrane oxygenation (ECMO)
(n = 272) did not have a benefit with remdesivir treatment compared to placebo:
RR of recovery = 0.95 (95% CI; 0.64-1.42). This study shed some insight sug-
gesting that even though remdesivir reduced time to recovery in the overall cohort,
additional or different therapeutics may be needed in patients with a more severe
disease course.
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Finally, an open-label phase 3, randomized controlled trial evaluated the efficacy
of 5 vs. 10 days of remdesivir therapy [20]. At baseline, patients in the 10-day course
had worse clinical status on a 7-point ordinal scale than patients in the 5-day course
(p = 0.02). There was no difference in the primary outcome, clinical improvement
at day 14 between both duration of therapies despite adjustment for baseline clini-
cal status: 64% (5-day) vs. 54% (10-day); baseline-adjusted difference —6.5% (95%
CI, —15.7 to 2.8). The most common adverse events reported in this study with
remdesivir use included nausea (9%), worsening respiratory failure (8%), elevated
alanine transferase level (7%), and constipation (7%).

Based on the results of the ACCT-1 trial, the Food and Drug Administration
(FDA) issued an emergency use authorization (EUA) on May 1, 2020, for the use
of remdesivir in patients with severe disease [10]. Patients qualified for the EUA if
they met all of the following criteria: hospitalized patients with a laboratory con-
firmed SARS-CoV-2 infection, severe disease with SaO, < 94% on room air, requir-
ing oxygen supplementation, mechanical ventilation or ECMO. Clinicians should
evaluate the risk/benefit ratio in pregnant patients or patients with renal dysfunction
(CrCl <30 mL/min) or hepatic dysfunction. The recommended duration of therapy
was a 5-day course except for patients receiving mechanical ventilation or ECMO,
suggested to receive a 10-day course of therapy. Multiple guidelines have released
recommendations to prioritize the limited supply of remdesivir for patients requir-
ing oxygen support [4, 5] (Table 5.2).

5.2.3 Lopinavir/Ritonavir

Lopinavir is a protease inhibitor used to treat human immunodeficiency virus and
has been shown to be effective at inhibiting viral replication in vitro against SARS-
CoV [32]. It is given as a fixed dose in combination with ritonavir, which is a potent
inhibitor of cytochrome P450 3A4 (CYP3A4), inhibiting the metabolism of lopina-
vir and effectively increasing plasma concentrations. Specifically, lopinavir inhibits
a viral enzyme present in coronaviruses, the enzyme 3-chymotrypsin-like prote-
ase (3CLpro), which cleaves and processes polyproteins translated from the viral
RNA [33].

There are currently two randomized controlled trials published evaluating the
efficacy and safety of lopinavir/ritonavir 400/100 mg two times daily for 7-14 days
in patients with COVID-19. Cao and colleagues randomized 199 patients with
severe disease in a 1:1 fashion to receive either lopinavir/ritonavir plus standard of
care (SOC) vs. SOC alone [21]. The primary endpoint was time to clinical improve-
ment, defined as improvement of two points on a seven-category scale (I = not
hospitalized; 7 = death) or discharge from the hospital, whichever came first. The
investigators found that lopinavir/ritonavir was not associated with a more rapid
time to clinical improvement compared to SOC (HR 1.31; 95% CI 0.95-1.80). In
the modified intention to treat group, however, lopinavir/ritonavir led to a shorter
median time to clinical improvement by 1 day compared to SOC. Overall, adverse
drug reactions were similar between groups, but gastrointestinal-related adverse



82 C. Der-Nigoghossian et al.

reactions were more common in the lopinavir/ritonavir group, and serious adverse
reactions (respiratory failure, acute kidney injury, secondary infection) were more
common in the SOC group. Notable limitations include the lack of blinding and use
of concurrent pharmacologic agents, which may have confounded results. In the
study done by Li and colleagues, 86 patients with mild-to-moderate disease were
randomized in a 2:2:1 fashion to receive lopinavir/ritonavir + SOC vs. umifenovir
(a fusion inhibitor) + SOC vs. SOC alone [22]. The primary outcome was the rate of
conversion from positive to negative COVID-19 pharyngeal swab from the first day
of treatment to day 21. The investigators found no difference in any of the primary
or secondary outcomes between groups; however adverse reactions were higher in
the lopinavir/ritonavir group compared to umifenovir and SOC (35.5% vs. 14.3%
vs. 0%, respectively), with diarrhea being the most common adverse drug reaction.

Other published studies that have evaluated the use of lopinavir/ritonavir for
patients with COVID-19 were primarily observational and/or descriptive in nature. In
a study done by Ye and colleagues, patients with mild disease (no mechanical ventila-
tion) received lopinavir/ritonavir (400/100 mg orally two times daily or 800/200 mg
orally once daily for 10 days) plus SOC vs. SOC alone [34]. Investigators found no
difference in change in body temperature over 10 days between groups, although
the lopinavir/ritonavir group returned to normal body temperature approximately
2.5 days sooner than the control group (4.8 £ 1.94 vs. 7.3 = 1.53 days, p = 0.0364).
In addition, the time to a negative viral swab was shorter in the lopinavir/ritonavir
group (7.8 =3 vs. 12 +£ 0.82 days, p = 0.0219). In contrast, a study by Zhu and col-
leagues who compared lopinavir/ritonavir (400/100 mg orally two times daily for
7 days) to umifenovir (0.2 g orally three times daily for 7 days) in patients with
mild disease found that the day 14 viral load was undetectable in all patients in the
umifenovir group and still detectable in 44.1% of patients in the lopinavir/ritonavir
group [35]. Finally, a descriptive study by Wang and colleagues where all patients
received lopinavir/ritonavir (no dose disclosed) for 7 days, viral swabs turned nega-
tive 4-21 days after diagnosis. In all observational studies, lopinavir/ritonavir was
well tolerated [36].

Well-designed, randomized, controlled, double-blind trials assessing the efficacy
and safety of lopinavir/ritonavir for use in COVID-19 are lacking. Based on cur-
rent literature, it appears that lopinavir/ritonavir may not be efficacious in treating
COVID-19. Overall, it does not seem that lopinavir/ritonavir decreases time to clini-
cal improvement, and data regarding shortening the time to negative viral swab is
conflicting. Due to the open-label or retrospective nature of the available literature,
there is a risk for confounding factors that may have influenced the outcomes. For
example, not all groups were similar in baseline characteristics (uneven distribution
of baseline viral loads) and investigators were not able to control for other treatments
patients may have received. In addition, many of these studies were single-center,
therefore limiting the external validity. As more studies become available, a defini-
tive conclusion regarding the role of lopinavir/ritonavir in treating patients with
COVID-19 will be possible. If utilized, providers must consider drug interactions,
gastrointestinal toxicities, and the risk/benefit of use in each patient. In particular,
use of lopinavir/ritonavir in patients with COVID-19 may exacerbate hepatotoxicity
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and other gastrointestinal toxicities caused by the virus itself. In addition, hepatic
transaminitis is a common exclusion criterion for clinical trials on investigational
agents (e.g., remdesivir, although not a contraindication for the emergency use
authorization); therefore use of Lopinavir/ritonavir may hinder patient access to
these trials should adverse reactions occur.

5.2.4 Hydroxychloroquine or Chloroquine with or
Without Azithromycin

Hydroxychloroquine or chloroquine has been proposed to increase the endosomal
pH, inhibiting fusion of SARS-CoV-2 and the host cell membrane. In addition,
chloroquine inhibits glycosylation of the cellular angiotensin-converting enzyme 2
receptor [29]. Both agents have been combined with azithromycin that can induce
interferon-stimulated gene that attenuates viral replication, enhance neutrophil acti-
vation, attenuate inflammatory cytokines (IL-6 and IL-8) in epithelial cells, and
inhibit fibroblast growth factor in airway smooth muscle cell.

A randomized study, CloroCOVID-19, included hospitalized patients with
clinical suspicion of COVID-19 with a respiratory rate > 24 rpm and/or a heart
rate > 125 bpm and/or peripheral oxygen saturation lower than 90% in ambient air
and/or shock [23]. The patients received high-dose chloroquine 600 mg orally twice
daily for 10 days or low-dose chloroquine 450 mg twice daily for 1 day then 450 mg
daily for 4 days concomitantly with antibiotic therapy and oseltamivir if influenza
was suspected. The results in the interim analysis of low-dose vs. high-dose chlo-
roquine included viral RNA detection in 31 of 40 (77.5%) vs. 31 of 41 (75.6%)
and lethality until day 13 documented in 6 out of 40 (15%) vs. 16 out of 41 (39%)
patients, respectively. Notable adverse events included QTc interval prolongation
greater than 500 ms, occurring in 11.1% of patients in the low-dose group vs. 18.9%
of patients in the high-dose group. Patients in the high-dose group were older and
had a higher incidence of baseline heart disease.

In China, a multicenter, open-label, randomized controlled trial enrolled 150 total
patients with ongoing SARS-CoV-2 infection confirmed in upper or lower respira-
tory tract specimens though RT-PCR [24]. Patients received hydroxychloroquine
1200 mg daily for 3 days followed by a maintenance dose of 800 mg daily for a
total treatment duration of 2 or 3 weeks for patients with mild to moderate or severe
disease, respectively. All patients received SOC in both groups concomitantly with
varying regimens of antiviral agents, antibiotics, and systemic glucocorticoids. The
probability of negative conversion by 28 days in the SOC plus hydroxychloroquine
group was 85.4% (95% CI 73.8-93.8%), similar to that in the SOC group of 81.3%
(95% C171.2-89.6%).

In addition to the paucity of data showing positive outcomes, the safety of
hydroxychloroquine was assessed with a focus on QTc interval prolongation, par-
ticularly when in combination with azithromycin [37]. In a non-critically ill patient
population, the combination of hydroxychloroquine 200 mg twice daily with
azithromycin 500 mg daily for at least 3 days showed QTc interval prolongation,
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particularly in patients with high levels of transaminases [38]. In addition, although
not explicitly stated, a mix of ICU and non-ICU patients were given chloroquine/
hydroxychloroquine with azithromycin that led to a significantly greater increase
in the QTc interval when compared with monotherapy as well as a discontinuation
rate of 3.5% due to QTc interval prolongation with no reported cases of TdP in the
cohort [39].

The safety and efficacy of hydroxychloroquine or chloroquine combined with
azithromycin as well as other investigational therapies have been studied in small
retrospective clinical trials, case series, and observational reports that have shown
mixed outcomes across a spectrum of illness in the COVID-19 patient population.
Although few studies have shown positive outcomes, an overwhelming majority
of published data have shown no difference in intubation, probability to negative
conversion at a predetermined time point, survival without transfer to the ICU, acute
respiratory distress syndrome (ARDS), or overall survival in patients that received
treatment with hydroxychloroquine or chloroquine [40—43]. In addition, the FDA
revoked the emergency use authorization to use hydroxychloroquine and chloro-
quine to treat COVID-19 in certain hospitalized patients outside of a clinical trial
setting due to lack of benefit [44].

5.3 Immunomodulatory Agents

Cytokines play a pivotal role in the immune response to viral pathogens. This
response, however, can become dysregulated, leading to a cytokine release syn-
drome with downstream complications including end-organ damage such as
ARDS. Cytokine release syndrome is a major cause of morbidity in patients infected
with SARS-CoV-2. Serum elevations in IL-6 and IL-1 correlate to respiratory fail-
ure, ARDS, and adverse clinical outcomes. IL-6 has proinflammatory properties
due to the cis- and trans-signaling pathways. In the trans-signaling pathway, high
circulating concentrations of IL-6 bind to the soluble form of IL-6 receptor and
form the IL-6-sIL-6R-JAK-STAT3 complex that activates cells downstream result-
ing in a cytokine storm. During the cytokine storm phase, numerous factors includ-
ing vascular endothelial growth factor, monocyte chemoattractant protein-1, and
IL-8 are expressed that contribute to vascular permeability. Consequently, alveolar-
capillary permeability to fluid, proteins, and blood cells is increased and respiratory
failure occurs [45-48].

5.3.1 Interleukin 6 Inhibitors

Tocilizumab, sarilumab, siltuximab, and olokizumab are IL-6 inhibitors commer-
cially available in different countries, while clazakizumab is undergoing clinical
trials. Tocilizumab, the most widely researched IL-6 inhibitor in COVID-19, is a
recombinant humanized monoclonal antibody that binds to both membrane-bound
and soluble forms of the IL-6 receptor [47, 48].
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Chronic administration in patients with rheumatologic diseases such as rheu-
matoid arthritis can shed light on common adverse reactions that may manifest
with short-term administration in the SARS-CoV-2 patient population. Serious
and potentially fatal infections, including active tuberculosis, invasive fungal, bac-
terial, viral, protozoal, and other opportunistic infections, have been reported in
chronic therapy, especially in patients treated with concomitant immunosuppres-
sive therapy. Although adverse effects were reported in published literature in the
COVID-19 patient population, including infection, many outcomes were limited to
short-term endpoints [49].

In a retrospective ICU cohort study, patients with laboratory confirmed severe
COVID-19 with elevated C-reactive protein (CRP) levels were administered tocili-
zumab at a median total dose of 5.7 mg/kg (IQR 4.8-9.5 mg/kg) [50]. Patients also
received at least two concomitant investigational antiviral agents. Results obtained
on day 1, 3, and 7 showed a decrease in median oral temperature, CRP, number of
patients requiring invasive ventilation, and radiological improvement. Twenty-three
(92%) patients in the study experienced at least one adverse event, most frequently
anemia, ALT rise, and QT prolongation. Due to the patients receiving concomitant
investigational therapies, assessing adverse effects could be difficult to ascertain.

In a non-ICU retrospective cohort in patients with COVID-19, tocilizumab was
administered at 400 mg with a second dose of 400 mg being administered after 24 h
in case of respiratory worsening [51]. The patients enrolled had hyper-inflammation,
defined as either CRP > 100 mg/L or ferritin >900 ng/mL in the presence of
increased LDH, and severe respiratory involvement in the presence of an oxygen
saturation <92% while breathing ambient air or a PaO,:FiO, ratio < 300 mmHg.
The patients did not receive other anti-inflammatory drugs or glucocorticoids and
were not enrolled in other clinical trials. During the 28-day follow-up, 69% of the
tocilizumab patients experienced a clinical improvement compared to 61% of the
standard treatment group (p = 0.61). Mortality was 15% in the tocilizumab group
and 33% in the standard treatment group (p = 0.15). Between the tocilizumab and
standard care group, there were no statistically significant increases in bacterial
infections, pulmonary thrombosis, or increases in AST or ALT, although there was
a difference in neutropenia reported in 16% of patients in the tocilizumab group
(p=0.024) [51].

Patients enrolled in the tocilizamab treatment arm at Michigan Medicine had
severe COVID-19 present and required invasive mechanical ventilation. Patients
received a dose of 8 mg/kg (maximum 800 mg) once, with additional doses discour-
aged. Patients in both groups received concomitant therapy with overall rates being
23% hydroxychloroquine, 3% remdesivir, and 25% corticosteroids. Survival prob-
ability was significantly higher among tocilizumab treated compared to untreated
patients (p = 0.089). Patients who received tocilizumab were more than twice as
likely to develop superinfection compared to untreated controls (54% vs. 25%;
p <0.001), driven primarily by ventilator associated pneumonia, although case fatal-
ity rates were similar in infected and uninfected tocilizumab-treated patients [52].

Numerous published case reports and retrospective cohort papers are available to
interpret, while many other clinical trials are still enrolling patients. Clinicaltrials.
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gov has over 60 registered studies with interleukin-6 inhibitors. When reviewing the
available literature, many papers were single arm retrospective reviews with IL-6
inhibitor treatment spanning from ICU to non-ICU patients [53-55]. Given that
IL-6 inhibitors were commonly used with concomitant investigational therapies for
SARS-CoV-2, one should take into consideration the results from all clinical trials
to parse out if the trial result is a cumulative outcome due to a multi-modal treat-
ment approach or due to a single medication given.

5.3.2 Corticosteroids

The use of corticosteroids in patients diagnosed with COVID-19 is controversial
given mixed results in the existing literature. Steroids exhibit their anti-inflammatory
effects that could have a beneficial effect in suppressing the cytokine-related lung
injury in patients with severe COVID-19. Diffuse alveolar damage, inflammatory
infiltrates, and microvascular thrombosis are features recognized on autopsy reports
[5,25]. There are three suggested phases of SARS-CoV-2 that include early infection
in phase 1, pulmonary involvement with and without hypoxia in phase II, and sys-
temic hyperinflammation in phase III. The viral response phase is thought to occur in
stage [ with overlap into stage II, while the host inflammatory response phase occurs
at the end of stage II into stage III. During the host inflammatory response phase,
glucocorticoids have been proposed to play a role [56]. The NIH recommends use
of dexamethasone (at a dose of 6 mg/day for up to 10 days) in mechanically venti-
lated COVID-19 patients and in patients who require supplemental oxygen [5]. In
the RECOVERY trial, investigators compared dexamethasone 6 mg daily to SOC in
patients with clinically suspected or laboratory confirmed SARS-CoV-2 infection.
Overall, the study showed a reduced 28 day mortality (p < 0.001) as well as a larger
proportion of patients being discharged at 28 days (p = 0.002) in the dexamethasone
group [25]. Dexamethasone had varying results based upon the level of respiratory
support; specifically, there were reduced deaths in patients receiving mechanical
ventilation (29% vs. 40.7%, p < 0.001) and patients receiving oxygen without inva-
sive mechanical ventilation (21.5% vs. 25%, p = 0.002), but there was no difference
in mortality in patients not receiving respiratory support (17% vs. 13.2%; p = 0.14).

Investigators studied methylprednisolone in varying doses and severity of illness
in the SARS-CoV-2 patient population through mostly observational reviews that
produced both positive and negative results. In a systematic review, the percentage
of patients taking corticosteroids ranged from 7.6 to 44.9% of the cohorts included
[57]. Of the four studies reviewed, two studies by Liu et al. and Wang et al. did not
show a significant benefit. Wang et al. found that glucocorticoid therapy was associ-
ated with a greater risk of ICU admission. In addition, Ling et al. showed that dura-
tion of viral RNA detection for oropharyngeal and fecal swabs in the corticosteroids
treatment group was longer than that in the non-corticosteroid treatment group.
Lastly, in a study published by Wu et al., the administration of methylpredniso-
lone reduced the risk of death in subjects having ARDS for COVID-19. In Spain,
patients diagnosed with COVID-19 pneumonia complicated by ARDS and/or
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hyperinflammatory syndrome were treated with 1 mg/kg/day methylprednisolone
or a steroid pulse with additional investigational therapies at the discretion of the
treating physician. Of the various investigational therapies available, the patients in
the steroid cohort received statistically more hydroxychloroquine (99.5% vs. 92.5%,
p =0.001) and tocilizumab (44.9% vs. 18.5%, p < 0.001). Patients received steroid
treatment in a median of 10 days after onset of symptoms. In-hospital mortality was
lower in patients treated with steroids than in controls (13.9% vs. 23.9%, HR 0.51
[0.27-0.96]). In-hospital mortality was not different between initial regimens of
1 mg/kg/day of methylprednisolone and steroid pulses [58]. Additional retrospec-
tive papers have reported similar results including reduced escalation of care from
ward to ICU, decreased mortality, decreased ICU length of stay and hospitalization,
and decreased inflammatory markers [59, 60].

In the GLUCOCOVID trial, a partially randomized preference, open-label, con-
trolled, parallel-group trial, patients over 18 years of age with confirmed diagnosis
of SARS-CoV-2 infection with symptom duration of at least 7 days, radiological
evidence of lung disease, moderate-to-severe disease with abnormal gas exchange,
and laboratory parameters indicative of hyper-inflammatory state were enrolled
[26]. Patients were excluded if they were intubated or mechanically ventilated, were
hospitalized in the ICU, or were treated with corticosteroids or immunosuppressive
drugs at the time of enrollment. The treatment included methylprednisolone 40 mg
every 12 h for 3 days followed by 20 mg every 12 h for 3 days with standard care
vs. standard care alone. The composite endpoint, including in-hospital all-cause
mortality, escalation to ICU admission, or progression of respiratory insufficiency
that required non-invasive ventilation, was reduced in the intention-to-treat, age-
stratified analysis (RR 0.55, 95% CI1 0.33-0.91, p = 0.024). In the per-protocol anal-
ysis, RR was 0.11 (0.01-0.82) in patients aged 72 years or less, RR 0.61 (0.32-1.17)
in those over 72 years of age, and RR 0.37 (0.19-0.74) in the whole group after
age-adjustment by stratification.

5.3.3 Anakinra

Anakinra is an IL-1 antagonist that inhibits the proinflammatory cytokines IL-1a
and IL-1P [11]. It is indicated for treatment of rheumatoid arthritis; however, based
on its mechanism of action, it was hypothesized that it may benefit patients with
COVID-19 with a severe inflammatory component. Anakinra is administered sub-
cutaneously, and although it is generally well-tolerated, severe adverse reactions
such as reactivation of tuberculosis (TB), hypersensitivity reactions, secondary
infection, and neutropenia are possible.

The data for use of anakinra in patients with COVID-19 is limited to case reports,
small case series, and retrospective studies. In the two largest observational studies to
date, patients with moderate to severe ARDS (non-invasive mechanical ventilation, not
in the ICU) received anakinra in addition to lopinavir/ritonavir and/or HCQ/azithro-
mycin or SOC (including lopinavir/ritonavir and/or HCQ/azithromycin) [12, 61]. In
both studies, baseline characteristics were not evenly distributed between groups and
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may have affected outcomes. In the study by Cavalli et al., at 21 days, survival was
90% in the anakinra group and 56% in the control group (p = 0.009); however there
was no difference in mechanical ventilation-free survival or adverse reactions [12].
In the study by Huet et al., admission to ICU for mechanical ventilation or death was
significantly lower in the anakinra vs. SOC group (25% vs. 73% (HR 0.22, 95% CI
0.11-0.41)) and results were not affected by multivariate analysis [61]. There were
more adverse reactions (elevated LFTs, thromboembolic events) in the anakinra group.
Other case reports and case series have reported improvement in inflammatory mark-
ers and respiratory status [62—64]. Although results are encouraging, these studies are
limited by non-randomized design, uneven distribution of baseline characteristics, and
confounders including inter-provider variability in the SOC regimen.

There are currently four studies registered with clinicaltrials.gov assessing the
role of anakinra in patients with COVID-19. The results of these randomized con-
trolled trials will be imperative in guiding providers on the most judicious use of
this agent, given the paucity of current data does not define a cohort of patients that
would benefit most, and expanded use is cost prohibitive and possibly unsafe.

5.3.4 Colchicine

Recently, colchicine has become a drug of interest in treating the inflammatory
aspects of COVID-19. Although colchicine’s primary mechanism of action is inhi-
bition of the polymerization of microtubules, colchicine also has significant anti-
inflammatory properties, particularly on neutrophils. The dosing of colchicine will
vary by indication, and the most appropriate dose of colchicine in patients with
COVID-19 is yet to be determined. Colchicine commonly causes gastrointestinal
symptoms, particularly diarrhea, nausea, and vomiting; however in rare instances,
colchicine can cause bone marrow suppression [13, 14].

There is currently only one trial evaluating the role of colchicine in treating the
inflammatory aspects of COVID-19. This study by Deftereos and colleagues was
an open-label, randomized, controlled trial that assessed colchicine plus SOC vs.
SOC alone on various inflammatory markers and clinical outcomes [27]. Patients
were enrolled if they had a positive SARS-CoV-2 swab and a temperature >37.5 °C
plus two or more of the following: sustained cough, sustained sore throat, anos-
mia and/or ageusia, fatigue and/or tiredness, O, sat <95% on room air and did
not require ventilator support. Fifty-five patients were randomized to a colchicine
loading dose followed by maintenance dosing and SOC and 50 patients received
SOC only. The study was stopped early because of slow enrollment and did not
meet power; however for the patients that were included, baseline characteristics
were similar between groups. The investigators found no significant differences in
biochemical outcomes such as CRP or high-sensitivity troponin-C (hs cTn). There
was, however, a significant difference in clinical outcomes (time to deterioration,
cumulative event-free 10-day survival) favoring the colchicine group. Diarrhea was
significantly more frequent in the colchicine group but only caused discontinuation
of therapy in two cases and was not associated with electrolyte abnormalities.
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There are currently seven studies registered with clinicaltrials.gov assessing col-
chicine in patients with COVID-19. Currently, data for the use of colchicine in
patients with COVID-19 is limited to one small, underpowered, open-label study. In
addition, colchicine has never been studied in patients with severe disease requiring
intubation and the risk benefit is unknown. Until further information is available, its
use cannot be recommended.

5.3.5 Convalescent Plasma

This therapy uses the antibodies from patients recovered from COVID-19 and pro-
vides adaptive immunotherapy. It has been shown to be successful in the treatment
of other viral infections including SARS, MERS, and HINI1 influenza A [65, 66].

A small prospective observational cohort of 10 patients in China who received
a dose of convalescent plasma showed that all patients cleared the viremia and
improved within 3 days of administration [67]. This study showed that convalescent
plasma could be a promising treatment modality in COVID-19 patients [66].

There is one randomized controlled trial evaluating convalescent plasma, con-
ducted in seven medical centers in Wuhan, China [28]. This study included 103
patients who were randomized to convalescent plasma or standard of care. The
study was terminated early due to poor enrollment and therefore has limited power.
Most patients (86.4%) were enrolled after 14 days from symptoms onset. The pri-
mary outcome evaluated was time to clinical improvement within 28 days, defined
as hospital discharge or decrease in 2 points on a 6-point disease severity scale
(1 = discharge to 6 = death).

Adverse effects associated with the use of blood products should be consid-
ered when deciding whether to administer convalescent plasma. These include
transfusion-related lung injury (TRALI), transfusion-associated circulatory over-
load (TACO), thrombotic events, and transfusion associated infections. A total of
5000 patients who received convalescent plasma as part of the US FDA Expanded
Access Program for COVID-19 were analyzed to evaluate the safety. Rate of serious
adverse events was <1% [68].

To date, use of convalescent plasma is recommended as part of a clinical trial [4,
5]. More data is needed to evaluate its role in this patient population.

5.3.6 Vitamins and Minerals

Patients with COVID-19 likely have evidence of oxidative stress, characterized by
the production of reactive oxygen species and a concomitant deficiency of anti-
oxidants. Given the potential of ascorbic acid, vitamin D, and zinc to influence the
immune response, reactive oxygen species, and nitrogen species, these agents may
be useful as adjunctive therapy in SARS-CoV-2 infection [69].

Ascorbic acid, also known as vitamin C, functions as an antioxidant by salvag-
ing reactive oxygen species, decreasing the gene expression of proinflammatory
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cytokines, and enhancing microbial killing in certain cell types. Although there are
currently no published studies assessing the use of ascorbic acid in patients with
SARS-CoV-2 infection, high doses of ascorbic acid have been studied in the ARDS
and septic shock patient populations [69, 70]. CITRIS-ALI trial suggested that giv-
ing intravenous vitamin C 50 mg/kg every 6 h for 96 h did not significantly alter
disease severity scores, CRP levels, or thrombomodulin levels in patients with sep-
sis and ARDS. However, 28-day all-cause mortality was lowered and ICU-free days
were shorter with vitamin C use [71]. The VITAMINS trial suggested that a com-
bination of intravenous vitamin C, hydrocortisone, and thiamine did not improve
duration of time alive or free from vasopressor administration compared to hydro-
cortisone alone in a population with septic shock [72]. Randomized controlled trials
of vitamin C are registered on the NIH ClinicalTrials.gov website with a wide range
in dosing strategies as well as varying concomitant investigational agents.

Zinc has a role in antibody and white blood cell production. A deficiency in
zinc can increase proinflammatory cytokine concentrations (IL-1, IL-6, and TNF-
alpha) and decrease the production of antibodies. Zinc supplementation may act in
a synergistically when co-administered with the standard antiviral therapy. It has
been shown that effectiveness of zinc against a number of viral species was best
explained through the physical processes, such as viral attachment, infection, and
uncoating [73]. Zinc may also stabilize the cell membrane that could help block of
the virus entry into the cell. Finally, zinc may also inhibit viral replication by altera-
tion of the proteolytic processing of the replicase polyproteins and RNA-dependent
RNA polymerase in rhinoviruses, HCV, and influenza virus and diminish the RNA-
synthesizing activity of noroviruses, to which SARS-CoV-2 belongs.

In addition, in vitro studies with vitamin D show immunomodulatory effects,
anti-proliferative effects on T cells, modulating expression and secretion of type
1 interferon, and inhibition of proinflammatory cytokine expression. The largest
study to date included over 10,000 individuals from 25 high-quality trials, con-
cluded that oral vitamin D; supplementation reduced the risk of acute respiratory
tract infections with stronger effects in patients with 25-hydroxyvitamin D levels
<25 ng/mL [69, 70, 73].

Ascorbic acid, zinc, and vitamin D have biologic plausibility for the prevention
and treatment of SARS-CoV-2 and are currently undergoing clinical trial analysis.
Unless a patient has a true micronutrient deficiency, additional research is needed
before providing doses of these agents above the recommended daily intake.

5.4  Controversial Agents
5.4.1 Renin Angiotensin Aldosterone Inhibitors

One of the key mechanisms responsible for the pathophysiology of COVID-19
is the dysregulation of the renin-angiotensin aldosterone system (RAAS). This is
explained by the fact that the SARS-CoV2 spike protein uses the angiotensin con-
verting enzyme 2 as an entry receptor into target cells [1]. Patients with hypertension
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have been shown to have more severe disease, which has led to concerning state-
ments that it might be caused by RAAS inhibitor agents such as angiotensin con-
verting enzyme inhibitors (ACEis) and angiotensin receptor blockers (ARBs) used
to control blood pressure [74, 75]. Concerns regarding their use include the pos-
sibility of upregulation of cellular ACE2 expression, thereby increasing viral entry
and replication [76]. On the contrary, researchers have described potential benefit
of ACEis and ARBs because these agents reduce levels of angiotensin II, which is a
potent proinflammatory, pro-oxidative, pro-fibrotic hormone that contributes to the
pathophysiology of COVID-19 [77].

Multiple investigators have evaluated the association between the use of ACEis
and ARBs and the likelihood of testing positive for COVID-19 and did not find an
increased risk [78-80]. Additionally, a meta-analysis of retrospective cohort and
case-control studies did not find an association between the use of these agents and
the risk of developing severe/lethal COVID-19 disease [81]. The American College
of Cardiology, American Heart Association, and Heart Failure Society of America
as well as treatment guidelines recommend continuation of ACEis and ARBs in
patients prescribed these medications for cardiovascular disease [4, 5].

5.4.2 Non-steroidal Anti-inflammatory Drugs

Initial warning statements were released regarding potential harm with the use of
NSAIDs in COVID-19 patients due the risk of reduced antibody production and
increased ACE2 expression [82, 83]. Due to the lack of clinical evidence suggesting
benefit or harm associated with NSAIDs in COVID-19 patients, the FDA issued a
statement regarding their use [84]. The NIH guidelines recommend continuation
of NSAIDs in patients prescribed this class of medication. In addition, the panel
recommended the use of acetaminophen or NSAIDs as antipyretics in COVID-19
patients [5].

5.5 Summary and Future Research

Aside from the therapeutic options discussed in this text, numerous additional
pharmacologic treatment options are being investigated to target the virus itself as
well as the downstream inflammatory aspects of the disease. Some of these agents
include janus kinase inhibitors (baracitunib, ruxolitinib, tofacitinib), complement
pathway inhibitors (ravulizumab, eculizumab), granulocyte-macrophage colony-
stimulating factors (lenzilumab, mavrilimumab, sargramostim), ivermectin, famoti-
dine, nitazoxanide, dornase alfa, and anakinra/retinoic acid. This data is paramount
in providing insight to healthcare providers on the most safe and effective pharma-
cologic therapies of this disease and its associated complications.
Non-pharmacologic therapies are also being studied for treatment of COVID-19.
In patients with SARS-CoV-induced ARDS in the early 2000s, blood purification
strategies such as plasma exchange showed significant cytokine clearance. An
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artificial-liver-blood purification system used in patients with severe H7N9 influ-
enza filtered proinflammatory cytokines from the blood of these patients and showed
significantly reduced levels of cytokines including TNF-a and various interleukins
[85]. Recently, this artificial-liver-blood purification system was trialed in patients
with COVID-19 and showed prevention of cytokine storm and adequate clearance of
cytokines [86]. In April, the FDA issued four EUAs for blood purification systems,
which are designed to filter proinflammatory cytokines from the blood of patients
with COVID-19. These emergency use authorizations will facilitate patient access
and provide opportunities to assess their safety and efficacy. Mesenchymal stem
cell (MSC) therapy is also being investigated to target the inflammatory aspects of
COVID-19 primarily due to their immunomodulatory effects. A small case series
of seven patients with COVID-19 who were treated with MSC therapy showed
improved respiratory function within 2 days of administration [87]. The FDA has
granted compassionate use approval for MSC therapy.

The COVID-19 pandemic has globally burdened researchers to swiftly develop,
test, assess, and approve or reappraise novel or existing therapies for the treatment
of COVID-19. Much of the available literature is limited to case reports, case series,
observational studies, or small, open-label studies. Expanded access programs have
given patients with limited options access to investigational agents not yet approved
by the FDA, European Medicine Agency, and other international equivalents, in
the hopes that the benefits will outweigh the risks of treatment. Expert panels are
constantly updating national guidelines to be consistent with the most recently pub-
lished literature and, where data is limited or unavailable, are making recommen-
dations based on expert consensus. Ultimately, until well-designed, large clinical
studies are available, a critical assessment of the pros and cons of some of these
agents in context of the clinical scenario will be necessary.
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with Corona Virus Disease
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6.1 Preoperative Evaluation

Suspension of elective surgical procedures was one of the first measures to mitigate
hospital overload in anticipation of a surge in demand for critical care services dur-
ing the COVID-19 pandemic [1-3]: many professional societies have released state-
ments on delaying, restricting, and rescheduling non-urgent procedures, to preserve
medical resources including healthcare providers, hospital capacities (mostly ICU
resources), and personal protective equipment (PPE) [4, 5]. This is an additional
effect on healthcare induced by the COVID-19 pandemic and risk/benefit ratio,
including consequences related to canceling or postponing the procedure should be
considered for each patient.

Patients affected by COVID-19 have higher perioperative morbidity and mor-
tality, due to a high rate of ARDS, cardiac injury, kidney failure, and even deaths
observed after surgical procedures [6, 7]. In COVID-19 patients, who under-
went elective or emergency surgery, male gender, age > 70 years, presence of
comorbidities [American Society of Anesthesiologists (ASA) grades 3-5], and
cancer surgery were associated with an increase of pulmonary complications and
30-day mortality [8]. Furthermore, preexist comorbidities—hypertension, chronic
obstructive pulmonary disease, diabetes, and cardiovascular disease—increase
susceptibility in developing severe COVID-19 [9]. Higher risk to be infected by
COVID-19 and poor outcomes were reported also in immunocompromised and
oncologic patients caused by respiratory viral infections: indeed conventional
coronaviruses are often associated with higher rates of oxygen requirement and

F. Bilotta (b<) - L. Titi - F. De Lazzaro - F. Pugliese

Department of Anesthesiology, Critical Care and Pain Medicine, “Sapienza” University of
Rome, Rome, Italy

e-mail: bilotta@tiscali.it.it

© The Editor(s) (if applicable) and The Author(s), under exclusive license to 929
Springer Nature Singapore Pte Ltd. 2020

H. Prabhakar et al. (eds.), Clinical Synopsis of COVID-19,
https://doi.org/10.1007/978-981-15-8681-1_6

6


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8681-1_6&domain=pdf
https://doi.org/10.1007/978-981-15-8681-1_6#DOI
mailto:bilotta@tiscali.it.it

100 F. Bilotta et al.

mortality. The fatality rate of cancer patients affected by COVID-19 is 5.6%; fur-
thermore, these patients have a greater risk to develop perioperative complications
than those without COVID-19 [7, 10].

To increase patients’ and healthcare workers’ safety, it is essential to include a
multimodal screening work up in all patients scheduled for surgery and the pro-
cedure should be accomplished before the access to the operating room (OR) [3].
Considering that SARS-CoV-2 mucosal swab testing used to detect COVID-19 has
a sensitivity that ranges between 70 and 90%, therefore, it is associated with a poten-
tial of non-detecting the virus in up to 30% of infected patients; the ASA suggests
to separate patients positive or suspected for SARS-CoV-2 infection from those
with a negative swab test. A flowchart given by ASA reports the correct conduct to
evaluate patients for elective surgery, in countries where SARS-CoV-2 is present:

— All patients should be screened for signs and symptoms (fever, cough, shortness
of breath, chills, muscle pain, headache, sore throat, and/or new loss of taste or
smell within the prior 2 weeks) before admission to the hospital. All other
patients should undergo nucleic acid amplification testing (including PCR tests)
before non-emergent surgery.

— Because false-negative tests may occur, droplet precautions (surgical mask and
eye covering) should be used by OR staff.

— For all patients with positive SARS-CoV-2 swab tests, elective surgical proce-
dures should be delayed until the patient is no longer infectious and proven full
recovery from COVID-19 infection.

Considering that signs and symptoms referable to COVID-19 infection can be
minimal or the infection might be in the incubation phase, it is important to con-
sider that the interval between the preanesthetic consultation and the intervention
may evolve into a full disease [11]. It is therefore useful that patients scheduled for
surgery complete a “home questionnaire” before the hospital consultation with the
anesthesiologist. When the “home questionnaire” is completed, patients should be
informed that new onset of signs or symptoms referable to COVID-19 infection
should be communicated to the anesthesia team promptly before hospitalization.
Temperature monitoring is a key element of pre-hospital evaluation. Although non-
specific, fever is a very common symptom of SARS-CoV-2 infections (75-95%)
[9]. The use of telemedicine could be an alternative to face-to-face consultation, as
also approved by the World Health Organization. Of course, teleconsultation is car-
ried out using tools that guarantee the security of patient data.

Because SARS-CoV-2 testing has moderate sensitivity, some authors suggested
that CT imaging examinations could be a complementary exam to detect indirect
signs of virus presence and to isolate patients with typical imaging findings, such
as a ground-glass pattern that indicates interstitial rather than alveolar edema [12].

Another possible approach to stratify the clinical conditions of patients with
COVID-19 and to evaluate the associated perioperative risk is to use dedicated
clinical tools [13]. One study reported a score to measure functional status over
time of COVID-19, especially to follow patients after discharge and to evaluate
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the respiratory consequences of this syndrome like related COVID-19 pulmonary
fibrosis [14]. This scale has six steps ranging from 0 (no symptoms) to 5 (death) and
covers the entire range of functional outcomes by focusing on limitations in usual
duties/activities either at home or at work/study, as well as changes in lifestyle.
Respiratory consequences of COVID patients could be very serious, and, in some
patients, lung transplantation was performed as a therapeutic option [15].

Another relevant evaluation to screen patients with increased perioperative risk
comes from blood exams of COVID-19 patients. One study found a relationship
between blood biomarkers and mortality with an accuracy of 90%: lactic dehy-
drogenase (LDH), lymphocyte, and high-sensitivity C-reactive protein (hs-CRP).
High levels of LDH reflect tissue breakdown occurring in various diseases such
as pneumonia and seems to be an important sign to predict COVID-19 stage and
prognosis [16].

Mechanisms of cardiac injury in COVID patients remain unknown: myocar-
dial injury, myocarditis, acute coronary syndromes, heart failure, arrhythmias, and
venous thromboembolism were reported as serious consequences [17]. Of though,
ECG evaluation and cardiac markers before surgery are suggested to evaluate
patients, especially for drugs used for COVID-19 like azithromycin and hydroxy-
chloroquine and their rthythms alteration [11].

Preoperative evaluation should be performed by the physicians with self-
protection (including medical gowns, medical gloves, eye protection shields,
disposable surgical caps, and surgical masks or test-fit N95 or FFP2 masks or respi-
rators), and patients should be received one by one to minimize close contact with
the clinician and other individuals [3]. Hand hygiene must be accomplished before
and after contact with each patient with 2-3% hydrogen peroxide solution or gel or
by washing hands with soap and water.

Patients with suspicious or affected by COVID-19, in whom the surgical pro-
cedure cannot be delayed, need to be scheduled in a specific route that includes a
dedicated OR and surgical/anesthesiology team [18] (see Chap. 3).

6.2 Operating Room Organization and Self-Protection

In the COVID-19 outbreak, surgery is limited to urgent and emergent procedures [1,
2]. Two separate routes are dedicated to COVID-19 or suspected patients and no-
COVID-19 patients with different spaces and teams (Fig. 6.1). This approach
reduces the risk of contamination of patients and physicians and improves hospital
resources [1, 19]. Caregivers working in OR dedicated to patients affected by
COVID-19 must be straightly necessary to reduce the risk of contamination [2, 20].
In OR dedicated for COVID-19 patients, there should be three different ambiances:

— Zone 1 clean: it is a zone necessary to wear the caregivers.
— Zone 2 filter: it is a zone necessary to separate the clean and the dirty zone.
— Zone 3 dirty: it is a zone inside the COVID-19 spaces (wait to bb).
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Fig. 6.1 Work up for
operating room admission
to patients presenting for
emergent surgical Emergency

procedures Surgery Patient

PCR, Exams,
Medical History,
Body Temperature

Suspicious or
Comfirmed SARS-
CoV-2

No suspcious
SARS CoV-2

COVID Dedicated
team and OR

Routine surgery
and anesthesia

COVID ICU

The perioperative phase is critical for viral and bacterial transmission, especially
during induction and emergence of anesthesia [3, 4, 20]. Viral pathogen survival on
environmental surfaces extends for several days and SARS-Cov2 can survive for at
least 3 days on a variety of materials commonly used in operating rooms. The mul-
timodal strategy is crucial to remove residual environmental contamination and to
reduce intraoperative risk of pathogen transmission events. These include:
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(a) Self-protection of patient and caregivers.
(b) Environmental cleaning.

Hand hygiene should be performed with 2-3% hydrogen peroxide solution or
gel, or by washing hands with soap and water. Because hand hygiene is not suf-
ficient alone for control of perioperative virus spreading, a double pair of gloves
is recommended especially during high-risk maneuvers. Frequency and quality of
environmental cleaning are crucial to reduce the overall contamination of the work
area: it’s suggested to use a top-down approach, spray all surfaces, the anesthesia,
and circulating nurse workspace with a quaternary ammonium compound and wait
the required time per agent of cleaning. Evidence of the last decade reported that a
combination of deep cleaning with surface disinfectants and ultraviolet light (UV-
C) is useful to reduce bacterial and viral contamination across a variety of health-
care settings by addressing both surface and air column disinfection; UV-C has
been shown to reduce the incidence of both bacterial and viral healthcare-associated
infections [5]. Disposable covers should be used whenever possible to reduce equip-
ment contamination.

Some authors especially for aerosol-generating procedures—as recommended
by the WHO guidance on COVID-19—reported the role of the negative pressure
rooms inside the OR and the anteroom because it has proven to be an effective mea-
sure to avoid cross-contamination during the SARS epidemic [6, 7, 21]. Negative
pressure rooms are an engineering control created and maintained by a ventilation
system that allows extra air to enter the isolated room by differential pressure and be
exhausted directly to the outside or be filtered through a high-efficiency particulate
air (HEPA) filter directly before recirculation; it aims to prevent the spread of con-
tagious airborne pathogens from room to room and to avoid the accidental release
of pathogens into a larger space and open facility, thereby protecting healthcare
workers and patients in a hospital setting [21]. If negative pressure rooms are not
available—as occurred in a pandemic setting—is suggested to work with engineer-
ing to turn off the positive pressure system [4].

Intubation and extubation are the most critical situations with a high risk of
aerosolizing of oral droplets: moreover, many barriers were developed to protect
personal during these maneuvers (boxes, transparent plastic sheet) (see Airways
Management). Before performing an aerosol-generating procedure, healthcare pro-
viders within the room should wear fitted respirator masks (N95 respirators, FFP2,
or equivalent), as opposed to surgical/medical masks, in addition to other personal
protective equipment (gloves, gown, and eye protection). The N95 mask that con-
forms to United States Federal Drug Agency standards and the FFP2 that conforms
to European standards—European Committee for Standards—can block 95-99%
of aerosol particles. Before using it is necessary that caregivers test them and ver-
ify their integrity. Surgical/medical masks can block large particles, droplets, and
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sprays, but are less effective in blocking small particle aerosols (<5 pm) [21, 22].
During the hospitalization, patients should use surgical/medical mask (like caregiv-
ers and other personal staff), even when they come to OR.

Eyes protections must be used for every contact with a patient suspected or
infected by COVID-19, especially during aerosolizing maneuvers: protect every
possible door for this virus is crucial. The gown is recommended to protect care-
givers and to reduce the contamination especially during contact with biological
fluids [8].

6.3  Airway Management

General anesthesia represents a serious problem in patients affected by COVID-19.
Indeed, it is hard to decide to undergo a patient to surgery for imposing biological
risk and for higher complication risk.

General anesthesia in COVID-19 patients requires adequate attention on two
main issues:

— Airway management.
— Anesthesia management.

Airway management in COVID-19 patients is a complex and debated topic that
requires adequate knowledge of guidelines and a defined order of work. Airway
manipulation in patients with COVID-19 pneumonia is a serious risk for health-
care providers [18]. Therefore, it is necessary to maximize the use of PPE dur-
ing aerosol-generating procedures, such as endotracheal intubation, non-invasive
ventilation, and high-flow nasal oxygen. The use of N95/FFP2 masks, eye protec-
tions, and adopting the double glove technique is recommended [22]. It is strongly
recommended to perform rapid sequence intubation with full dose of neuromus-
cular blockade (aminosteroid neuromuscular blockers such as rocuronium are
preferred) to minimize the risk of coughing. The use of video-laryngoscopy, pos-
sibly with a separate screen, should be considered and a preloaded bougie or stylet
should be routinely adjunct to maximize first-pass success [22, 23]. Any maneuver,
which increase aerosolization—including mask ventilation—should be avoided.
Unfortunately, hypoxemia is a hallmark of COVID-19 patients requiring tracheal
intubation, and apnea should be minimized. Preoxygenation might be partially inef-
fective and for patients receiving noninvasive ventilation it is important to turn off
the ventilator and to depressurize the circuit before proceeding to tracheal intuba-
tion [22-24]. However, for ventilation-dependent patients, respiratory assistance
should be provided using Mapleson C circuit with a double filter setting [22, 23].
Despite the time-critical nature of airway management in COVID-19 patients, it is
recommended to assess airway difficulty and to appropriately plan the most effec-
tive approach to avoid unexpected deterioration [24, 25]. It is necessary to assign
the most experienced anesthesiologist to perform intubation. Awake fiberoptic
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intubation and the use of atomized local anesthetic should be discouraged unless
specifically indicated because of the increased risk for virus spreading [26].

Healthcare professional protection is a priority and PPE be available for all
providers to ensure droplet/contact isolation. Patients with confirmed or suspected
COVID-19 infection should be kept in the OR, transferred to a dedicated ICU or
a negative pressure room. In order to ensure high standard of patient-generated
aerosolization (removal of 99.97% of 0.3 microns airborne particles) during the
transport, it is necessary to place an high-quality heat- and moisture-exchanging
filter between the ETT and reservoir bag [22-25]. In extreme conditions, when intu-
bation failed, it is suggested to proceed with early cricothyrotomy independently
on saturation values [24, 27]. Finally, a capnography trace or ultrasounds for tube
position confirmation should be integrated to the visual and auscultatory confirma-
tion in order to overcome difficulties due to PPE. A dedicated “intubation spots”
with disposable flexible video-endoscopic system, monitors, defibrillator, and high-
efficiency closed system suction unit and anesthetic medications should be kept
available in isolated/negative pressure areas [23, 24, 27].

6.4 General Anesthesia

General anesthesia in COVID-19 patients should ensure adequate depth along with
appropriate airway and respiratory management intended to provide necessary ven-
tilation but also to prevent droplets viral spreading. Other types of anesthesia (loco-
regional, spinal, etc.) can also be considered for specific types of surgery and
according patient’s individual needs [28-30].

In these patients, anesthesia induction is an especially delicate phase and involves
the use of the selection and titration of the most suitable hypnotic drug. In COVID
patients, rapid sequence induction is the recommended approach, and this should
be accomplished using aminosteroid neuromuscular blocking (rocuronium 1.2 mg/
kg). First-choice hypnotic is propofol but associated use a second drug (benzodi-
azepines, ketamine, etc.) should be evaluated by the attending anesthesiologist in
order to minimize the hemodynamic changes [31, 32]. Midazolam has been shown
to have important interactions with ritonavir/lopinavir therefore induction with this
benzodiazepine may be associated with an increase in its adverse effects [33, 34].

Induction and maintenance of anesthesia also require opioids, and the various
pharmacological available drugs (fentanyl, sufentanil, remifentanil) can be used
according the individual anesthesiologist experience [33, 35]. The use of fentanyl (at
a dose of 3-5 pg/kg) in patients receiving ritonavir/lopinavir may lead to an increase
in the adverse effects of the opioid; therefore, in this case remifentanil could be a
valid pharmacological alternative [36, 37]. There are no contraindications to the use
of halogenates in COVID patients, but special attention should be paid to titrate deliv-
ered concentration in hypovolemic, hypotensive, or hemodynamically compromised
patients [38, 39]. Often in the first phase of COVID-19, patients have good compli-
ance, poor oxygenation, and without dyspnea. Many authors reported two different
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patterns of respiratory disease connected with COVID-19: one with high compliance
and a low response to PEEP values and one with low compliance and a high response
to PEEP values. Either it should consider widespread micro- and macro-thromboses
in the lung (and in other organs) that could compromise oxygenation. So patients
who present good compliance could be ventilated with tidal volumes of 7-8 mL/kg
(ideal body weight), although, in an advanced stage of the disease, in patients who
present low compliance, it is advisable to apply lung-protective strategy with higher
PEEP (<15 cm H,0) and lower tidal volume (6 mL/kg) [40-42].

6.5 Regional Anesthesia

As previously described, regional anesthesia is not the first choice in COVID
patients. However obstetric surgery necessarily requires the execution of a neuraxial
procedure as general anesthesia is associated with an unsatisfactory fetal APGAR
[43, 44]. Moreover, the general anesthesia drugs (except the curaries) pass the pla-
cental filter, reach the fetus and promote a state of fetal distress at birth [43, 45].
COVID-19 patients with hypoxia and concomitant physiologically decreased func-
tional residual capacity from pregnancy will be likely to become more hypoxic,
develop further atelectasis with intubation and mechanical ventilation, and possibly
require postoperative critical care admission [46, 47].

However, anesthesiologists should take into account the risk of meningitis or
encephalitis associated with neuraxial procedures in the context of untreated
viremia.

Recent data in the literature do not report cases of post-neuraxial complications
in COVID patients after childbirth [48].

Before performing a neuraxial procedure in these patients, it would be advisable
to evaluate platelet count given that a third of patients with COVID-19 infection have
been reported to have thrombocytopenia compared with 7-12% of patients during
pregnancy alone [47, 48]. In pregnant women, a platelet count of 70,000 x 106/L
has a low risk for spinal epidural hematoma, and lower levels should be considered
in cases such as these with a high risk for respiratory compromise with general
anesthesia [47, 48].

It’s recommended early epidural placement for parturients with suspected or
confirmed COVID-19 to avoid exacerbation of the patient’s respiratory symptoms
and avoiding the aerosol generation associated with general anesthesia. However, a
potential unintended consequence of this recommendation is an increased incidence
and severity of intrapartum pyrexia [46—48]. An increased incidence of intrapartum
pyrexia during the COVID-19 pandemic, it may increase the risk of adverse neo-
natal neurological outcome (neonatal encephalopathy, cerebral palsy, and epidural
hyperthermia) [49, 50]. The optimal time to site an epidural in a parturient with
suspected or confirmed COVID-19 is not therefore as simple as “the earlier the bet-
ter” [51]. It is imperative that decision be made on a case-by-case basis and must
take into account the parturient’s respiratory status, the likelihood of progression to
emergency cesarean delivery, and the likelihood of prolonged labor.
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6.6 Fluid Management and Associated Therapy

In some patients affected by COVID-19, especially recovered in ICU, diarrhea
(16.3%) and vomit (8.3%) were the main symptoms; of though fluid management is
important for patient scheduled for surgical procedure. The volume depletion that
occurred in the first phase of the disease must be replaced to maintain blood pres-
sure and cardiac output especially during intubation and positive pressure ventila-
tion: isotonic fluids must be preferred [53]. In the same way, fluid overload should
be avoided for the risk to develop ARDS [21]. Monitoring of the fluid challenge
should be performed during surgery to maintain a conservative strategy of fluid
therapy.

Despite it is known that albumin could increase endothelial glycocalyx limit-
ing permeability and disruption of this protein [54], it’s role remain controversial.
Even there is no direct evidence on patients with COVID 19 and the use of albumin,
some authors suggest against its routine use especially for the initial resuscitation
of patients with COVID 19 and shock based on indirect evidence from critically
ill patients in general [21]. Evidence reported that patients recovered in ICU with
COVID-19 had less value of albumin with a bad prognosis [52]. Some studies in
progress suggest that serum albumin carries antiviral drugs against virus and recom-
mended its use a therapeutic material, stabilizer and deliverer of the drugs [55]. We
should consider its cost and limited availability, mostly during a pandemic outbreak,
and should be used for a particular situation.

In the COVID-19 outbreak, the number of blood donations has significantly
decreased with a consequence limitation of resources. Many societies in the world
have elaborated guidelines for blood management and to be safe blood donations;
although the transmission of COVID-19 infection through transfusion of blood
components is still debated. For these reasons the prevention of anemia especially in
COVID-19 is a cornerstone of blood management, obtained with three approaches:
optimizing the patient’s red cell mass, reducing perioperative blood loss, and
enhancing anemia tolerance. In critically ill patients affected by COVID-19, it must
be cared with two aspects in the blood management: the higher risk of thrombo-
sis associated with erythropoiesis-stimulating agents and the use of anticoagulant
agents with a therapeutic dosage that could increase risk of perioperative blood loss
[56, 57]. To guide physicians to correct blood management, some studies reported
an individualized goal-directed coagulation and transfusion algorithm in the case of
blood loss or bleeding using rotational thromboelastometry.

Some studies reported high rates of thrombotic complications in patients affected
by COVID-19, including stroke, acute limb ischemia, and acute coronary syndromes
(25-30%), especially in mechanically ventilated patients. The use of prophylactic
anticoagulation was supposed not only for antithrombotic effects but also for other
mechanisms of action, including anti-inflammatory or antiviral effects. For these
reasons all inpatients with COVID-19, in the absence of contraindications, should
receive prophylactic antithrombotic and should be undergone to risk stratification
for venous thromboembolism (VTE) [58]. The optimal intensity of anticoagula-
tion in patients with COVID-19 remains unknown: prophylactic dosing is the most
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widely used but higher intensity of anticoagulation (including intermediate-dose
and full-therapeutic anticoagulation) is reported by many authors. It is important
to screen the correct risk for thromboembolism (VTE): bilateral lower extremity
ultrasound or computed tomography pulmonary angiography should be performed
in the pre or postoperative period. Extended pharmacological prophylaxis (up to 45
days) should be considered for patients at high risk of VTE who do not have a high
risk of bleeding. Additional studies are required to identify the optimal regimen in
various patient groups with COVID-19 risk stratification for VTE should be done
for hospitalized patients at the time of discharge.

During the evaluation of patients affected by COVID-19, it must pay attention
to any drugs interaction: at this moment even there are no efficacious treatments
for COVID-19, many drugs were purposed as rescue therapy. Of these, lopinavir/
ritonavir was used in the first phase for SARS experience: its inhibition of cyto-
chrome P450 (CYP) 3A enzymes which are responsible for metabolism in the liver
and intestines of various anesthetic drugs like midazolam could decrease themes
metabolism increasing serum levels with a high risk of extreme sedation and respi-
ratory depression. Recent studies reported conflicting results for the use of lopina-
vir/ritonavir but antiretroviral agents could be prospective therapy: it must be cared
with the coadministration with these drugs [59-62]. The use of hydroxychloroquine
for patients affected by COVID-19 is still debated [63] and its use exposed to many
cardiovascular complications, especially older patients. Of though, some authors,
based on high risk of interaction with common drugs like anti-diabetic medications,
antipsychotics, and antiarrhythmics, such as digoxin and amiodarone, suggested
simplifying therapy of older patients to reduce adverse events like QTc prolonga-
tion, torsade de pointes, and sudden death [64].

NSAIDs may be associated with worsening of symptoms during respiratory
viruses: despite recent alerts, there is no scientific evidence to date linking NSAID
use to the aggravation of SARS-CoV-2 infection. In a patient with an established
or strongly suspected SARS-CoV-2 infection, the prescription of NSAIDs could be
limited, although, in asymptomatic patients, there appears to be no contraindication
to their use if their benefit is established.

It is not recommended to discontinue using corticosteroids in patients on long-
term therapy. The single intraoperative injection of dexamethasone, at the usual
recommended doses, does not appear to present an over-risk in the asymptomatic
patient.

6.7 Postoperative Management

Patients who underwent surgery and affected by COVID-19 had a high risk to
develop postoperative complications and should be transferred to ICU for monitor-
ing the trend of the disease, in particular cardiologic, renal, and respiratory func-
tions (Fig.6.1). As exposed in Chap. 3, ICU must be dedicated to COVID patients,
in a separate route.
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Extubation has high risk of aerosolizing of oral droplets and it must be used
the airway management recommendations (see section 6.3). Before extubation,
it suggested that two layers of wet gauze can be used to cover the patient’s nose
and mouth to minimize exposure to the patient’s secretions. Caregivers must be the
straightly necessary during this procedure. After surgery many authors suggested
that patients with COVID-19 should be sent to an isolation room in the ICU, bypass-
ing the postanesthesia care unit, or, if is stable after surgery and does not meet
the criteria for admission to the ICU, he should be transferred directly back to the
negative-pressure ward or isolation ward after extubation in the operating room [3].

SARS-CoV-2 has cytopathic effects on podocytes and proximal straight
tubule cells that may cause acute kidney injury(AKI) in patients with COVID-19.
Therefore, it is important to pay more attention to the early monitoring of renal
function and cautiously handle the urine of COVID-19 patients during surgery and
in the postoperative period [65].

At the end of the outbreak, the pandemic is crucial to resume surgical activity
gradually for the categories of patients excluded in this phase. It is important to
develop a program that ensures the safety and protection of patients and caregivers.

In conclusion, COVID-19 pandemic resulted in extensive changes in the orga-
nization of the healthcare system that included reframing perioperative setting.
Several measures and dedicated consideration should be implemented to minimize
the risk of infection spreading through patients—this includes a formal screening
and separated track for those that result to be positive at mucosal swab—and to
the healthcare professionals. Furthermore the shortage of blood derivatives induced
a profound reconsideration of principles for transfusion. To deliver anesthesia to
COVID-19 patients encompasses unique measures that encompass appropriate
airway management and specific consideration of the possible pharmacological
interactions. Dedicated training and structures play a paramount role in providing
optimal clinical care.

References

1. Al-Jabir A, Kerwan A, Nicola M, et al. Impact of the Coronavirus (COVID-19) pandemic on
surgical practice - part 1. Int J Surg. 2020;79:168-79.

2. Moletta L, Pierobon ES, Capovilla G, et al. International guidelines and recommendations for
surgery during Covid-19 pandemic: a systematic review. Int J Surg. 2020;79:180-8.

3. Chen X, LiuY, Gong, et al. Perioperative management of patients infected with the novel coro-
navirus. Recommendation from the Joint Task Force of the Chinese Society of Anesthesiology
and the Chinese Association of Anesthesiologists. Anesthesiology. 2020;132:1307-16.

4. Rah KH, Platovsky A. Determining urgent/emergent status of gastrointestinal (GI) endoscopic
procedures in an ambulatory care setting during the Coronavirus Disease of 2019 (COVID-19)
pandemic: additional factors that need to be considered [published online ahead of print, 2020
Apr 8]. Anesth Analg. 2020; https://doi.org/10.1213/ANE.0000000000004861.

5. Krishnamoorthy V, Bartz R, Raghunathan K. Rational perioperative utilisation and manage-
ment during the COVID-19 pandemic. Br J Anaesth. 2020;125(2):e248-51.

6. ASA and APSF. The ASA and APSF joint statement on perioperative testing for the COVID-19
virus; 29 April 2020.


https://doi.org/10.1213/ANE.0000000000004861

110 F. Bilotta et al.

7. Yeoh CB, Lee KJ, Rieth EF, et al. COVID-19 in the cancer patient. Anesth Analg.
2020;131(1):16-23.

8. COVIDSurg Collaborative. Mortality and pulmonary complications in patients undergoing
surgery with perioperative SARS-CoV-2 infection: an international cohort study [published
correction appears in Lancet. 2020 Jun 9]. Lancet. 2020;396(10243):27-38.

9. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, China: a retrospective cohort study [published correction appears
in lancet. 2020 mar 28;395(10229):1038] [published correction appears in lancet. 2020 mar
28;395(10229):1038]. Lancet. 2020;395(10229):1054-62.

10. Liang W, Guan W, Chen R, et al. Cancer patients in SARS-CoV-2 infection: a Nationwide
analysis in China. Lancet Oncol. 2020;21(3):335-7.

11. Velly L, Gayat E, Quintard H, et al. Guidelines: anaesthesia in the context of COVID-19 pan-
demic. Anaesth Crit Care Pain Med. 2020;39(3):395-415.

12. Long C, Xu H, Shen Q, et al. Diagnosis of the coronavirus disease (COVID-19): rRT-PCR or
CT? Eur J Radiol. 2020;126:108961.

13. Klok FA, Boon GJAM, Barco S, et al. The post-COVID-19 functional status scale: a tool to
measure functional status over time after COVID-19. Eur Respir J. 2020;56(1):2001494.

14. Klok FA, Boon GJAM, Barco S, et al. The post-COVID-19 functional status scale: a tool to
measure functional status over time after COVID-19. Eur Respir J. 2020;56(1):2001494.

15. Chen JY, Qiao K, Liu F, et al. Lung transplantation as therapeutic option in acute respira-
tory distress syndrome for coronavirus disease 2019-related pulmonary fibrosis. Chin Med
J.2020;133(12):1390-6.

16. Yan L, Zhang HT, Goncalves G, et al. An interpretable mortality prediction model for
COVID-19 patients. Nat Mach Intell. 2020;2:283-8.

17. Goha A, Mezue K, Edwards P, Nunura F, Baugh D, Madu E. COVID-19 and the heart: an
update for clinicians [published online ahead of print, 2020 Jun 12]. Clin Cardiol. 2020;
https://doi.org/10.1002/clc.23406.

18. Doll D, Kauf P, Wieferich K, et al. Implications of perioperative team setups for operating
room management decisions. Anesth Analg. 2017;124(1):262-9.

19. Zhao S, Ling K, Yan H, et al. Anesthetic management of patients with COVID 19 infections
during emergency procedures. J Cardiothorac Vasc Anesth. 2020;20:1125-31.

20. Dexter F, Parra MC, Brown JR, et al. Perioperative COVID-19 defense: an evidence-based
approach for optimization of infection control and operating room management. Anesth
Analg. 2020;131:37-42.

21. Alhazzani W, Mgller MH, Arabi YM, et al. Surviving sepsis campaign: guidelines on the man-
agement of critically ill adults with coronavirus disease 2019 (COVID-19). Crit Care Med.
2020;48(6):e440-69.

22. Lippi G, Adeli K, Ferrari M, et al. Biosafety measures for preventing infection from
COVID-19 in clinical laboratories: IFCC taskforce recommendations. Clin Chem Lab Med.
2020;58(7):1053-62.

23. Sorbello M. Airway management in COVID-19: in the Den of the beast. Anesth Analg. 2020;
https://doi.org/10.1213/ANE.0000000000004883.

24. Sorbello M, El-Boghdadly K, Di Giacinto I, Cataldo R, Esposito C, Falcetta S and on behalf
of The Societa Italiana di Anestesia Analgesia Rianimazione e Terapia Intensiva (STAARTI)
Airway Research Group, and The European Airway Management Society. The Italian coro-
navirus disease 2019 outbreak: experiences and recommendations from clinical practice.
Anaesthesia. 2020. [Epub ahead of print].

25. Cook TM, El-Boghdadly K, McGuire B, McNarry AF, Patel A, Higgs A. Consensus guidelines
for managing the airway in patients with COVID-19: guidelines from the difficult airway soci-
ety, the Association of Anaesthetists the Intensive Care Society, the faculty of intensive care
medicine and the royal college of anaesthetists. Anaesthesia 2020. [Epub ahead of print].

26. Greenland JR, Michelow MD, Wang L, London MJ. COVID-19 infection: implications for
perioperative and critical care physicians. Anesthesiology. 2020;132(6):1346-61.


https://doi.org/10.1002/clc.23406
https://doi.org/10.1213/ANE.0000000000004883

Anesthetic Consideration for Patients with Corona Virus Disease m

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Sorbello M, Morello G, Pintaudi S, Cataldo R. COVID-19: intubation kit, intubation team or
intubation spots? Anesth Analg. 2020; https://doi.org/10.1213/ANE.0000000000004970.
Bevilacqua S, Bottari V, Galeotti I. Systematic application of rapid sequence intuba-
tion with remifentanil during COVID-19 pandemic [published online ahead of print,
2020 Jul 15]. Semin Cardiothorac Vasc Anesth 2020;1089253220941369. https://doi.
org/10.1177/1089253220941369.

Yao W, Wang T, Jiang B, et al. Emergency tracheal intubation in 202 patients with COVID-19 in
Wuhan, China: lessons learnt and international expert recommendations. Br J Anaesth.
2020;125(1):e28-37.

Sorbello M, Di Giacinto I, Corso RM, Cataldo R, Societa Italiana di Anestesia analge-
sia Rianimazione e Terapia Intensiva (SIAARTI) Airway Management Research Group.
Prevention is better than the cure, but the cure cannot be worse than the disease: fibreoptic
tracheal intubation in COVID-19 patients. Br J Anaesth. 2020;125(1):e187-8.

Lv X, Zhou X, Yan J, Jiang J, Jiang H. Propofol inhibits LPS-induced apoptosis in lung epithe-
lial cell line, BEAS-2B. Biomed Pharmacother. 2017;87:180-7.

Senthilkumaran S, Koushik M, Sanjay P, Thirumalaikolundusubramanian P. Propofol in
COVID 19 - from basic science to clinical impact [published online ahead of print, 2020 Jul 9].
Am J Emerg Med. 2020;S0735-6757(20)30603-3. https://doi.org/10.1016/j.ajem.2020.07.011
Cadoni S, Ishaq S, Hassan C, et al. Covid-19 pandemic impact on colonoscopy service and
suggestions for managing recovery. Endosc Int Open. 2020;8(7):E985-9.

Hughes DA. Acute chloroquine poisoning: a comprehensive experimental toxicology assess-
ment of the role of diazepam [published online ahead of print, 2020 May 15]. Br J Pharmacol.
2020. https://doi.org/10.1111/bph.15101

Green TC, Bratberg J, Finnell DS. Opioid use disorder and the COVID 19 pandemic: a
call to sustain regulatory easements and further expand access to treatment. Subst Abus.
2020;41(2):147-9.

Olkkola KT, Palkama VJ, Neuvonen PJ. Ritonavir’s role in reducing fentanyl clear-
ance and prolonging its half-life. Anesthesiology. 1999;91(3):681-5. https://doi.
0rg/10.1097/00000542-199909000-00020.

Kharasch ED, Bedynek PS, Walker A, Whittington D, Hoffer C. Mechanism of ritonavir
changes in methadone pharmacokinetics and pharmacodynamics: II. Ritonavir effects on
CYP3A and P-glycoprotein activities. Clin Pharmacol Ther. 2008;84(4):506—12.
Nieuwenhuijs-Moeke GJ, Jainandunsing JS, Struys MMREF. Sevoflurane, a sigh of relief in
COVID-19? Br J Anaesth. 2020;125(2):118-21.

Orser BA, Wang DS, Lu WY. Sedating ventilated COVID-19 patients with inhalational anes-
thetic drugs. EBioMedicine. 2020;55:102770. https://doi.org/10.1016/j.ebiom.2020.102770.
Marini JJ, Gattinoni L. Management of COVID-19 respiratory distress [published online
ahead of print, 2020 Apr 24]. JAMA. 2020. https://doi.org/10.1001/jama.2020.6825.
Gattinoni L, Chiumello D, Caironi P, et al. COVID-19 pneumonia: different respiratory treat-
ments for different phenotypes? Intensive Care Med. 2020;46(6):1099-102.

Gattinoni L, Meissner K, Marini JJ. The baby lung and the COVID-19 era. Intensive Care
Med. 2020;46(7):1438-40.

EdipogluS, Celik F, Marangoz EC, Orcan GH. Effect of anaesthetic technique on neonatal mor-
bidity in emergency caesarean section for foetal distress. PLoS One. 2018;13(11):e0207388.
Kavak ZN, Basgiil A, Ceyhan N. Short-term outcome of newborn infants: spinal versus gen-
eral anesthesia for elective cesarean section. A prospective randomized study. Eur J Obstet
Gynecol Reprod Biol. 2001;100(1):50—4.

Ong BY, Cohen MM, Palahniuk RJ. Anesthesia for cesarean section--effects on neonates.
Anesth Analg. 1989;68(3):270-5.

Bauer ME, Chiware R, Pancaro C. Neuraxial procedures in COVID-19 positive parturients: a
review of current reports [published online ahead of print, 2020 Mar 26]. Anesth Analg. 2020;
https://doi.org/10.1213/ANE.0000000000004831.


https://doi.org/10.1213/ANE.0000000000004970
https://doi.org/10.1177/1089253220941369
https://doi.org/10.1177/1089253220941369
https://doi.org/10.1016/j.ajem.2020.07.011
https://doi.org/10.1111/bph.15101
https://doi.org/10.1097/00000542-199909000-00020
https://doi.org/10.1097/00000542-199909000-00020
https://doi.org/10.1016/j.ebiom.2020.102770
https://doi.org/10.1001/jama.2020.6825
https://doi.org/10.1213/ANE.0000000000004831

112

F. Bilotta et al.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

American College of Obstetricians and Gynecologists’ Committee on Practice Bulletins,
Turrentine M. ACOG practice bulletin no. 207: thrombocytopenia in pregnancy. Obstet
Gynecol. 2019;133:e181-93.

Lee LO, Bateman BT, Kheterpal S, et al. Multicenter Perioperative Outcomes Group
Investigators. Risk of epidural hematoma after neuraxial techniques in thrombocytopenic
parturients: a report from the multicenter perioperative outcomes group. Anesthesiology.
2017;126:1053-63.

Breslin N, Baptiste C, Miller R, et al. Coronavirus disease 2019 in pregnancy: early lessons. Am
J Obstet Gynecol MFM. 2020;2(2):100111. https://doi.org/10.1016/j.ajogmf.2020.100111.
Bauer ME, Chiware R, Pancaro C. Neuraxial procedures in COVID-19 positive par-
turients: a review of current reports. Anesth Analg. 2020; https://doi.org/10.1213/
ANE.0000000000004831.

Chen R, Zhang Y, Huang L. Safety and efficacy of different anesthetic regimens for parturients
with COVID-19 undergoing cesarean delivery: a case series of 17 patients. Can J Anaesth.
2020;67:655-63.

Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients with 2019
novel Coronavirus—infected pneumonia in Wuhan, China. JAMA. 2020;323(11):1061-9.
Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19 [published online ahead of print, 2020
May 15]. N Engl J Med. 2020; https://doi.org/10.1056/NEJMcp2009575.

Alphonsus CS, Rodseth RN. The endothelial glycocalyx: a review of the vascular barrier.
Anaesthesia. 2014;69(7):777-84.

Mishra PM, Uversky VN, Nandi CK. Serum albumin-mediated strategy for the effective tar-
geting of SARS-CoV-2. Med Hypotheses. 2020;140:109790.

Baron DM, Franchini M, Goobie SM. Patient blood management during the COVID-19 pan-
demic: a narrative review. Anaesthesia. 2020;75(8):1105-13.

Bikdeli B, Madhavan MV, Gupta A, et al. Pharmacological agents targeting thromboinflam-
mation in COVID-19: review and implications for future research. Thromb Haemost.
2020;120(7):1004-24. https://doi.org/10.1055/s-0040-1713152.

Twu SJ, Chen TJ, Chen CJ, et al. Control measures for severe acute respiratory syndrome
(SARS) in Taiwan. Emerg Infect Dis. 2017;9:718-20.

William Endersby RV, Ching Yee Ho E, Spencer AO, et al. Barrier devices for reducing aerosol
and droplet transmission in Coronavirus disease 2019 patients: advantages, disadvantages, and
alternative solutions. Anesth Analg. 2020; https://doi.org/10.1213/ANE.0000000000004953.
Coccolini F, Perrone G, Chiarugi M, et al. Surgery in COVID-19 patients: operational direc-
tives. World J Emerg Surg. 2020;15:25.

Cao B, Wang Y, Wen D, et al. A trial of lopinavir-ritonavir in adults hospitalized with severe
Covid-19. N Engl J Med. 2020;382:1787-99.

Brackett CC. Severe prolonged sedation associated with coadministration of protease inhibi-
tors and intravenous midazolam during bronchoscopy: a commentary. Pharmacotherapy.
2013;33(5):e85-6.

The Lancet Editors. Expression of concern: Hydroxychloroquine or chloroquine with or
without a macrolide for treatment of COVID-19: a multinational registry analysis. Lancet.
2020;395(10240):e102. https://doi.org/10.1016/S0140-6736(20)31290-3.

Ross SB, Wilson MG, Papillon-Ferland L, et al. COVID-SAFER: deprescribing guidance for
hydroxychloroquine drug interactions in older adults [published online ahead of print, 2020
May 22]. J Am Geriatr Soc. 2020; https://doi.org/10.1111/jgs.16623.

Pan XW, Xu D, Zhang H. Identification of a potential mechanism of acute kidney injury during
the COVID-19 outbreak: a study based on single-cell transcriptome analysis. Intensive Care
Med. 2020;46(6):1114-6.


https://doi.org/10.1016/j.ajogmf.2020.100111
https://doi.org/10.1213/ANE.0000000000004831
https://doi.org/10.1213/ANE.0000000000004831
https://doi.org/10.1056/NEJMcp2009575
https://doi.org/10.1055/s-0040-1713152
https://doi.org/10.1213/ANE.0000000000004953
https://doi.org/10.1016/S0140-6736(20)31290-3
https://doi.org/10.1111/jgs.16623

®

Check for
updates

Intensive Care Management of Corona 7
Virus Disease

F. Alessandri, G. Giordano, E. Magnanimi, and F. Bilotta

7.1 Structural and Functional Features of COVID-19 ICU
7.1.1 Structural Characteristics

Given the severe morbidity and mortality of the disease, the COVID-19 outbreak
represents a major public health problem not only for clinical physician but also for
those who had to set up a healthcare strategy aiming to optimize patient’s assistance
[1]. The sudden and unpredicted spreading of COVID-19 prevented to organize an
adequate response system to face on the overcrowding of patients in emergency
departments (ED) and ICU [2]. An exceptional number of patients accessed health-
care facilities, imposing unprecedented intra-hospital organizational efforts, in the
context of a dynamic and ever-evolving situation.

COVID-19 surge led to a rapid increase ICU beds capability; this has been
pursued reallocating spaces in previously existing medical and/or surgical ICUs
(including the reconversion of operating rooms, coronary care units, stroke units,
recovery areas into critical care units) and with new dedicated facilities [3, 4]. In
order to limit the in-hospital spreading of the infection it is necessary—when pos-
sible—to use negative pressure airborne isolation rooms in dedicated ICUs [3].
However, during the pandemic surge, available spaces with these characteristics
have been rapidly saturated [3]. Structural partition of ICUs spaces should include
“clean” and “contaminated” areas, to be kept separated by a double filter zone [4,
5]. For ICU admission of suspected COVID-19 patients, it has also been described
the use of isolated positions as “buffer zone” while waiting for swab results [5].
“Clean areas” should be dedicated to activities that don’t imply a direct contact with
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patients, such as briefings and clinical discussions, planning of ordinary activities
at the beginning of the turn-shift, resting of personnel while rotating, fulfilling of
bureaucratic tasks, etc. [4] Clean areas should also include appropriate “filter zone”
for personal protection equipment (PPE) donning before entering the contaminated
areas [5]. Efficient communication between the clean and contaminated areas is
fundamental and might also be facilitated by the use of intercom and new technolo-
gies such as smartphones [4, 5]. Access to contaminated areas should be selectively
limited to patient’s care at the bedside [4—6].

7.1.2 Equipment (Ventilators/Monitors/Devices)

Separation of “clean” and “contaminated” areas along with the increase of ICU
beds imposes a comparable expansion of equipment availability: ventilators, moni-
tors, and a growing supply of disposable devices [3—6]. In setting up a system of
diversified routes and increasing resources, the placement of resources follows two
different needs: machinery for each patient and machinery for common use in the
contaminated space. In the first case, in order to meet the unprecedented demand for
mechanical ventilators, the use of anesthesia machines in critical care settings has
become a frequently adopted solution [6]. In this scenario, in March of 2020, the US
Food and Drug Administration allowed the off-label use of anesthesia machines for
ICU purposes; furthermore, the Anesthesia Patient Safety Foundation and the
American Society of Anesthesiologists released dedicated guidelines. Furthermore,
several other alternatives were used as emergency transport ventilators, magnetic
resonance imaging compatible ventilators, and a last option alternative technique
(as prolonged manual ventilation, NIV for invasive ventilation, veterinary
ventilators).

In order to warrant a common equipment for all COVID-19 patients, the ultra-
sound machine and other necessary devices, including fiberbronchoscopes, video-
laryngoscopes, point-of-care arterial blood gas and coagulation analyses, as well as
transport ventilator and emergency cart with defibrillator, should be included in the
contaminated area [5].

In order to limit the access of healthcare providers to the “contaminated” area, it
has been suggested to use a centralized monitoring system in the clean zone [4, 5].

7.1.3 Human Resources

Structural hospital’s changes have been accompanied by reallocation of internal
human resources (intensivists, anesthesiologists, emergency doctors, pneumolo-
gists, infection diseases specialists, nurses, and other healthcare providers) and by
hiring new healthcare personnel [3, 6]. In most of the cases, when routine hospital
activities were reduced or suspended, anesthesiologist, pulmonologists, and non-
critical care nurses were employed to fill ICU rotation [3, 6]. Recommendations
were released in order to reduce the risk for personnel exposure [3, 4, 6]. It is
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important that staff undergo proper training in donning and doffing of PPE; the use
of visual aids, checklists, and trained observers to assist in safely doffing PPE is also
suggested [6]. Moreover, it is recommended to minimize the permanence of staff
personnel in the “contaminated area” [4—6].

ICU organization

ICU beds increase Reorganizing spaces in previously existing medical and/or surgical
ICUs; building new facilities

Reconversion of operating rooms, coronary care units, stroke
units, recovery areas

In case of lack of mechanical ventilators, the use of anesthesia
machines in critical care settings is suggested; the use of different
alternatives was also suggested

The use of a single ventilator to support multiple patients is not

recommended
Staff management In case of expected surge, suspend, or reduce regular activity
Recruit and educate staff from other wards
Reducing in-hospital If available, the use of isolation ICUs, with negative pressure
spreading of the airborne infectious isolation rooms, is recommended
infection The creation of cohort ICUs for COVID-19 patients can maximize

the containment

ICU units should be divided into clean and contaminated isolated
areas, separated by a double filter zone
The use of a “buffer zone” for suspected COVID-19 patients is

described

Programme infected waste disposal
Reducing the risk for The staff must undergo a proper training in donning and doffing of
personnel exposure PPE

The use of visual aids, checklists, and trained observers to assist in
safely doffing PPE is suggested

Minimize staff permanence in contaminated areas by reducing the
number of personnel and ensuring rotation of the staff

7.2 Criteria for COVID-19 ICU Admission

Out of the infected COVID-19 patients, about 5% develop critical illness, including
severe pneumonia, respiratory failure and acute respiratory distress syndrome
(ARDS), septic shock, coagulopathy, rhabdomyolysis, and multiorgan—cardiac,
kidney, and liver—dysfunction or failure; the majority of them require invasive
mechanical ventilation and advanced ventilatory support including prone position,
curarization, or extracorporeal membrane oxygenation (ECMO) [7-9]. According
to the most recent interpretation, the possible underlying mechanism can be attrib-
uted to altered immune system response that leads to a cytokine release syndrome
and subsequent multiorgan failure [7, 10, 11].

Several characteristics have been associated to a higher rate of develop-
ing COVID-19-related critical illness and death: advanced age, comorbidities
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(including cardiovascular and cerebrovascular diseases, diabetes, kidney disease,
obesity), higher Sequential Organ Failure Assessment (SOFA) score, severity of
presenting symptoms (dyspnea, anorexia), plasmatic levels of D-dimer, troponin I,
lactate dehydrogenase (LDH), lymphocytes, platelets, inflammation-related marker
levels (high sensitivity C-reactive protein, erythrocyte sedimentation rate, and fer-
ritin), cytokine (i.e., IL-2R, IL-6, IL-10, and TNF-a) [12—14]. Reported mortality in
mechanically ventilated patients ranges between 12 and 97% depending on severity
of ICU admission criteria and on the reported phase of the pandemic [13, 15-19].
Early recognition of COVID-19 patients who require intensive care is of utmost
importance especially considering the surge during pandemic that run critical care
management capabilities to an edge [20]. To standardize the criteria for ICU admis-
sion, several severity scores have been used. In some cases previously developed and
purposely modified indicators were adopted; some centers tested new and dedicated
scores. Among the used available scores are quick-SOFA (qSOFA); confusion, rate
of respiration, and blood pressure (CRB) score; confusion, urea nitrogen, rate of res-
piration, blood pressure (CURB-65) score; CRB-65 score; National Early Warning
Score (NEWS); Adjusted National Early Warning Score (ANEWS); VitalPAC-Early
Warning Score (VIEWS). The COVID-GRAM is a newly developed clinical risk
score. The gSOFA score that ranges from 0 to 3 was developed in 2016 as a bedside
tool that identifies patients at greater risk for a poor outcome outside the ICU, and it
is based on three clinical variables: altered mental status—evaluated with Glasgow
coma scale—the respiratory rate, and blood pressure values. The CRB score is based
on the same variables of the gSOFA (with “confusion assessment” to evaluate the
altered mental status), and it turns to be a simplified version of the CURB-65 score
that was firstly introduced in 2003 in order to stratify patients with community-
acquired pneumonia, and, in addition to the variables that are evaluated by the CRB
score, it considers urea nitrogen values and also age when >65. The CRB-65 does
not evaluate urea nitrogen levels. The CRB score ranges from O to 3, the CURB-65
score ranges from O to 5, and the CRB-65 ranges from O to 4. Predictive value in
identifying patients who require intensive respiratory or vasopressor support was ret-
rospectively tested in this setting by evaluating a cohort of 116 cases and suggesting
an higher performance for CRB-65 and CURB-65 scores. The CRB-65 score, when
a cut-off value of 2 is applied, had a sensitivity of 64% and specificity of 93.4%;
the CURB-65 score, when a cut-off value of 2 is applied, had a sensitivity of 80%
and specificity of 87.9%; the CRB score, when a cut-off value of 1 is applied, had a
sensitivity of 72% and specificity of 79.1%; the gSOFA score, when a cut-off value
of 1 is applied, had a sensitivity of 80% and specificity of 47.3% [21]. The NEWS
was originally developed in 2012 and further implemented in 2017 (i.e., NEWS2)
in order to improve the detection of patients in with acute illness at risk for clinical
deterioration and includes several parameters: respiration rate, oxygen saturation,
systolic blood pressure, pulse rate, level of consciousness and new confusion, and
temperature, plus a weighting score for supplemental oxygen. A maximum score of
3 is associated to each of the parameters, and four trigger levels, that should deter-
mine the urgency of the clinical response, are recommended: low score (1-4), nurse
assessment, a single red score (a score of 3 in any one parameter), urgent review by a
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ward doctor; medium score (5 or 6), urgent review by a ward doctor; and high score
(=7), emergency assessment by a critical care team. The Royal College of Physicians
(RCP), United Kingdom, recommends the use of NEWS2 when managing patients
with COVID-19. The predictive value of NEWS2 for ICU admission in COVID-19
patients was retrospectively tested in a cohort of 71 patients: a NEWS2 > 5 showed
sensitivity of 89%, specificity of 66%, and accuracy of 75%; a NEWS2 > 7 showed
sensitivity of 63%, specificity of 98%, and accuracy of 84%; the AUROC curve was
0.90 [22]. The Adjusted National Early Warning Score (ANEWS) is a modified ver-
sion of the NEWS2 that includes also age and comorbidities and has been proposed
as a tool for early recognition and escalation of treatment in hospitalized COVID-19
patients. The ANEWS ranges from O to 24: a score > 5 is related to a medium clinical
risk and is considered a key threshold for urgent response [20]. The VitalPAC-Early
Warning Score (VIEWS) was described in 2010 and is very similar to the NEWS2,
including the same variables with a slightly different scoring system and ranging
from O to 21. Some authors propose the use of a modified version of the VIEWS (that
did not include a central nervous system evaluation) for the early identification of
COVID-19 patients requiring ICU admission. A modified-ViIEWS >7 showed sensi-
tivity of 87-94% and specificity of 78-93%; the AUROC curve was 0.88-0.98 [23].

The COVID-GRAM is a score designed to predict the course of hospitalized
COVID-19 patients, based on a development cohort of 1590 patients and a valida-
tion cohort of 710 patients [24]. It includes ten variables: chest X-rays abnormality,
age, hemoptysis, dyspnea, unconsciousness, number of comorbidities, cancer his-
tory, neutrophil-to-lymphocyte ratio, lactate dehydrogenase, and direct bilirubin.
The selected comorbidities include chronic obstructive pulmonary disease, hyper-
tension, diabetes, coronary heart disease, chronic kidney disease, cancer, cerebral
vascular disease, hepatitis B, and immunodeficiency. This score can be achieved by
an online calculation tool that predicts the probability for critical-ill events (includ-
ing invasive ventilation, ICU admission, and death), identifying three risk groups:
low-risk group (0.7%); medium-risk group (7.3%); and high-risk group (59.3%).
Accuracy of this risk score is 0.88, based on AUCs in both the development and
validation cohorts.

Test Clinical variables Performance
qSOFA — Altered mental status (GCS < 15) |— Cut-off value of 1: Sensitivity = 80%,
— Respiratory rate > 22 specificity =47.3%
— Systolic BP < 100
CRB — Altered mental status (confusion) |— Cut-off value of 1: Sensitivity = 72%,
— Respiratory rate > 30 specificity = 79.1%
— Systolic BP < 90 mmHg or
diastolic BP < 60 mmHg
CRB-65 — Altered mental status (confusion) |— Cut-off value of 2: Sensitivity = 64%,
— Respiratory rate > 30 specificity = 93.4%
— Systolic BP < 90 mmHg or
diastolic BP < 60 mmHg
— Age > 65 years

(continued)
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Test

Clinical variables

Performance

CURB-65

Altered mental status (confusion)
BUN >19 mg/dL (>7 mmol/L)
Respiratory rate > 30

Systolic BP < 90 mmHg or
diastolic BP < 60 mmHg

Age > 65 years

— Cut-off value of 2: Sensitivity = 80%,
specificity = 87.9%

NEWS2

Respiratory rate

Hypercapnic respiratory failure
Room air or supplemental O,
Temperature

Systolic BP

Pulse

Consciousness (AVPU)

— Cut-off >5: Sensitivity = 89%,
specificity = 66%, accuracy = 75%

— Cut-off >7: Sensitivity = 63%,
specificity = 98%, accuracy = 84%

ANEWS

Age > 65 years

Comorbidities (DM, HTN,
COPD, CKD, malignant tumors)
Respiratory rate

Oxygen saturation

Room air or supplemental O,
Temperature

Systolic BP

Pulse

Consciousness (AVPU)

— Not tested in COVID-19 patients

Modified-
VIEWS

Pulse

Respiratory rate

Systolic BP

Temperature

Oxygen saturation

Room air or supplemental O,

— Cut-off value >7: Sensitivity from 87
to 94%, specificity from 78 to 93%

COVID-
GRAM

Chest X-ray abnormality

Age

Hemoptysis

Dyspnea

Unconsciousness

Number of comorbidities®
Cancer history
Neutrophil-to-lymphocyte ratio
Lactate dehydrogenase

Direct bilirubin

— Accuracy = 88%

gSOFA quick Sequential [sepsis-related] Organ Failure Assessment, GCS Glasgow
Coma Scale, BP blood pressure, BUN blood urea nitrogen, NEWS National Early
Warning Score, AVPU alert, voice, pain, unresponsive, ANEWS Adjusted National
Early Warning Score, DM, diabetes mellitus, HTN hypertension, COPD chronic
obstructive pulmonary disease, CKD chronic kidney disease, VIEWS VitalPAC-
Early Warning Score
*Chronic obstructive pulmonary disease, hypertension, diabetes, coronary heart dis-
ease, chronic kidney disease, cancer, cerebral vascular disease, hepatitis B, and
immunodeficiency
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7.3 Respiratory Support

The respiratory system is commonly involved in COVID-19 patients, and the spec-
trum of disease expression can variously range from asymptomatic hypoxemia to
severe acute respiratory distress syndrome (ARDS) [7, 19] The optimal noninvasive
respiratory support as well as intubation timing and settings is debated. To date, few
data are available on the efficacy of noninvasive and invasive respiratory support in
COVIDI19 patients [25]. The reported available evidence and related recommenda-
tions are mostly based on patients affected by different types of acute respiratory
failure (ARF) and on different pandemic contexts such as severe acute respiratory
syndrome (SARS), influenza A HIN1, and Middle East respiratory syndrome
(MERS) [25, 26].

7.3.1 Noninvasive Respiratory Support

The high-flow through nasal cannula (HFNC) allows to deliver up to 100% of inspi-
ratory fraction of oxygen (FiO,), a flow up to 60 L/min, a positive end-expiratory
pressure (PEEP) up to 8 cmH,0 and CO, wash out from the upper airways dead
space. Compared with other noninvasive strategies such as NIV, the HFNC is more
acceptable for patients and associates with higher compliance; moreover, the effect
of heat and humidified oxygen minimizes mucosal injury, improves secretion clear-
ance, and reduces transpulmonary driving pressure [26]. The use of HFNC has been
proposed also with the adding prone positioning and in combination with NIV in
sequential application [26].

Avoiding of hyperoxemia is a recommended priority [27, 28]. Guidelines
released in March, 2020, by the Surviving Sepsis Campaign (SSC) COVID-19 sub-
committee, suggest to start conventional oxygen therapy when peripheral oxygen
saturation (SpO,) drops <92% and recommended it for SpO, < 90% [27]. According
to the SSC panel, when treating acute hypoxemic respiratory failure not responding
to oxygen therapy, HFNC should be preferred over NIV because of lower mortal-
ity and reduced need for subsequent endotracheal intubation, as reported in some
subsets of non-COVID-19 patients [27]. Furthermore, HFNC should be preferred
because of the possible reduced risk for nosocomial infection spreading to health-
care providers [27]. On the other hand, the NHS guidelines advise against the use
of HFNC in COVID-19 patients because of concerns on potential of aerosolization
related to this treatment [28, 29]. This concern is disproportionate considering the
evidence of comparable viral aerosols and droplet dispersion of HFNC and standard
oxygen masks [29]. Data on the efficacy of HFNC on improving oxygenation and
reducing respiratory rate in hypoxemic COVID-19 patients are increasing but are
mainly derived from small clusters of patients in observational studies. HFNC fail-
ure was seen in 61% of patients with PaO,/FiO, ratio < 200 mmHg, and NIV was
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used as rescue therapy. HFNC use has been also reported in series of patients from
the USA, Italy, and other countries [13, 14, 16-18, 26, 30, 31]. Interestingly, in a
cohort of 84 patients in Italy, it has been reported that the use of HFNC in a regular
ward, together with other measures aimed to rise the intensity of care, reduced the
need for ICU admission [30].

The use of mechanical ventilators together with dedicated interfaces (including
facial masks and helmets) allows the application of continuous positive airway pres-
sure (CPAP) and eventually of a pressure support (PS) at patient’s bedside through
a noninvasive approach (i.e., NIV). Alternatively, some devices can administrate
CPAP, but not PS, with specific flow drivers connected to an oxygen source. The
use of NIV has been proposed also with the adding of prone positioning [26]. In
patients under NIV, there is the risk that high inspiratory efforts could lead to large
tidal volumes (V,) that are independently associated with NIV failure [26].

According to the SSC panel, a trial of NIV is suggested if HFNC is not available,
and there is no urgent indication for endotracheal intubation, but the application of
CPAP is not mentioned; on the contrary, others (e.g., NHS guidelines) stated that,
for some patients, CPAP or NIV could represent the “appropriate ceiling of treat-
ment” [27, 28]. Also the use of CPAP and NIV has been considered at high risk
for aerosolization and transmission among healthcare personnel [27]. Considering
the higher potential of facial masks, the application of a CPAP or NIV through the
helmet would be a safer option [26].

The use of CPAP and NIV in COVID-19 patients has been reported in stud-
ies from China and other countries [13, 14, 16-18, 26, 31, 32]. A management
strategy proposal, based on the experience with >70 COVID-19 patients, suggests
to start with helmet-CPAP support when PaO,/FiO, ratio < 250 mmHg or respira-
tory rate > 30/min and to consider the use of NIV with PS in case of presence of
hypercapnia [32]. In a retrospective study on 52 patients in China, 56% of patients
were treated with NIV with a high rate of noninvasive support failure and need for
intubation [13, 25].

In a study of 15 COVID-19 patients receiving NIV and prone position (PP), all
patients had improvement in SpO, and PaO,/FiO, during pronation and in 12 (80%)
the improvement was maintained after [33].

7.3.2 Invasive Mechanical Ventilation

Whenever noninvasive support is not enough and the patient shows symptoms and
signs of respiratory fatigue along with impairment of gas exchanges, endotracheal
intubation and invasive mechanical ventilation are mandatory. Acute refractory
hypoxemia and bilateral infiltrates at the chest imaging, not completely explained
by cardiac failure, are clinical features comparable with ARDS despite high respira-
tory compliance, and plateau pressures (Pp,) < 30 mmHg are not consistent in all
cases; however pulmonary microembolism, the intrapulmonary shunt, lung
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perfusion dysregulation, and hypoxic vasoconstriction mechanism play an impor-
tant role in the pathogenesis of respiratory failure in COVID-19. Some authors hyp-
notized two different phenotypes to describe the respiratory mechanic of COVID-19:
the Type L is a low-elastance, low ventilation-to-perfusion (VA/Q) ratio, low lung
weight, and low lung recruitability, while the Type H is a high elastance due to
increased edema, high right to left shunt, and high lung weight associated with a
high lung recruitability [34]. However, these could be two different stage of severity
more than two real phenotypes, and respiratory treatment should be titrated to the
different recruitability and respiratory system compliance.

The Type L patients can be ventilated with volumes greater than 6 mL/kg
(up to 8-9 mL/kg), as the high compliance results in tolerable strain without the
risk of ventilator induced lung injury (VILI). The PEEP should be reduced to
8—10 cmH,O0, given that the recruitability is low and the risk of hemodynamic fail-
ure increases at higher levels. Type H patients should be treated as severe ARDS;
low tidal volume ventilation (4—8 mL/kg of predicted body weight) is strongly
recommended and preferred over higher tidal volumes. Plateau pressure (Ppy,)
has to be limited to 30 cmH,0. Oxygenation has to guarantee a SpO, > 92-95%
optimizing FiO, and PEEP. The “best PEEP” is the value that allow the lower
driving pressure and consequently the best compliance, but in a condition of well-
preserved lung mechanics, the target should be the optimal oxygenation and the
best pulmonary perfusion, so it has to be considered the hemodynamic impair-
ment due to high level of PEEP. In COVID-19 patients undergoing MV, there is no
advantage attributed to different MV modes, and pressure modes are comparable
to the volume modes.

7.3.3 Prone Position

Based on the evidence on PP usefulness as adjunct to invasive ventilation support in
moderate-severe ARDS patients with PaO,/FiO, < 150 mmHg, it has been intro-
duced in the treatment of COVID-19 patients [35]. In ARDS, 12-16 h of MV in
prone position improves several parameters: dorsal lung recruitment, end-expiratory
lung volume, and chest wall elastance increase, alveolar shunt decreases, and tidal
volume along with ventilation/perfusion mismatch (V/Q) [35]. In COVID-19
patients, that present Type H pattern of respiratory mechanic and predominant basi-
lar consolidation to include PP is especially effective [34]. Considering the context
of limited human resources availability that characterizes the workload of ICU
healthcare professionals in COVID-19 surge, long-term clinical benefits of this
strategy have been questioned (five guidelines). Further concerns have been raised
in consideration of the specific training necessary to appropriately deliver PP and
prevent associated complications (i.e., pressure sores, vascular line and endotra-
cheal tube displacement, facial edema, corneal abrasions, brachial plexus injury,
etc.) [36].
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7.3.4 Extracorporeal Membrane Oxygenation (ECMO)

Extracorporeal membrane oxygenation (ECMO) should be considered for
COVID-19 patients with refractory hypoxemia when all other rescue therapy failed
in improving oxygenation. The ECMO should can be considered in presence of one
of the following criteria: (1) PaO,/FiO, < 50 mmHg for >3 h; (2) PaO,/
FiO, < 80 mmHg for >6 h; and (3) pH < 7.25 with PaCO, > 60 mmHg for >6 h with
a respiratory rate up to 35 breaths per minute, adjusted for plateau pres-
sure > 30 cmH,0 [37]. The complexity of ECMO requires a well-qualified ICU
team to deliver care to these critically ill patients, and therefore the use of ECMO
should be limited to expert and high-volume centers. ECMO mortality rates vary
widely across ECMO centers, and experience in COVID-19 outbreak is still limited.

7.3.5 Tracheostomy

The weaning process from MV in COVID-19 patients remains poorly described,
and the latest guidelines did not provide any specific recommendation. Several stud-
ies showed the relationship between the timing of tracheostomy and the prognosis
of patients, comparing early tracheostomy with late tracheostomy or prolonged
intubation and assessing the influence of timing of tracheostomy on mortality, dura-
tion of MV, ICU stay, and other clinical outcomes. Although there are no evidence-
based guidelines on the timing to perform a tracheostomy in MV patients, early
tracheostomy (within 10 days from translaryngeal intubation) should be preferred to
late tracheostomy when MV is expected to last >21 days [38]. To accomplish early
tracheostomy associates with several advantages, including shortening duration of
sedation and vasopressor infusion, increased patient comfort, oral feeding, interac-
tive communication, and nursing care [38]. Furthermore, early tracheostomy might
decrease the incidence of ventilator-associated pneumonia (VAP), duration of MV,
and length of ICU stay. In COVID-19 patients, some authors suggest an “earlier
than usual” tracheostomy along with weaning with NIV in order to improve patient-
ventilator interaction, early weaning from MV, and ICU discharge [39]. This could
also contribute to optimize ventilators availability in a context of limited resources.

7.3.6 Lung Ultrasound

Bedside lung ultrasonography is gaining popularity in the ICU and permits timely
assessment of pleural and lung conditions, such as consolidation, effusions, and
prompt detection of pneumothorax. In COVID-19 pneumonia and ARDS patients,
most of the lesions are distributed peripherally in the lung, which facilitates detec-
tion by lung ultrasound [40]. The most common findings in patients with severe
respiratory involvement have recently been reported by some authors: separated or
confluent B-lines (100%), consolidation (64%), and pleural line abnormalities
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(100%). Bilateral involvement was always observed with predominant distribution
in the posterior part of the lungs. Composition B-lines and areas of consolidation
showed parallel changes with the clinical severity with a peak at the second week.

Respiratory support

Noninvasive Avoiding of hyperoxemia is recommended

respiratory support | Starting conventional oxygen therapy is suggested when peripheral
oxygen saturation drops <92% and recommended for SpO, < 90%

The SSC panel suggests to prefer HENC over NIV when treating acute
hypoxemic respiratory failure not responding to oxygen therapy

NHS guidelines advise against the use of HFNC in COVID19 patients
The SSC panel suggests a trial of NIV if HFENC is not available and there
is no urgent indication for endotracheal intubation

NHS guidelines: For some patients, CPAP or NIV could represent the
“appropriate ceiling of treatment”

Invasive Endotracheal intubation and invasive mechanical ventilation is mandatory
mechanical if noninvasive support is not enough and the patient shows symptoms and
ventilation signs of respiratory fatigue along with impairment of gas exchanges

The type L patients can be ventilated with volumes greater than 6 mL/kg
(up to 8-9 mL/kg); the PEEP should be reduced to 8-10 cmH,0O
Type H patients should be treated as severe ARDS

There is no advantage attributed to different MV modes

Prone position Prone position can be useful especially in type H pattern of respiratory
mechanic
ECMO Should be considered for COVID19 patients with refractory hypoxemia

despite all other rescue therapy took in place to improve oxygenation

Tracheostomy Early tracheostomy should be preferred to late tracheostomy

SSC surviving sepsis campaign, HFNC high-flow nasal cannula, NIV noninvasive
ventilation, NHS National Health Service, ARDS acute respiratory distress
syndrome

7.4 Management of Hemodynamic Failure
7.4.1 Shock

Prevalence of hemodynamic failure in COVID-19 patients is extremely variable in
both hospitalized and in ICU patients, ranging from 1 to 35% [9, 12-15, 17, 18, 27,
31]. In these patients, the pathophysiology of shock and organs hypoperfusion is
multifactorial: patients often present at hospital admission with severe dehydration
and hypovolemia, after several days of hyperthermia and gastrointestinal symp-
toms, including severe diarrhea [41, 42]. Distributive shock is probably the main
mechanism for acute circulatory failure, and the magnitude of the “cytokine storm”
is directly involved in the severity of the clinical presentation [10]. Nevertheless,
growing evidence highlights that acute myocardial injury, cardiomyopathy, and
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venous and pulmonary embolism also contribute to worsen hemodynamic stability
[8, 43]. Therefore, in COVID-19 patients, a combination of hypovolemic, distribu-
tive, cardiogenic, and obstructive shock mechanisms are variously involved in dif-
ferent phases of the disease.

7.4.2 Fluid Therapy and Vasopressors

Fluid therapy is a key point in restoring perfusion in patients with hypovolemic
shock along with fluid resuscitation strategy. In COVID-19 patients, fluid infusion
should aim to maintain organ perfusion to avoid fluid overload (“keeping lungs
dry”) [42]. Recommendations from SSC COVID-19 panel, based on the evidence
available for general management of fluid therapy in sepsis and septic shock, sug-
gest initial conservative approach with buffered/balanced crystalloids and advise
against the use of colloids (i.e., hydroxyethyl starch, gelatins, dextrans) [27]. In
advanced phase of management, when patients present a reliable restored hemody-
namic stability, optimal fluid management include de-escalation strategy associated
with active fluid removal through the renal replacement therapy aim to pursue daily
negative fluid balance [41].

Rapid variability of fluid volume status of these patients, ranging from hypo-
volemia to severe fluid overload, imposes a reliable monitoring [44]. According to
SSC COVID-19 panel, monitoring recommends to include preferentially dynamic
rather than static parameters and clinical measurements (including skin tempera-
ture, capillary refilling time, and/or serum lactate) to assess fluid responsiveness and
guide fluid resuscitation [27]. Dynamic parameters include stroke volume variation
(SVV), pulse pressure variation (PPV), passive leg raise test, and fluid challenge.
Static parameters include central venous pressure (CVP) and mean arterial pressure
(MAP). Dynamic parameters can be easily obtained by minimally invasive tech-
nologies that use arterial waveform variation analysis and transpulmonary thermo-
dilution to estimate cardiac output, volumetric parameters, and fluid responsiveness.

Point-of-care ultrasound (POCUS) is useful tool to guide fluid management
since integrates information from scanning different organs as proposed by “Tri-
POCUS” approach that combines the use of lung ultrasound (LUS), focused cardiac
ultrasound (FoCUS), and venous Doppler ultrasound [44].

The use of pulmonary artery catheter (PAC) in COVID-19 critically ill patients
provides valuable information on hemodynamic status, especially in those affected
by pulmonary hypertension associated with right-heart dysfunction, but no firm evi-
dence prove benefits with this approach [45].

Norepinephrine infusion is the first-choice vasopressor to treat hypotension and
achieve target mean arterial pressure (MAP) of 60—65 mmHg; vasopressin is sug-
gested as adjunct, in order to reduce the dose of norepinephrine [27]. Dobutamine
should be preferred in patients with cardiac dysfunction and persistent hypoperfu-
sion. In case of refractory shock, low-dose corticosteroid therapy (“shock-reversal’)
is suggested.
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7.4.3 Basic and Advanced Life Support in COVID-19
Adult Patients

The American Heart Association (AHA) released specific guidelines for basic and
advanced life support in patients with suspected or confirmed COVID-19 [46]. The
unique perspective of these guidelines is the attention to reduce the exposure of
healthcare providers that include ventilation strategies associated lower aerosoliza-
tion and to consider appropriateness of beginning and continuing resuscitation
maneuvers. Despite evidence on aerosolization and virus spreading during chest
compressions and defibrillation is very limited, the World Health Organization
listed cardiopulmonary resuscitation (CPR) as an aerosol-generating procedure.
The strategies proposed to reduce providers’ exposure include PPE donning by all
providers of the team before entering the scene; limiting the personnel in the room;
considering the use of mechanical CPR devices to replace manual chest compres-
sions; and communicating COVID-19 status to any new provider [46]. A more rapid
switching of the rescuers (e.g., 1 min) is suggested to cope with the damage or the
loss of PPE such as mask slipping and to limit the fatigue caused by the CPR wear-
ing PPE [47]. Other measures to minimize aerosolization include using high-
efficiency particulate filter (HEPA) adjunct to any ventilation circuit; rapid intubation
and increase of a first-pass success likelihood expertise of the provider, device such
as video laryngoscopy if available and pausing chest compressions for intubation);
using a bag-mask device with HEPA filter and tight seal before intubation or consid-
ering passive oxygenation with non-rebreathing face mask, covered by surgical
mask; if intubation is delayed, considering the use of manual ventilation with supra-
glottic airway or bag-mask device with HEPA filter covered by surgical mask; and
minimizing disconnection of the “close-circuit” [46]. Considering the poor survival
rates of COVID-19 patients, who require intubation and invasive ventilation, the
appropriateness of beginning resuscitation maneuvers should include to share with
the patient or next of kin the expected results after CPR and to implement specific
policies for CPR discontinuation [13, 17, 46].

7.4.4 Acute Kidney Injury (AKI) and Continuous Renal
Replacement Therapy (CRRT)

While in mild-moderate COVID-19 infection, acute kidney injury (AKI) is rela-
tively infrequent (5%), but proteinuria and hematuria are frequently detected
(44%, 27%). Changes in serum creatinine (SCr) and/or blood urea nitrogen (BUN)
occur in up to 13% of patient’s [48, 49]. In these patients, AKI is associated to an
higher risk of in-hospital death. In severe COVID-19 patients, AKI complicates
about 37% and is the first extrapulmonary complication (29%), and 14-25% of
patients leads to temporary CRRT. In this case, mortality raise up to 80%: Kdigo
stage 1 was in 47% of patients, Kdigo stage 2 in 22% of patients, and Kdigo stage
3in31% [13].
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In ICU, several predisposing factors such as older age, diabetes mellitus, car-
diovascular disease, black race, chronic arterial hypertension, and need for ventila-
tion and vasopressor medications increase the risk to develop AKI in COVID-19
critical patients. Right ventricular dysfunction or left ventricular failure get worsen
the renal function. The SARS-Cov2 directly induces mitochondrial dysfunction,
acute tubular necrosis, glomerulopathy, and protein leakage in Bowman’s capsule
through angiotensin-converting enzyme (ACE)-2-depending pathway. A dysregula-
tion of the immune host response, lymphopenia, and cytokine storm contributes to
endothelium damage. Other contributing factors for AKI in COVID-19 patients are
rhabdomyolyses, macrophage activation syndrome, and microemboli and micro-
thrombi caused by hypercoagulopathy.

There are no specific treatments for AKI in ICU, and current clinical manage-
ment of COVID-19 patients affected by renal impairment follows general indica-
tions of the KDIGO guidelines: to avoid nephrotoxins, regular monitoring of serum
creatinine and urine output, and hemodynamic monitoring. Several evidence dem-
onstrate the kidney protective effect of a reduction in tidal volume up to 6 mL/kg of
PBW. Fluid balance has to be maintained according to volume responsiveness and
tolerance assessment, in order to restore normal volume status and to avoid fluid
overload, right ventricular overload, pulmonary edema, congestion, and subsequent
AKI. When oliguria persists or fluid overload impairs renal function, despite all
conservative treatments, patients should undergo CRRT.

Hemodynamic management
Avoid fluid overload Initial conservative approach with buffered/balanced crystalloids is
suggested

Recommendation against using hydroxyethyl starch, gelatins,
dextrans and the routine use of albumin

Consider the use of a deresuscitation or de-escalation strategy, also
with active fluid removal through the use of renal replacement

therapy
Hemodynamic Use dynamic parameters together with clinical measurements for
monitoring fluid responsiveness assessment and to guide fluid resuscitation

Point-of-care ultrasound assessment has been proposed

Both the use of minimally invasive technologies and pulmonary
artery catheter are options
Vasopressors use Target a medium artery pressure of 60-65 mmHg

Norepinephrine is first-line vasoactive agent; vasopressin or
epinephrine are second-line agents

Combined strategy with norepinephrine and vasopressin is
suggested in order to reduce the dose of norepinephrine
Dobutamine is the inotrope of choice in case of cardiac dysfunction
and persistent hypoperfusion

Low-dose corticosteroid (“shock-reversal”) is suggested in case of
refractory shock
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Basic and advanced life support

Reduce providers
exposure

All providers should don personal protective equipment before
entering the scene

Limit the personnel in the room

Consider the use of mechanical CPR devices

Communicate COVID-19 status to any new provider

A rapid switching of the rescuers (e.g., 1 min) is suggested to limit
fatigue, damage to PPE, and slipping of the face mask

Lower aerosolization
risk

Use high-efficiency particulate (HEPA) filter

Early intubation and maximization of likelihood of a first-pass
success

Use a bag-mask device with HEPA filter and tight seal before
intubation or consider passive oxygenation with non-rebreathing
face mask, covered by surgical mask

Consider the use of manual ventilation with supraglottic airway or
bag-mask device with HEPA filter covered by surgical mask

Consider the
appropriateness of
resuscitation

Address goals of care with COVID-19 patients or proxy in
anticipation

Implementation of policies to guide front-line providers

Out-of-hospital cardiac
arrest

Consider bystanders CPR with a face mask covering the mouth and
nose of the rescuer and/or victim

Consider the use of an automated external defibrillator

In-hospital cardiac
arrest

Prearrest management should include a close monitoring for signs
and symptoms of clinical deterioration

Patients at risk for cardiac arrest should be moved into negative
pressure room/unit or at least door must be closed

Intubated patients at the time of cardiac arrest should be maintained
on a mechanical ventilator

AKI and CRRT

AKI is common in severe COVID-19 patients

Predisposing factors in ICU are older age, diabetes mellitus,
cardiovascular disease, black race, hypertension, need for
ventilation and vasopressor medications, right ventricular
dysfunction, or left ventricular failure

The current clinical management follows the general indications of
the KDIGO guidelines

Early treatment seems to improve outcomes

AKI acute kidney injury, CRRT continuous renal replacement therapy

7.5

7.5.1

Adjuvant Therapies

Coagulation

127

The relevance of COVID-19 coagulopathy has been suggested by the presence of a
hypercoagulable state that, along with immobilization and vascular damage,
increases the risk of thromboembolic complications and death. Critical COVID-19
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patients are characterized by high concentrations of proinflammatory cytokines
(i.e., TNF-a, IL1, and IL-6) and chemokines, which subsequently initiates coagula-
tion activation and thrombin generation, while SARS-Cov2 infection is also associ-
ated with the activation of fibrinolytic system. The increase in D-dimer, platelet
count, and prolongation of the prothrombin time is the most typical finding in coag-
ulopathy of COVID-19 patients that result in higher death rate.

Post-mortem findings from COVID-19 patients show typical microvascular
platelet-rich thrombotic depositions in small vessels of the lungs and other organs;
however, there are no signs of hemolysis or schistocytes in the blood film [50].
In critical COVID-19 patients, the rate of thromboembolic complications ranges
between 5 and 15%, and pulmonary embolism is often involved. Tests to monitor
critical COVID-19 patients should include prothrombin time, fibrinogen, platelet
count, and D-dimers. The use of viscoelastic tests is still debated. In these patients,
despite the use of standard thromboprophylaxis with low molecular-weight hepa-
rin (LMWH) or unfractionated heparin (UFH), prevalence of thrombotic events is
unusually high: hence “aggressive” pharmacological thromboprophylaxis should be
considered when multiple risk factors for thromboembolism are present.

7.5.2 Co-Infections and Antibiotics Use in COVID-19
ICU Patients

Co-infections in COVID-19 patients can be caused by bacteria, viruses, and fungus
and predispose to higher mortality [51-53]. Among hospitalized COVID-19
patients, antibiotics’ use ranges from 71 to 100% of patients; the co-infection rate in
non-survivors ranges between 4.8 and 50% [51, 52]. Incidence of bacterial co-
infection in ICU patients is higher than in non COVID-19 with bloodstream detected
in 25% after 15 days and 50% after 30 days [53, 54]. Overall, most frequent reported
bacteria are Mycoplasma pneumonia, Pseudomonas aeruginosa, and Haemophilus
influenzae [52, 53]. Other reported bacteria include Streptococcus pneumoniae,
Staphylococcus aureus, Klebsiella pneumoniae, Chlamydia pneumonia, Legionella
pneumophila, Acinetobacter baumannii, and Clostridioides difficile [52, 53].
Respiratory syncytial virus and influenza A are the most common viral co-infections,
along with other coronaviruses, rhinovirus/enterovirus, parainfluenza, metapneu-
movirus, influenza B virus, and human immunodeficiency virus [52, 53]. Several
risk factors associated with severe COVID-19—including ICU admission, cortico-
steroid therapy, intubation and MYV, underlying respiratory disease, cytokine
storm—are related to an increase of invasive fungal infections [51]. Up to date,
different pulmonary fungal co-infections have been reported in COVID-19 patients,
including Aspergillus flavus and A. fumigatus and Candida glabrata and C. albi-
cans, but data are scarce, considering the difficulty of the diagnosis [51]. Of note,
high rates of candidemia (6, 9%) have been reported in a subset of COVID-19
patients treated with tocilizumab [51].



7 Intensive Care Management of Corona Virus Disease 129

Unfortunately, routine laboratory findings or imaging studies alone cannot dis-
criminate bacterial co-infection from COVID-19 [52]. Respiratory symptoms as
well as sepsis and septic shock are common and are virtually present in all severe
cases [18]. A strict clinical and laboratory monitoring is mandatory for an early
diagnosis of co-infections in order to promptly start appropriate therapy [27, 54].
SARS-CoV-2 has been recently incorporated into preexisting syndromic multiplex
panels; therefore the risk to under-diagnose co-infections in COVID-19 patients
could be effectively reduced [52].

Prophylactic interventions released by national authorities must be taken
into account in order to lower the incidence of co-infections, particularly for
VAP: appropriate sterile insertion of vascular catheters, with daily reminder
to remove catheter if no longer needed; oral intubation is preferable to nasal
intubation in adolescents and adults; keep patient in semi-recumbent position
(head of bed elevation 30-45°); use a closed suctioning system; periodically
drain and discard condensate in circuit tubing; use of a new ventilator circuit
for each patient; once patient is mechanically ventilated, change circuit if it is
soiled or damaged, however, not routinely; and change heat moisture exchanger
when it malfunctions, soiled, or every 5—7 days [27, 52]. Optimal antimicrobials
stewardship in the COVID-19 pandemic is debated; a ratio between the risk of
patients’ clinical deterioration and the concern about antimicrobial resistance
must be considered [52, 53]. Several antibiotics showed a synergic effect on
virus clearance: teicoplanin was found to effectively prevent the entry of Ebola
virus, MERS, and SARS-Cov1 and is a promising agent for the prophylaxis and
treatment of SARS-CoV2 infection [42, 52, 55]. Azithromycin showed in vitro
activity against different viruses and has been found useful in preventing severe
respiratory tract infections [42]. Fluoroquinolones have been proposed as an
adjunct treatment in COVID-19 patients because of their in vitro antiviral activ-
ity and immunomodulatory properties, favorable pharmacokinetics, and safety
profile [56].

7.5.3 Steroids

Although the use of systemic corticosteroids is controversial in patients with ARDS
and beside the potential effect as a “shock reversal” therapy, their use has been sug-
gested in critical COVID-19 patients in order to attenuate the hyper-inflammatory
response and the “cytokine storm” [11]. Nevertheless, the potential adverse effects
include the risk of delaying virus clearance, secondary bacterial infections, and
osteonecrosis of the femoral head [11]. Preliminary findings of the RECOVERY
trial released that the use of dexamethasone reduced deaths by one-third in venti-
lated patients and by one-fifth in other patients receiving only oxygen. There was no
benefit among those patients who did not require respiratory support [57].
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Associated therapy

Coagulation A more aggressive thromboprophylaxis using LMWH or UFH could be
considered on an individual basis

Co-infections and | Prophylactic interventions must be taken in order to lower the incidence
antibiotics use of co-infections

Empiric treatment of co-infections in COVID-19 patients should be
started as soon as they are suspected, and appropriate de-escalation
should be performed on the basis of microbiologic results and clinical
judgment

Steroids Potential adverse effects

According to preliminary results of the RECOVERY trial, dexamethasone
reduced deaths by one-third in ventilated patients and by one-fifth in other
patients receiving oxygen only

LMWH low-molecular-weight heparin, UFH unfractionated heparin

7.6 Communication Strategies in the ICU at the Time
of COVID-19 Pandemic

The surge of COVID-19 pandemic has posed unique challenge in communication
management, in particular in ICU setting. The need for social distancing and access
limitations to hospital delivered according to public health policy have induced sev-
eral forms of psychological discomfort in patients, relatives, and healthcare provid-
ers. Furthermore, there were other important factors that affected communication:
uncommon clinical scenario, increased workload, and need for PPE [58, 59].
Effective communication is a cornerstone of high-quality medical care and human-
ization of hospitalization process is part of the treatment [60].

There is no consistent literature on ICU communication issues at the time of
complete isolation, and most of the guidelines available refer to other settings, still
providing inspiring principles to be carefully adapted to this challenging and evolv-
ing situation.

7.6.1 Basic Principles: Honesty, Punctuality,
Accountability, Trust

First contact (phone call) with patient’s relatives should take place at the time of
admission in the ICU consistently delivered at least once a day and more frequently
should clinical conditions worsen. Communication should be punctual, informative,
and honest. It is of the utmost importance to identify clearly both who is responsible
for the call (a doctor who knows the patient directly) and who will receive clinical
information (a selected family member): the same doctor—whenever possible—
should be involved, to ensure continuity, avoid repetition, and build trust. Patient
dignity, autonomy, and ethical principles are pivotal in a pandemic as in any other
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condition. Transparency about available resources, criteria for ICU access, and allo-
cation policy should be carefully discussed with both patient and relatives, and
when patient is not suitable for intensive care treatment, it is important to clarify
alternative goals of care.

7.6.2 Content of the Communication

Clinical content of the communication should be clear, simple, and tailored to the
level of comprehension of the person. An effective communication may also help
collecting previous medical history and reconstruct values of the patient and treat-
ment directives, when present. The communicator should cover all aspects involved
in patient care: actual clinical condition, therapeutic options, and goals. Information
should be given gradually (i.e., “small packets”). The communicator can select the
amount of information to be given in a step-by-step manner to ensure full under-
standing, but omitting is not recommended. Medical staff should also encourage
questions and give time for listening. When asked for prognostic evaluation of the
case (“how long will it last?”, “when will this happen?”) it is important to be trans-
parent also about uncertainty and possible clinical scenarios of an almost unknown
disease.

7.6.3 Checklist for Communication

Healthcare workers are used to follow checklists for a lot of standard procedures
(e.g., airway management, surgery, transfusions), yet they are not confident with
checking themselves for effective communication. Structured communication strat-
egies (maps, checklists) can effectively guide healthcare providers throughout the
process.

7.6.4 \Videocalls and Other Communication Strategies

There are several communication tools available: phone and videocalls with medi-
cal staff, videocalls with patient, emails and text messages. It is important to choose
the most suitable tool for patients and relatives. Videocalls can promote closeness
by visual contact and reduce anxiety and stress in the awake patient and should be
encouraged by doctors and nurses. When planning for a videocall adequate prepara-
tion of patient and family is desirable, especially in the presence of tracheostomy,
swelling, tubes, and monitors. Video calling is not recommended for patients who
are conscious but uncooperative. Family conferences with doctors have also been
widely used.
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7.6.5 Communication at the End of Life and Grief

Should patient’s condition deteriorates, prompt, close communication with family
must be established. To prepare families for the loss at the time of complete isola-
tion is very hard. Physical nearness and end-of-life rituals are essential for grief
elaboration in normal conditions, yet often they are not feasible because of sanitary
reasons during a pandemic. There is no receipt, but a combination of significant
interventions may help: allowing for direct calls on the ward, leaving an email
address, and keeping yourself accountable as a team around the patient. Family
must receive reassurance about pain and distress relief, sedation, and continuous
presence of healthcare staff around their loved one even when withholding/with-
drawal of disproportioned treatment. After communication of death, psychological
and religious/spiritual support should be offered.

Due to the dramatic nature of pandemic and the huge workloads, healthcare pro-
viders must take into serious account the importance of their own emotional and
psychological well-being, improve communication between members of the team,
share their emotions, and learn to seek for help and consultation to prevent moral
distress and burnout.

Communication strategies

Basic principles Honesty, punctuality, accountability, trust

Clear, simple, free of technicism and adjusted to the level of
comprehension of the person. It is important to be transparent also
about uncertainty and possible clinical scenarios of an almost
unknown disease

Can guide healthcare workers throughout the process of
communication

Phone and videocalls with medical staff, videocalls with patient,
emails and text messages

Allowing for direct calls on the ward, leaving an email address and
keeping yourself accountable as a team around the patient

Content

Checklist

Alternative
communication tools

Communication at the
end of life and grief

Reassure about pain and distress relief, sedation, and continuous
presence of healthcare staff

Honesty, punctuality, accountability, trust

Clear, simple, free of technicism, and adjusted to the level of
comprehension of the person. It is important to be transparent also
about uncertainty and possible clinical scenarios of an almost
unknown disease

Basic principles

Content

Checklist

Can guide healthcare workers throughout the process of
communication

Alternative
communication tools

Phone and videocalls with medical staff, videocalls with patient,
emails and text messages

Communication at the
end of life and grief

Allowing for direct calls on the ward, leaving an email address and
keeping yourself accountable as a team around the patient

Reassure about pain and distress relief, sedation and continuous
presence of healthcare staff
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Complications of Corona Virus Disease 8

Cristiane Tavares, Rachel Emy Straus Takahashi,
and Carlos Viana Poyares Jardim

8.1 Introduction

The coronavirus disease of 2019 (COVID-19), characterized as a pandemic by the
World Health Organization in March 2020, has infected over 30.3 million people
and caused 948,147 deaths globally, 134,935 of them in Brazil, as of September 18,
2020 [1]. It can lead to severe pulmonary disease, including pneumonia and acute
respiratory distress syndrome (ARDS), and many extrapulmonary complications.
These include thrombotic events and cardiovascular, neurological, renal, endocrine,
hepatic, and gastrointestinal manifestations, as well as musculoskeletal, ocular, and
dermatological symptoms [2]. In this chapter, we will overview some of these com-
plications, reported until now, and some treatment-related and possible long-term
sequelae.

8.2  COVID-19-Related Pulmonary Complications

Undoubtedly, the foremost feared complication related to COVID-19 is the devel-
opment of respiratory failure due to lung involvement. Since the beginning of the
pandemic, it has been evident that the mortality was directly related to a viral
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pneumonia that leads to severe hypoxemia, often requiring invasive mechanical
ventilation that is, in many occasions, irresponsive to standard ventilatory strategies.
The distinctive acute respiratory distress syndrome (ARDS) related to COVID-19
occurs in roughly up to 20% of hospitalized patients [3].

The first cohorts provided a clinical picture of patients being admitted to the
hospital with clinical and radiological features of pneumonia, with somehow rapid
deterioration, i.e., with severe hypoxemia in the context of an inflammatory syn-
drome. From the beginning, a clear pattern of ground-glass opacifications on lung
CT scans was evident in most patients, ranging from mild to severe extensions.
From the clinical standpoint, patients often presented cough and dyspnea, a clear
and unequivocal sign of pulmonary involvement. Patients may present a progressive
dyspnea or sudden deterioration of the ability to tolerate exercise, depending on the
extension and rate of inflammation that varies from each individual. Cough is usu-
ally dry and persistent [4]. We have also learned that those patients with pre-existing
lung conditions, such as COPD, or smoking habit are at a higher risk for increased
mortality [5].

From pathology case series, lung involvement is characterized by distinctive fea-
tures both from the epithelial and vascular standpoints. Diffuse alveolar damage
and/or hyaline membranes, along with desquamation and/or reactive hyperplasia of
pneumocytes, are present in most of 70% of analyzed specimens. On the vascular
front, presence of capillary congestion, microthrombi deposition, and alveolar hem-
orrhage was the most frequent findings. Interstitial and fibrotic findings, such as
fibrosis of fibroblast hyperplasia, are also present in roughly 33% of the specimens
[6]. Nevertheless, we must consider that most analyses are from autopsies, i.e., nei-
ther from mild nor moderate or even severe cases of living patients, since lung
biopsies are not used to gauge patient management, providing a possible severity
bias for these findings.

From the specific pulmonary circulation standpoint, it is acknowledged that the
incidence of venous thromboembolism (VTE) is frequent and higher than expected
when compared to other viral syndromes such as influenza infection [7]. However,
there are no specific recommendations so far for the use of routine screening or use
of full anticoagulation as a routine use in the absence of a definite VTE diagnosis
[8]. As it will be discussed further in this chapter, thrombotic complications are
rather common in COVID-19, and there is an evolving and exciting field of research
in this particular realm.

Finally, the last particular aspect of COVID-19 pulmonary complications may be
explored by the mechanical ventilation standpoint. From previous ARDS studies,
this condition is defined as a severe hypoxemia with low respiratory system compli-
ance. However, in many COVID-19 ARDS cases, despite the ARDS hypoxemia
criterion, lung mechanics is somehow preserved, with patients showing normal or
near-normal lung compliance, leading to an interesting discussion on the existence
of different COVID-19 phenotypes [9]. For this reason, mechanical ventilation
needs special attention from healthcare providers to support patients in the way they
need and not necessarily in the way guidelines suggest we should treat the so far
“standard” ARDS.
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In the Iungs, air meets blood. In the context of a rather new clinical condition, we
were able to understand in a very short period of time that SARS-CoV-2 damages
the lungs in distinctive ways, causing at the same time epithelial and endothelial
impairments that in conjunction will be responsible for a great deal of early mortal-
ity for COVID-19 patients. We still need more laboratorial, clinical, and pathologi-
cal data to understand how to support our patients through the most critical phase of
the disease.

8.3 COVID-19-Related Extrapulmonary Complications

Direct viral toxicity, endothelial cell damage, immune response impairment, and
dysregulation of the renin-angiotensin-aldosterone system seem to be related to
these complications [10]. SARS-CoV-2 has a spike protein surface unit with a high
binding affinity to the human receptor angiotensin-converting enzyme 2 (ACE2).
These receptors are highly expressed in many tissues in humans, such as airway
epithelia and lung parenchyma, which may be responsible for the pulmonary mani-
festations, and also in the cardiovascular tissue, central nervous system, kidney
cells, small intestine, and vascular endothelium throughout the body, which account
for the many extrapulmonary manifestations of this disease [11].

8.3.1 Hematological

Endothelial cell damage caused by ACE-2-mediated entry of SARS-CoV-2 leads to
subsequent inflammation and generates a prothrombotic milieu. Therefore,
infection-mediated endothelial injury (with elevated levels of von Willebrand fac-
tor) and “endothelialitis” (inflammation of the endothelium, characterized by the
presence of activated neutrophils and macrophages) occur in multiple vascular beds.
Excessive production of thrombin, diminished fibrinolysis, and activated comple-
ment pathways, all lead to thrombo-inflammation, microthrombi deposition, and
microvascular dysfunction [12].

Platelet-neutrophil cross-communication and macrophage activation cause an
inflammatory response, with release of cytokines, and production of neutrophil
extracellular traps (NETs). NETs further damage the endothelium and activate
extrinsic and intrinsic coagulation pathways [13]. Hypoxia-mediated hyper-
viscosity and upregulation of the HIF-1 (hypoxia-inducible factorl) signaling,
along with direct coronavirus-mediated effects, cause an imbalance of pro- and anti-
coagulant pathways [14].

Patients with the severe presentation of COVID-19 have an overactivation of
their innate immunity and T cell lymphodepletion, with dysregulation of the immune
response and cytokine release syndrome (cytokine storm), characterized by high-
grade fever, hypotension, and multi-organ dysfunction [2].

High rates of thrombotic events occur because of hypoxia, inflammation, and
direct viral-mediated effects. Besides, the increased expression of ACE2 in
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endothelial cells after infection with SARS-CoV-2 may perpetuate this vicious
cycle of “endothelialitis,” endothelial activation, and microvascular dysfunc-
tion [15].

Autopsy studies have shown high rates of microvascular and macrovascular
thrombosis, especially in the pulmonary circulation. Thrombosis is found either in
arterial or venous sites as well as in invasive catheters or extracorporeal circuits [2].

Other reported hematological complications are immune thrombocytopenia,
autoimmune hemolytic anemia, and disseminated intravascular coagulation [16].

8.3.2 Cardiovascular

The pathophysiology of cardiac complications related to COVID-19 is probably
multifactorial. ACE2 receptors are hyper-expressed in the cardiovascular tissue,
including cardiac myocytes, fibroblasts, and endothelial cells, which points to a
direct viral injury. Other possible mechanisms are endothelial cell damage and sys-
temic inflammatory response syndrome with cytokine storm [16].

Acute heart failure may be the initial presentation of the disease in 23% of patients,
and cardiomyopathy is present in up to 33% [5]. Many patients seek medical care
because of cardiovascular symptoms, from mild chest pain without ejection fraction
compromise to severe cardiovascular collapse that may require extracorporeal mem-
brane oxygenation (ECMO). Echocardiography findings vary from regional wall
motion abnormalities to global hypokinesis with or without pericardial effusion [17].
Electrocardiogram usually shows low-voltage QRS complexes in the limb leads; ST
segment elevations in leads I, II, aVL, and V2-V6; and PR elevation and ST depres-
sions in aVR [17]. It is currently unknown if heart failure is due to a new cardiomy-
opathy or exacerbation of previously undiagnosed heart failure [18].

Chronic cardiovascular diseases with a reduced cardiac reserve may become
unstable in the setting of this viral infection due to an imbalance caused by an
increase in metabolic demand [19]. This imbalance, summed to an accentuated
inflammatory response and myocardial damage, increases the risk of acute coronary
events, heart failure, and arrhythmias [20].

Moreover, acute “cor pulmonale” may occur due to elevated pulmonary vascular
pressures secondary to ARDS, pulmonary thromboembolism, or potentially virus-
mediated injury to vascular endothelial and smooth muscle tissue [2].

Elevated troponin levels as a sign of myocardial injury occur in 7-17% of hospi-
talized patients and up to 22-31% of those admitted to the intensive care unit (ICU).
Myocardial mononuclear infiltrates leading to myocarditis have been identified on
the autopsy of patients with high viral loads. Indeed, one study suggested that up to
7% of COVID-19 related deaths were due to myocarditis [21].

Acute coronary syndromes may be due to severe systemic inflammation and
hypercoagulability and should be differentiated from acute myocarditis [18].
Moreover, patients with pre-existing coronary artery disease may develop a supply-
demand mismatch in the setting of severe hypoxia and hemodynamic instability,
which can lead to myocardial ischemia [2].
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Patients can refer palpitations in 7% of cases [22]. Many arrhythmias have been
reported, most commonly sinus tachycardia, due to multiple and simultaneous rea-
sons, like fever, hypoxia, anxiety, and hypoperfusion [23]. Hypoxemia can also trig-
ger atrial fibrillation, especially in elderly patients. It can become persistent even
after the correction of the pulmonary conditions [20]. Another critical issue is the
finding of prolonged QTc (corrected QT > 500 ms), which was reported in 6% of
4250 patients with COVID-19 in a multicenter New York city cohort at the time of
admission to the hospital [24]. There is a report of new-onset atrial fibrillation, heart
block, and ventricular arrhythmias in up to 17% of hospitalized patients and in 44%
of those under intensive care [19].

Even after hospital discharge, we should consider that myocardial injury might
result in atrial or ventricular fibrosis, the substrate for subsequent cardiac arrhyth-
mias. Future studies may assess the extent of myocardial scar using magnetic reso-
nance or other methods, in order to identify long-term cardiac complications in
patients recovered from COVID-19 [20].

8.3.3 Neurological

A high proportion of patients with SARS-Cov-2 develop neurological symptoms.
Data series from Wuhan, China, found neurological abnormalities in 36.4% of hos-
pitalized patients [25]. Many of these manifestations have an early onset, suggesting
that direct involvement of the nervous system by the virus is an essential factor.

The physiopathology of neurological injury seems to be heterogeneous and mul-
tifactorial. Besides direct viral neuroinvasion, autoimmune factors, inflammation
(“cytokine storm™), drug side effects, metabolic disturbances, and critical care neu-
ropathy may be involved [26].

Viral neuroinvasion can occur through the olfactory nerve or by leukocyte migra-
tion across the blood-brain barrier, infecting the vascular endothelium. It has also
been described transsynaptic transfer between infected neurons [11].

ACE2 receptors are highly expressed in the ventrolateral medulla and the nucleus
of the tractus solitarius, both areas involved in respiratory cycle regulation, as well
as in the ventricles, olfactory bulb, middle temporal gyrus, posterior cingulate cor-
tex, and substantia nigra [11].

Once the virus establishes in the brain, there is evidence that it can disseminate
along some neurotransmitter pathways, such as the serotonergic dorsal raphe sys-
tem or by hematogenous route, through the Virchow-Robin spaces [27].

Symptoms like headache, anosmia, and ageusia are very common. Other neuro-
logical findings are impairment of consciousness, seizures, and stroke [11].

Anosmia is the absence of the sense of smell, whereas ageusia is the loss of taste.
Both conditions may occur in isolation or be associated with a structural damage to
the nervous system and are more frequent in patients with SARS-CoV-2 compared
to other upper airway infections. Recovery is variable but usually occurs after 2 or
3 weeks. Follow-up reassessment will be needed to determine if these symptoms are
transient findings or permanent sequelae of SARS-CoV-2 infection [28].
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Headache is reported in up to 34% of patients. In most of these cases, it is a non-
specific symptom, without features suggestive of meningeal irritation [26]. An
observational study with 138 patients with COVID-19 showed that, on admission,
69.6% of patients reported fatigue, 34.8% had myalgia, and 6.5% complained of
headache [19]. However, patients with refractory or persistent headache should be
investigated for meningoencephalitis and cerebral venous thrombosis [26].

Data from a retrospective study with 214 patients showed 36.4% of nervous
system-associated manifestations, divided into three subgroups: central nervous
system (CNS), peripheral nervous system, and skeletal-related injury. CNS involve-
ment was present in 53 patients (24.8%), with the report of the following signs and
symptoms: dizziness (n = 36; 16.8%), headache (n = 28; 13.1%), impaired con-
sciousness (n = 16; 7.5%), acute cerebrovascular disease (n = 6; 2.8%), ataxia
(n=1;0.5%), and seizure (n = 1; 0.5%). The definition of impaired consciousness
by the authors was very broad, since it included any change in level or content of
consciousness [25].

Possible mechanisms are direct viral infection and damage to the cerebral paren-
chyma, toxic-metabolic encephalopathy, seizures, or even demyelinating dis-
ease [11].

There is a case report of a middle-aged female with COVID-19 who presented
with cough, fever, and altered mental status and, after 3 days, had the diagnosis of
necrotizing hemorrhagic encephalitis. MRI showed hemorrhagic lesions within the
bilateral thalami, medial temporal lobes, and sub-insular regions [29]. In another
case report, a 24-year-old man initially complained of headaches, generalized
fatigue, and fever. Later, he developed generalized seizures and altered mental sta-
tus that progressed to impaired consciousness. Clinical and laboratory evidence was
suggestive of a viral meningoencephalitis, and SARS-CoV-2 was detected in the
CSF through an RT-PCR analysis. A brain MRI revealed changes in the right wall
of the lateral ventricle, the right mesial temporal lobe, and hippocampus, probably
due to meningitis. Interestingly, the nasopharyngeal swab specimen for RT-PCR of
this patient was negative for SARS-CoV-2, raising awareness of COVID-19 possi-
ble independent mechanisms of neuropathogenesis [30].

Despite postulated mechanisms of neuronal colonization and clinical reports,
more robust evidence for the association between COVID-19 and encephalitis is
needed [27]. Other possible mechanisms for encephalic compromise are hypoxic
injury, toxic-metabolic encephalopathy, and vascular damage to the endothe-
lium [26].

Toxic-metabolic encephalopathy may be triggered by numerous toxic-metabolic
derangements, including cytokine storm, severe inflammation, sepsis, and renal
dysfunction [11].

As previously mentioned, seizures can also lead to consciousness impairment.
Subclinical seizures are reported in up to 10% of patients with critical illnesses.
There is a case report of a patient with no history of epilepsy who had multiple appar-
ent tonic-clonic seizures. Indeed, if this patient had no formerly undiagnosed seizure
disorder, it may represent a clue to a direct effect of SARS-CoV-2 in the CNS [28].
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Experimental models performed in susceptible strains of mice inoculated with
the coronavirus JHMV strain resulted in an acute encephalomyelitis followed by a
chronic demyelinating disease. Despite evidence showing the persistence of CoV
RNA in the nervous system after the acute phase of infection, more clinical research
is required to evaluate the risk of developing demyelinating diseases chroni-
cally [27].

Acute autoimmune polyneuropathy is also a concern, since it was already postu-
lated to be triggered by other kinds of coronavirus infection. As found in case report
publications, most of these patients were observed in a critically ill context.
Therefore, critically ill polyneuropathy (CIP), prolonged neuromuscular blockade,
vitamin deficiencies, electrolyte disturbances, and drug-related neuromuscular dis-
orders should be included in the differential diagnosis [28].

Guillain-Barré syndrome (GBS) has also been reported as expected, since it
occurs in association with many viral diseases. Until now, to our knowledge, 12
cases were described. Some of them required mechanical ventilation, and the inter-
val for the development of the symptoms was around 10 days. Clinical features
included paresthesia and progressive, flaccid quadriparesis. CSF study showed
albuminocytologic dissociation. The most commonly observed subtype was acute
inflammatory demyelinating polyneuropathy, and immunoglobulin was the treat-
ment of choice in all these reports [31].

Strokes have also been reported more frequently, specially in younger patients,
which points toward a possible association to COVID-19. Evidence of occlusion of
large vessels treated with endovascular therapy was documented in all of them [31].

However, it can be only an association without causality, since both conditions
share similar risk factors, such as systemic hypertension, diabetes, and atheroscle-
rosis. Moreover, these patients are more prone to develop hypotension and cardiac
arrhythmias, which can potentially lead to hypoperfusion, embolic mechanisms of
stroke, and large vessel occlusion [32]. Data from an observational study showed
acute cardiac injury in 7.2%, arrhythmia in 16.7%, and shock in 8.7% of 138 hospi-
talized patients [19]. Another observational study showed an incidence of 23% of
heart failure, 20% of septic shock, 19% of coagulopathy, and 17% of acute cardiac
injury [5]. All of them are factors that can potentially predispose patients to stroke.
Hopefully, future research will discover if there are specific viral factors responsible
for hypercoagulability, arteritis, and endothelial dysfunction, which can lead to
ischemic stroke or brain bleeding in these patients [27].

Neurological injury caused by SARS-CoV-2 may lead to an impairment in respi-
ratory regulation, with consequent breathing-related sleep disorders. In this sce-
nario, long-term worsening of sleep quality may occur, as well as neurocognitive
and neuropsychiatric impairment [33]. Patients can also develop posterior revers-
ible encephalopathy syndrome, which causes headache, confusion, seizures, and
visual loss [34].

Psychosis, neurocognitive disorders, and other psychiatric disorders (personality
change, catatonia, mania, anxiety or depression, chronic fatigue syndrome, and
post-traumatic stress disorder) have also been reported, especially in younger
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patients [27]. Although many case reports described neurological complications, it
is still unknown whether there is a direct viral damage to the central nervous system
or if these complications occur due to secondary mechanisms [11]. Future longitu-
dinal studies with patients recovered from COVID-19 will be needed to understand
the natural history of this disease and monitor for potential neurologic sequelae, as
well as psychological and psychiatric long-term complications.

8.3.4 Renal

Acute renal dysfunction in COVID-19 was initially reported in about 15% of the
patients, with a high mortality rate of 60-90%. Higher rates of acute kidney injury
(AKI) were furtherly reported in other studies, like the one in New York City with
nearly 5500 patients. They found it in 37% of all patients, and 14% of them required
dialysis. It was an early finding since one third were diagnosed within 24 h of
admission to the hospital [35]. These rates are much higher compared to those
reported during the SARS-CoV epidemic [36].

Hematuria has been reported in nearly 50% and proteinuria in up to 87% of criti-
cally ill patients with COVID-19. Hyperkalemia and acidosis are also common,
even among patients without AKI [2].

Several possible mechanisms may be related to AKI, including direct viral infec-
tion of renal cells, microvascular dysfunction, and cytokine storm. Histopathological
findings include lymphocytic “endothelialitis” in the kidney and viral inclusion par-
ticles in glomerular capillary endothelial cells [10].

8.3.5 Endocrine

SARS-CoV-2 may directly attack the endocrine glands, causing disorders that
worsen prognosis of these patients, but there are still few studies regarding it.

Besides worsening glycemic control in diabetic patients, ongoing data has shown
that coronavirus increases the rate of hyperglycemia and ketosis in patients with no
previous diagnosis of diabetes. Ketoacidosis coexisting with COVID-19 is particu-
larly hazardous to treat, because of the risk of pulmonary fluid accumulation [37].

Mild pancreatic injury has been reported in 17% of patients in one case series. It
was defined as elevated serum amylase or lipase [19]. The possible mechanisms are
either a direct viral effect or an exaggerated immune response that occurs in some
patients [28].

There is a possibility that SARS-CoV-2 can directly affect thyroid tissue.
Therefore, thyroid function should be monitored, especially in patients complaining
of neck or ear pain, since thyrotoxicosis can worsen cardiovascular conditions
[28, 37].

Adrenal gland aggression has not been reported yet, but it may hypothetically
occur due to a thrombotic event. This could lead to an acute adrenal insufficiency
with impaired hormone production with refractory hypotension. The prompt



8 Complications of Corona Virus Disease 145

recognition of this condition is necessary to allow adequate replacement therapy in
order to avoid shock and impaired reaction to severe respiratory distress [38].

8.3.6 Hepatic and Gastrointestinal

Mild to moderate liver injury, with elevated aminotransferases, hypoproteinemia,
and prothrombin time prolongation, has been reported [39]. Differently from SARS,
COVID-19 seems to cause hepatotoxicity through direct damage to intrahepatic bile
ducts instead of hepatocytes [5].

A study taken in Shanghai Public Health Clinical Center reported abnormal liver
function in more than one third of patients. Their degree of hepatic dysfunction had
direct correlation with the length of hospitalization [40]. It seems that cholangio-
cytes (the lining epithelial cells in bile duct) are directly damaged. These cells have
a high expression of ACE2 receptors, which determines viral cellular tropism [28].

Abdominal pain, diarrhea, inappetence, nausea, and vomiting are also reported
in patients with COVID-19 [41]. Recent bioinformatics analysis showed that ACE2
receptors are also expressed in the upper esophagus, stratified epithelial cells, and
absorptive enterocytes from the ileum and colon, which can be an evidence for
enteric infectivity [39]. The clinical relevance of the persistence of the virus on stool
is not yet defined. It is speculated that it may lead to re-admission of patients that
were discharged after the resolution of pulmonary symptoms and possibly a fecal-
oral route transmission [42].

8.3.7 Others (Musculoskeletal,
Ophthalmological, Dermatological)

Musculoskeletal pain may occur in up to 34% of patients during their illness, and
elevated creatinine kinase (CK) levels are present in 14-33%. Rhabdomyolysis has
also been reported, with myoglobin levels >12,000 pg/L and CK levels >11,000 U/
Ls [19].

Regarding dermatological features, there are many described lesions. These find-
ings are mostly due to diffuse microvascular thrombosis and viral exanthem and
may include maculopapular rash, urticaria, vesicular rash, petechia, purpura, chil-
blains, livedo racemosa, and distal ischemia. The most common is maculopapular
eruptions, urticaria, or the acral vasculopathic rashes (pseudo-chilblains, pernio-like
lesions) recognized as the “COVID toe.” There are also dermatosis treatment-related
drug reactions, like the generalized pustular rash due to hydroxychloroquine. Lastly,
there is a concern that many pre-existing chronic dermatoses may worsen due to
circumstances like stress and delayed or interrupted treatment. Besides, physical
and environmental and behavioral issues such as wearing masks and latex gloves,
frequent washing, and disinfectants could possibly lead to dermatological compli-
cations [43].
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Ocular manifestations may resemble a common viral infection of the ocular sur-
face, with conjunctival hyperemia and watery discharge. They were reported in up
to 31.6% of patients and more commonly in those with severe disease [44]. SARS-
CoV-2 has been isolated from conjunctival swabs in patients with ocular symptoms
for as many as 27 days after symptom onset [28].

8.4 Long-Term Complications

e Since COVID-19 was first reported on December 31, 2019, we still don’t have
much knowledge about its sequelae and long-term outcomes. Complications can
be related to the disease itself, the combination of the disease with previous
comorbidities that the patients may present, and also the treatment, including the
hospitalization, medications, and invasive procedures.

e In the Table 8.1, we list some of the complications directly related to COVID-19
infection and their possible long-term outcomes.

e Subacute cardiac complications are beginning to appear. In a recent cohort study,
cardiac involvement was revealed by magnetic resonance in 78%, and ongoing
myocardial inflammation was present in 60% of patients that had already recov-
ered from COVID-19 with complete resolution of respiratory symptoms and
negative results on a swab test at the end of the isolation period [45].

e The long-term impact of COVID-19 is still under investigation, and little is
known about how the immune system recovers after infection. There is compel-
ling evidence of persistent viral shedding in nasopharyngeal secretions and also
in stool for more than 2 weeks after resolution of symptoms [46].

Table 8.1 COVID-19 complications

Possible chronic

Clinical manifestations complications
Pulmonary Acute pneumonia Pulmonary fibrosis
ARDS Chronic respiratory
Pulmonary embolism insufficiency
Hematologic Arterial thrombotic complications: Acute Limb amputation
limb and mesenteric ischemia Chronic venous
Venous thrombotic complications: Deep insufficiency

vein thrombosis

Catheter-related thrombosis

Cytokine release syndrome: High-grade
fevers, hypotension, multi-organ
dysfunction

(continued)
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Table 8.1 (continued)

Possible chronic

Clinical manifestations complications
Cardiovascular Myocardial ischemia and myocardial Myocardial fibrosis
infarction Arrhythmias
Myocarditis Chronic cardiac
Arrhythmia: Atrial fibrillation and flutter, insufficiency
sinus tachycardia, and bradycardia, QTc
prolongation
Cardiomyopathy: Biventricular, isolated
right or left ventricular dysfunction
Neurologic Headache, dizziness Chronic anosmia and
Anosmia, ageusia ageusia
Stroke Neurologic deficits
Encephalopathy, encephalitis, Guillain- Posterior reversible
Barré syndrome, acute hemorrhagic encephalopathy
necrotizing encephalopathy syndrome
Cognitive impairment
Chronic neuropathy
Chronic neuropathic and
non-neuropathic pain
Breathing-sleep disorders
Neuropsychiatric Altered mental status Chronic anxiety and
New-onset psychosis affective disorders
Dementia-like syndrome
Affective disorders
Renal Acute kidney injury Chronic renal
Electrolyte abnormalities insufficiency
Proteinuria
Hematuria
Metabolic acidosis
Clotting of extracorporeal circuits used for
RRT
Endocrine Hyperglycemia and ketoacidosis, even in Diabetes

patients without the previous diagnosis of
diabetes

Other endocrine diseases

Hepatic and

Nausea and/or vomiting, diarrhea,

Chronic hepatic

gastrointestinal abdominal pain insufficiency
Elevated hepatic transaminases and
bilirubins, low serum albumin
General Anorexia, myalgias, fatigue Chronic fatigue and
manifestations musculoskeletal pain
Ophthalmological Conjunctivitis Chronic conjunctivitis
Dermatological Petechiae, livedo reticularis, erythematous Chronic dermatosis

rash, urticaria, vesicles, pernio-like lesions
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In relation to the interaction between the disease and comorbidities, it is impor-
tant to emphasize that the most frequent comorbidities are hypertension (55%),
coronary artery disease, stroke (32%), and diabetes (31%). Patients with
COVID-19 are less likely to have the following chronic illnesses: liver diseases
(9%), chronic obstructive pulmonary disease (7%), malignancy (6%), chronic
renal failure (4%), gastrointestinal diseases (3%), central nervous system dis-
eases (<1%), and immunodeficiency (1%) [47]. Therefore, survivors requiring
prolonged rehabilitation are more likely to be older and to have a pre-existing
cardiovascular and cerebrovascular disease, which may influence their rehabili-
tation and outcomes [34].

8.4.1 Treatment-Related Complications

8.4.1.1 Medications

Medications under study include antivirals (e.g., remdesivir, ribavirin, lopinavir/
ritonavir, favipiravir), antimalarials (e.g., chloroquine, hydroxychloroquine),
azithromycin, corticosteroids, and biologics (tocilizumab) [48]. They may
interfere with other frequently used drugs, like antihypertensives, antiarrhyth-
mics, anticoagulants, antiplatelets, and statins, causing significant pharmacoki-
netics and pharmacodynamical interactions.

Many antiviral drugs can cause cardiac insufficiency, arrhythmia, or other car-
diovascular disorders [49]. Remdesivir is a polymerase inhibitor of viral RNA
and showed in vitro effect against SARS-CoV-2. However, it may cause neuro-
logical and cardiovascular adverse effects that are still under investigation [50].
Lopinavir/ritonavir may cause QT and PR prolongation [51].

Chloroquine and hydroxychloroquine have been used even without clinical ben-
efit evidence and may be responsible for cardiotoxicity, prolonged QT intervals,
and also electrolyte and acid-basic intracellular abnormalities [52]. They can
also lower the seizure threshold; cause irritability, peripheral neuropathy, and
neuromyopathy, and even be associated with psychosis [11].

Tocilizumab is a monoclonal antibody to the IL-6 receptor and may attenuate the
“cytokine storm.” However, it may cause neurological adverse effects, like head-
ache, dizziness, and multifocal cerebral thrombotic microangiopathy [11].
Osteonecrosis of the femoral head and osteoporosis may be a concern in patients
treated with high doses of corticosteroids, since many patients recovered from
SARS developed it [53]. Patients using supraphysiological doses of corticoste-
roids are also more prone to develop metabolic and cardiovascular complications
(hypertension, obesity, and diabetes) [54].

8.4.1.2 ICU-Related Complications

Early complications related to ICU admissions are acute respiratory distress syn-
drome (ARDS) and sepsis, multi-organ failure, acute kidney injury, and cardiac
injury [47]. Other important concerns are secondary bacterial and fungal infections.
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A recent prospective multicentered study has found an incidence of 27.7% of inva-
sive pulmonary aspergillosis among intubated patients with COVID-19 [55].

Other complications related to prolonged mechanical ventilation are tracheal ste-
nosis, heterotopic ossification, muscle contractures with associated myofascial
pain, adhesive capsulitis, decubitus ulcers, hoarseness, tooth loss, sensorineural
hearing loss, tinnitus, brachial plexus injuries, and entrapment neuropathies
(peroneal and ulnar) [56]. Since COVID-19 patients have higher rates of throm-
botic events, they are more prone to develop catheter-related thrombosis. It can
occur in either the arterial or venous catheter and also inside extracorporeal cir-
cuits [2].

Prone positioning (PP) is a supplementary strategy to improve oxygenation in
patients with acute respiratory distress (ARDS). It has been used in up to 28% of
patients admitted to ICU with COVID-19 [57]. Some related complications are
transient desaturation, transient hypotension, accidental extubation, and catheter
displacing. Besides increased intracranial and intraocular pressure, compression
of nerves and pressure ulcers can occur accordingly to the duration of staying
prone. A recent study [58] found pressure ulcer incidence in prone positioning of
14% in the following locations: 5% face and chin, 6% face/cheekbones, 6% tho-
rax, 1% trochanter, and 5% other sites. Pressure ulcers occur due to a pressure
applied to a specific area over a period of time. This continued pressure leads to
tissue ischemia, in addition to an impairment of nutrition and oxygen supply [59].

8.4.1.3 Post-ICU Discharge Syndrome

Post-intensive care syndrome is characterized by a reduced pulmonary function
(restrictive pattern), diminished inspiratory muscle strength, poor knee exten-
sion, reduced upper extremity and grip strength, and low functional capacity.
Improvement occurs over a year or more [60].

Critical illness polyneuropathy (CIP) and critical illness myopathy (CIM) may
occur after COVID-19 and cause weakness, loss of function and quality of life,
as well as poor endurance that may persist for up to 2 years or longer. CIP is
characterized by a generalized and symmetrical weakness due to a mixed senso-
rimotor neuropathy that leads to axonal degeneration. It can be difficult wean
from mechanical ventilation, since diaphragmatic weakness may also be present.
Other clinical findings are distal weakness (more significant than proximal) and
sensory loss, atrophy, and decreased or absent deep tendon reflexes. The inci-
dence of CIP is dependent on the patient population, diagnostic criteria, and
timing of the examination. Long-term sequelaec may be pain, loss of range of
motion, fatigue, incontinence, dysphagia, anxiety, depression, post-traumatic
stress disorder (PTSD), and cognitive impairment [60].

Critical illness myopathy (CIM) is a non-necrotizing diffuse myopathy with fatty
degeneration, fiber atrophy, and fibrosis. It may occur in up to 50% of patients
under mechanical ventilation for more than 7 days and is likely to be underdiag-
nosed because of the lack of early and accurate diagnostic tools, since a muscle
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biopsy is necessary for definite diagnosis. The clinical presentation is similar to
CIP, but sensory is well preserved, and weakness is more proximally located.
The physiopathology of this syndrome includes extended periods of immobiliza-
tion, sepsis, and exposure to corticosteroids. Cranial nerves and facial muscles
are usually preserved in both syndromes, and recovery is faster than from neu-
ropathies. There is no correlation between these features and any residual loss of
pulmonary function [61].

8.5  Other Possible Long-Term Complications

* Cognitive impairment is also a concern in critically ill patients. In one study of
patients with respiratory failure or shock, after ICU admission, median global
cognition scores (measured by a neuropsychological battery of tests) were sig-
nificantly lower than the age-adjusted population mean. Among these patients,
26% had scored 2 SD below the population mean, similar to scores for patients
with mild Alzheimer’s disease. Repeated testing after 12 months showed no
recovery, raising the concern that cognitive impairment can persist [62]. Indeed,
cognitive impairment can be present in 70-100% of patients at discharge;
46-80% still have it 1 year later, and 20% still have it after 5 years. All compo-
nents of cognition may be affected, including attention, visual-spatial abilities,
memory, executive function, and working memory.

e In research regarding ICU admissions for ARDS, many adverse psychological
impacts have been reported. Even after 2 years, post-traumatic stress disorder
PTSD (22-24%), depression (26-33%), and general anxiety (38—44%) were
prevalent [56]. Risk factors were premorbid psychiatric illness, younger age,
female sex, unemployment, alcohol use, and greater use of opioid sedation.
Family members may also suffer from PTSD, anxiety, and depression, and they
may have difficulty managing their new caregiver roles.

e Further research will be needed to assess the impact on the mental health of
COVID-19 pandemic for the whole society, related to its socioeconomic effects
and the quarantine experience, as well as for healthcare professionals who
worked in the front line.
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9.1 Introduction

Coronavirus disease 2019 (COVID-19) was declared a pandemic by the World
Health Organization (WHO) on March 11, 2020. This is the first time the WHO
called an outbreak a pandemic since HIN1 in 2009. The serious health risk which
it has posed is nothing which has been seen in the last 100 years since the Spanish
flu of 1917. COVID-19 has spread to more than 184 countries. While affecting
physical health has been its major issue, the psychosocial perspective is equally
important. Due to COVID-19’s high mortality rate in comparison to seasonal flu,
lack of pharmacological interventions, and easy transmission, various strategies to
prevent spread of virus have been implemented [1, 2]. The global mass quarantine
of this kind, for an infectious disease, is unique in the history of mankind. With
widespread lockdown, social distancing norms, shutdown of schools, work from
home orders, people stuck away from their loved ones, and financial crisis; life has
been extremely challenging for people of all strata. This has significantly increased
the psychosocial burden among people across the globe.

9.1.1 Psychosocial Issues Related to Corona Virus Disease
9.1.1.1 Corona Virus Disease and Effect on General Population

This infectious illness has brought about rapid change in everyday lives. The impo-
sitions like shelter in place, stay at home orders, and social distancing have led
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to increased stress. In the initial days, there was an increased anxiety in relation
to availability of essential items leading to rationing. This could amount to panic,
paranoia, depression, and hoarding. Unknown nature of infection with no available
cure and fear of contraction and transmission to loved ones have been a signifi-
cant source of distress. This has been evident on surveys which noted that about
53.8-33.2% of the respondents had some degree of psychological impact in the ini-
tial phase of pandemic [3, 4]. Younger age, female sex, and those with comorbidity
were more prone to have increased psychological burden [3].

The loneliness that quarantine and isolation have set in has been tried to be
overcome by involving oneself into social networks. The lack of in-person contact
with different family members and relatives has been substituted with technology.
Vague and improper information through media during early phase of pandemic
did rounds all over the world. The coronavirus “infodemic” of misinformation may
propagate fear and panic which can spread quite fast causing public health disaster
[5]. At the same time, memes to disrupt the precautionary measures by taking dis-
ease too lightly can be hazardous. Few people may become paranoid and practice
repeated sanitization to the extent of developing obsessive-compulsive disease [6].

Another challenge is that with schools now closed, parents have to provide care
to children at home. It is more so ever trying for parents who have to do daily chores
in addition to doing official work from home. In this hour of need, parents face dual
challenge of balancing and performing the duties and parenting role.

Many people have been infected over these last few months and several have
died. While being affected with infection, the need for quarantine and staying
away from family has added to the anxiety level. Some of families have been grief
stricken to hear about their loved ones passing away and being unable to see them
for the last time. The inability to go through the natural mourning process for family
members may likely lead to increased adjustment disorders, prolonged grief, and
posttraumatic stress disorder.

In addition to all these, economic recession has also hit hard. With millions of
people filing for unemployment claims and nearly every other person affected by drop
in earnings, the stress level has further increased due to financial crisis. Loss of job can
lead to increased depression, anxiety, distress and low self-esteem, substance abuse,
and even suicide rate. This can result in inability to pay for housing and increased inci-
dence of homelessness. Financial crisis may lead to increased stress among couples.
There has been rise in the frequency of incidents of domestic violence during the
quarantine [7, 8]. Social isolation, depression, financial crisis, alcoholism, and lack of
social support have led to increase in conflict. Such marital conflicts are extremely bad
for the mental health of family as a whole and may result in separation.

Elderly population may be more susceptible than other ages, to develop serious
illness if they contract COVID-19 infection. Aging is associated with decreased
immunity, chronic illnesses, and comorbidities, making them vulnerable. This can
be an immense source of anxiety and stress for them [9]. Due to increased risk of
infection, it is more important for them to practice social distancing. This can lead
to limited interactions with caregivers, compromised care, and increased feelings
of loneliness. The cognitive decline if present may make it challenging for them to
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understand the situation and practice protective measures. It was likely for them to
be distressed in case of limited supply of essentials or medicines at home during
lockdown period. The limited access to medical facilities with strict stay at home
order could worsen their ailments. Moreover, being technically unaware of how to
put Internet services to a good use is a big disadvantage for elderly people. Being
away from their children or losing a close one may lead to exaggerated emotional
lability and depression.

9.1.2 Corona Virus Disease and Healthcare Workers

COVID-19 disease has also led to unprecedented psychological stress on frontline
health workers. The healthcare workers (HCW) form an especially high-risk group
exposed to infection with thousands being infected and sacrificing health to battle
this virus. Any pandemic or epidemic illness like COVID-19 or Middle East respira-
tory syndrome coronavirus (MERS-CoV) imposes a significant level of stress and
anxiety on frontline healthcare workers caring for infected individuals. There is
risk of contracting infection and in turn transmitting infection to families or close
associates. This reinforces importance of providing them with adequate infection
prevention and control measures so that anxiety can be allayed to some extent and
they are able to work better [10].

The shortage of personal protective equipment for health workers in initial days
of pandemic had increased concerns. About 9% of the people affected in Italy are
HCW [11]. A lot of frontline healthcare workers have to face worst-case scenarios
of being exposed to high viral load of COVID-19 infection, putting them at high
risk. They are left with making painstaking decisions leading to urgency of mak-
ing or reviewing their wills/power of attorney and life insurance policies. With the
progressive nature of illness in few cases, this raises concern for foreign healthcare
workers in the United States whose family is in native country. The professional
responsibilities of working in difficult conditions in hospitals, self-isolating them-
selves after catering to positive patients, along with concern for one’s own health
and loved ones, have subjected HCW to significant stress and anxiety. In addition,
various HCW have to deal with psychological distress of losing patients. There is
further lack of treatment availability and unpredictability of the nature of the virus.
It is all more important that organizations are implementing appropriate strategies
to support the mental well-being of their staff. The sudden surge of cases is likely
to invoke feeling of fear, anxiety, and extreme stress. There is risk of burnout and
fear of incompetence due to unpredictability of the disease progression [12]. The
exhaustion and fatigue at workplace can stress them immensely compromising their
physical and mental well-being. The additional financial burden by curtailment of
salaries along with increased workload has placed them in a stressful situation. Few
HCW may even develop posttraumatic stress disorder, years after epidemic [13].

There have been incidences of increased marginalization and stigmatiza-
tion against medical communities. At-risk groups include staff who have to face
increased marginalization and victimization with some being blamed even for the
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etiology and onset of the infection. Previous research indicates that frontline health-
care staff may experience both self and social stigma [14]. While the HCW have
been celebrated as heroes at places, there are several reports of violence against
them in various countries [15]. This has been quite disheartening and is a major area
of concern and worry.

In addition, the personal responsibilities of HCW still remains the same as any
other person, and they are supposed to fulfill them too.

9.1.3 Corona Virus Disease and Children

Children who are wistfully the most vulnerable group need special attention during
these times. With closure of schools and playgrounds and social distancing, children
have been forced to stay at home. This has led to lack of social support, increased
loneliness, isolation, and disruption of social functioning. Parents are facing dual
challenge of performing professional duties and balancing it with parenting role.
The inability of parents to cope can lead to domino effect on kids. Restrictions like
social distancing and closure of schools have made children turn toward electronic
media, both for the purpose of learning and entertainment. While it is irreplaceable
in day-to-day lives, few exposed ones may become addicted to Internet resulting
in difficulty in re-adaptation later, after the crisis is over [16]. The risk of exposure
to harmful content, cyberbulling, and online gaming and gambling is the serious
harmful effects of screen time. Pre-existing socioeconomic and geographical differ-
ences accentuate the digital divide, i.e., educational facilities depend upon Internet
connection, speed, and devices. Moreover, less educated and poor parents may be
unable to assist their children during online education [17].

It is always difficult to have conversation in relation to public health emergencies
like this. This can cause a lot of distress among children and adolescents leading to
them asking questions about their own safety and safety of immediate family mem-
bers. It is all more important that one is providing reassurance and giving accurate
information as social media can give mixed information making them more con-
fused. The disturbing news and images on media can have a long-lasting impact on
their minds [18]. This has been extremely worrying for children who are concerned
for their own as well as loved one’s safety.

Small children affected by COVID-19 disease may need institutional care or
quarantine, and staying away from family may be unbearable for them. Loss of par-
ents due to illness can lead to kids ending up in foster care and social isolation. Such
children may suffer loneliness, intense grief, and adversity. This can significantly
impact their sense of security and safety, leading to long-term emotional problems
due to failure to resolve the loss of loved one. This can lead to children switch-
ing school, living with a different parent, or even working to support their family.
Such children are likely to have a posttraumatic stress disorders and development
of somatic diseases in later life. The child’s natural stress response may become
dysregulated in response to extreme stress at a young age. This results in persistent
elevation of proinflammatory cytokines and cortisol resulting in development of
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somatic disorders. There can be development of diabetes, asthma, decreased immu-
nity leading to recurrent infections, sleep disturbances, cognitive disturbances, and
other negative health outcomes [19].

The stress of parents directly affects children. This is an important implication
for children of HCW [20]. Financial hardship has badly affected children, causing a
possible surge in school dropout. Financial crisis and marital conflicts can increase
stress among parents leading to ineffective parenting and risk of physical and emo-
tional abuse of children [21]. This can significantly impact the education of children
leading to repeating a grade and getting lower grades, and for high school gradu-
ates, it can affect their future prospects. The school and situations have also been
affected causing increased stress to children. It had led to postponement of various
examinations. All this can lead to increased risk of mental illness and behavioral and
psychological problems. Lack of coping skills can lead to increased substance abuse
and even self-harm behaviors.

9.2 Signs and Symptoms

Historically Great Depression in the early 1930s was the greatest economic reces-
sion of the modern world that was associated with significant increase in depressive
symptoms and other mental health problems. As a result, there was an increase in
incidence of suicide [22, 23]. Similarly, an increase in rate of depression, anxiety,
substance abuse, and posttraumatic stress disorder (PTSD) following natural disas-
ters, such as earthquakes, tsunamis, hurricanes, or floods, has been observed [24].

Viral infections may infect the central nervous system resulting in neuropsychi-
atric disorders.

Though the exact pathogenesis is not known, the cerebrovascular prothrombotic
state, brain hypoxia, inflammation, and immunological response may play a signifi-
cant role [25]. The social factors may have an added effect on the development of
psychiatric consequences.

There are many concerns about the COVID-19 disease that with passage of time
will become more clear, and psychological effects are one of these. Other epidem-
ics like polio, HIV, Ebola, MRSA, and SARS were not as widespread as this one,
implicating lesser psychosocial impact. Past studies indicate effect of quarantine
during SARS 2003 pandemic on mental health resulting in high rates of depression
(31.2%) and anxiety (28.9%) [26]. Also, elevated levels of anxiety were observed
during the 2009 HIN1 pandemic as well [27]. The stay at home orders and perceived
impact of COVID-19 on daily life have been seen to be independently associated
with severe psychological outcomes. The implementation of stay at home orders
has led to significant social, psychological, and economic impact. This has led to
increased anxiety, depression, and PTSD. There were concerns about increased per-
ception of risk for self-harm to one’s physical financial and social health resulting
in increased anxiety. There are also concerns about increased feelings of loneliness
and social isolation. Studies have found association between sex and psychological
outcomes [2]. However, there was limited data about the long-term associations.
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The psychological impact of quarantine is wide-ranging and substantial and can be
long-lasting [28]. The income level was inversely associated with anxiety, loneli-
ness, and financial worries and directly associated with perceived social support.
The individuals with lower incomes may be particularly at risk for negative psycho-
logical outcomes of COVID-19.

A recent systematic review of 3559 patients admitted to hospital for SARS or
MERS studied the psychiatric and neuropsychiatric presentations associated with
severe coronavirus infections [25]. These included studies involving patients having
SARS-CoV (2068 cases), MERS-CoV (515 cases), and SARS-CoV-2 (976 cases)
infection. There was high incidence of depressed mood (32.6%), anxiety (35.7%),
impaired memory (34.1%), insomnia (41.9%), impaired concentration (38.2%),
and confusion (27.9%). The others include emotional lability, euphoria, aggression,
irritability, persecutory ideas, suicidality, and auditory or visual hallucinations. So,
while symptoms associated with delirium are common in acute stage, a high inci-
dence of anxiety, fatigue, and posttraumatic stress disorder was seen in post-illness
stage of previous coronavirus epidemics. The female sex was found to be signifi-
cantly associated with development of psychiatric symptoms. However, the long-
term psychological effects of coronavirus infection are still unknown. The patients
having mild disease have not been studied, and true incidence might be more than
what is known. In another systematic review by Luo et al., the prevalence of anxi-
ety and depression was highest among patients with pre-existing conditions and
COVID-19 infection (56% [39-73%] and 55% [48-62%], respectively), and it was
similar between healthcare workers and the general public [29].

The HCW are likely to suffer psychological burden. It has been seen that medi-
cal health workers with an organic disease are more likely to suffer psychological
burden like anxiety, depression, insomnia, and OCD [30, 31]. The female HCW,
pregnant HCW, and older HCW form a high risk group [32]. The death prospects of
sick COVID-19 patients can affect HCW tremendously leading to depression. Fear
is common among HCW but still less than general population because of better
health literacy [32]. PTSD symptoms usually manifest months after the traumatic
experience. Though it may be too early to be evident for COVID-19 pandemic,
cases have been proven for other coronavirus diseases.

Psychiatric patients may suffer worsening of their symptoms. People having
increased health anxiety can avoid getting medical care due to fear of infection.
This may potentially cause further increase risk of getting infected with COVID-19
if they have pre-existing physical health issues [33].

Loades et al. highlighted that children and adolescents are more likely to have
high rates of depression and anxiety during periods of social isolation and loneliness
[34]. In terms of emotions, it can make one more anxious, depressed, feel guilty and
angry, poorly motivated, and feel overwhelmed easily. It’s more important to moni-
tor signs of stress as small changes in behavior like increased or decreased energy
levels, use of illicit drugs, increased irritability, crying spells, increased anxiety,
blaming other people, and anhedonia. The stress can also cause somatic symptoms
like stomachache, diarrhea, eating disorders, and headache. It may also lead to
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worsening of mental health conditions and chronic health problems [35]. PTSD
may be commonly seen in children as well as adults who undergo immense grief
and distress. One needs to closely monitor for increased anxiety, intrusive thoughts,
sleep disturbances, mood changes, and separation anxiety. This can spiral down to
children being depressed, having low self-worth, feeling inadequate, and having
poor self-esteem. Children can start blaming themselves for parent’s conflict and
separation leading to increased feelings of guilt, anger, and low self-esteem. Lack
of stable environment at home can significantly impact school performance, con-
centration, and behaviors. COVID-19 has led to children having increased fear and
anxiety about their own health and health of loved ones. This can lead to worsen-
ing of mental health conditions and chronic health problems. Moreover relatives or
acquaintances infected with COVID-19 are also risk factor for increasing the anxi-
ety of college students [34]. Stay at home and social distancing have led to increase
in feeling of loneliness which can lead to increased alcohol use and suicide risk [36,
37]. Suicidal ideation is another major mental health risk among adolescents. While
suicide is the tenth leading cause of death overall, it is the second leading cause of
death among adolescence ages 12—-17. Existing mental illness among adolescents
may be exacerbated by social isolation and school closure. Table 9.1 summarizes
the common symptoms seen and the risk factors involved.

Table 9.1 Symptoms and risk factors [25, 29-31, 38]

Symptoms Risk factors

General population Female sex
Depressed mood Healthcare worker
Anxiety Previous chronic physical illness
Fear Death of relative due to SARS
Insomnia Lack of psychological preparedness
Impaired concentration Having high risks of contracting COVID-19
Confusion Having lower socioeconomic status
Emotional lability Social isolation
Euphoria Unsteady family
Aggression Higher social media exposure
Irritability
Persecutory ideas
Suicidality
Auditory or visual
hallucinations

COVID-19 patients Chronic illness
Anxiety Longer period of quarantine
Panic Lack of adequate information
Mood disorder
Depression
Loneliness
PTSD

(continued)
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Table 9.1 (continued)

Symptoms Risk factors

HCW Nurses working in front line with direct contact with
Depressed mood COVID-19 patients
Anxiety Having organic disease
Fear Working in the hardest-hit area
Insomnia Need to be quarantined and away from family
Burnout

Obsessive-compulsive
symptoms

Feeling of stigmatization
Increased substance

dependence
PTSD

Children Longer periods of quarantine
Loneliness Excessive social media exposure
Anxiety Lack of adequate information
Boredom Unstable family
Trritability Loss of a loved one

Impaired concentration
Excessive crying
Clinginess

Addiction

Somatic disorders

9.3 Interventions

While the psychosocial impact has been felt all across different places and per-
sons, it has been seen that few factors also protect against greater psychological
distress. These include family support, having sufficient local medical resources,
having highly efficient health systems and effective prevention and control mea-
sures against the epidemic, having up-to-date and accurate health information, and
taking precautionary measures (e.g., hand hygiene, wearing masks). Because of
lack of pharmacological interventions, public health interventions like social dis-
tancing and stay at home orders are important to reduce the spread of infection in
the community. This distancing from people can lead to loneliness leading to psy-
chological problems. This highlights the importance of social connection and social
support [39]. There is increased risk of adverse mental health outcomes among
patients with pre-existing mental disorders. Such patients may need to increase fre-
quency of contact and help from mental health providers. People who have lost
their loved ones may need more emotional support. It is important that telemental
health services are available to vulnerable individuals in community. There is also
need for increased online psychological therapies and self-help programs. Through
these people should be encouraged to maintain regular sleep, do physical exercise,
remain socially connected, and learn how to manage stress and coping strategies



9 Psychosocial Issues Related to Corona Virus Disease 163

and prevention of addictions [39]. People should not feel alone, and a telephonic
support line can be provided with social networking to allay loneliness [40]. This
holds special importance for the quarantined people and the elderly strata. As a
society, help should be readily given to those in need while maintaining physical
distance. Communication with family members who are staying distant by means
of video call can be extremely helpful for allaying isolation. There is increased
need for primary care mental health surveillance through routine screening for vari-
ous mental illnesses and greater availability of services to enable larger number of
affected individuals to receive treatment. For people having suicidal ideation, it is
important to maintain social connection with them. Telephone-based outreach and
caring letter intervention have been seen to reduce the suicide rate. The provision of
telemental health treatment should be put in use effectively [41].

Various national healthcare systems of different countries have been pushed
to limits. Healthcare professionals are vulnerable to adverse mental health conse-
quences. There is need for increased emotional and physical support and flexible
working hours during these times.

Both health professionals and general public are under increased stress and need
psychological crisis intervention which may play a very important role to prevent
long-term negative mental health consequences. Various mental health organiza-
tions have compiled educational articles and videos for general public and mental
health professionals to help mitigate the effect of COVID-19 on mental health. A
digital support package has been developed in the United Kingdom (UK) which
includes evidence-based guidance, support, and signposting relating to psychoso-
cial well-being for UK healthcare employees [41]. It outlines the steps that team
leaders can take like providing psychologically safe spaces for staff along with
guidance on reducing social stigma and improving peer and family support. It also
includes advice from various mental health professionals on learning how to man-
age emotions and promote self-care [42].

It is of utmost importance to attend children’s physical, mental, and emotional
well-being. At this time of need, the children and adolescents are looking up to
adults on how to respond.

We should provide children with reassurance, make them feel safe, and at the
same time gradually build resilience. There is need for educating parents about how
to balance work as well as to take care of children at home. Constant media cov-
erage can also lead to increased stress and anxiety. This reinforces importance of
facts being reported effectively in the media. Any uncertainty and inaccuracy can
lead to feelings of increased anxiety. The parents can provide support by explaining
the facts, limiting exposure to news coverage, having regular routine, and being a
role model [43]. Prospective longitudinal studies have concluded heightened stress
response during and in the immediate aftermath of threatening event can lead to
adverse physical and mental health outcomes over time [44]. Intervention programs
should be implemented by local government agencies to serve children and their
caregivers. These should focus on improving parenting skills, being more under-
standing and responsive to their needs, protecting them from negative experiences,
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assisting them in their problems, and mentoring them. Skill building opportunities
and cognitively based compassion training for older children help to build self-
esteem, self-efficiency and for their future targets [45].

The WHO Department of Mental Health and Substance have issued a series of
messages with an aim to support mental and psychosocial well-being of popula-
tion [46].

For the general population, the key messages are:

* Stigma should not be attached to people who contract the COVID-19 infection.
They should be provided with support and treated with compassion.

e One should minimize watching, reading, or listening to news about disease that
makes one feel distressed and anxious. The information should be seeked only
from trusted sources which will help to eliminate misinformation and rumors.
Getting facts right helps in minimizing fear.

¢ It is the responsibility to protect oneself but we should also be supportive to oth-
ers. Solidarity in community can help fight COVID-19 together.

e People who have recovered from the disease can willingly share their experience
in the community. Positive news can uplift the morale of the others and mini-
mize fear.

e HCW and others who are supporting COVID-19 patients should be applauded
for their effort in saving lives.

e Older adults who are in isolation or quarantine may become more stressed and
anxious and experience mood disorders. They should be provided with practical
and emotional help by their families and health staff.

e Older adults should be informed of ways to protect themselves from infection in
a clear, concise, respectful, and patient way. Family members should help them
to practice protective measures.

¢ Elderly people should have access to medications that they are using for chronic
health conditions. Their social contacts should provide assistance if required.

e Physical exercise should be performed at home to maintain mobility.

¢ Regular schedules should be followed for daily chores and hobbies. Regular con-
tact with family and loved ones is essential.

e Similarly, for the HCW and the managers in health facilities, WHO has issued
certain messages as under.

e It is likely to feel under pressure in the current situation, but this does not mean
that one is weak. Managing one’s mental and psychosocial well-being is as
important as managing the physical health.

e Useful coping strategies are sufficient rest and respite during work or between
shifts, healthy eating habits, engaging in physical activity, and staying connected
with family and friends. Use of tobacco, alcohol, or other drugs should be totally
avoided. Any activity that de-stresses one should be used.

e Few HCW may face social stigma due to the fear and misinformation. The best
way is to stay connected to your loved ones and share your experiences with your
colleagues, manager. or other whom one trusts.
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e People with intellectual, cognitive, and psychosocial disabilities may need
understandable ways other than written information to make them aware.

e One should provide support to people affected by COVID-19 especially those
who require mental or psychosocial support and direct them to available
resources. Even health staff and their managers may face stress and need mental
support at times. All should be aware where and how to access mental health and
psychosocial support services.

e The managers in health facilities should ensure protection of their staff from
chronic stress and poor mental health by focusing on long-term occupational
capacity.

e Staff should be updated with accurate information, and good quality communi-
cation should be ensured. Provide support to workers by rotating them from
higher-stress to lower-stress work areas. They should be allowed to work in pairs
to feel more stress free and secure. Work breaks and flexible work schedule may
be followed for those who are affected by a stressful event. Social support among
colleagues should be encouraged.

e All responders, health staff, volunteers, social leaders, and social workers should
be able to provide basic emotional support to affected people.

e Urgent neurological and mental health complaints should be managed within
emergency or general healthcare facilities and should be adequately staffed.

e All essential psychotropic medications should be made available at all levels of
health care.

For the caregivers of children, the important points to remember are:

e We should help children find positive ways to express their emotions, so that they
can feel relieved. This can be done in the form of playing, drawing, etc.

 Children should not be separated from their parents and family as far as possible.
If, for any reason, child is separated (quarantine, etc.), regular contact by tele-
phonic or video calls with parents should be ensured.

e A routine at home should be followed which should include time for learning,
playing, physical exercise, etc.

* Honest and age-appropriate communication about COVID-19 will help to ease
their anxiety. Adults should set themselves as mentor and lead by example.

The pandemic has changed the world around us, and time will unfold what holds
for us in the future. In the meantime, it is our duty to extend help to each other and
maintain solidarity and harmony. Government should earnestly develop prevention
and counselling models for the vulnerable section of society. Psychological resil-
ience will help mankind to survive and flourish in future.
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10.1 Introduction

The impact of the novel coronavirus (SARS-nCoV-2) on trauma care extends far
beyond the direct consequences of an infection in an individual. The presence
of this contagious disease in our society presents unprecedented challenges for
healthcare systems, impacting the care for trauma patients on a system-wide level.
The COVID-19 pandemic demands unseen system-wide measures by healthcare
authorities to protect the public from this disease. Societal measures and restric-
tions change the epidemiology of trauma, prompting trauma care networks to adjust
their operation. Ensuring continued access to trauma care aside navigating the local
healthcare response to an expanding number of COVID-19 patients demands addi-
tional resources and updated standard protocols. On an individual level, all emer-
gent admissions to trauma hospitals are to be considered cases to keep healthcare
workers safe. Lastly, a trauma in a patient with COVID-19 can present with unique
challenges.

10.2 Epidemiology of Trauma Amidst
the COVID-19 Pandemic

The worldwide community spread of COVID-19 in 2020 was met by unprecedented
measures to protect the public in many countries. National and regional authorities
across the globe implemented directives to limit the spread of the virus. Actions
ranging from social distancing to stay-at-home orders profoundly influence daily
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interactions in society. These actions affect the epidemiology of many conditions
and societal problems, including injury.

Various states and countries implementing stay-at-home orders saw a significant
decline in trauma admissions to major trauma centers during the time the orders
were active. The state of Washington implemented stay-at-home orders early March
2020, resulting in a decrease in trauma admissions, without significant changes in
trauma severity in the months following this order at Harborview Medical Center,
which is the only level 1 pediatric, and adult trauma center in the Pacific Northwest.
Admissions increased again with the progressive lessening of societal measures to
limit spread, including the lifting of the statewide stay-at-home order at the end of
May (Table 10.1: Harborview Medical Center Trauma Census and Injury Severity).

Decreased social interactions result in less road traffic and fewer mass gatherings,
ultimately reducing the sheer number of opportunities for an individual to sustain an
injury. Many European countries have seen traffic volume decline between 50 and
75% compared to the 5-year monthly average from the years preceding the 2020
COVID-19 pandemic [1]. France and Spain have reported 40-70% fewer fatalities
due to road accidents compared to the monthly average for the same months from
2014 to 2019. This observation occurred despite a concurrent increase in speeding
offenses caught by automated cameras in the same countries. In the United States,
a similar rise in speeding offenses was reported in several states with stay-at-home
orders by the Governors Highway Safety Association, an organization assessing
the safety of the US highway network [2]. New York City has seen the number of
speeding offenses in April caught by automated cameras doubled compared to the
year before, despite being one of the epicenters of the US COVID-19 epidemic. Los
Angeles has seen a 30% increase in speeding offenses prompting city management
to make changes to the timing of pedestrian and traffic signals to improve safety.
Minnesota saw an increase in both car crashes and fatalities in April of 2020 com-
pared to the averages in April of 2019. Massachusetts reported doubling of roadside
fatalities in April of 2020 compared to 2019, despite a decrease in overall motor
vehicle crashes. Nevada and Rhode Island reported an increase in pedestrian deaths

Table 10.1 Harborview Medical Center trauma census and injury severity

2015-2019 2020 Decline (%)
March counts 482 410 —-15
March ISS 11.6 10.6 -8
April counts 466 321 =31
April ISS 11.5 12 +4
May counts 577 526 -9
May ISS 12.1 12.3 +2
Overall counts 1525 1257 —18
Overall ISS 11.7 11.5 -2

Overview of the number of trauma admissions during the months where a stay-at-home order was
active in the State of Washington (March 18-May 31) compared to the 5-year average of the pre-
ceding years for the same month. ISS Injury Severity Score
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after being hit by motor vehicles. These data show an overall change in the behavior
of motorists due to the societal consequences of the COVID-19 pandemic, leading
to altered epidemiology of roadside trauma.

COVID-19 profoundly impacts society, both due to the burden of disease and
due to the measures taken by the governments to contain the epidemic within their
territory. Many families and individuals see their financial, social, and healthcare
situation jeopardized. These increased stressors combined with stay-at-home orders
seem to lead to an increase in domestic violence. According to United Nations
Women, reports of violence against women and girls have increased parallel to the
implementation of statewide lockdown orders in various nations in Asia, Europe,
North America, and South America [3]. In the United States, though hard to quan-
tify with only data from a limited time period available, there have been fewer
reports of child abuse despite hospitals subjectively reporting increased severity of
injuries in children suffering domestic abuse who are being admitted. Authorities
closing schools and daycare centers as part of their efforts to reduce the spread of
the epidemic should be aware that this limits opportunities for external providers
and family members to notice warning signs prompting concerns of child abuse. In
many countries taking society-wide measures, such as stay-at-home orders, acces-
sibility of services helping victims of domestic violence may be severely reduced.
Healthcare providers involved in primary and/or trauma care should be aware of
these changes in the epidemiology of domestic violence and make efforts to pre-
vent and identify cases. Institutional policies may need to be adapted to ascertain
the safety of suspected victims of domestic violence with access to safe-houses,
psycho-social, judicial, and protective services potentially being more restricted due
to lockdown measures taken by local authorities.

With the overall decline in interpersonal contacts seen with national and regional
stay-at-home orders, non-domestic interpersonal violence has overall decreased
in most countries. However, some countries have reported an increase in violence
against healthcare workers, mostly in healthcare systems that have been over-
whelmed by COVID-19 patients, thus reducing the availability of immediate care to
those seeking it. Hospitals need to be aware of this and may need to adjust staffing
and security to avoid escalation of verbal violence to physical violence, potentially
leading to injury of essential healthcare workers.

In summary, most regions globally have seen a decline in the trauma census.
A reduction in traffic volume has not led to a decrease in fatalities everywhere,
as some areas report increased speeding and reckless driving on less busy roads.
Lockdown orders have led to an increase in domestic violence in many countries.
Trauma hospitals need to be aware of these changes in the epidemiology of trauma
resulting from the COVID-19 pandemic, and the different measures authorities have
taken to limit the spread of the virus. Staffing and institutional policies may need to
be updated to accommodate victims of interpersonal violence with access to support
services potentially being more limited.
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10.3 Trauma Care During a Pandemic

Trauma management during the pandemic involves adequately treating non-elective
patients while minimizing risk and exposure to the healthcare workforce. While
trauma numbers and caseload will vary during the pandemic, ultimately, trauma will
continue to bring patients into a health system that is already stressed by the rising
COVID-19 workload. Given that most Level 1 trauma centers are also the regional
referral center for other specialties, often with the largest quota of intensive care unit
(ICU) beds, these centers have often become overwhelmed during the COVID-19
pandemic, and it is at times challenging to sustain historical trauma center opera-
tions. Staff have needed to be redeployed to care for COVID-19 patients, and non-
critical trauma center functions such as trauma outreach and prevention, research
activities, administrative meetings, and educational courses have been halted. As
such, the Medical Director and Program Manager for the trauma services should
be actively involved with hospital planning and development of ICU triage, surge
capability and capacity, cross-training of ICU providers, and protection of all hospi-
tal staff [4]. Specific data points for critical trauma center functions (e.g., operating
room, ICU, emergency department, blood bank, radiology, and surgical availability)
should be reviewed daily by the trauma leadership [5]. Triaging of patients to the
center with the highest trauma center designation may need periodic re-examination
and prioritization of high acuity injuries only, with the diversion of minor trauma at
peripheral sites with telemedicine guidance from the major trauma center.

All staff should be trained in the usage of adequate personal protective equipment
(PPE) (Levels 1-3 and their respective indications; see Table 10.2). With an increas-
ing demand for PPE, correctly using the appropriate level of protection is essential.

Table 10.2 Levels of PPE with clinical applications (Gong et al. Anesthesia Considerations and
Infection Precautions for Trauma and Acute Care Cases During the Coronavirus Disease 2019
Pandemic: Recommendations from a Task Force of the Chinese Society of Anesthesiology. Anesth
Analg ePub)

Level 1 Level 2 Level 3
Work clothing + + +
Fluid resistant gown + +
Latex/nitrile gloves Depending on + +
activity
Surgical facemask +
>95% efficiency + +
particle filter
respirator ((K)N95,
FFP2 and above)
Goggles/face shield Depending on + +
activity
Application Low exposure risk Moderate to high risk of | Aerosolizing
clinical work: e.g., exposure clinical work: procedures: e.g.,
imaging technicians | e.g., Emergency dept. intubation
triage nurse
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Systems should be in place to decontaminate and recycle PPE, such as powered air-
purifying respirators (PAPR) and N95 masks. COVID-19-positive patients should
be treated to minimize the aerosol spread and fomite production with scrupulous
hand hygiene, universal masking in place, and adequate decontamination of areas.

10.3.1 Prehospital Measures

For paramedic and emergency medical services (EMS) responders, given the prox-
imity to patients and other members of the public, all patients should be presumed
COVID-19 positive. Therefore, prehospital providers should wear a minimum of
Level 2 protection in communities where COVID-19 is prevalent. Screening based
on symptoms and examination findings of febrile respiratory illness is not sensitive
enough for the diagnosis of COVID-19 in the prehospital setting [6]. Therefore,
emergency call takers and dispatchers cannot reliably triage patients into risk cat-
egories to minimize PPE use by prehospital providers. If possible, minimizing the
number of staff being exposed will reduce PPE usage and decrease risk. In EMS
systems that operates a tiered-response system, only the first crew to arrive should
enter the scene and assess the need for extra personnel to minimize entry and expo-
sure by other providers. Air medical services should assess the flammability of dif-
ferent types of PPE and introduce procedures to don and doff PPE at appropriate
times to minimize fire hazards. Surgical masks should be applied to patients before
moving them from a scene to the hospital and where able patients should undertake
hand hygiene. Severely hypoxic patients may need to be intubated in the field before
transfer (see recommendations below). All equipment used on these patients should
either be discarded or appropriately sterilized. EMS crews may be requested to
obtain nasal COVID-19 reverse transcriptase-polymerase chain reaction (RT-PCR)
swabs in deceased patients to track COVID-19 mortality accurately. While myocar-
dial infarction and stroke admissions seem to have decreased during the acute pan-
demic stage, it is not clear yet if there is delayed or no self-presentation of certain
trauma patients in the emergency department.

10.3.2 Hospital Trauma Bay

Potential COVID-19 patients requiring emergent intubation should follow a strict
protocol that ensured that the most experienced airway practitioner instruments the
airway. Elective intubation in the ED to minimize exposure during the transporta-
tion is often appropriate.

Many institutions’ emergency departments have become overwhelmed during the
pandemic as the rate of influx of new patients outpaced the ability of the institution
to open appropriate beds (general ward, operating room (OR), or the ICU). Overall,
managing COVID-19 patients under investigation (PUI) slows down patient move-
ment with an added layer of complexity with all areas of management. Therefore,
managing patients expeditiously will avoid the ED from becoming overwhelmed.
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10.3.3 COVID-19 Triage/Rule out

To enable adequate precautions and appropriate management within the hospital
system, patients need to be triaged as to the likelihood of COVID-19 status as rap-
idly as possible. Over and under triaging, both pose risks for the patient and the
healthcare system. Triage has been managed in different ways depending on com-
munity prevalence of COVID-19, healthcare resources, availability, and rapidity of
RT-PCR testing and imaging.

Screening can be based on symptoms obtained at the time entry into ED, whereby
all patients are asked about exposure to COVID-19 patients, and if they are experi-
encing fever, cough, shortness of breath, or diarrhea. Any patient screening positive
is given a surgical mask, cohort into a separate area, and treated as presumed posi-
tive until further testing is done. This, however, may overburden the system as well
as miss asymptomatic carriers. Many trauma patients, especially those with severe
illnesses and those with neurotrauma, are not able to provide a reliable history.

Triage has been based on whether the patient has a fever >100 F and/or bilateral
infiltrates on chest X-ray, in which case they are presumed COVID-19 positive.
Lung ultrasound is relatively sensitive for pneumonitis and so, while not specific for
COVID-19, has been used in ED to triage patients. Given that most severe trauma
patients undergo some form of point of care ultrasound/extended focused assess-
ment with sonography in trauma (FAST) scan, this method could be used. Lung
contusions may make this harder and require adequate operator training. Many
trauma patients undergo computed tomography (CT) scans, which will cover the
thorax. Patchy ground-glass opacities in multiple bilateral pulmonary lobules with
peripheral distribution are typical COVID-19 CT chest features, and therefore CT
has been used to triage patient COVID-19 status. Caution is warranted; however,
as viral pneumonia and aspiration of gastric contents and blood that often occurs
in trauma, patients may present with similar radiological findings on CT chest
[7]. There are several documented cases of picking up asymptomatic COVID-19
patients in trauma via CT scan [8, 9].

Nasopharyngeal RT-PCR swabs are presumed to be the gold standard for detect-
ing the presence of COVID-19 viral disease, and the availability of testing with
rapid turnaround is essential to utilize healthcare resources adequately. However,
false-negative rates are significantly high at times, and ideally, RT-PCR should not
be used alone, and the clinical and epidemiologic situation should be carefully con-
sidered. If the pre-test probability is high, the patient should be treated as COVID-19
positive with further imaging and repeating RT-PCR testing, including testing an
endotracheal aspirate in intubated patients. Whenever possible, endotracheal sam-
pling should be preferred over nasopharyngeal sampling [10].

10.3.4 Transport of the Patient

Effective communication and coordination between staff with peer-to-peer sign
out and completion of documentation is imperative before any patient movement.
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Ideally, hospitals should have designated COVID-19 pathways and elevators for
patient transfer.

Non-intubated PUI and COVID-19-positive patients should be transported wear-
ing a surgical mask and should proceed directly to the OR and not via a preoperative
holding area. Any staff moving these patients should wear a minimum of Level 2
PPE and should help with patient positioning in the OR before departing from the
OR to minimize exposure of further staff and conserve PPE. The handover of the
patient should be clear and concise. A doffing of PPE area for transfer staff in the
OR suite should be identified, and further PPE supplies (including scrubs) should
be available for these non-OR staff.

10.4 Surgical Interventions (Fig. 10.1)

Elective surgeries should ideally be postponed until necessary [11]. This will reduce
unnecessary patient traffic in the hospital and decrease the introduction and spread
of disease between symptomatic and asymptomatic patients and also the healthcare
staff. Also, reducing surgeries allows planning for surge capability, saves resources,
including hospital beds and PPE, as well as preserving the health of the surgical
team. There is also increasing evidence that COVID-19 patients undergoing general
anesthesia are at increased risk of post-op pulmonary complications. The drawbacks
of postponing surgeries may lead to more prolonged ICU or hospital length of stays,
as out of hospital discharges to skilled nursing facilities, or rehabilitation centers
may be dependent on a negative COVID-19 test at the time of anticipated discharge.

Hospital policies and care pathways for managing patients in the operating room
with known or suspected COVID-19 infection must be developed, thereby prevent-
ing delays in critical operative interventions for unstable patients (see Fig. 10.1).
For urgent cases, delay to surgery should not compromise care; cases should pref-
erentially be performed at times of day when staffing and resources are optimal,
and after RT-PCR or CT, scan results are available. Patients’ symptoms inconsistent
with with COVID-19, or no radiologic findings, or have a negative RT-PCR test,
should be managed in the OR with standard operating room precautions, thereby
preserving resources in COVID-19-negative cases. Anesthesiologists may use N95/
FFP2-3 masks in these patients, if available.

Where possible, ORs should be explicitly designated for suspected and con-
firmed COVID-19 patients. Collocating these rooms away from high traffic areas
optimizes patient flow and resource utilization and decreases disease spread. The
operating room should conform to negative pressure airflow. The negative pressure
system should be turned on half an hour before the patient is moved in. The opera-
tion should be performed when the negative pressure reaches —5 kPa or lower. If this
is not possible, a high-frequency air exchange (>25 cycles/h) is preferred. Ideally,
these ORs should have their ventilation system with an integrated high-efficiency
particulate air (HEPA) filter. Traffic and flow of contaminated air can be minimized
by locking all doors to the OR during surgery. There should be only one possible
route for entry/exit. Warning signs should be placed outside the OR. PPE should
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Fig. 10.1 Example of workflow pattern for emergent patients at Harborview Medical Center during

the COVID-19 pandemic

be readily available with designated areas for donning/doffing. If an anteroom is
not available, a taped off area should be marked for these activities just outside
of the OR door. Instructional posters on appropriate procedures should be promi-
nently displayed. Surgical staff should be limited to essential personnel to conserve
PPE. One should avoid flux of multiple professionals into the room. Doffing of PPE
should be undertaken with the guidance of another person. N95 masks and PAPR
hood should undergo specific recycling and storage to conserve PPE.

Deploying senior practitioners where possible may enable more efficient case
turnover. The pandemic has required rewriting of practitioner work schedules, and
while surgical volume may be decreased, in house and on-call staffing require-
ments may have increased. A 12-h work shift for staff may reduce PPE usage in
certain areas.
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Before proceeding with surgery, there should be a huddle between anesthesia,
surgical, and nursing/allied health teams. The decision to proceed should be based
on a likely risk-benefit ratio. It is preferred that patients proceeding to OR should
have consideration to code status and for those with anticipated poor prognosis. “Do
Not Resuscitate” status should be considered preoperatively, to limit the possibility
of cardiopulmonary resuscitation (CPR) in the OR.

All instruments and supplies having disposable alternatives should be used.
Anesthesia carts (with adequate medication stock), ventilators, cautery, laparo-
scopic towers, tables, and all essential equipment should be limited to use in the
designated COVID-19 room. It is reasonable to remove unnecessary devices from
the OR before surgery. Personal items such as pagers, phones, and pens should
not be brought into the OR. Disposable pens should be provided in the room. All
disposables should be discarded at the end of the case. Necessary devices, such as
computers, anesthesia machines, and telephones, should be covered with disposable
plastic wrap.

A “runner” should remain available by phone to service the room and limit
entrance and egress during the case. Equipment and medication exchanges can be
performed using a material exchange cart placed immediately outside of the room
or in the anteroom or via a dual access port.

Communication, while one is in PPE in the OR, is a challenge, especially as
non-verbal communication is lost. Using closed-loop verbal communication and
speaking slowly, deliberately, is vital. The use of handheld radios, telephones, and
writing down instructions to enable communication with the outside of the OR has
all been used.

Minimizing cross-contamination in the OR requires scrupulous practice. Ideally,
the hands of the patient should be cleaned before coming to the OR, and the patient
adequately sanitized peri-op. Regular hand hygiene with alcohol-based hand gel
on gloves is recommended. Areas should be regularly wiped down regularly using
a quaternary ammonium compound with alcohol. Closed intravenous systems for
drug administration should be the norm. Blood samples of COVID-19 patients
should be stored in double bags and labeled with a warning sign of “COVID-19.”

Itis advisable to limit the number of OR personnel in the room during intubation.
Those actively involved with the intubation attempt should wear Level 3 PPE. The
patient should be optimally positioned and pre-oxygenated with a well-fitting mask
with a good seal and a closed breathing system. Noninvasive ventilation systems
and high flow nasal cannulas have variable reports as to their propensity to form
aerosols and thus are not recommended for routine intubation. Before induction of
anesthesia, a HEPA filter should be connected to the patient end of the breathing
circuit. The other of the filter should be connected between the expiratory limb and
the anesthetic machine. Equipment should be prepared to reduce the need for circuit
disconnections. Disposable equipment should be used where available.

Double gloves should be used routinely during intubation, and the top layer
removed following intubation to limit further contamination. To shorten intubation
time and maximize the “first-pass success” rate, intubation should be performed by
experienced staff.
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To enable rapid airway control, a rapid sequence induction should be under-
taken. Ideally, the patient should not be bag-mask ventilated to decrease the risk
of aerosol formation. However, should the patient be hypoxic, low tidal volume
breaths with adequate PEEP are useful. A video laryngoscope is recommended as
the first intubation plan because a PAPR hood or goggles may hamper vision dur-
ing direct laryngoscopy. A video laryngoscope also keeps the intubator farther from
the patient’s airway during intubation. However, ultimately, the practitioner should
use the intubation method they are most familiar with and comfortable with. Severe
hypoxia from COVID-19, as well as lung trauma, may require lung-protective ven-
tilation with adequate PEEP, tidal volumes, and plateau pressures. Recruitment
maneuvers intraop to minimize atelectasis may be needed.

The patient should be in a deep plane of anesthesia with an adequate neuro-
muscular block before the intubation attempts to avoid the patient coughing. The
cuff of the endotracheal tube should be inflated before attempting ventilation. For
any circuit disconnects, the patient should be pre-oxygenated with 100% oxygen,
adequately sedated and paralyzed, the anesthetic gas flow stopped, and the circuit
is broken on the machine side of the HEPA filter. If required, the endotracheal tube
can also be clamped—this may be necessary if the HEPA filter itself needs to be
exchanged. The closed system in line suction can be attached to the circuit to avoid
circuit disconnects once the patient is intubated.

Use of supraglottic airway devices such as the laryngeal mask airway (LMA) is
not advisable as the first line for airway management due to the risk of gas leakage
around the LMA. However, this may be the only airway adjunct available in the
prehospital care setting. For difficult airways, standard operating guidelines should
be followed. However, it should be noted that there is an increased risk of an aero-
sol generation with awake fiberoptic intubations, and this is not recommended in
COVID-19-positive patients.

Which induction agents to use in trauma patients depend on practitioner famil-
iarity as well as the hemodynamic status of the patient. However, while the data is
sparse, etomidate may pose an increased risk to COVID-19-positive trauma patients
due to the immunosuppressive side effects of etomidate. COVID-19 can cause
immune dysfunction and immunosuppression with the potential of severe infection
and multi-organ dysfunction syndrome post-trauma [12]. Thus, emergency surgery
should follow the principles of damage control. Surgical manipulation should be
minimized, and surgical duration should be shortened. If laparoscopic surgery is
being performed, a smoke evacuator attached to a HEPA filtration device must be
used during and at the end of the case to facilitate the release of pneumoperitoneum.
Use smoke evacuators/filtration device in all cases requiring electrocautery, laser, or
ultrasonic scalpels, to limit exposure to aerosols. Closed suction systems such as the
Neptune system (Stryker Corporation, Michigan, USA) are ideally suited for this.

In suspected or confirmed COVID-19, the choice of anesthetic technique should
be based on the patient’s overall clinical status, trauma condition, and adapted to the
surgical treatment. Regional anesthesia is preferred if it can meet the needs imposed
by surgical technique and surgeon preference. Patients receiving regional anesthesia
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can use oxygen through a nasal cannula, with a surgical mask on top. Neuraxial
techniques may cause translocation of the virus into the central nervous system.
Coagulopathy from COVID-19, as well as trauma-induced, should be considered.

SARS-nCoV-2 has the propensity to cause cardiac, renal, and coagulation dys-
function. Therefore, serial perioperative monitoring of cardiac and renal biomarker
tests is advisable, and advanced cardiac output monitoring/echocardiography con-
sidered in unstable patients. Patients should be maintained in a euvolemic state,
mainly to minimize secondary lung and renal injury [13]. Coagulation status should
be monitored by regular emergency hemorrhage panels or point of care viscoelastic
testing and blood gas analysis intraoperatively in trauma patients.

Extubation can be undertaken in the OR or ICU, depending on resources and
time. Essential staff only should be present in the OR during extubation, and level
3 PPE should be utilized for those extubating. A technique targeting smooth emer-
gence with minimal coughing is preferable. When possible, the patient should be
recovered in the operating room until they can be transferred to an isolation room
on the ward or in the intensive care unit. After extubating, the patient will need to
remain in the OR for approximately 30 min to allow adequate air exchanges to
occur and make sure the patient is sufficiently recovered from the anesthetic. Nasal
prongs for oxygenation of the patient with a surgical face mask on top should be
used. Venturi masks and high flow systems should be avoided, given their potential
to aerosolize viral particles.

Non-operating room anesthetic areas for COVID-19-positive trauma patients,
such as interventional radiology, should ideally be organized in the same way as
OR suites.

Terminal cleaning of all surfaces should be performed after each operation, fol-
lowing hospital guidelines. This will typically mean that OR turnaround time is
increased and other ORs should be available to continue operating. Human coro-
naviruses can be efficiently inactivated by surface disinfection procedures with
62-71% ethanol, 0.5% hydrogen peroxide, or 0.1% sodium hypochlorite within
1 min. Surfaces should be wiped down and left to dry [14]. The room can then be
sterilized with UV-C for at least 30 min or a hydrogen peroxide vaporizer. If the
hospital has the capacity, items such as anesthesia carts can be quarantined for at
least 60 h (to ensure natural viral particle breakdown) before reuse. This strategy
minimizes waste and enables more equipment and medication to be kept in the OR
during the case.

With elective procedures canceled in most hospitals, there is an ever-increas-
ing backlog of surgical cases. Governments, professional bodies, and hospitals are
therefore keen to move from a position of curtailment to reopening elective surgery.
This, however, requires a low prevalence of SARS-nCoV-2 in the community with
easy access to testing and ensuring there are adequate hospital and ICU beds, OR
provisions, PPE, trained staff, and other medical supplies. The affect COVID-19
may have on access to safe surgery in low and middle-income countries, and for
homeless persons, migrants and refugees are particularly worrisome.
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10.4.1 Blood Products

While the cancelation of elective surgery and transplants have decreased blood usage
in many areas, community social distancing policies, public fear of donation and dis-
ease transmission, and closing of blood donation centers may lead to a decrease in the
regional blood availability. Specific blood donation campaigns have been employed
to increase public donation during the pandemic, and there is no data to suggest that
SARS-nCoV-2 can be transmitted via blood transfusion. Hospital blood stocks should
be monitored daily, and restrictive transfusion strategies enforced where appropriate.
While cell savers can be used in the OR, this often involves another member of staff
being present with the risk and cost that this entails.

10.4.2 ICU

COVID-19 has placed an enormous strain on ICU services worldwide, and there-
fore ICU capacity, especially for trauma patients, should be monitored daily. The
availability of monitors, ventilators, and oxygen supply has often been in critical
short supply. COVID-19 positive patients are usually collocated geographically, and
so this may often require patients under the trauma service being spread across the
hospital site. In hospitals where extra ICU beds have rapidly been increased with
urgent up-training of nursing and allied health staff to care for COVID-19 patients,
it should be remembered that trauma patients who are also COVID-19 positive will
require the most highly skilled nursing staff.

When transferring patients to and from ICU, ideally, hospital transport pathways
designated for COVID-19-positive patients should be used. Clear communication
and handoff between OR and ICU staff should occur before the movement of the
patient. To minimize ventilator circuit disconnects, healthcare worker exposure,
PPE usage, and patient movement to and from ICU, medical therapy should be
pre-planned, and any imaging or therapy requirements undertaken in a single move.

Trauma patients may return to the OR for multiple surgeries. Therefore, their
COVID-19 status based on symptoms and radiological changes should be continu-
ously monitored, and RT-PCR ideally repeated every 72 h until the requirement for
surgery has passed. Hospital visitors should be kept to a minimum, and logs should
be kept as to which healthcare workers have been in contact with which patients to
enable contact tracing should there be a change in positive COVID-19 status.

10.4.3 Rehabilitation and Out-Patient Services

These services have been particularly affected during the SARS-nCoV-2 pandemic,
with many services stopping or moving onto telemedicine/online platforms. Every
effort should be made to continue this provision as good patient outcomes in trauma
are dependent on ongoing rehabilitation, psychiatric, family health, and out-patient
services.
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10.5 COVID-19 in the Injured Patient

With an essential share of COVID-19 infections occurring asymptomatically, sus-
taining trauma while being infected with the novel coronavirus is a risk of unknown
magnitude.

Publications assessing the risks of trauma and general anesthesia or surgery in
infected individuals are mostly lacking. Trauma patients may need emergent surgery
for their injuries. Undergoing general anesthesia while being COVID-19 positive
may carry the risk of exacerbation of the pulmonary disease. Currently, no substan-
tial evidence on simultaneous COVID-19 and (poly)trauma exists; however, a large
case series provided insight into the correlation of emergent surgery in COVID-19-
positive patients and postoperative outcomes [4, 15]. This report pooled outcomes
from various COVID-19 patients undergoing different elective and emergent proce-
dures in a single database. Though no control group was used, the authors noted a
higher number of postoperative respiratory complications (50.1%), as well as higher
mortality than what would be reasonably expected for a similar non-infected cohort.
About 10% of the cases in this database were trauma patients, but no conclusions
were drawn specifically to this population.

Both general anesthesia requiring intubation with mechanical ventilation and
direct injury to the airway, chest or lungs, can worsen the existing underlying pul-
monary disease. This is no different for patients who may have a subclinical or
asymptomatic SARS-nCoV-2 infection. Both blunt and penetrating trauma to the
chest can induce inflammatory changes that may exacerbate an underlying viral
infection, thus resulting in a higher risk of adverse respiratory outcomes, such as
prolonged mechanical ventilation, ventilator-assisted pneumonia, lung injury, or
ARDS. Currently, no evidence suggests trauma patients with COVID-19 benefit
from a mechanical ventilation strategy that is different than for non-trauma patients
with COVID-19. Trauma may limit clinicians in treatment options for COVID-19
patients. For instance, injury to the spine may preclude the possibility of elevat-
ing the head of the bed or placing the patient in a prone position. Patients with
chest trauma may have a more limited reserve and require intubation earlier on.
Hypoxia and hypercarbia may be less tolerated in patients with significant injury
or resulting systemic inflammation. Permissive hypercapnia may not be feasible
in a patient with metabolic acidosis following systemic inflammation after poly-
trauma. Efforts should be made to optimize homeostasis in trauma patients with
COVID-19: Increasing hypercarbia worsens acidosis, contributing to systemic
inflammation, coagulation, and enzymatic dysfunction and decreased effectiveness
of catecholamines.

A more proactive approach to diagnose complications in critically ill trauma
patients with COVID-19 is warranted. The threshold to admit COVID-19 patients
with concomitant (poly)trauma should be lower than for trauma patients without
significant comorbidities, especially in patients with systemic inflammation, chest
trauma, or lung injury.

Conflicting reports have been published on the incidence of venous throm-
boembolism in patients hospitalized with COVID-19. Some institutions have
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liberalized their recommendations for venous thromboembolism (VTE) prophy-
laxis for COVID-19 patients in comparison to non-COVID-19 patients [16, 17].
Other ICUs have started screening patients using ultrasound or have increased their
screening frequency. Orthopedic trauma with subsequent immobilization and sys-
temic inflammation both contribute to the risk of developing deep venous thrombi.
Trauma patients may be at increased risk of bleeding, or they may have an injury
where bleeding significantly increases the risk for an adverse outcome, such as trau-
matic brain injury patients. Currently, there is too little evidence to support altering
the dosing regimen of VTE prophylaxis in inpatients as well as in outpatients who
require immobilization for orthopedic injuries. Due to the low risk associated with
increased screening efforts, heightened vigilance for the development of VTE in
hospitalized trauma patients with concomitant COVID-19 infection may be war-
ranted. Many health systems have standardized the use of tranexamic acid in hem-
orrhaging trauma patients. The administration of this product may pose a higher
risk of thrombo-embolic events in COVID-19 trauma patients due to the possible
pro-thrombotic state associated with this disease. With the lack of evidence sur-
rounding tranexamic acid use in COVID-19 trauma patients, the decision to use
tranexamic acid in severe trauma should be made on a case by case basis. The use
of perioperative sequential compression devices (SCD) is advisable if there are no
other contraindications.

Multiple reports describe processes of microthrombosis, intrapulmonary hemor-
rhage, or diffuse intravascular coagulation to be involved in the COVID-19 patho-
physiology [7, 18]. Severe injury leads to activation and, ultimately, depletion of
coagulation factors. Increased vigilance over the performance of the patients’ coagu-
lative function is to be recommended in polytraumatized patients or patients who
receive multiple transfusions for trauma while being infected with SARS-nCoV-2.
The viral illness may lead to the consumption of coagulation factors beyond the time
of achieving surgical and biochemical hemorrhage control for the patients’ injury,
translating into a need for a more extended period of vigilance over the patients’ coag-
ulation parameters than would be otherwise expected for an injured patient.

Patients who leave the hospital after prolonged ICU stays recovering from
COVID-19 have decreased strength, balance, and increased osteopenia. This puts
patients at risk of more severe injury with falls and minor trauma. Providers involved
in the discharge of these patients should educate patients about the implications of
prolonged hospitalization and make efforts to prevent injuries during the rehabilita-
tion phase. Physical therapy can help reduce fall risk, increase stability and muscle
strength, and reduce osteopenia.

10.6 Conclusion

The 2020 COVID-19 pandemic affects many facets of society and healthcare provi-
sion, including the care available to trauma patients. Hospitals and providers should
make efforts to anticipate the altered epidemiology of trauma that results mostly
from societal measures to limit the spread of the virus.
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The presence of a pandemic poses specific challenges to healthcare systems
necessitating adaptation of routines and protocols to protect healthcare workers and
contain viral spread within healthcare facilities. Separating patient flows upon hos-
pital admissions, even for urgent admissions, is of utmost importance. This implies
changes are needed to routine workflow in every phase of care, from the prehospital
to the hospital phase and to discharge.

Healthcare providers involved in the care of trauma patients should be educated
on the pathophysiology of COVID-19 and potential complex interactions on various
organ systems. Some pathophysiological processes associated with SARS-nCoV-2
may increase the disease burden of trauma in (poly)traumatized patients.

More research and more data are needed to draw conclusions on the epidemiol-
ogy of trauma, the interplay of COVID-19, and pathophysiologic processes in the
traumatized patient and to design optimal guidelines for preparing the healthcare
system to deal with different patient flows as well as for direct patient care.

10.7 Summary Points

e The number of trauma patients presenting to the hospital has been affected by the
COVID-19 pandemic.

e Trauma services should presume that all patients are positive for SARS-nCoV-2
until they have been adequately triaged.

e Triage is based on patient symptoms, radiology, and RT-PCR testing.

e COVID-19 is a multisystem disorder and may exacerbate the effects of
polytrauma.

e Renal and cardiac dysfunction should be monitored perioperatively.

e Hypoxia and hypercarbia may not be well tolerated in acidotic trauma patients.

e COVID-19 patients may be at risk of pro-thrombotic complications.
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Pregnant Patients and COVID-19 1 1

Vibha Mahendra and Shobana Murugan

11.1 Introduction

Management of COVID-19 disease in pregnancy poses unique challenges, as it
requires consideration of maternal physiologic changes, fetal and placental physiol-
ogy, and a multidisciplinary approach to decision-making, particularly in patients
with severe or critical disease. Though the majority of pregnant patients who test
positive for SARS-CoV-2 remain asymptomatic or have mild disease and recover
without undergoing delivery [1], a significant number develop critical illness and
may have prolonged and complex disease courses [2].

The prevalence of SARS-CoV-2 infection in pregnant women approximates the
overall population prevalence. Based on data from the HIN1 influenza and SARS
pandemics during which pregnant women were at a higher risk of infection and had
worse clinical outcomes [3, 4], it was anticipated that parturients during the SARS-
CoV-2 outbreak would follow similar patterns.

Current studies, however, have found that pregnant women have similar rates
of infection with SARS-CoV-2 and clinical courses and outcomes when compared
with reproductive-aged non-pregnant women [5, 6]. In a systematic review of 538
pregnancies from China, Italy, and the United States, 15% of patients met criteria
for severe disease, and only 1.4% were considered critical. This is in contrast to the
SARS, HIN1, and MERS pandemics, during which pregnant women suffered dis-
proportionately from critical respiratory disease and mortality [4, 7].
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11.2 Background
11.2.1 Epidemiology in the Obstetric Population

Since April 2020, universal SARS-Cov-2 testing of pregnant women and their com-
panions has been widely implemented [8] in obstetric clinics, triage, and labor and
delivery in many hospitals in the United States and has aided in recognizing symp-
tomatic as well as asymptomatic carriers. In one New York hospital at the peak of
the pandemic, 15% of asymptomatic maternity patients tested positive for SARS-
CoV-2 infection despite having screened negative with a telephone screening tool,
and 58% of their asymptomatic, screen-negative support persons also tested positive
for SARS-CoV-2 infection [9].

Prevalence differs between endemic regions and non-endemic regions. A second
hospital in New York City reported a 13.5% prevalence of asymptomatic infection
in women presenting for childbirth [8]. In comparison, the prevalence of positive
SARS-CoV-2 test results among asymptomatic patients was much lower (<3%) in
a pregnant population outside of the highly endemic region of New York City [10].

No large population studies exist on maternal mortality related to COVID-19
disease, but several maternal deaths from cardiopulmonary complications and mul-
tiorgan failure have been reported, often in women with no underlying medical
conditions [11-13]. There is no evidence, however, that the maternal mortality rate
is higher than that of the general population.

11.2.2 Patient Characteristics

Pregnant patients with symptoms of SARS-CoV-2 are most commonly (65%)
infected in the third trimester [5, 14—17]. In a review of 195 parturients from China,
Italy, and the United States, 66% of these women delivered at or after 37 + 0 weeks
gestational age (wga), 26% delivered between 28 + 0 and 36 + 6 wga, and only 9%
delivered earlier than 28 + 0 wga [18]. The average time to delivery after onset of
severe or critical COVID-19 disease was 13 days [14, 19].

As of July 2020, maternal fatality rates remain low but may be underreported.
Risk factors for development of respiratory and multiorgan failure are yet to be
determined, but it has been suggested that increased pregestational BMI, abnormal
heart and respiratory rates on admission, and underlying cardiopulmonary comor-
bidities are associated with severe disease [16].

11.3 COVID-19 Disease Manifestations in Pregnancy

The most common clinical manifestations of COVID-19 disease in pregnancy are
fever and cough (>65%) and less often dyspnea, sore throat, and myalgia (<10%).
Laboratory findings include a modest increase in liver enzymes, lymphopenia, and
thrombocytopenia [20]. Severe or critical COVID-19 disease in pregnancy typically
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Table 11.1 NIH classification system for disease severity [21]

Asymptomatic | Mild Moderate Severe Critical
+ SARS- Any signs or Evidence of Respiratory Respiratory
CoV-2 test, symptoms lower respiratory | frequency > 30 breaths | failure, septic
no symptoms | (fever, cough, disease by per minute, shock, and/or
malaise, clinical Sa0, <93% on room multiple
headache, assessment or air at sea level, ratio of | organ
myalgia, sore imaging and a arterial partial pressure | dysfunction
throat) without | saturation of of oxygen to fraction of
shortness of oxygen (Sa0,) inspired oxygen (PaO,/
breath or >93% on room Fi0O,) <300, or lung
abnormal chest | air at sea level infiltrates >50%
imaging

begins with the onset of hypoxemic respiratory failure followed by acute respiratory
distress syndrome (ARDS) and may progress to multiorgan dysfunction; most com-
monly this includes renal failure, thromboembolic disease, cardiovascular compli-
cations, inflammatory complications, secondary infections, and neurologic sequelae.

Disease severity in pregnancy is determined according to the same NIH clas-
sification system used in non-pregnant individuals. Disease severity categories are
asymptomatic, mild, moderate, severe, and critical (see Table 11.1) [21].

The American College of Obstetricians and Gynecologists (ACOG) supports the
use of telehealth platforms whenever possible to reduce patient and physician expo-
sures while providing pregnancy care, particularly in patients with uncomplicated
pregnancies. Telehealth interventions including remote antenatal blood pressure and
glucose monitoring, symptom monitoring, and SMS/text messaging, among other
interventions, have been shown to be non-inferior when compared to in-person vis-
its in low-risk populations [22]. In-person visits should be reserved for high-risk
patients and those for whom face-to-face evaluation is required per obstetric and
maternal fetal medicine guidelines.

In accordance with guidelines from the Society for Maternal-Fetal Medicine,
pregnant women with mild COVID-19 disease plus comorbidities (particularly any
cardiopulmonary pathology) should be observed in a medical facility, and those
with moderate to critical disease should be hospitalized. Pregnant women with
severe to critical disease should be cared for at a high-acuity hospital with an inten-
sive care unit, as well as obstetric and neonatal care teams [23].

11.4 Management of COVID-19 Disease in Pregnancy
11.4.1 Maternal Hemodynamic Goals

Uteroplacental blood flow increases from 50 mL/min up to 1 L/min or more at term,
is not autoregulated, and depends on maintenance of maternal mean arterial pres-
sure (MAP) > 65 mmHg. Strategies to maintain adequate MAP include judicious
volume resuscitation, vasopressor support, and left uterine displacement to relieve
aortocaval compression.
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11.4.2 Vasopressor Choice in Pregnancy

Commonly used vasopressors in pregnancy are phenylephrine, ephedrine, and nor-
epinephrine. Norepinephrine, the vasopressor of choice in septic shock, has gained
favor in obstetric management, particularly in the setting of hypotension during
cesarean delivery [24]. Norepinephrine’s safety profile is well established in preg-
nancy, but FHR monitoring should be considered if there is concern over uteropla-
cental perfusion. Phenylephrine and ephedrine can be used safely in pregnancy but
have limited potency in critical illness. Epinephrine and dopamine are more arrhyth-
mogenic than norepinephrine, but they, along with dobutamine, may also be used
safely during pregnancy, as determined by the overall clinical status.

Vasopressin is structurally similar to oxytocin and may result in activation of
uterine V1A and oxytocin receptors [25]. It should be used with extreme caution
and in conjunction with uterine tocodynamometry and FHR monitoring due to the
risk of inducing uterine contractions.

11.4.3 ARDS Management in Pregnancy

ARDS management principles must be adapted to accommodate the physiologic
changes of pregnancy. Hypoxia and acidosis are poorly tolerated by both mother
and fetus; even healthy parturients can tolerate only brief periods of hypoxia due to
pregnancy-associated diaphragmatic elevation up to 4 cm, decreased functional
residual capacity (FRC), increased oxygen consumption, and susceptibility to pul-
monary edema. Maternal PaO, is elevated at 100—105 mmHg due to increased alve-
olar ventilation, and maternal SpO, must remain >95% (PaO, > 70 mmHg) to ensure
sufficient fetal oxygenation.

Early treatment for hypoxia is recommended. Noninvasive options include
HFNC and prone positioning (self-proning in less severe disease), but the risks of
aspiration, aerosolization of viral particles, and compression of the gravid abdomen
should be considered. Proning in pregnancy is challenging but, if done correctly,
is highly effective at reducing diaphragmatic and aortocaval compression. Special
considerations include NPO status and avoiding compression of the gravid abdo-
men with pillows, padding, or a RotoProne® (or similar) bed. Right or left lateral
displacement are also safe positions in pregnancy; a minimum lateral tilt between
30° and 45° is needed to achieve an appreciable increase in caval diameter [26].

Intubation and mechanical ventilation are reserved for critical cases of hypox-
emic respiratory failure. Application of high positive end expiratory pressure (PEEP)
should be used cautiously in pregnant women, as the reduction in preload and car-
diac output may be detrimental to uteroplacental flow. Neuromuscular blockade
with cisatracurium is safe in pregnancy and should be considered in patients with
Pa0,/FiO, ratio < 150. Inhaled nitric oxide (iNO), a selective pulmonary vasodila-
tor, may be used if the potential benefit to the mother outweighs the risks to the fetus.
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Increased minute ventilation in normal pregnancy creates a respiratory alkalo-
sis (PaCO, of 27-32 mmHg), compensated by a reduction in serum bicarbonate to
approximately 20 meq/L. This reduction in total buffering capacity decreases the
parturient’s ability to tolerate acidosis [27]. Hypercapnia creates an unfavorable
transplacental CO, gradient for removal of fetal metabolic waste, causing fetal
acidemia. Therefore, permissive hypercapnia, a strategy to limit tidal volumes
and reduce lung injury in ARDS, should be used cautiously in pregnancy, and
maternal PaCO, should be kept well below 60 mmHg. Due to decreased chest
wall compliance during pregnancy, plateau pressures <35 cm H,O may be toler-
ated. Excessive hyperventilation and alkalosis should also be avoided, as hypo-
carbia results in uterine artery vasoconstriction and reduction of uteroplacental
blood flow.

11.4.4 Extracorporeal Life Support (ECLS)/Extracorporeal
Membrane Oxygenator (ECMO)

The use of ECMO for refractory ARDS during the SARS-CoV-2 pandemic is based
on data from prior global pandemics that showed improvements in mortality in
young patients afflicted with severe pulmonary disease [28, 29]. Pregnant women
with critical COVID-19 disease represent an ideal group of patients who may ben-
efit from ECLS due to their relative youth and lack of comorbidities when compared
to the general population.

ARDS is the most common indication for initiation of ECLS in pregnancy [30].
Parturients on ECMO for ARDS demonstrate a survival rate of 80% (more favor-
able than the general population, with similar rates of complications), while fetal
survival is approximately 65%. Maternal risk of complications such as bleeding
and neurologic morbidity (hemiparesis, limb weakness) should be considered when
initiating ECLS.

11.4.5 Thromboembolic Disease

The elevated risk of venous thromboembolism during normal pregnancy places
parturients with COVID-19 disease at an even higher risk of thromboembolic
complications. Generally in pregnancy, low-molecular-weight heparin (LMWH)
is preferred over unfractionated heparin (UFH) [31]. However, due to its short
half-life and reversibility with protamine sulfate, UFH is favored in severe or criti-
cally ill parturients, as they are at greater risk for unpredictable delivery timing
and neuraxial placement, as well as postpartum hemorrhage [32]. UFH and
LWMH do not cross the placenta, but alcohol-free preparations should be used in
pregnancy.
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11.5 Antenatal Considerations
11.5.1 Fetal Monitoring and Interventions

Antenatal maternal hypoxia has been shown to alter fetal cardiovascular growth and
function, cause fetal neurologic deficits and fetal growth restriction (FGR), and
increase risk for postnatal complications [33]. In patients with critical respiratory
disease, decisions around fetal heart rate monitoring and frequency of monitoring
should depend on the gestational age of the fetus, desires of the patient, and feasibil-
ity and safety of intervention [34].

In cases of fetal distress, the common practice of maternal supplemental oxy-
gen therapy for fetal resuscitation should be abandoned, as it has no proven fetal
benefit and may result in aerosolization of maternal respiratory secretions. Other
maneuvers such as lateral positioning and hemodynamic support are appropriate
alternatives.

11.5.2 Corticosteroids, Pregnancy Category B

Betamethasone or dexamethasone are administered in pregnancies at risk of preterm
delivery to reduce neonatal complications and mortality. The RECOVERY trial
reports a reduction in mortality in non-pregnant hospitalized patients with severe and
critical COVID-19 who received daily dexamethasone [35]. As of July 27, 2020,
ACOG recommends administration of antenatal steroids to patients who require sup-
plemental oxygen or mechanical ventilation and are in the early (24w0d-33w6d) or
late preterm period (34w0d—36w6d) [23] as indicated for fetal benefit.

11.5.3 Intrapartum Fever

The differential diagnosis for intrapartum fever (intraamniotic infection, respiratory
tract infection, urinary tract infection, drug/neuraxial related, DVT) should be
expanded to include COVID-19 disease, particularly when the patient has respira-
tory symptoms and decreased oxygenation.

11.5.4 Preterm Labor

In women with known or suspected COVID-19, the preferred tocolytic is nifedip-
ine. Nifedipine is a suitable alterative to indomethacin, which is subject to the theo-
retical yet unproven risk of NSAID use in COVID-19 disease, and to
beta-sympathomimetics (i.e., terbutaline), which are associated with high rates of
maternal tachyarrhythmias.
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Magnesium sulfate should be administered on a case-by-case basis for mater-
nal seizure prophylaxis and/or fetal neuroprotection due to the risks of pulmo-
nary edema and neuromuscular weakness, particularly respiratory weakness.
Serum magnesium levels may be drawn in patients who are unable to participate
in clinical assessments aimed at recognizing signs and symptoms of magnesium
toxicity.

11.5.5 Nutrition and Glucose Control

Many intensive care units utilize a caloric calculation of 25 kcal/kg/day of ideal
body weight. An extra 300 kcal/day should be added during pregnancy (500 kcal/
day in multiple gestation). No current guidelines exist for glucose control in criti-
cally ill parturients, but a target glucose level between 70 and 140 mg/dL has been
suggested to avoid fetal complications associated with hyperglycemia.

11.6 Timing and Mode of Delivery

Greater than 90% of infected mothers recover from COVID-19 disease without
undergoing delivery [36—40]. Data related to the timing of delivery in women with
acute respiratory distress syndrome (ARDS) is limited, and there is much debate
surrounding the topic of therapeutic delivery to improve maternal outcome in
ARDS. It has been suggested that delivery of the fetus may improve maternal respi-
ratory status by improving FRC and pulmonary mechanics and reducing metabolic
stress [41, 42]. Decisions regarding delivery in this setting should be made based on
a case-by-case basis by a multidisciplinary team including intensivists, obstetri-
cians/maternal fetal medicine specialists, neonatologists, and obstetric
anesthesiologists.

Cesarean delivery should be based on obstetric (fetal or maternal) indications
and not COVID-19 status alone. Early in the SARS-CoV-2 pandemic, the majority
of pregnancies (>90%) were delivered via cesarean section due to limited under-
standing of the risks of vertical transmission of disease as well as a desire to control
the timing of delivery and prevent emergent intubations that would increase the
risk of exposure for healthcare workers [43]. ACOG Committee Opinion 761 states
that in the absence of maternal or fetal indications for cesarean delivery, a plan for
vaginal delivery is safe and appropriate and should be recommended [44]. Vaginal
delivery is preferred in asymptomatic, mild, or moderate disease, to reduce the risk
of hemorrhage, infection, and thromboembolic disease associated with cesarean
delivery [38, 44], while cesarean delivery may be favored in a severe or critically ill
parturient who is unable to tolerate or participate in labor.
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11.7 Safety of Common Therapies for COVID-19 Disease
in Pregnancy (Table 11.2)

11.7.1 Convalescent Plasma

Early studies suggest a possible clinical benefit to administering ABO-compatible
convalescent plasma, a high antibody titer plasma pooled from donors previously
infected with SARS-CoV-2. Though pregnant women are excluded from ongoing
RCTs for COVID-19, convalescent plasma was successfully used for eight pregnant
Ebola patients [45], without any serious adverse maternal or fetal reactions. Potential
complications include transfusion-related reactions and immunosuppression.

11.8 Uterotonics and Postpartum Hemorrhage (PPH)

Four uterotonic medications are available in the United States for the management
of postpartum hemorrhage (PPH): oxytocin, carboprost (prostaglandin F2x), meth-
ylergonovine, and misoprostol (prostaglandin E,). Early administration of oxytocin
and mechanical tamponade are preferred first-line treatments for PPH in severe or
critical COVID-19 disease due to the significant risk of bronchospasm with admin-
istration of carboprost and pulmonary vasoconstriction with methylergonovine.
Standardized recommendations have not been established, but given these risks,
avoidance of carboprost and methylergonovine may be prudent in severe or critical
COVID-19 disease. Due to thromboembolic risk, tranexamic acid should be admin-
istered with extreme caution and only in patients without renal insufficiency and
neurologic or thromboembolic disease.

11.9 Anesthetic Management

The pre-anesthetic evaluation is an important component of management of all
pregnant women on labor and delivery, but special considerations must be observed
in COVID-19 disease.

1. Airway evaluation: A thorough evaluation should be performed while observing
institutional practices around personal protective equipment (PPE). Endotracheal
intubation can be challenging in pregnancy due to edema of the upper airway and
difficult to perform with the increased breast volume. Airway exam may worsen
as labor progresses and should be reassessed just prior to cesarean delivery if
indicated [46]. Pregnant women are at high risk for aspiration due to increased
intraabdominal pressure and impaired gastric emptying and should be pre-med-
icated with gastric prophylaxis prior to any procedure.

2. Cardiopulmonary evaluation: All COVID-19 positive patients should have a
physical exam focused on cardiopulmonary status. If found to be hypoxic with
or without dyspnea, obtain a blood gas and chest X-ray, and consider CT of the
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chest or transthoracic echocardiography to rule out other cardiopulmonary
pathology.

3. Evaluate labs, particularly complete blood count, chemistry panel, coagulation
factors (including anti-Xa level if on heparin), and fibrinogen (>350 mg/dL in
pregnancy).

4. Access/hemodynamic monitoring:

(a) Mild disease: adequate IV access for blood, resuscitation, and uterotonics.

(b) Moderate disease: adequate IV access, consider arterial line.

(c) Severe-critical disease: adequate IV access, arterial line for frequent blood
sampling.

11.9.1 Neuraxial Anesthesia

Neuraxial is preferred for both vaginal delivery and cesarean section. Spinal anes-
thesia/dural puncture is considered safe as there have been no documented adverse
complications related to CNS transmission of viral particles, and COVID-19 dis-
ease is not a contraindication [47]. However, the accompanying abrupt drop in pre-
load may not be tolerated in seriously ill women.

Decision to proceed with neuraxial may be complicated by thrombocytopenia and
concurrent use of anticoagulants. Common practice is to avoid neuraxial in patients
with platelet counts <70,000/uL, though different practitioners may use different
cutoffs. Thrombocytopenia secondary to COVID-19 disease is rarely <70,000/pL,
so other causes should be considered if platelet count becomes critically low. Early
labor epidurals are encouraged because the block provided by the in situ catheter
may be extended for cesarean delivery in an urgent or emergent situation. These
patients should be evaluated regularly to ensure early recognition of epidural failure
and allow the provider to troubleshoot or replace the catheter in a controlled man-
ner. The risk of general anesthesia (aspiration, difficult airway management, uterine
atony, low neonatal APGARS) is greater than the theoretical risk of causing men-
ingitis/encephalitis from neuraxial procedures; therefore, neuraxial procedures may
be performed in parturients with COVID-19 unless otherwise contraindicated or
logistically prohibited. In the setting of COVID-19 disease, many patients started on
anticoagulation with either LMWH or UFH. Anticoagulation guildelines from the
American Society of Regional Anesthesia (ASRA) [48] should be followed when
considering neuraxial procedures or catheter removals.

Other analgesics such as nitrous oxide for labor analgesia should be suspended in
the absence of sufficient data about cleaning, filtering, and potential aerosolization
of nitrous oxide systems. Similarly, IV patient-controlled opiate analgesics should
be avoided due to risk of respiratory depression and potential need for emergent
airway procedures.

During labor with neuraxial, maternal heart rate, maternal pulse oximetry with
plethysmography, and fetal heart rate should be continuously monitored. Additional
monitors should be applied on a case-by-case basis.
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11.9.2 General Anesthesia for Cesarean Delivery

General endotracheal anesthesia (GETA) may be required if patient is already intu-
bated or hemodynamically unstable or in cases of emergent cesarean delivery (fetal
or maternal distress) without in situ epidural catheter. Intubation of SARS-CoV-2-
positive patients is associated with a high risk of transmission to healthcare provid-
ers. Providers should don full PPE and decrease risk of transmission by performing
rapid sequence induction after adequate preoxygenation and intubate with a video
laryngoscope to facilitate placement while reducing aerosolization of respiratory
secretions. Pregnant women have reduced FRC and therefore minimal apneic time
despite adequate preoxygenation. Intubation may be challenging due to airway
edema or presence of large breasts. COVID-19 patients with hypoxia concomitant
with the physiologically decreased FRC from pregnancy will likely become more
hypoxic, develop further atelectasis with intubation and mechanical ventilation, and
possibly require postoperative critical care admission [47]. Providers should also be
aware of the decrease in mean alveolar concentration (MAC) and mean local anes-
thetic concentration (MLAC) requirements in pregnancy and adjust anesthetic depth
accordingly.

11.10 Conclusions

Management of obstetric patients who test positive for SARS-CoV-2 ranges from
outpatient care of asymptomatic or mildly symptomatic patients to inpatient man-
agement of those with moderate to critical illness. Inpatients are best managed by a
multidisciplinary team including obstetricians/maternal fetal medicine specialists,
anesthesiologists, neonatologists, intensivists, and nurses with obstetric and ICU
training. Care teams should meet early and frequently to determine optimal delivery
timing, mode of delivery, anesthetic options, and hemodynamic goals, with special
attention to contingency plans for maternal instability, fetal distress, and postpartum
hemorrhage.
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Pediatric Patients and COVID-19 1 2

Malini Mahendra, Vibha Mahendra,
and Shobana Murugan

12.1 Introduction

The Novel Coronavirus Disease (COVID-19) the World Health Organization
(WHO) declared a worldwide pandemic on March 11, 2020 [1]. Although the bur-
den of COVID-19 has fallen largely on adults, there are unique pediatric consider-
ations that clinicians should be aware of. In this section, we will review the impact
of COVID-19 on the pediatric population, common disease presentation, physiol-
ogy, anesthetic considerations, and critical care management of the illness.

12.2 Background
12.2.1 Epidemiology

The SARS CoV2 epidemic was first reported in Wuhan, China, in November 2019.
The Chinese Center for Disease Control Chinese Center for Disease Control
reported 2% of confirmed COVID cases were in patients <19 years of age. No
deaths in children <9 years of age [2]. Similar findings were reported in the Italian
outbreak [3]. The United States also reported similar findings with only 1.7% of
COVID-19 cases in pediatric patients with a case fatality rate of 0.1%. However, the
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incidence of COVID-19 in pediatric patients with chronic illness is unknown.
Additionally, like in adults, majority (57%) of cases were male and 91% of cases
occurred after exposure at home or in the community [4]. Of pediatric patients with
COVID-19, the hospitalization admission rate ranged between 5.7 and 20%. With
15% admitted to an ICU. Children aged <1 year accounted for the highest percent-
age (15-62%) of hospitalization among pediatric patients with COVID-19 [4].
Although nearly 5% of adults with COVID-19 require admission to the ICU, a case
series suggested that 0.6% of pediatric patients had disease progression to acute
respiratory distress syndrome or multiple organ dysfunction [5, 6]. The true inci-
dence of the disease is unknown as some studies have reported that up to 10% of
children are asymptomatic [7, 8].

12.2.2 Presentation of Symptoms

Case series have reported that the majority of neonatal and pediatric patients have
been transmitted from infected family members [7]. Pediatric patients most fre-
quently presented with fever, cough, and shortness of breath. The frequency of
reported symptoms in pediatrics was less than what has been reported in adults [4].

A minority of patients who are critically ill have presented with a hyperinflam-
matory shock that has been described as the pediatric multisystem inflammatory
syndrome associated with COVID-19. The literature has commented on the similar-
ity in presentation of this syndrome to Kawasaki disease. In a cohort of eight patients
identified in the United Kingdom, patients presented with unrelenting fever, rash,
conjunctivitis, peripheral edema, extremity pain, and significant GI symptoms.
Interestingly, all patients initially tested negative for COVID [9]. Most children in
this case series did not present with respiratory symptoms but did require mechani-
cal ventilation for hemodynamic support. All patients progressed to warm, vasople-
gic shock. Common echocardiographic findings were echo bright coronary vessels,
with one patient progressing to development of a giant coronary aneurysm. One
patient suffered arrhythmias that required support with ECLS. The patient ulti-
mately diedfrom a cerebrovascular infarct.

12.2.3 Special Considerations: Pediatric

There is a growing body of literature that has suggested that the general pediatric
population has been less severely affected by COVID-19 than adults. There are
several hypotheses that have been proposed to explain this observation. Recent stud-
ies have proposed a correlation between the severity of COVID-19 disease with
viral load or the duration of viral shedding [8, 10]. Differences in clinical presenta-
tion may be related to the differential expression of ACE2 receptors because SARS
CoV2 is known to enter cells by binding to the ACE2 receptor. Data show that there
is differential expression of the ACE2 receptor in the population: (1) ACE2 recep-
tors are expressed more in adults than children; (2) there is increased expression of
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the ACE2 receptor in neonates compared to older children; and (3) circulating levels
of ACE2 are higher in males than females. This differential expression may explain
part of the reason why COVID-19 is more present in adults, males, and neonates [8].

Children also seem to have a different immune response to the SARS CoV2 virus
than adults. Robustness of the immune response may decrease with age. With aging,
T-cell distribution shifts from having naive T cells to a population of mostly mem-
ory and effector T cells. This is associated with loss of co-stimulatory molecules
that may increase susceptibility to infection [8]. Neonates also may be more suscep-
tible to the SARS CoV?2 virus because their immune response is skewed more to the
Th2 rather than the pro-inflammatory Thl response. When compared to younger
macaques and mice, aging macaques and mice infected with SARS CoV2 had a
more robust pro-inflammatory response associated with worse lung pathology.
Because severe COVID-19 infection is associated with a massive proinflammatory
response, cytokine storm, and multiorgan failure, it is proposed that differences in
inflammatory response between the pediatric and adult patient may also contribute
to differences in disease presentation [8].

12.2.4 Special Considerations: Neonatal

Although transmission of the SARS CoV2 virus is thought to occur primarily
through respiratory droplets, there is concern that vertical transmission of the virus
exists. There has been a case report of a neonate who tested positive via RT PCR at
16 h of life [11]. IgM antibodies have also been detected in the placenta, suggesting
transplacental passage of the virus is possible. Testing is recommended for all neo-
nates born to women with confirmed or suspected COVID-19 regardless of symp-
toms in the neonate via RT-PCR. Serologic testing is not recommended at this time
to diagnose an acute infection in the neonate. Testing should occur at 24 h of life. If
initial testing is negative or not available, testing should be repeated at 48 h of
age [12].

Postnatally, the AAP, ACOG, and Chinese experts have recommended separation
of the newborn from COVID-19-positive mothers. However, the CDC recommends
that the decision to separate and to breast feed the infant be a shared decision with
the mother. If the decision is made to room in with the baby, mothers should wear
facemask and practice social distancing as appropriate.

12.3 Anesthetic Consideration

Transmission of aerosolized particles places anesthesiologists at high risk for trans-
mission of the virus. Recorded rates of COVID-19 in healthcare workers range from
3 to 14% [13]. Precautions taken while caring for COVID-19-positive adults should
also be applied to the pediatric patient. Because parents may not be able to accom-
pany the child into the operating room, strong consideration should be given to
premedicating the child to reduce crying and screaming (which may increase spread
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of the virus) [13]. Because the pediatric patient is at increased risk for tube dislodge-
ment or obstruction while intubation and laryngospasm after extubation, effort
should be taken to minimize the need to re-intubate patients [13].

12.4 Critical Care Management

Early data has suggested that around 15% of COVID-19 pediatric patients had criti-
cal illness (defined as requiring mechanical ventilation or having ARDS, shock,
systemic inflammatory response syndrome, or multiorgan failure) [14]. Seventy-
three percent of patients presented with respiratory symptoms, but the remainder of
patients presented with other symptoms (circulatory collapse, seizures, vaso-
occlusive crisis of sickle cell, and DKA). Over 90% of patients admitted to the ICU
had at least one comorbidity, with the most common comorbidity being long-term
dependence on technological support. Over 1/3 of these patients required mechani-
cal ventilation. Thirteen percent of patients required extracorporeal therapies.
Reported case fatality rate was 4.2% at time of the report [14].

Therapeutic management strategies stems from knowledge gained from treat-
ment of other infectious diseases [15]. Treatment of critical illness has been largely
supportive (nutrition, fluids, supplemental oxygen) [7]. Although the WHO and
CDC do not recommend any specific treatment strategies in children because novel
therapies have not been shown clear benefit, pediatric intensivists have used tar-
geted therapy to COVID-19. The most common therapy received was hydroxychlo-
roquine as a single agent. Azithromycin, remdisivir, and convalescent plasma were
also used [14]. At the time of writing, there are no published guidelines on how to
manage multisystem inflammatory syndrome. However, clinicians have used intra-
venous immunoglobulin, corticosteroids, and biologics such as infliximab and
anakinra to treat patients [16].

12.5 Conclusion

Most pediatric patients infected with SARS CoV2 present with mild symptoms. A
minority of patients become critically ill and develop pediatric multisystem inflam-
matory syndrome. Differences in gene expression and the inflammatory response in
neonatal and pediatric patients may explain differences in COVID-19 disease pre-
sentation. Supportive care is the recommended management strategy for patients
with COVID-19 infections. No novel therapeutic strategies in children have been
recommended as there is no clear evidence that there is benefit from use. Anesthetic
management of the COVID-19-positive pediatric patient is similar to what has been
described in the adult anesthetic literature.
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Shobana Murugan and Jayanth Rajan

13.1 Introduction

The CDC reports that, as of July 26, 2020, there are over 16.3 million cases of the
novel coronavirus in the United States and that the death toll is nearly 645,000 [1].
Although information regarding risk factors, pathophysiology, treatments, and pro-
tective measures remains controversial, analysis of patient demographics suggests
that older patients are particularly vulnerable to COVID-19: in China, where the
disease first emerged, coronavirus deaths in those aged 60 and older constituted
80% of the total number of deaths [2]; in Italy, the median age of death due to
COVID-19 is reported as 78.5 [3, 4]; an examination of COVID-19 cases in the
United States between February 12 and March 16 reports that adverse outcomes
most frequently occur in adults aged over 85 years [2]. The correlation between
adverse outcomes and advanced age demonstrates the need to develop efficient
guidelines to provide palliative care for older and vulnerable populations while pro-
tecting healthcare workers.

13.1.1 Background

To develop these guidelines in a targeted and specific manner, it is necessary to
consider the nuances in the pathophysiology and clinical manifestations of
COVID-19 in the context of geriatric patients. Current literature suggests that the
incubation period of COVID-19 is 2—14 days [5] with a median of 5.1 days [6], and
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the most common symptoms include fever, cough, shortness of breath, and fatigue
[7]. In older adults, because the fever response is attenuated and because other
symptoms are concurrent with age-related disorders, diagnosis can be more chal-
lenging [6]. Moreover, age-related disorders may directly contribute to the vulner-
ability of geriatric patients to COVID-19. Cases of COVID-19 in older adults are
also unique because healthcare providers must consider the impact of medications
for age-related disorders upon pathogenicity and virulence [6]. Special precautions
must be taken for older patients residing in nursing facilities to prevent rapid trans-
mission to other residents who may be at high risk of severe outcomes [8]. Finally,
differential clinical features of COVID-19 in older patients warrant the development
of treatment guidelines specific to geriatric patients [9]. By considering the unique
aspects of COVID-19 in older patients, in this subsection we outline the clinical and
anesthetic considerations, potential complications, and critical care management of
geriatric patients.

13.2 Clinical Considerations
13.2.1 Diagnosis and Clinical Presentation

Several clinical features indicate coronavirus infection in the older adult. Although
fever is one of the most common symptoms of COVID-19, the definition of fever
must be modified to account for the attenuated fever response in older adults.
High et al. proposed that for residents of long-term care facilities, a single oral
temperature >100 °F, multiple oral temperatures >99 °F, and a >2 °F increase in
temperature compared to baseline are suitable definitions of fever [6, 10]. In addi-
tion to typical symptoms such as cough and dyspnea, atypical symptoms such as
confusion, sore throat, chills, and rhinorrhea may also occur. Godaert et al. sug-
gest, based on experience in a short-stay geriatric unit for suspected COVID-19
cases, that some atypical symptoms may present more frequently in older adults
[11]. Both typical and atypical symptoms reportedly take longer to present in
older patients [12]. In consideration of clinical presentation and duration of incu-
bation period, a low threshold for suspicion and frequent testing should be
employed [6]. Management of these typical and atypical symptoms is summa-
rized in the Sect. 13.2.4 of this chapter. Older individuals are more likely to pres-
ent with higher pneumonia severity index, more acute respiratory distress
syndrome, and acute organ dysfunction [9]. Furthermore, lung lesions appear par-
ticularly severe in older patients. Tomographic findings show a more extensive
bilateral ground-glass pattern of lung involvement, peripheric ground-glass opac-
ity and consolidation, and interlobular septal, subpleural line, and pleural thicken-
ing. Alveolar and interstitial involvement are twice more intense than in younger
adults [13]. Laboratory findings in older patients indicate lower lymphocyte ratios
and lower C-reactive protein levels compared with younger patients [9]. A sum-
mary of differential clinical features of COVID-19 between older and younger
patients is provided below in Table 13.1.
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Table 13.1 Differential clinical characteristics of COVID-19 in older adults compared to younger
patients

Clinical feature Presentation in older patients compared to younger patients References
Pneumonia Older adults present with higher pneumonia severity index [9]
severity index

Lung CT Lung lesions are more severe in older patients [13]

In older adults, there is more extensive ground-glass pattern
of lung involvement, peripheric ground-glass opacity
Interlobular septal, subpleural line, and pleural line
thickening compared to younger patients

More intense alveolar and interstitial involvement in older

adults
Laboratory Lower lymphocyte ratio in older adults [9]
findings Lower C-reactive protein in older adults

13.2.2 Frailty and COVID-19 Outcomes

The COPE study, COVID-19 in Older People, in The Lancet assessed the effect of
frailty on outcomes in people of all ages with COVID-19. Frailty increases mortal-
ity, earlier death, and longer hospital stays in hospital-admitted patients affected
with COVID-19. The importance of this study is that frailty assessment rather than
age is important in determining admission, triage, and resource allocation [14].
Age-related physiological changes may contribute to the frailty of older patients;
these physiological changes are provided in Table 13.2.

13.2.3 Anesthetic Considerations

13.2.3.1 Perioperative Anesthesiologic Evaluation
Protecting hospital personnel and patients during perioperative anesthesiologic
evaluation is imperative, and a general protocol is provided in Table 13.3.

In a scientific brief published on July 9, 2020, the World Health Organization
implicates airborne transmission as one possible modality by which COVID-19
spreads—particularly in the context of aerosol-generating medical procedures
(AGMPs) [16]. Provided below is a list of anesthesiologic procedures consid-
ered AGMPs:

¢ Manual mask ventilation [17]

¢ Endotracheal intubation [17]

e Extubation [17]

¢ Non-invasive ventilation such as BiPAP or CPAP [17]

e Bronchoscopy [17]

e Open airway suctioning [17]

e Processes which induce coughing and sputum generation [17]
e Tracheostomy [17]

e Cardiopulmonary resuscitation [17]



212

S. Murugan and J. Rajan

Table 13.2 Systemic physiological changes associated with advanced age [15]

Clinical findings

Cardiopulmonary
system

Systolic hypertension

Increased afterload

Left ventricular hypertrophy

Decreased cardiac output

Diastolic dysfunction

Depressed baroreceptor function

Decreased heart rate

Increased incidence of arrhythmia, particularly atrial fibrillation

Compromised small airway patency

Increased closing capacity

Chronic airway obstruction

Increased shunting and dead space

Micro-aspiration and concomitant chronic pulmonary inflammation

Decreased ventilatory response to hypoxemia and hypercarbia

Presence of pulmonary diseases such as COPD, pneumonia, and sleep
apnea

Renal system

Decline (50%) of functioning nephrons by age 80

Glomerular filtration rate reduces by 1-1.5% per year

Reduced creatinine clearance

Impaired electrolyte handling and ability to dilute/concentrate urine

Increased risk of dehydration and sodium depletion

Increased retention of drugs and drug metabolites

Hepatic system

Decreased liver mass and hepatic blood flow decreases (10% per decade)

Decreased hepatic metabolism of drugs especially phase 1 reactions

Altered pharmacokinetics of drugs

Increased plasma concentration of water-soluble drugs

Decreased plasma concentration of lipid-soluble drugs

Cognitive, sensory, motor, and autonomic function impairments

Nervous system

Reduction in brain mass and neuronal size

Decreased dendritic tree complexity and decreased number of synapses

Decreased production of neurotransmitters, neurotransmitter receptors

Impaired autonomic nervous system function

Impaired thermoregulation

Decreased baroreceptor sensitivity

Increased susceptibility to dehydration

Increased prevalence of central nervous system disorders in older
patients such as cerebral atherosclerosis, Parkinson’s disease,
Alzheimer’s disease, dementia, and depression

Increased risk of delirium

Endocrine system

Potential for hormonal deficiency (insulin, thyroxine, growth hormone,
aldosterone, testosterone)

Potential for endocrine disorders such as diabetes, hypothyroidism,
osteoporosis, impotence, and impaired electrolyte homeostasis
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Table 13.3 General protocol for perioperative anesthesia evaluation during the COVID-19
pandemic

Protocol Notes

Prior to preoperative | Utilize appropriate
anesthesia evaluation | personal protective

White medical gowns
Medical gloves

equipment * Eye protection shields
* Disposable surgical caps
¢ Surgical masks or test-fit N95 masks
or respirator
Ensure patients practice  Patients should enter the consulting
good social distancing room one by one
* Patients should minimize contact with
the clinician and other individuals
Screen patients prior to * Measure patient body temperature
evaluation with electronic ear thermometer

If body temperature is greater 37.3 °C,
the infection control officer should be
notified

During preoperative | Conduct a thorough Take a detailed history

anesthesia evaluation | examination for COVID-19 |« Conduct a thorough physical
examination

Conduct a chest examination

Practice good hand hygiene |¢ Wash hands with soap and water for at
least 20 s

Or utilize hydrogen peroxide solution/
gel

After preoperative Report suspected Maintain low threshold for suspicion
anesthesia evaluation | COVID-19 cases of COVID-19

Report suspected infection to the
infection control officer

Apply decontamination * Decontaminate the consulting room at
protocols the end of the shift

Wipe potentially contaminated
surfaces (floor, furniture, equipment)
with 2-3% hydrogen peroxide

The list above is not extensive and new information may identify additional
AGMPs germane to anesthesia. In addition, surgical societies cite procedures that
are potentially aerosol-generating, including oral and upper airway procedures and
surgeries, upper GI endoscopies including ERCP (endoscopic retrograde cholangio-
pancreatography), and laparoscopies. It is uncertain whether aerosols generated
from some procedures may be infectious, such as nebulizer administration and
high-flow O, delivery.

13.2.3.2 General Anesthesia
While conclusive evidence indicating the use of particular airway techniques is not
available, heuristics and clinical experience can be utilized to intuit the risk
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associated with anesthetic choices. For instance, at low pressures, LMA seals the

airway, thus protecting healthcare personnel; however, at high pressures, a complete

seal may not be maintained, and a resultant leak may allow for the generation of

aerosols. Another suggestion is that, in general, fiber-optic intubation is not advised.

If difficult airway or cannot ventilate situation is anticipated, video laryngoscope,

LMA for cannot intubate, and difficult airway cart and algorithm should be ready.
COVID-19 Airway Management and Anesthesia Recommendations

e RSI (rapid sequence induction) or a modified version of RSI with small tidal
volumes must be used during induction [18].

e Video laryngoscope should be used for intubation and a high-quality heat- and
moisture-exchanging filter (>99.97% rejection of airborne particles >0.3 pm)
placed in between the facemask and breathing circuit or between the facemask
and reservoir bag [18].

e Monitored anesthesia care cases with low fresh gas flow rate and spontaneous
ventilation are permissible; note, during jaw lift and positive pressure adminis-
tration, the likelihood of coronavirus transmission to the anesthesiologist
increases. Risk is further increased to healthcare personnel if AGMPs (such as
upper endoscopy and bronchoscopy) are conducted; accordingly, appropriate
PPE must be donned for these procedures [17]. It is also important to recognize
that transition from MAC to tracheal intubation augments risk to the anesthesi-
ologist which could be why local experts report the use of endotracheal anesthet-
ics instead of MAC when there is high prevalence of COVID-19 cases in the
community [17].

13.2.3.3 Regional Anesthesia

To circumvent the risk associated with AGMPs, Uppal et al. provide a comprehen-
sive review on the guidelines for providing regional anesthesia for suspected or
confirmed COVID-19 patients [19]. Uppal et al. first recommend decreasing clini-
cal load and testing and triaging patients adequately prior to anesthesia to ensure
optimal allocation of hospital resources. Next, neuraxial anesthesia and peripheral
nerve blocks should be encouraged for hospital procedures; however, because intra-
operative conversion to general anesthesia is undesirable, anesthetic considerations
and options should be thoroughly investigated and planned. Once anesthetic consid-
erations are evaluated, regional anesthesia should be conducted in an operating
room or isolation room to prevent the spread of disease to other healthcare providers
and patients. To prevent fomite-based transmission of COVID-19, all non-essential
items should be removed from the patient’s room. Since neuraxial anesthesia and
peripheral nerve blocks are considered non-aerosol-generating procedures, contact
and droplet precautions can be used; however, evidence suggests that the use of
airborne precautions for spinal anesthesia reduces risk of transmission. Importantly,
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the anesthesiologist must be prepared with the appropriate PPE in case there is an
emergent need to convert to general anesthesia. Modulating the flow rate of oxygen
delivery and considering an appropriate oxygen delivery device can reduce risk of
disease transmission while ensuring oxygen saturation. Considerations for neurax-
ial anesthesia include testing for the presence of thrombocytopenia, adequate dos-
ing, and post-dural puncture headache; these considerations are enumerated,
delineated, and discussed by Uppal et al. Considerations for peripheral nerve blocks
include utilizing appropriate PPE (blocks performed in the head and neck area may
indicate airborne precautions) and minimizing systemic toxicity; these factors are
discussed in detail by Uppal et al. Patient monitoring must be thorough to eliminate
the need for intra-operative conversion to general anesthesia; the use of a viral filter
for the monitoring of gas samples is recommended [19]. The article by Uppal et al.
utilized for our discussion of regional anesthesia is provided below and should be
read for a more detailed review of these key points.

13.2.4 Treatment

Triaging patients is one of the first key steps in treatment; appropriate triage can
allocate resources efficiently and provide targeted care. Triage of older patients is
predicated on the presence of comorbidities, frailty of patients, and resource avail-
ability. Triage of older patients residing in congregate senior living facilities also
involves isolating the patient from other residents or transporting the patient to an
appropriate facility [20]. Mantha et al. propose a modified 6-min walk test for triag-
ing but do not recommend its use for patients aged over 70 years old as they may
already qualify for emergent care [21]. The recent NICE guideline of frailty assess-
ment of older adults upon admission to hospital, irrespective of age and COVID-19
status, is recommended to efficiently utilize available resources [22].

Because of reports of asymptomatic and pre-symptomatic disease transmission,
patients admitted to the hospital for non-COVID-19-related surgical procedures
must also be triaged; essentially, all surgical procedures must be planned and
approached systematically to protect OR personnel. The general protective proce-
dures for conducting surgeries during this pandemic are provided in Fig. 13.1.

As no anti-viral therapeutics against COVID-19 have been conclusively estab-
lished, treatment is primarily supportive. Several pharmacological agents and treat-
ments are utilized to ameliorate symptoms of COVID-19, such as paracetamol for
fever, codeine for cough, and ventilation for respiratory distress [3]. For older
patients presenting with atypical symptoms, drugs such as haloperidol and metoclo-
pramide can be used to treat delirium/confusion and nausea, respectively [3].
Another important consideration for geriatric patients is appropriate dosing of
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Table 13.4 Common typical and atypical symptoms along with presentation, clinical relevance,
and treatment in geriatric COVID-19 patients

Presentation in
Symptom | geriatric patients | Clinical relevance Treatment Source

Typical Fever Attenuated fever | Define fever as: Paracetamol [3,6,

symptoms response 1. Single oral Metamizole 10]
temperature
>100 °F

2. Multiple oral
temperatures
>99 °F

3. >2 °F increase
from baseline

Cough May be conflated | Low threshold of Codeine [3, 6]
Dyspnea | with age-related suspicion for Oxygen therapy |[3, 6]
comorbidities COVID-19
Atypical Nausea | May be conflated | Frequent testing for | Metoclopramide | [3, 6]
symptoms with age-related rapid diagnosis, Domperidone
Delirium | comorbidities and | triaging, and Haloperidol (3, 6]
may be more isolation Midazolam
Fatigue corpmon in older NA [6, 11]
Fall patients NA 6, 11]

medications; typically, potentially due to age-related changes in renal and hepatic
metabolism, older patients are more sensitive to analgesics such as midazolam [3,
24, 25]. Information regarding treatment of common symptoms is summarized in
Table 13.4.

13.2.5 Recent Advances in the Treatment of Coronavirus

Several candidate pharmacological treatments to attenuate the severity of COVID-19
are currently being investigated. As severe outcomes following COVID-19 are more
frequently reported in older patients, this developing research should be continu-
ously reviewed by healthcare providers treating geriatric COVID-19 patients.
Zhang and Yap reported in 2004 that a combination of lopinavir and ritonavir,
which is used to treat HIV (human immunodeficiency virus), demonstrates weak
in vitro activity against severe acute respiratory syndrome-associated coronavirus
(SARS-CoV) [26]. Accordingly, Cao et al. explicate the efficacy of lopinavir/ritona-
vir combination in patients (median age, 58 years; IQR, 49-68 years) with
COVID-19 was not significantly different from standard care in terms of time to
clinical improvement in critically ill patients, mortality in critically ill patients, and
viral load and detectability [27]. Cao et al. explain that their results do not necessar-
ily indicate that lopinavir/ritonavir is ineffective. Dalerba et al., Kunz, and Havlichek
suggest that experimental parameters, such as delayed administration of lopinavir/
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ritonavir and primary outcome measures may obfuscate the efficacy of lopinavir/
ritonavir [28]. In another study, COVID-19 patients (median age, 52 years; IQR,
42-62 years) treated with lopinavir/ritonavir along with ribavirin and interferon
beta-1b displayed significantly decreased time from onset of infection to negative
nasopharyngeal swab and improved secondary clinical outcomes such as sequential
organ failure assessment score [29]. These data suggest that more studies to assess
the efficacy and clinical use of lopinavir/ritonavir combination for COVID-19 in
elderly patients are required.

The non-selective cyclooxygenase inhibitor, indomethacin [30], was shown by
Xu et al. to possess anti-viral properties against SARS-CoV-2 pseudovirus in vitro
and canine coronavirus [31]. More testing is needed to confirm the utility of indo-
methacin for COVID-19, keeping in mind that advanced age may contraindicate
indomethacin due to harmful side effects [30, 32].

Remdesivir, an anti-viral RNA-dependent RNA polymerase inhibitor, is postu-
lated by Cao et al. to be a putative treatment for COVID-19; the severity of illness
in animal models of SARS-CoV and Middle East respiratory syndrome-related
coronavirus was attenuated through treatment with remdesivir [33]. In a random-
ized control trial, COVID-19 patients (median age, 65 years; IQR, 56-71 years)
treated with remdesivir displayed numerically shorter time to clinical improvement
compared with the placebo group; however, the difference between the treatment
and placebo group was not statistically significant [34]. Similar results are reported
for 28-day mortality, duration of mechanical ventilation, and viral load [34].

A more recent randomized control trial by Biegel et al. reports that the remdesi-
vir group had shorter time to recovery and numerically lower mortality (not statisti-
cally significant) compared with the placebo group; in this study, the mean patient
age is 58.9 + 15 years [35].

Dexamethasone is the latest candidate treatment for COVID-19 and is reported
to decrease the mortality of COVID-19 patients on ventilators by one-third [36].
Additional studies regarding the efficacy of dexamethasone as a pharmacotherapy
will certainly be published; it is important to consider the most recent and accurate
literature regarding its usage for COVID-19. Moreover, data on age of COVID-19
patients treated with dexamethasone must be examined in determining its utility in
geriatric patients.

A summary of promising treatments for COVID-19 is provided in Table 13.5.

13.2.6 Outcomes

Adverse outcomes refer to death due to COVID-19 and complications such as acute
kidney injury, acute respiratory distress syndrome, and secondary infection. Several
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Table 13.5 Candidate pharmacotherapies for COVID-19 along

reported clinical outcomes, advantages, and disadvantages

with their biological effects,

Reported
Biological clinical
Therapy effects outcomes Advantages Disadvantages | References
Lopinavir/ | Type 1 Similar to Some results Inconsistent [25, 28]
ritonavir aspartate placebo in one | demonstrating | outcomes
protease study but improved reported
inhibitor improved outcomes
outcomes in
another when
administered
with interferon
beta-1b and
ribavirin
Indometha- | Cyclooxygen- | NA In vitro and Lack of [30-32]
cin ase inhibitor in vivo randomized
evidence clinical trials
suggests a Side effects
potential use including
for COVID-19 | gastritis, renal
dysfunction,
and platelet
dysfunction
which could be
deleterious to
geriatric
COVID-19
patients
Remdesivir | RNA- Reports May potentially | In short supply | [34-36]
dependent suggest reduce
RNA numerically or | mortality and
polymerase statistically time to clinical
inhibitor significant recovery—
shorter time to | more evidence
recovery; is needed
numerically
reduced
mortality rate
Dexameth- | Anti- NA Widely Lack of [36]
asone inflammatory available and randomized
corticosteroid inexpensive clinical trials
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factors contribute to the selective vulnerability of older patients to COVID-19. Age-
dependent comorbidities, such as cerebrovascular disease, COPD, and cardiovascu-
lar disease, disrupt cardiopulmonary function and impose physiological stresses
that may therefore lead to more severe outcomes following COVID-19 [37].
Additionally, medications used to treat comorbidities may also exacerbate SARS-
CoV-2 infections. The most controversial of these are the use of ACE inhibitors
(ACElIs) and aldosterone receptor blockers (ARBs) for diabetes and hypertension;
reports differ on whether the role of ACEIs/ARBs in the renin-angiotensin-
aldosterone system (RAAS) is beneficial or detrimental in COVID-19 [38]. A sche-
matic of RAAS is provided in Fig. 13.2. The controversial role of ACEIs/ARBs in
COVID-19 is portrayed in Fig. 13.3.

In the absence of conclusive evidence, as of March 17, 2020, the American Heart
Association, the Heart Failure Society of America, and the American College of
Cardiology recommend the continued use of ACEIs and ARBs for patients with
prescriptions unless otherwise stated by personal physicians [39]. More research is
needed to conclusively state the effects of ACEIs/ARBs and drugs, such as cortico-
steroids, for other age-related disorders. Age-related immunological changes such
as decreased production of naive T and B cells, attenuated lymphocyte proliferation
and activity, and ultimately a blunted immune response further contribute to the
vulnerability of geriatric patients to COVID-19 [6].

Effector functions:
. . Renin . . . . -ADH production
Angiotensinogen Angiotensin | Angiotensin Il £ —> _Aldosterone production
-Vasoconstriction

ACE2 receptor —transmembrane peptidase

and putative entry point of
Inhibitory functions:
-Vasodilation Angiotensin 1/7
-Reduced inflammation

SARS-CoV2
-Decreased proliferation

Fig. 13.2 Schematic depiction of RAAS [38]
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that causes the
disease COVID-19 has been declared as pandemic by the World Health Organization
(WHO) and has spread to more than 200 countries around the world. Despite strin-
gent and desperate measures to control the spread, such as whole country lockdown
for weeks to months, more than 14 million people have been affected till date, and
more than hundred thousands of people are getting infected each day [1]. The medi-
cal world was unprepared for the unprecedented threat that has caused the loss of so
many lives and long-lasting repercussions on worldwide economy. However, with
knowledge about the disease gradually increasing, measures to stop the spread are
being implemented. In this chapter we discuss about what the current evidences
recommend regarding prevention of spread of SARS-CoV-2.

14.1 Transmission of Coronavirus

The mode of transmission has major implications in prevention of spread of a dis-
ease. The close genetic similarity of SARS-CoV-2 to bat coronaviruses suggests a
zoonotic origin with a spillover to humans in late 2019. Human-to-human transmis-
sion was confirmed on January 2020 [2], but confusion remains regarding the mode
of transmission, with droplets and aerosols both being attributed.

Viral particles can spread through encapsulation in globs of mucus, saliva, and
water. Dissemination of such particles may depend on various factors but primarily
on the size of the globs. Bigger globs fall to the ground within a short distance
before they can evaporate, forming droplets [3]. Smaller globs evaporate and form
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respiratory nuclei or aerosols, which can suspend in the air and drift farther away
than the droplets. Though the distinction between droplets and aerosols is a gray
area, there is general agreement that particles with a diameter of 5 pm or less are
aerosols, whereas particles of a diameter more than 5 pm would be droplets [4].

Droplet transmission means infection can be acquired through direct contact of
infected secretions, or indirectly through fomites. If SARS-CoV-2 is primarily
spread by respiratory droplets, wearing a medical mask, face shield, or keeping 6 ft.
distance in between individuals should be adequate to prevent transmission. If, how-
ever, SARS-CoV-2 is carried by aerosols, then such methods would not be suffi-
cient, and an N95 respirator would be required.

Investigators have demonstrated that speaking, coughing, and even breathing can
produce aerosols [5]. Experimental data have suggested that virus particles of
COVID-19 can remain suspended in the air for 3 h [6]. However, the experimental
conditions did not replicate a human cough and may not be generalizable to expo-
sures that health-care workers typically encounter. Demonstrating that speaking and
coughing can generate aerosols or that it is possible to recover viral RNA from air,
however, does not prove aerosol-based transmission as information regarding trans-
missions in general populations do not match with long-range aerosol-based trans-
mission. The reproduction number for COVID-19 is estimated to be about 2.5,
meaning that each person with COVID-19 infected an average of 2-3 other people.
This reproduction number is similar to influenza and quite different from that of
viruses that are well-known to spread via aerosols such as measles, which has a
reproduction number closer to 18 [5].

Evidence suggesting airborne transmission is therefore inconsistent, and thus
guidelines also differ in recommendations regarding the type of precautions.
However there is a consensus that airborne transmission might occur during aerosol-
generating procedures (AGP). AGP are medical procedures that create aerosols in
addition to those that the patient creates spontaneously [7]. There is poor agreement
as to what constitutes an AGP. However, the most consistent association across mul-
tiple studies has been identified with tracheal intubation with a pooled odds ratio of
6.6 [8]. Again it must be emphasized that intubation presents a period of prolonged
and closed contact with the upper respiratory tract of the patient and that the patients
requiring intubation are much sicker indicating a higher viral load. Furthermore
these data have been extrapolated from SARS and not SARS-CoV-2.

14.2 Infection Prevention and Control Practices in COVID-19

Apart from usual standard practices involving infection prevention and control
(IPC), there are several additional protocols that may be applied in the period of a
pandemic to minimize the exposure to COVID-19.



14 Control of Spread of Coronavirus Disease 227

14.2.1 Screening and Triage

Screening for COVID-19 can be performed even before entry to the health-care
center with the help of telemedicine. Before scheduling appointments, communica-
tion via telephone or video call can be done to assess the symptoms, screen for
COVID-19, determine whether the patient requires hospital visit or not, and recom-
mend necessary measures if visit is not required. Many patients with COVID-19 can
be managed from home, but they need to be educated about alarming signs and
symptoms and told to report urgently if they experience any such manifestations.
For those who require additional evaluation, referral to a clinic or health center
dedicated to the management of patients with confirmed or presumptive COVID-19
is preferable. In case of unavailability of such facilities, referral to any other center
is needed where necessary precautions should be pre-arranged [9].

At the hospital entry, all patients need to be screened for COVID-19 before enter-
ing the hospital premises. A high index of suspicion is required. A triage station
such as fever clinic can be established, where a compulsory temperature check
(infrared thermometers help avoid contact with the patient) and an assessment of
symptoms and contact history should be performed. Immediate isolation in a sepa-
rate area should be performed if there is suspicion of COVID-19. Visitors should be
restricted and also screened for exposure and assessed for symptoms and tempera-
ture measured [9].

14.2.2 Source Control

Screening cannot identify those who are in their presymptomatic phase of illness or
are asymptomatic, which can account for a large proportion of cases (around 40%
documented in published literature [10] and may be up to 99% in some places as
observed from unpublished sources [11]). Therefore source control becomes a pri-
mary modality in prevention of spread of the disease. Hand hygiene is of prime
importance, and alcohol-based hand rubs (ABHR) or a sink for hand washing with
soap and water should be available at the entry and at places where contact may take
place. An ABHR consisting of 60-95% alcohol is preferred over soap and water due
to evidence of better compliance. However when hands are visibly soiled, soap and
water should be used for at least 20 s [9].

Facemask should be worn by all individuals. The benefit of universal masking
has been evidenced in a study done in Mass General Brigham, the largest health-
care system in Massachusetts, with more than 75,000 employees. After the univer-
sal masking policy was adopted, the proportion of health-care personnel testing
positive declined from 14.7 to 11.5% with an average decrease of 0.49% per day
[12]. Proper respiratory etiquette should be ensured. A recent systematic review and
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meta-analysis reported that transmission of viruses was lower with physical distanc-
ing of 1 m or more, compared with a distance of less than 1 m (pooled adjusted odds
ratio of 0.18, 95% CI 0.09-0.38), and the protection was increased as distance was
lengthened [13]. We support the practice of physical distancing of at least 1 m.
Signs that remind people of the precautionary measures should be placed at various
areas. Specific seating arrangements and placing markers for those standing in
queue are helpful in ensuring physical distancing [9].

14.2.3 Universal Testing

Depending on guidance from health departments, both local and state, testing avail-
ability, and how quickly results are available, facilities can consider implementing
pre-admission or pre-procedure diagnostic testing [9]. The results can help taking
decisions about rescheduling elective procedures or the need for additional
transmission-based precautions during patient care. However, false negative results
can occur, especially during the incubation period.

14.2.4 Engineering Controls

Engineering controls can be optimized to decrease the potential spread of COVID-19
from infected individuals. Physical barriers and dedicated pathways to guide symp-
tomatic patients through triage areas, remote triage facilities for patient intake areas,
outdoor assessment and triage stations for patients with respiratory symptoms, and
improving indoor air quality (directionality, filtration, exchange rate, maintenance)
in all shared spaces are some of the techniques to help contain infection [9].

14.2.5 Administrative Measures

Policies should be made available whereby the identification of suspected or con-
firmed COVID-19 is reported within the hospital staffs to promote situational
awareness and implementation of necessary precautions. Reporting to necessary
public health authorities and designating specific persons responsible for communi-
cation is important. COVID-19 patients should be cared for by dedicated health-
care personnel, and thus staffing needs and modifications need to be determined [9].
Prior to designating staffs for the care of COVID-19 patients, adequate training
regarding infection prevention techniques, which include donning and doffing
methods of PPE, should be provided. An IPC program run by a dedicated team
would be ideal to achieve the highest level of effectiveness in controlling the out-
break to achieve the highest level of effectiveness in the response to the out-
break [14].
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14.2.6 Patient Placement

Patients with suspected or confirmed SARS-CoV-2 infection should be segregated
in a different section of the hospital, away from other patients. Ideally they should
be admitted in a single room with a dedicated bathroom. Confirmed patients can be
cohorted together if single rooms are not available. Transport and movement of the
patient outside of the room should be limited. If necessary, a facemask should be
applied to the patient during transport [9].

Airborne infection isolation rooms (AIIRs) should be reserved for patients
undergoing aerosol-generating procedures. These rooms are single-patient rooms
with anteroom and a dedicated bathroom. To avoid the spread of infected aerosols,
a negative pressure is maintained in the room by having the exhaust air flow rate
exceed the supply air flow rate [15]. Staff protection inside the AIIR is ensured by
air flow patterns within the room. A pressure difference of at least 2.5 Pa and venti-
lation with at least 6 air changes per hour (ACH) for existing rooms and 12 ACH for
new rooms are recommended [16]. However guidelines may vary with some coun-
tries suggesting a pressure difference of 30 Pa [17]. In addition to general ventila-
tion, other source control methods such as high-efficiency particulate air (HEPA)
filters are required. HEPA filters can capture 99.97% of 0.3 mm particles and are
important to remove infectious aerosols before they are dispersed throughout the
room or from air that is re-circulated [15]. An anteroom ensures additional protec-
tion by creating two door barriers and causing dilution of any aerosols that may
escape when AIIR door is opened [15].

14.2.7 Personal Protective Equipment

Apart from standard precautions, all HCP involved in direct care of the patient or
handling of their body fluids needs to put on personal protective equipment (PPE).
PPE may have to be applied as a universal precaution if there is moderate to sub-
stantial community transmission, in which case a facemask and eye protection
becomes necessary, with N95 respirator applied for aerosol-generating procedures.
Hand hygiene should be performed prior to donning and during doffing of PPE as
well as according to the WHO 5 moments of hand hygiene.”

e Respirator or Facemask: WHO states that a facemask is adequate for general
care [14], whereas Centers for Disease Control and Prevention (CDC) guidelines
prefer an NO5 respirator or equivalent or higher-level respirator but acknowledge
a facemask as an acceptable alternative if a respirator is unavailable [9]. For
aerosol-generating procedures, a respirator is recommended. Respirators protect
against airborne infection, gases, and vapors, whereas facemask only protects
against droplets. There is lack of studies comparing the efficacy of respirators
versus facemasks in preventing SARS-CoV-2 transmission, but several reports
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suggest great reduction in transmission with standard and contact precautions,
with respirators being reserved for aerosol-generating procedures. [18, 19]

* Respirators need to be certified by the Centers for Disease Control and Prevention
(CDC)/National Institute for Occupational Safety and health (NIOSH) and are
classified as filtering facepiece respirators (CDC) or powered air-purifying respi-
rators (PAPRs). FFPs and facemasks are single use and should be discarded
appropriately. However during scarcity, N95 respirator can be reused, with a
study showing no loss of efficacy up to three times after disinfection [20].

e Prior to use, FFPs need to be fit tested.

e Eye Protection: Eye protection device includes either goggles or a face shield.
Goggles only cover the eyes, but a face shield covers the eyes as well as the front
and sides of the face. Eye protection needs to be compatible with the respirator
used as to avoid any interference with positioning [9].

e Gloves: Clean, non-sterile gloves are required to be worn upon entry into the care
area. The number of layers of gloves to be worn has not been specified by guide-
lines, and the practice seems to vary among institutions and health-care cen-
ters [9].

e Gowns and Coveralls: A gown is a protective wear that is worn from the front
and thus prevents frontal contamination only with partial neck to knee protec-
tion. Coverall is designed to protect the entire body and thus enables 360° of
protection from contagion. We prefer a coverall when available as it ensures
higher protection; however it is cumbersome to wear and work for longer time
periods, and doffing is also more difficult than a gown.

14.2.8 Specific Precautions for Aerosol-Generating Procedures

As discussed earlier, there are certain medical procedures that are considered aero-
sol generating. The list includes but is not limited to:

* Endotracheal intubation and extubation
* Non-invasive ventilation

e Bag valve mask ventilation

e Cardiopulmonary resuscitation

e Bronchoscopy

e Open suctioning of airways

* Nebulization

e High-flow nasal cannula

e Tracheostomy

Apart from tracheal intubation, there is no robust data to suggest that the proce-
dures mentioned above are aerosol-generating procedures or that there is a higher
probability of transmission associated with them. However considering a safety-
first approach, it would be reasonable to avoid these procedures if possible and use
other alternatives. For example, metered dose inhalers may be used instead of
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nebulizers for inhalational therapy of drugs. If performed, however, the following
precautions should be mandated. These include wearing an N95 or equivalent or
higher-level respirator, eye protection, gloves, and a gown; performing the proce-
dure in an AIIR; restricting the number of health-care personnel in the room to only
those essential for patient care; and disinfecting the room surfaces promptly.

14.2.9 Environmental Infection Control

Environmental infection control is a crucial step in mitigating disease transmission,
and many hospitals have implemented protocols to disinfect areas where COVID-19
patients have been cared for. Such protocols include the use of dedicated medical
equipment or disposable equipment if possible, management of laundry, food service
utensils, and medical waste in accordance to routine protocols; and environmental
cleaning and disinfection. The importance of environmental disinfection was illus-
trated in a study from Singapore. Viral RNA was detected on almost all surfaces
tested such as handles, light switches, bed, and handrails, when disinfection was not
performed; however no viral RNA was detected after cleaning the rooms with sodium
dichloroisocyanurate [22].

Prior to disinfection, cleaning of contaminated surfaces is essential to reduce the
infective load and remove organic matter that would impede proper disinfection by
rapidly inactivating the chemicals. Cleaning should progress from the least soiled
(cleanest) to the most soiled (dirtiest) areas, and from the higher to lower levels [19].

Disinfectant solutions must be prepared and used according to the manufactur-
er’s recommendations for volume and contact time as the concentration and contact
time are critical for effective surface disinfection, which is considered as >3 log'®
reduction of human coronavirus [23]. Hypochlorite-based products are most com-
monly used in this. They form hypochlorous acid (HOCI) when dissolved in water,
which is the primary antimicrobial compound. The recommendation of 0.1%
(1000 ppm) will inactivate the vast majority of pathogens that may be present in the
health-care setting. However, for blood and body fluids large spills (i.e., more than
about 10 mL), a concentration of 0.5% (5000 ppm) is recommended [24]. Ethanol
70-90% and hydrogen peroxide >0.5% can also be used as disinfectants. The rou-
tine application of disinfectant by spraying or fogging to environmental spaces,
whether indoor or outdoor, is not effective, and is thus not recommended [21].
Personnel performing cleaning and disinfection must don appropriate PPE, includ-
ing an N95 or equivalent or higher-level respirator, while cleaning AIIR.

Adjunctive disinfection methods, such as ultraviolet (UV) light, have been
approved as non-touch techniques. These technologies developed for use in health-
care settings are used during terminal cleaning (cleaning a room after a patient has
been discharged or transferred), and it must be emphasized that these techniques
only supplement but do not replace the manual cleaning techniques. There are also
safety concerns, since UV light fixtures can produce sunburn-like skin reactions and
eye damage as well as generate ozone if strict safety measures are not utilized in
their installation and maintenance [25].
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14.2.10 Quarantine

Quarantine is a method of separating persons who may have been exposed to an
infectious agent but have not become ill from those who have not been exposed to
the agent. It is considered one of the oldest and most effective tools of controlling
communicable disease outbreaks [26, 27]. A mathematical model done on the
spread of COVID-19 demonstrated that pandemic could not be controlled without
strict quarantine [28].

Individuals who may have had prolonged close contact with someone with con-
firmed COVID-19 patients should undergo quarantine for 14 days after their last
contact [29]. A contact has been defined as having face-to-face contact within 1 m
for >15 min (CDC extends the perimeter to within 6 ft.), staying in the same close
environment as a COVID-19 patient (including sharing a workplace, classroom, or
household or being at the same gathering) for any amount of time, or travelling in
close proximity with (i.e., within 1 m separation from) a COVID-19 patient in any
kind of conveyance [9, 14]. For health-care personnel, providing direct care or per-
forming aerosol-generating procedures without using proper personal protective
equipment or having unprotected direct contact with infectious secretions or excre-
tions of the person with confirmed COVID-19 is also considered a close contact [30].

It is difficult to determine the time period from when the patient may have been
infectious. The exposure window is considered to start from 2 days before symptom
onset up to the time when infection precautions can be discontinued (will be dis-
cussed below). For asymptomatic patients, it is even more challenging. Patients
with COVID-19 should be considered infectious 2 days after their exposure; when
exact time of exposure cannot be determined, it may be reasonable to consider 2
days prior to the positive test result [31].

Testing asymptomatic individuals after an exposure may give false negatives,
and therefore it is a better practice to continue precautions for the total time period
irrespective of the test result.

14.2.11 Discontinuing Infection Precautions

For patients with COVID-19, the decision to discontinue precautions may be time
based (symptom based) or test based [32]. Choosing one strategy over another
should be determined on a case-by-case basis, since each strategy has theoretic limi-
tations. Available data indicate that persons with mild to moderate COVID-19
remain infectious no longer than 10 days after symptom onset, but persons with
more severe to critical illness or severe immunocompromise likely remain infec-
tious no longer than 20 days after symptom onset [33]. Although recovered persons
can continue to shed detectable SARS-CoV-2 RNA in upper respiratory specimens
for up to 3 months after illness onset, the concentrations in their secretions are con-
siderably lower than during illness, and thus infectiousness is unlikely [34].
Therefore current guidelines recommend time-based strategy, i.e., infection control
precautions may be discontinued when the following criteria are met [31]:
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e Atleast 10 days have passed since symptoms first appeared.
e At least 72 h have passed since recovery (resolution of fever without the use of
fever-reducing medications and improvement in respiratory symptoms).

In asymptomatic patients, duration of 10 days after the day of exposure is
considered.

If a test-based strategy is used, patients may discontinue infection control pre-
cautions when:

e There is resolution of symptoms (absence of fever without the use of fever-
reducing medications and improvement in respiratory symptoms)

e There are two negative results of a molecular assay for COVID-19 from respira-
tory specimens collected >24 h apart

For asymptomatic individuals, infection control precautions can be discontinued
after obtaining two negative results of a molecular assay for COVID-19.

In immunocompromised patients, a test-based strategy may be preferred as the
duration of infectiousness may be prolonged and difficult to ascertain, or if time-
based strategy is used, then it may be reasonable to continue precautions for up to
20 days [31].

Some studies have suggested the use of cycle threshold (Ct) to help guide deci-
sions regarding infectivity. Higher Ct values indicate fever RNA copies and a cut-
off of 24 can differentiate infective activity [35, 36]. However, as these assays have
not been standardized, the results can vary, and as current situation, it cannot be
recommended for discontinuation of precautions. Similarly, studies have been
investigating the correlation between the development of antibody and disease
activity, but data are insufficient to promote the use of antibodies to guide decisions.

14.2.12 Conclusion

Prevention of spread of COVID-19 is a major challenge. Countries worldwide are
engaged in developing vaccines, and they remain the principal strategy in the fight
against the disease. However the implementation of vaccines is a tardy process that
requires rigorous evaluations and trials to determine efficacy as well as safety before
they are accepted. Though COVID-19 seems to be less fatal than prior outbreaks
caused by the family of coronaviruses, the higher contagiousness has led to far more
deaths and a massive burden on health-care resources. Very few management strate-
gies have found success, and so the main strategy against COVID-19 currently
remains prevention of transmission. Controlled trials (considered one of the highest
levels of evidence) about methods of prevention may be difficult and even unethical;
thus much about the disease transmission and prevention has remained poorly
understood.
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Ethical Issues Related to Coronavirus 1 5
Disease

Jaya Wanchoo

The coronavirus disease has emerged as a public health emergency crossing geo-
graphical boundaries and overwhelming healthcare systems worldwide. On March
11, 2020, WHO declared COVID-19 as a pandemic. The world was not prepared to
deal with a crisis of this magnitude. The health systems were not equipped ade-
quately to provide for their citizens. As the demands exceeded the supply in the
health sector, it became evident that ethical planning will be required to overcome
this crisis. The earlier goals of putting the patient’s needs as a priority had to be
changed drastically. Decisions now had to be made keeping public health concerns
and physician safety as the first priority. This was difficult for the physicians as it
was not their normal way of working. Some of the other ethical dilemmas faced
were optimal resource management in terms of critical care beds, ventilators, medi-
cines, and man power, end of life issues, scientific research, data sharing and patient
confidentiality, protection of healthcare workers, and their psychological needs. The
states have a greater responsibility to contain the spread of infection by declaring a
lockdown on all social events, educational institutions, travel, and economic activi-
ties but ensuring that essential services are not disrupted. The economic crisis
caused by the lockdown compounded the problems. In an emergent situation like
this, there are no right or wrong decisions, but doctors are bound by the Hippocratic
Oath, and every patient is entitled to basic health care. To overcome these ethical
issues, every healthcare institution should lay down certain guiding principles to
treat COVID-19 patients, keeping in mind the principles of ethics, namely, justice,
autonomy, beneficence, non-maleficence, veracity, and trust [1].This would ensure
that there is optimal utilization of limited resources and would maximize the num-
ber of lives saved. Ethical decisions should be based on availability and accessibility
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of resources of the individual healthcare systems. Each hospital should form their
own ethics team [2] to ensure ethical delivery of health care in an otherwise difficult
situation.

Some of the important ethical issues faced are discussed here:

15.1 Rights and Duties of Personnel

The rapidity of spread, high virulence of infection, uncertain treatment protocols,
constantly changing information, and scarcity of resources have all contributed to
panic among healthcare workers. The most important ethical question arising in an
infectious disease pandemic is “Can the healthcare workers refuse to treat patients,
and if they do, can they be charged by the court of law for negligence of duty?”.
Legal and ethical issues for healthcare professionals during a pandemic are not
clearly defined in most of the countries. The American Medical Association states
that “physicians should balance the immediate benefits to an individual with ability
to care for patients in future.” The UK General Medical Council advises that “doc-
tors must not refuse to treat patients because their medical condition may put the
doctor to risk.” It also lays emphasis on protecting oneself while serving the patients.
The Code of Medical Ethics Regulations of the Medical Council of India, 2002
(amended up to 2016), states that “no physician can refuse to treat a patient during
an emergency”’ [3]. The Canadian Medical Association Code of Ethics states that “a
physician not only has the responsibility to consider the well-being of the patient
but also to maintain their own health.” The question then arises—does pandemic
pose to be a work place hazard? For a physician the COVID pandemic is an occu-
pational hazard and, like hazards faced by professionals in other fields, should be
acceptable; what is unacceptable is when the safety devices are not available or
non-functional, in this case proper personal protective equipment [4].

Across the world, healthcare workers are expected to fulfill their duties despite
their fears and uncertainties. They are under a lot of stress due to the fact that the
disease is highly virulent, with no known or promising treatment options. The great-
est fear in their mind is the risk of getting infected and spreading the infection to
their family members, especially if they are staying with old parents and children.
Another fear is whether they or their family will have access to good medical facili-
ties if they need it. The thought of quarantine and isolation also has serious reper-
cussions [5].

The health services or hospital also has an obligation toward their staff. To allay
the fears in the minds of the healthcare workers, the management can take the fol-
lowing steps:

(a) Every healthcare facility dealing with COVID patients should have an ethics
committee to formulate their policies and standard operating procedures. The
same should be communicated to the frontline workers at regular intervals so
that everyone works as a team. There should be good team leaders to motivate
the staff members.
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(b) There has been an increase in the incidence of mental health issues among
healthcare workers like anxiety, depression, and sleep disorders due to overload
of work [6]. Social distancing and isolation may add to these woes. To alleviate
their stress, hospitals should have regular counselling sessions for their staff.
Communication channels should be open for discussing the problems and fears
the workers face. Use of other communication options should be encouraged
like video chats.

(c) They should be given benefits like adequate remuneration, reduced duty hours,
accommodation, and quarantine facilities. Ethical principle of reciprocity, giv-
ing priority to those who risk their lives, should be emphasized upon and guar-
anteed to the healthcare workers. They should be assured of personal protective
equipment, medicines, and health care for themselves and their families if the
need arises.

(d) Shortage of staff due to quarantine or sickness can cause additional burden on
the already overburdened staff. Every effort must be made to deal with it. Some
of the methods could be increasing the scope and reach of telemedicine ser-
vices, deployment of staff from other areas where elective work has been
stopped, and recruitment of trainees or retired staff.

Are the other hospital staff like management staff, laundry workers, cleaners,
catering staff, and porters bound ethically and legally to work in a pandemic? Is
deployment of workers a solution to this issue? They constitute a sizeable number
of workforce in any hospital and face an equal risk of getting infected in the pan-
demic. The reluctance to work among them arises from the fear of getting infected
and unavailability of proper personal protective equipment and access to health care
if they fall sick [7]. A pandemic should be considered as an occupational hazard,
and the principle of proportionality holds good for non-medical staff too. They
should be guided and trained on methods to work in a pandemic. Like the healthcare
workers, they should also be provided with adequate protective gear, should follow
all infection prevention protocols, and should be assured of medical care if they
fall sick.

15.2 Allocation of Scarce Resources

As approximately 5-8% of COVID-19 patients present with severe ARDS like
symptoms causing acute respiratory failure, the number of people requiring ICU
care increased beyond the surge capacity of hospitals around the world [8]. As the
disease spread rapidly affecting a large number of people within a short span of
time, there was an acute shortage of hospital beds, ventilators, medicine, and per-
sonnel. The moral and ethical dilemma on how to use the scarce resources raises a
big question mark. Earlier intensivists were working with an aim to provide critical
care for all sick patients. Now their dilemma was to provide beneficial care to those
who need it the most but in an honest and transparent way. The allocation has to be
based on individual resources and preferences of each hospital. Triage protocols and
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criteria need to be established in all hospitals by a separate team which can be fol-
lowed by the doctors to relieve them of moral distress.

A white paper proposed by the University of Massachusetts Medical School on
ethical guidelines for the treatment of patients with coronavirus disease lays down
principles and values to be followed, some of which are “utilitarianism, justice,
autonomy, human dignity, transparency, equity, reasonableness, privacy, propor-
tionality and trust” [9]. Hick et al. apply proportionality to the current crisis in a
recent report from the National Academy of Medicine, explaining that the principle
demands that “the risks of compromising standards in a given instance should be
weighed against the need to do so to optimize benefits to patients, caregivers, and
the community” [10]. Another meaningful document is given by the Department of
Critical Care Medicine, University of Pittsburgh, “Allocation of Scarce Critical
Care Resources During a Public Health Emergency Executive Summary,” which
lays down guidelines for triaging scarce resources in the event of a pandemic.
Admission and prioritization criteria to ICU changed during this pandemic. By defi-
nition the utilitarian approach seems to be best suited in these times—the action is
judged based on its outcomes and net benefit, in other words patients’ chances of
survival to hospital discharge. The goal should be to maximize benefit: to save most
lives and save most life years [11, 12]. Another principle to be followed for ethical
distribution of resources is equity—all patients, regardless of age, sex, gender, eth-
nicity, or religion should have equal access to medical care. The fundamental argu-
ment against this principle is the concept of life years. According to some, priority
should be given to younger patients only to give them a chance to live through life
stages. The “first-come, first-served” criteria may not be possible to follow in these
exceptional circumstances of extreme shortage of resources [13].

A separate allocation should be based on medical criteria, objectively assessed
by the SOFA score [14], and patients must be triaged depending upon their needs.
Priority should be given to doctors, nurses, respiratory physicians, and maintenance
staff if the need arises. Priority should also be given to patients who require critical
care beds for non-COVID reasons like congestive heart failure or ARDS due to
other reasons [15]. The requirement of critical care beds led to the creation of new
ICU facilities, either in the same hospital or at distant locations. Examples of these
could be post-operative recovery rooms as elective surgeries are not being carried
out or conversion of some hospitals into COVID centers. Ethical issues faced in
these new setups included inexperienced workforce or insufficient and inadequate
resources.

Once a patient is allotted a critical care bed, reassessment and reallocation [16]
plays a very important role in a pandemic for reverse triaging. Reverse triage is a
way to create surge capacity and involves discharging patient from critical care units
if they are not going to be benefitted. This is done after giving a therapeutic trial to
the patient, the duration of which is determined by the disease characteristics. If
there is rapid decline in the patient’s condition, worsening SOFA scores, and
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presence of severe comorbid illnesses, the family should be counselled accordingly.
If a patient is not improving with the treatment, he can be shifted to palliative care,
and ICU bed can be used for another patient who may benefit. In other words,
patients likely to survive are prioritized. A big ethical question arises on the doctor’s
liability for professional negligence in case the treatment is withdrawn. According
to the British Medical Association guidelines, “if there is radically reduced capacity
to meet all serious health needs, it is both lawful and ethical for a doctor, following
appropriate prioritisation policies, to refuse someone potentially life-saving treat-
ment where someone else has a higher priority for the available treatment” [17].
Having said all this, we cannot have rigid exclusion criteria for access to health care
as it is against medical ethics.

Screening and testing of patients are an ethical dilemma too as there is shortage
of testing kits worldwide. Testing should be limited to the symptomatic and high-
risk population till such time that testing kits are freely available. Universal screen-
ing is not advocated [18].

Another ethical consideration is the care of non-COVID patients. As more hos-
pitals are getting converted to COVID hospitals and there is shortage of healthcare
workers, the patients with chronic diseases are getting neglected. These patients are
not visiting the hospitals for fear of getting infected. Suspension of non-emergency
services by some hospitals has made matters worse for patients like those in need of
regular hemodialysis or those in need of continuous follow-up and drug
modifications.

15.3 Shortage of Personal Protective Equipment

The rapid spread of the COVID infection has created a shortage or unavailability of
proper PPE. Centers for Disease Control and Prevention (CDC) identifies three lev-
els of operational status: conventional, contingency, and crisis. The pandemic has
put the world in a crisis situation where the supply of personal protective equipment
(gown, face mask, gloves, face shield) is falling short of the increasing demand. One
of the steps for ensuring supply of PPE is increasing the supply: by increasing man-
ufacture or import from other countries. The demand can also be met by acquiring
it from other non-healthcare sources and redirecting them to the health sector [19].
The American College of Physicians (ACP) and Project N95, a national, not-for-
profit COVID-19 critical equipment clearing house, have partnered to provide per-
sonal protective equipment (PPE) for internal medicine physicians, during the
COVID-19 pandemic. Conservation of existing PPE can be achieved by using it
beyond the shelf life recommended by the manufacturer. If the masks are not torn or
soiled by secretions, they can be re sterilized using ethylene oxide, UV, or gamma
irradiation [20]. Another way of reducing the use of PPE is to cancel all non-
emergency or elective surgeries.
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15.4 End of Life and Palliative Care

It is clear from the experience with COVID pandemic so far that older patients with
various comorbidities have a higher rate of mortality despite the best critical care
services available. It was realized that good end of life care and palliative services
are needed ethically to provide comfort to the patients and their families. Keeping
this fact in mind, palliative care should be an integral part of pandemic planning. It
is not possible for healthcare workers to provide end of life and palliative care ser-
vices in a situation where they are already overburdened, resources are scarce, and
they themselves may be in need of psychological support. For this reason, there is
an increase in the demand for people who can provide end of life care so that people
can die in dignity. The European Association for Palliative Care has provided a
white paper on core competencies of palliative care which include taking care of the
social, psychological, and spiritual needs of the patient and family and developing a
strong patient-provider relationship [21]. Additionally, during a pandemic, like we
are facing, certain important medical and ethical decisions need to be made.

The University of Washington provided a document for high-quality palliative
care during crisis [22]. As there is an increase in demand for workers providing end
of life care, every effort should be made to increase the number of people providing
palliative care to the dying. This can be achieved by enrolling staff from other areas,
training them in palliative care, and expanding the palliative care workforce [23].
Palliative care can also be offered at home or digitally for patients who cannot come
to the hospital. Palliative care services should be made available in the emergency
area, intensive care unit, and after routine hours to lessen the burden of work on the
critical care physician. Some experts have suggested four elements of palliative
care—stuff, staff, space, and systems [24-27]. Stuff includes medicines and drug
delivery systems without hoarding so that shortage is not felt by others. Staff in the
form of psychosocial workers, non-specialist staff, and bereavement counsellors
can be trained for this purpose. Systems should be in place, like an advance care
plan, which would help the physicians to identify those patients who would not
benefit from critical care interventions like invasive ventilation. The pandemic is
draining the economic resources of all countries, the low-income and middle-
income countries being the most affected. For palliative care to be effective, all
countries should increase their opioid reserves and train more people in their
use [28].

One very important part of palliative care is communication with patient and
family to outline the plan of care and provide them with psychological support [29].
Discussions with the family should include “do not resuscitate” options, benefits
and outcomes of treatment, and options of palliative therapy. Anxiety and depres-
sion are common among family members of the dying patient too probably due to
social isolation, their inability to meet their loved ones, or the fear of losing a family
member, which further emphasizes the importance of communication.

It may not always be possible for palliative care workers to be physically present
with the family due to strict infection control policies. Is palliative care ethically
justified if it is given through digital technology [30, 31]? Will it affect the
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relationship between the patient and the healthcare provider which is based on trust
and is a core constituent of palliative care (European Association of Palliative
Care)? Use of telemedicine for palliative care has not been completely evaluated nor
any real benefits appreciated. The reason for this may be the fact that palliative care
encompasses interdisciplinary care. The points in favor of remote palliative care are
continuity of care, easy accessibility of integrated patient records, and monitoring
of warning signs. Some of the limitations may be patient dissatisfaction due to the
fact that the doctor spends more time looking at the screen. As a result, there may be
less patient interaction. Patients with low literacy levels may be at a disadvantage
when it comes to communication through digital methods.

Voluntary-assisted dying and euthanasia are terms being looked into in some
countries where it is considered legal. In Netherlands, Australia, and Belgium, these
practices are not being changed [32].

15.5 Cardiopulmonary Resuscitation

The COVID pandemic has forced intensivists to relook into the conventional ways
of performing CPR. The role and benefits of CPR also need to be redefined in that
subset of patients who are critically ill. The traditional ways may have to be modi-
fied to ensure safety of the provider. Due to a very high risk of spread of infection
and limited availability of resources, the risks and benefits of performing CPR have
to be weighed carefully. The ethical questions for the physician are “to do or not to
do, and if justified, how much to do?”.

The first rule in a pandemic should be to respect the patient’s wishes especially
in “do not resuscitate” scenarios [33]. Careful planning and communication with
the patient and family play a very important role during these times. Having said
this, the ethical principles of transparency, equity, and proportionality cannot be
forgotten. Several countries have come up with new CPR guidelines during
COVID. All of them put physician safety as the first directive.

The European Resuscitation Council has drafted guidelines for CPR during the
pandemic, the recommendations of which are subject to change depending on the
evolving information. According to these guidelines, the provider should identify
which patients would require CPR [34]. In patients with advanced respiratory fail-
ure or multiorgan failure, in whom CPR may not be beneficial, it should not be
attempted. The International Liaison Committee on Resuscitation (ILCOR) and
CDC recommend the use of PPE for all staff involved in performing CPR [35]. CPR
guidelines from the Australasian College for Emergency Medicine also emphasize
on the fact that balance between appropriateness of CPR and the risk should be
evaluated carefully [36]. The question a physician should always ask is “Is the
resuscitation appropriate?”. The Indian Resuscitation Council has come up with
guidelines for the management of cardiac arrest in COVID patients since it presents
with a completely new subsets of challenges and problems [37].

Decision to resuscitate depends upon individual countries and regions. If CPR
has to be done, the following points should be kept in mind [38]:
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(a) PPE is a must for everyone involved in conducting CPR.

(b) The number of people in the room should be the bare minimum required for
performing CPR.

(c) The safety of all personnel, self and nursing staff, should be kept in mind by the
team leader conducting the CPR.

(d) Chest compression and airway interventions during CPR are aerosol-generating
procedures, whereas defibrillation is not. Defibrillation can be performed by
first responders provided patients mouth and nose are covered [39].

(e) Avoid chest compressions, bag mask ventilation, and non-invasive ventilation
strategies whenever possible, and early insertion of supraglottic devices is
recommended.

National Academies of Sciences, Engineering, and Medicine states that “crisis
standards of care aim at saving the most lives possible under severe resource con-
straints, maintaining the core ethical principles of fairness, transparency, account-
ability, duty to care. The three cardinal points of crisis standard of CPR
are-Acknowledge resource limitation, if DNR respect the wishes, forgo CPR if it is
not beneficial and ensure safety of personnel” [40].

15.6 Research and Data Sharing

The need for research during the COVID pandemic became imperative as there is
no known or proven therapy against this virus. As per the WHO guidelines, research
can be carried out during an emergency situation provided ethical standards are fol-
lowed and it has scientific validity (WHO Working Group on Ethics and Covid,
World Health Organization. Guidance for managing ethical issues in infectious dis-
ease outbreaks. Geneva: WHO; 2016). Another important consideration should be
that research should only be carried out if it does not impede ongoing response
efforts. Research should not divert the resources meant for health care. Since
COVID-19 is a pandemic, research projects should be coordinated at an interna-
tional level to avoid duplication and to provide benefit to all. Research methodolo-
gies should be ethical and scientific and should keep in mind safety protocols.
Individual informed consent is a basic ethical requirement for any research [41].
The same ethical guidelines hold true for development of a vaccine-informed con-
sent and knowledge of the risks involved.

Since the research in a pandemic involves several countries and the timeline is
not defined, it is important to develop a core protocol at the beginning of the
research. This involves engaging researchers and representatives from the partici-
pating countries in forming the primary research questions and main design ele-
ments [42]. The Coalition for Epidemic Preparedness Innovations (CEPI), an
international non-governmental organization, is coordinating at the international
level for rapid development of vaccine against COVID [43]. Results of any research
should be shared with the public health officials, the participants, and the affected
population. Journals can help in early and widespread dissemination of information.



15 Ethical Issues Related to Coronavirus Disease 245

The International Bioethics Committee (IBC) and Commission on the Ethics of
Scientific Knowledge and Technology (COMEST) stress that policies which are not
based on sound scientific knowledge and practices are unethical as they work
against the effort to build a common response to the pandemic [44].

An example of a drug trial is the Solidarity Trial, launched by WHO on March
18, 2020. On July 4, 2020, it discontinued the hydroxychloroquine and ritonavir/
lopinavir arms as they did not produce any significant decrease in the mortality of
hospitalized patients when compared to standard care.

What is the ethical standing on compassionate use of drugs like HCQ and rem-
desivir [45-47]? These are antimalarial and antiviral drugs which are not FDA
approved for COVID-19 treatment but have been given a special status of expanded
access by the FDA. In low-income countries, it may be ethically justified to use
these drugs for life-threatening conditions. In India, the Union Health Ministry has
issued a draft notification (June 5, 2020) for compassionate use of any unapproved
drug for critically ill patients that is in phase III of clinical trial globally by applying
to the central drug regulator.

15.7 Telemedicine

Telemedicine comprises remote diagnosis and treatment of patients by means of
electronic communication technology such as video and phone calls or chatting
apps. In the present times, telemedicine serves several important purposes—social
distancing, early detection of warning signs, and forward triage-sorting of patients
before they arrive in the emergency department [48]. Healthcare providers across
the world have increased the availability of telemedicine during the pandemic to
lessen their burden on home visits. These services are useful for certain set of
patients like the geriatric population who cannot travel to the hospital and those liv-
ing at remote locations who are often unable to travel for follow-up care [49, 50].
Most of the countries have no legal framework or guidelines for medical practi-
tioners to provide remote medical consultations during a pandemic. In India, the
Union Ministry of Health and Family Welfare came up with guidelines on telemedi-
cine practices on March 25, 2020. According to these guidelines, only a registered
medical practitioner in India is allowed to practice telemedicine after he completes
a mandatory online course. Furthermore, doctors using telemedicine shall uphold
the same professional and ethical norms and standards as applicable to traditional
in-person care, within the intrinsic limitations of telemedicine. It also emphasizes
the fact that telemedicine consultation should not be anonymous: both patient and
the practitioner need to know each other’s identity (Appendix 5 of the Indian
Medical Council Professional Conduct, Etiquette and Ethics Regulation, 2002). To
meet demand amid the pandemic, US Department of Health and Human Services
announced a temporary easing or suspension of various telehealth regulations in
mid-March. All physicians who participate in telehealth have an ethical responsibil-
ity to uphold fundamental fiduciary obligations by disclosing any financial or other
interests the physician has in the telehealth application (Ethical Practice in
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Telemedicine-American Medical Association). Also, Medicare is now providing
reimbursement for telemedicine visits conducted in both the inpatient and outpa-
tient settings during the COVID-19 pandemic under the 1135 Waiver [51, 52]. The
European Data Protection Board has also issued a statement on protecting sensitive
personal information and allowed processing of personal data to be used in a public
health emergency. These are some of the examples of how the world is trying to use
digital data responsibly. Data protection rules and regulations need to be looked into
and stricter guidelines implemented as the use of telemedicine will increase in the
future. Telemedicine apps with more safety features have to be developed for future
use too.

15.8 Ethical Use of Alternative Medicine

India and China are among the few countries who are encouraging the use of tradi-
tional and indigenous systems of medicines in this pandemic, either as an immunity
booster or as prophylaxis. Monitored Emergency Use of Unregistered and
Investigational Interventions (MEURI) is an ethical protocol developed by the
World Health Organization to evaluate the potential use of experimental drugs in the
event of public health emergencies. The protocol was created by the WHO Ebola
Ethics Working Group in 2014 [53]. This is useful in situations when there is no
effective treatment available, but can only be used after ethical clearance from the
relevant authorities. Patients’ informed consent has to be taken and results moni-
tored. This protocol can be used for future pandemics and applies to traditional
medicine systems too, provided their safety is proven and documented. In India,
there are multiple systems of medicine like homeopathy, Unani, Ayurveda, Siddha,
and naturopathy, all of which are grouped under a common name—AYUSH. The
National Health Policy of India also emphasizes on the integration of these systems
with modern medicine. The people of India have the right to choose and follow any
system of medicine. These systems should follow the ethical principles of fairness
and transparency [54, 55], though their efficacy still remains unproven.

15.9 Conclusion

As the world unites to fight against a common unknown enemy, the healthcare
workers should continue to work keeping ethical principles in mind. “Do no harm”
should be the first and foremost dictum. New research is opening up a lot of infor-
mation on the coronavirus and its treatment. Despite multiple treatment modalities
being used the world over, no randomized control trials have proven the efficacy of
a drug till date. Development of a vaccine also seems a long way ahead. There are
several unanswered questions for the healthcare professionals. Till such time that
we are ready with answers, the health workers have to work in difficult circum-
stances, under a lot of mental stress, keeping all the ethical and legal issues in mind.


https://en.wikipedia.org/w/index.php?title=Ethical_protocol&action=edit&redlink=1
https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/Public_Health_Emergency_of_International_Concern
https://en.wikipedia.org/w/index.php?title=WHO_Ebola_Ethics_Working_Group&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=WHO_Ebola_Ethics_Working_Group&action=edit&redlink=1
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16.2 International Public Health and Government Guidelines

Centers for Disease Control and Prevention (CDC)

https://www.cdc.gov/coronavirus/2019-ncov/index.html

World Health Organization (WHO)

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
technical-guidance

Indian Council of Medical Research

https://www.icmr.gov.in/

Government of India Ministry of Health and Family Welfare (MOHFW): Resources

https://www.mohfw.gov.in/

16.3 Journals

1. British Medical Journal (BMJ): https://www.bmj.com/coronavirus
2. Cambridge University Press: https://www.cambridge.org/core/browse-sub-
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. Clarivate Analytics: https://clarivate.com/coronavirus-resources/
. Elsevier: https://www.elsevier.com/connect/coronavirus-information-center
JAMA network: https://jamanetwork.com/journals/jama/pages/coronavirus-alert
. The Lancet: https://www.thelancet.com/coronavirus
. New England Journal of Medicine (NEJM): https://www.nejm.org/coronavirus
. Oxford University Press: https://academic.oup.com/journals/pages/coronavirus
?cc=us&lang=en&
9. PLOS: https://theplosblog.plos.org/2020/01/novel-coronavirus-2019-ncov-
outbreak/
10. SAGE: https://journals.sagepub.com/pb-assets/PDF/SAGE-Publishing_
Coronavirus-Related-Articles.pdf
11. Springer Nature: https://www.springernature.com/gp/researchers/campaigns/
coronavirus
12. SSRN: https://www.ssrn.com/index.cfm/en/coronavirus/
13. Wiley Online Library: https://novel-coronavirus.onlinelibrary.wiley.com/
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16.4 Others

1. Brain Infections Global
https://braininfectionsglobal.tghn.org/covid-neurology-resource/
2. MSD Manuals COVID-19 Information and Resources
https://www.msdmanuals.com/professional/resourcespages/
covid-19-resources
3. UpToDate
https://www.uptodate.com/home/covid-19-access
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