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Preface

What are coronaviruses? What is SARS-CoV-2? What is its origin? Why did it 
 suddenly appear? How does it cause disease? How do these viruses spread?  
How can the surrounding environment be decontaminated? How does our body 
respond and fight back? Who gets complications and why?

How can we diagnose these infections? What are the different diagnostic modalities?

What are the proposed treatment options? When do we treat and who do we treat?

Why are there so many vaccine candidates? Why is there reluctance and hesitancy 
to vaccination efforts? What are the myths and barriers to vaccines?

What is meant by a “one-health approach” and how does it affect human health?

Over three sections, this book, Fighting the COVID-19 Pandemic, tackles these 
 questions and more.

The first section deals with the coronavirus, highlighting its properties and the demo-
graphic features of the pandemic. Additionally, it examines how we can target the virus 
through our immune systems in vivo and through methods of decontamination in vitro.

The second section talks about the different manifestations of the disease in various 
clinical cohorts including pregnant females, diabetics, and persons with cardiovascular 
morbidities. It examines the effect of the coronavirus on the nervous system, senses of 
taste and smell, and mental health. The chapter highlights the association of the virus 
with multiorgan dysfunction and catastrophic antiphospholipid antibody syndrome.

The third section discusses the role of the medical laboratory in diagnosis, and 
evaluates diagnostic methods such as the hemogram. Prevention relies on vaccines 
in addition to precautionary measures against exposure, yet many myths are barriers 
to vaccination efforts. A decline in institutional trust serves to perpetuate myths and 
vaccine hesitancy. As such, this section also outlines the role of pharmacotherapeutics 
and discusses options for home care, with an introduction to the possible role of the 
“one-health approach” in tackling such situations.

The book represents the current situation. As time goes on and the situation changes 
and evolves, some of the information presented herein may become obsolete.

Manal Mohammad Baddour
Faculty of Medicine,

Medical Microbiology and Immunology Department,
Alexandria University,

Alexandria, Egypt
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Chapter 1

Knowing Our Rival–Coronaviridae: 
The Virus Family
Maanasa Rajagopalan

Abstract

This chapter will describe the biological nature of viruses belonging to the 
Coronaviridae family. Coronavirus disease or COVID-19 which, with its ever-
expanding attack around the globe has become the topic of discussion of the 
current era. The disease is caused by a SARS-CoV-2 virus which belongs to the 
Coronaviridae family. This family of the virus has a history of pandemic signifi-
cance through its attacks of SARS and MERS since the year 2000. They are known 
to have affinity towards respiratory tract and any disease that erupts out of their 
group have caused mild and severe respiratory infections globally. Thus, under-
standing the virus by learning the characteristics of its familial strain will help us 
to combat their attack even after mutation in the future. This chapter also discusses 
the pathogenesis of each virus organism in this family, as well as their clinical 
characteristics and diagnostics, in order to understand their disease-causing pattern 
and the efficacy of vaccination in mitigating the worst outcomes of the disease.

Keywords: The Virus Family, Coronaviridae, SARS-CoV, Pandemics, Vaccination

1. Introduction

Coronaviruses have historically been the most common type of virus that 
has caused global pandemics. This virus family began its first outbreak as a mild 
endemic common cold in 1892 but quickly evolved into a viral pandemic that 
affected millions of people. The four major strains of human coronaviruses that 
have spread across the world, evolving from a common cold to a severe respiratory 
tract disease, are NL63, 229E, OC43, and HKU1 [1]. The majority of them are spread 
by zoonotic transmission from bats, cats, and camels through droplets or direct 
contact. However, SARS-CoV, MERS-CoV, and SARS-CoV-2 (a different strain of 
SARS-CoV) were the key causes of the three pandemics that occurred in the last two 
decades, and their similarities and variations in nature must be recognized in order 
to figure out how they attack and how to combat them effectively in the future.

2. Coronaviridae–the virus

The Family of Coronaviridae has two subfamilies named Coronavirinae and 
Torovirinae, where the Torovirus family infects vertebrates and has been isolated 
with gastroenteritis while Coronavirinae affects mammals with respiratory and 
enteric infections. Torovirinae has unique doughnut-shaped nucleocapsids which 
distinguish them from Coronavirinae. The current classification of coronaviruses 
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recognizes 39 species in 27 subgenera, five genera, and two subfamilies that belong 
to the family Coronaviridae, suborder Cornidovirineae, order Nidovirales, and 
realm Riboviria [2].

The Coronavirinae family of viruses is widespread among mammals and is 
known to cause respiratory or enteric infections. This subfamily has four  
genus-group of viruses namely –

• Genus Alphacoronavirus

• Genus Betacoronavirus

• Genus Gammacoronavirus

• Genus Deltacoronavirus

Among the four genera, various disease affections by 60 virus species were 
found to belong to Genus Betacoronavirus. They were mostly isolated from bats but 
were also found to be from camels and sea species.

Members of the Coronavirinae family are mostly large, enveloped, single-
stranded RNA viruses with genomes ranging from 25 to 32 kb and a virion of 
118–136 nm in diameter. They are roughly spherical with large spike glycoproteins 
that extend 16–21 nm from the virus envelope. Almost two – thirds of the genome 
encodes a non-structural protein (nsp) required for transcription and genome 
replication and among the non-structural proteins, nsp – 12 forms a multiprotein 
complex with other CoV nsps which are synthesized as long precursor polypep-
tides. Ribosomes approaching the frame-shift site slip into the minus-1 reading 
frame almost 20–25% of the time, and a longer polyprotein called REP1b gets 
synthesized [3]. The RdRP (nsp12), a protein with helicase and phosphatase activi-
ties (nsp13), a protein with exonuclease and methyltransferase activities (nsp14), an 
endoribonuclease (nsp15), and a second methyltransferase (nsp16) are among the 
five additional proteins coded for by REP1b (Figure 1).

There are hundreds of coronaviruses of which most of them circulate among 
animals like pigs, camels, cats, and bats. Some of them have transmitted to humans 
as a result of spillover event, causing dreadful diseases.

The positive-strand RNA genome contains 7–10 open reading frames (ORF) 
with additional 7–10 frames lying downstream of the replicase-associated genes. 
The largest of these encodes is the spike protein (S) and the order of the structural 
proteins of the coronavirus genome is well conserved. The additional small ORFs 
thus lie in between or overlap the structural protein genes and are called acces-
sory proteins which are encoded by the shortest mRNA. Previous studies on virus 
mutations have stated that these accessory proteins are not essential for coronavirus 
replication in cell culture. However, mutating the accessory protein has had a 
profound effect on the ability of the virus to replicate in their hosts and influence 
the viral pathogenesis [4].

2.1 Structural proteins of coronavirus

Viruses belonging to the family of Coronavirinae encode four structural proteins 
namely –

• Three membrane-associated proteins (S, M, and E)

• A single nucleocapsid (N) protein.
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However, some virus species belonging to the genus beta coronavirus have 
an additional membrane protein with Hemagglutinating and Esterase activities, 
called HE. Thus the order of the structural genes on the CoV genome is (HE) S, M, 
E, N [4].

S – CoVs have a distinctive appearance due to the spike protein, which forms 
a conspicuous projection from the virus envelope. S is glycosylated and becomes 
the attachment and fusion protein. Among the CoVs, there are some variations 
in the way S is processed (cleaved into S1 and S2 fragments) where it is often 
ER-associated and is altered by N-linked glycosylation.

S is partially or completely cleaved by host furin-like proteases in the ER (before 
an assembly of new virions) in many beta and gamma coronaviruses. The extent of 
proteolysis correlates with the number of highly basic residues at the S1/S2 cleav-
age site. The S1 (N-terminal) and S2 (C-terminal) products remain noncovalently 
associated.

SARS-CoV, on the other hand, does not have S cleaved during assembly or 
release. Instead, during entry/penetration, it is cleaved in an acidified endosome. 
A cleavage at the S1/S2 boundary and a second cleavage within S2 (called the S2′ 
cleavage site) tend to be two crucial cleavage events that function in concert to 
mediate fusion [5].

Also within several isolates of a single type of coronavirus, comparison of S1 
sequences show that they diverge widely and are not strongly conserved, leaving 
us with a fair assumption that the sequence divergence is a result of host immune 
response. However, unlike S1, the S2 product is highly conserved across the  
sub-family Coronavirinae subfamily.

M – The membrane protein is the most abundant protein in the virion contain-
ing three hydrophobic domains and thus tightly associated with the virus envelope. 
It has a short ectodomain (extracellular domain) that is modified by glycosylation 
and plays a major role in promoting membrane curvature. Expression of M in 
Human Corona Virus (HCoV) – SARS (in the absence of other viral proteins) 

Figure 1. 
Coronaviridae family. (reprinted from: Coronaviridae (Chapter-24) by MacLachlan NJ, Dubovi EJ, editors; 
science direct [4]).
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results in self-assembly and release of membrane-enveloped vesicles. M also 
interacts with the N and E proteins and virus-like particles are released when M is 
co-expressed with either N or E [6].

E – The envelope protein is present in the virion in very small quantities (about 
20 molecules per virion), however larger amounts of E are present in infected cells. 
During particle formation, different CoVs have varying requirements for E, rang-
ing from mandatory to optional. In fact, virus titres close to 1 × 106 pfu per mL 
have been reported for HCoV-SARS lacking the E protein. Studies show that E is a 
viroporin as it assembles in membranes to form ion channels and they influence the 
electrochemical balance in subcellular compartments [7].

N – The only protein found in the ribonucleoprotein particle is nucleocapsid 
protein. N forms homodimers and homo-oligomers and binds genomic RNA, 
packaging it into a long flexible nucleocapsid. In the infected cell, N localizes to the 
cytoplasm, and for some CoVs, N is also found in the nucleolus. N has a role in the 
assembly and binding as it interacts with other CoV structural proteins. It also co-
localizes with replicas–transcriptase components and is required for RNA synthesis 
[8]. Other roles for N include modulating cell cycle (promoting cell-cycle arrest) 
and inhibiting host cell translation (Figure 2).

2.2 Viral replication

The first event in the replication cycle is the translation of the viral genome by 
the ribosomes in the host cell. REP1a and REP1b are translated from genomic RNA 
and some of the other REP1a products have transmembrane domains that serve 
to anchor the replication-transcription complex to cell membranes and become a 
pre-requisite for the synthesis of additional viral RNAs. This interaction causes the 
remodeling of host cell membranes to form structures for viral RNA synthesis.

The next event after translation comes the synthesis of RNA by RNA-
dependent RNA polymerase (RdRP). A primer, specifically a short RNA oligo-
nucleotide, is required by the CoV RdRP. It just so happens that the CoVs encode 
two separate RdRP-active proteins. The product of the nsp8 gene is thought to be 
a primase that can synthesize short oligonucleotides while nsp12 is the elongating 
polymerase. Cap synthesis is carried out by other viral nsps in the replication–
transcription complex.

Figure 2. 
Structural proteins. (reprinted from: The week: X-rays size up coronavirus protein structure at room 
temperature [9]).
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The other two ribonucleases that are encoded are nsp14 and nsp 15, where nsp 
14 is a 3′–5′ exonuclease while nsp 15 is a Nidovirales endonuclease that cleaves 
both single- and double-stranded RNA, cutting downstream of uridylate residues. 
Infected cells contain a set of subgenomic (sg) mRNAs in addition to genome-
length RNA. The structural and accessory proteins are expressed using the sg 
mRNAs. They’re all capped and polyadenylated, and all have the same 3′ end, 
creating a “nested set” of mRNAs. A closer examination of the sg mRNAs shows 
that they all have the same 70–100 nucleotides (nt) leader sequence at the 5′ end. 
These sequences are identical and though found on all sg mRNAs, they are found 
only once in the genome.

The transcription regulating sequence is formed when these leader sequences fuse 
with downstream sequences at short 8–9 nt motifs (TRS). A TRS is located upstream 
of the structural protein-coding ORFs (these are called TRS body or TRS-B). In the 5′ 
UTR, a TRS has been found just downstream of the leader chain. These results shed 
light on the unique strategy used for CoV mRNA synthesis [4].

The high degree of CoV genome recombination is most likely due to discontinu-
ous transcription, and this form of RNA virus genome recombination is known as a 
copy-choice mechanism. The presence of cRNAs (negative-sense RNAs with 5′ oligo 
(U)) in infected cells is 0.1–0.01 times lower than that of “positive-sense” genomes 
and mRNAs, according to a study. This shows that the recombinants are more likely 
to occur during the synthesis of negative strands.

2.3 Release

Virion assembly takes place on membranes, where the N protein binds genomic 
RNA, which then interacts with M protein and buds into ER/Golgi membranes. M 
protein intends to induce the membrane curvature that drives budding by packing 
tightly into membranes. S and E are also Membrane proteins and are acquired dur-
ing the budding phase. E protein has the ion channel activity of a viroporin, which 
changes cell secretory pathways to facilitate virus release. One of E’s functions may 
be to raise the pH of the transport vesicles. The virus particles that are found in 
membrane-bound vesicles are released from cells by exocytosis [4].

3. Pandemics and coronaviridae

In concern to Infectious Diseases and Global Healthcare, Pandemic is a worst-
case scenario spreading beyond country borders. Communicable diseases have esca-
lated to a pandemic situation since the time of origin of the human race, where the 
first disease that spread across borders affecting millions of people was the Plague. 
Our world witnessed the spread of the Bubonic Plague, which started in Egypt and 
spread all over the Middle East, Roman, and Mediterranean regions.

This was then followed by other diseases like Leprosy, Small Pox, Cholera, 
Measles, AIDS, and Influenza draining out the health care for decades and centu-
ries. The new addition to this series of diseases that are causing nightmare to global 
healthcare is SARS, MERS, and COVID-19, all caused by the family of coronavirus.

This large family of viruses is known to cause mild to moderate upper respira-
tory tract illnesses from the common cold to respiratory distress and failure. Among 
the group, three coronaviruses have emerged from animal reservoirs over the past 
two decades and spilled over to humans, causing three serious pandemics – SARS, 
MERS, and COVID-19.

Severe Acute Respiratory Syndrome (SARS) caused by SARS coronavirus 
emerged in 2002 and spread over all major continents affecting thousands of 
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people which later came down and disappeared in 2004. This was followed by 
Middle East Respiratory Syndrome (MERS) which emerged in 2012 was caused 
by MERS Coronavirus, which originated from an animal reservoir in camels 
in Saudi Arabia. This caused severe sporadic and localized outbreaks across 27 
countries, namely Algeria, Austria, Bahrain, China, Egypt, France, Greece, 
Germany, Islamic Republic of Iran, Italy, Jordan, Kuwait, Lebanon, Malaysia, the 
Netherlands, Oman, Philippines, Qatar, Republic of Korea, Kingdom of Saudi 
Arabia, Thailand, Tunisia, Turkey, United Arab Emirates (UAE), United Kingdom 
(UK), United States of America (USA), and Yemen. The disease affected millions 
of people across the world and continue to report its prevalence in some parts 
even today.

The third coronavirus that emerged out of the family is SARS-CoV-2, a novel 
virus that is quite similar to the SARS coronavirus. This emerged in the China Sea 
market in 2019 as an upper respiratory tract infection, which later spread rapidly 
across more than 200 countries and was soon declared as a global pandemic. 
The disease continues to affect millions of people, causing thousands of deaths 
even today.

3.1 SARS

In early 2003, a new pneumonic disease emerged as a life-threatening pandemic 
from the family of coronaviruses, SARS, caused by SARS – CoV virus. The disease 
originated in South China as an endemic upper respiratory tract infection and soon 
spread over various countries affecting millions of people in the United States of 
America, Europe, and other countries with approximately 10% mortality. The 
pathogenesis of the SARS CoV virus is quite complex where the genomic character-
ization is less similar to other known coronaviruses than the rest [10].

SARS-CoV involves a large viral RNA genome encompassing 29,727 nucleotides 
predicted to contain 14 ORF. The two large 5′-terminal ORF - 1a and 1b, constitute 
the replicase gene encoding the proteins required for viral RNA transcription and 
replication [9]. The remaining twelve ORFs encode the four key structural proteins, 
the spike (S) protein, the nucleocapsid (N) protein, the membrane (M) protein and 
the small envelope (E) protein, and other eight accessory proteins that are not likely 
to be essential in tissue culture but may provide a selective advantage in the infected 
host [11].

Polyprotein pp1a and pp1ab are cleaved extensively by a papain-like cysteine 
protease (PL2pro) and another chymotrypsin-like protease (3CLpro) to yield a 
multi-subunits protein complex called “viral replicase-transcriptase”. 3CLpro func-
tions as a pivotal protease in coronavirus polyproteins processing and controls the 
activities of coronavirus replication complexes [12].

Coronavirus Spike (S) protein is a type I membrane glycoprotein that has an 
N-terminal ectodomain, a C-terminal hydrophobic anchor and an unusual cyste-
ine-rich domain bridging the putative junction of the anchor and the cytoplasmic 
tail. SARS-CoV S protein is 1255 amino acids long glycoprotein [13]. It is predicted 
to possess a 13 amino acid signal peptide at the N-terminus, a single ectodomain 
(1182 amino acids) and a transmembrane region followed by a short cytoplasmic 
tail (28 residues) at the C-terminus. The protein is translated as a large polypep-
tide, which is subsequently cleaved by virus-encoded or host-encoded proteases 
to produce two functional subunits, S1 and S2. S1 is known to be the peripheral 
fragment and S2 is the membrane-spanning fragment. Both the S1 and S2 subunits 
appear to cause cell fusion when expressed individually suggesting their biological 
activity. The N, M and E proteins also play a vital role in SARS-CoV replication and 
infection mechanism [14].
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The virus was isolated from a variety of species, including civet cats and raccoon 
dogs, but none was considered to be the true source. Certain bat species were later 
identified as possible natural reservoirs. Direct touch, droplets, and airborne routes 
are all used to spread SARS to and from humans. Additional routes are suggested 
by viral isolation from feces and urine samples [9]. Thus, SARS began to spread 
through droplet transmission or contact with fomite from person to person, affect-
ing more than 70% of patients with shortness of breath or fever and 30% of patients 
with severe illness that required mechanical ventilation for survival.

3.2 MERS

The first case of MERS occurred in 2012 in Jordon, UAE as a mild upper respira-
tory tract illness caused by MERS CoV. The virus sequence was found to be in bats 
and dromedary camels which soon transmitted to humans and caused one of the 
most dreadful pandemics of the century. Thousands of laboratory-confirmed cases 
and hundreds of deaths due to the disease are reported even today in the Middle 
East [11] and the zoonotic transmission of the virus from animals to humans was 
caused by a common entry receptor named dipeptidyl peptidase 4 (DPP4).

The MERS-CoV genome is 30119 nt in length and contains 10 predicted ORFs. 
The single-stranded, positive-sense polyadenylated RNA genome has 5′ and 3′ UTR 
of 278 and 300 nt in length, respectively [12]. The 5′ end of the genome is translated 
to yield a large polyprotein, which gets co-translationally cleaved in cis by two viral 
proteases into 16 functional non-structural proteins, which then work together 
to shape the complex machinery for viral RNA synthesis and recombination. The 
region downstream of ORF1b is distinguished by the presence of a diverse set of 
structural proteins, including the spike and envelope proteins.

The case fatality rate of MERS seemed to be higher than SARS, which is reported 
to be due to the high virulence of the virus and its increased attacks on the lower 
respiratory tract that resulted in respiratory distress and failure.

3.3 COVID-19

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), the virus 
behind the current global pandemic COVID-19 has unique variants that result in a 
change in transmissibility, clinical presentation, and severity causing greater impact 
in diagnostics, therapeutics, and vaccine measures. The disease that started as a 
case of flu in the city of Wuhan, China soon caught up with the global population 
affecting millions of people and killing thousands every day.

The first affection of COVID-19 that emerged in December 2019, was caused by 
a strain of beta-coronavirus. The virus showed a high nucleotide sequence homol-
ogy with two bat-like - severe acute respiratory syndrome:

• bat-SL-CoVZC45

• bat-SL-CoVZXC21 (88% homology)

This strain, however, has 79.5% homology with SARS-CoV, and with MERS-
CoV, it has 50% homology. SARS-CoV-2 contains a single-stranded positive RNA of 
30 kilobases that encodes 10 genes. The virus enters cells by binding the angioten-
sin-converting enzyme 2 (ACE2), through its receptor-binding domain in the spike 
protein [13].

The initial strain, soon on community transmission, began to endanger the 
novel mutation and gave rise to a new variant, D614G substitution in the gene 
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encoding the spike protein. This variant soon replaced the initial strain and became 
the dominant form of the virus circulating globally. Almost all strains of D614G 
mutation have a mutation in the protein responsible for replication (ORF1ab 
P4715L; RdRP P323L). Due to mutations in the spike protein’s receptor binding 
domain, these variants are unlikely to reduce ACE2 binding affinity, since this 
would reduce the virus’s fitness. V483A and G476S are mostly found in US samples, 
while V367F is found in samples from China, the Hong Kong Special Administrative 
Region, France, and the Netherlands [14].

In the evolution of SARS-CoV-2, phylogenetic research suggests population 
structuring. The results provide an independent test of the major clades we dis-
covered, as well as the variants’ regional expansions. Although the earliest samples 
from the United States seem to be from China and belong to the basal or L84S 
clades, clades such as D614G/Q57H, appear to be from Europe. D614G was discov-
ered in late January in China and quickly rose to the top of the clade hierarchy. The 
mutation rate of 1.12*10−3 mutations per site-year is comparable to the SARS-CoV-1 
mutation rate of 0.80*10−3 to 2.38*10−3 mutations per site-year [15].

From the present shreds of evidence, we can conclude that the SARS-CoV 
genome has evolving nature that causes serious implications to human lives. Due to 
this nature, the number of people with confirmed COVID-19 has been on a continu-
ous increase for the past few months with no sign of decline and the site of affection 
has also been changing with every new strand. Thus, the major challenge for drug 
developers against COVID-19 will be to understand the biological reservoirs car-
rying coronaviruses and the modes of contact with the human population through 
trade, travel, or recreation to anticipate future risks for novel infections.

3.4 Clinical picture

Knowledge of viral dynamics and host response is essential to understand the 
clinical picture of any viral disease and its transition after mutations. With regard to 
COVID-19, this analysis holds more importance due to its serious pandemic attack 
in the current era.

A cohort study on 23 patients admitted to the hospital with COVID-19 reported 
that the viral load peaked during the first week of illness and gradually declined 
in the second week. This may be due to the high transmissibility of SARS-CoV-2 
and the increase in IgG and IgM antibody levels [16]. The high viral load in elderly 
patients was also found to be associated not only with low immunity but also with 
high expression of the ACE2 receptor (the cell-entry receptor for SARS-CoV-2). 
From this study, we can conclude that the analysis of serial viral load and antibody 
profile is essential to understand the viral and host interactions and their transition 
over the virus mutations [17].

The clinical picture of the disease thus began to vary from its initial attack to the 
current day from simple respiratory affection to multi-system illness. However, the 
most common signs and symptoms even today includes –

• Fever/chills

• Cough

• Shortness of breath/breathing difficulty

• Fatigue

• Muscle/body aches
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• Headache

• Loss of taste/smell

• Sore throat

• Congestion/runny nose

• Nausea

• Vomiting

• Diarrhea [18]

According to WHO, CDC, and ICMR, the signs and symptoms of COVID-19 
that may appear 2–14 days after exposure to the virus are classified into different 
stages namely mild–moderate, severe, and critical [19].

Mild–Moderate Stage:

• Fever

• Dyspnoea

• Gastrointestinal troubles like Nausea, Vomiting

• Nasal congestion

• Sore throat

• Loss of smell

• Mild gasping for breath with Pneumonia

Severe Stage:

• High Fever

• Cough with gasping for breath

• Severe respiratory distress [SpO2 < 90% on room air]

• Bloody expectoration

• Delirium

Children with clinical signs of Pneumonia and Central Cyanosis.
Critical Stage:

• Acute Respiratory Distress Syndrome

• Pulmonary Oedema

• Fluid overload leading to Cardiac Failure
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• Sepsis with weak pulse, cold extremities.

• Reduced urinary output

• Thrombocytopenia, Hyperbilirubinemia

• Septic shock with Hypothermia and Collapse [20]

While most people with COVID-19 develop only mild (40%) or moderate (40%) 
disease, approximately 15% develop the severe stage that requires oxygen support, 
and 5% have the critical disease with complications such as respiratory failure, acute 
respiratory distress syndrome (ARDS), sepsis and septic shock, thromboembolism, 
and/or multiorgan failure including acute kidney disease and cardiac failure [21].

However, this clinical picture is found to be similar to the previous pandemic 
attacks of this century by the same family of viruses. SARS-CoV and MERS also 
started as upper respiratory tract infections and rapidly progressed towards respi-
ratory failure, septic shock, and multi-organ failure resulting in death [22]. The 
incubation period for both SARS-CoV and MERS was around 2–10 days with a 
mean incubation period of 6.4 and 5 days respectively. Also, the meantime from the 
onset of illness to the hospitalization in both diseases is 4 days [23]. This shows the 
similarity of affection and rapidity in the progression of illness caused by any type 
of virus from the Coronaviridae family.

4. The future of coronaviridae

Howard Markel, a medical historian once quoted “The most predictable thing 
about this coronavirus is its unpredictability” when describing several pandemic 
outbreaks. Historically, the occurrence of a viral outbreak and its transition from 
a mild endemic disease to a global pandemic has been a great challenge to public 
health researchers and global healthcare. Apart from disease, the geography, host 
response, and treatment procedures have been influential in viral mutation and its 
pathogenicity. This is notably important to understand the future attacks of viruses 
from the Coronaviridae family [24].

Some infectious disease researchers, on the other hand, foresee a healthy future 
in which virus transmission is reduced due to increased vaccination among people. 
Experts are hopeful that as vaccinations reach more people, the effect of the COVID 
phase will lessen and help protect them from the worst possible outcomes of the dis-
ease. Current vaccination developed has proven to provide complete and effective 
protection against most variants of coronavirus and thus, as more people develop 
specific immunity on vaccination, scientists hope any attack of illness caused by 
this family of the virus will be of no threat more than an endemic common cold.

5. Conclusion

Since the first pandemic, which was caused by human coronavirus OC-43, one 
of the four coronaviruses, the existence of disease attacks by them has remained a 
mystery to medical professionals. The viral organism and its variants, on the other 
hand, have often evolved after each attack, resurfacing as a new variant of the same 
Coronaviridae family. To predict the emergence of any viral attack from the family 
Coronaviridae that has caused serious illness in the global population in the future, it 
is essential to understand the nature of each organism from the family Coronaviridae. 
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COVID-19: An Updated Insight of 
the Pandemic
Raghunath Satpathy and Prangya Ranjan Rout

Abstract

Novel coronavirus (SARS-CoV-2) out-broke in the city of Wuhan in China 
and widely spread across the globe in a pandemic manner, causing societal and 
economic disruptions. Though the origin of the novel virus is still a debating topic, 
it is certain that SARS-CoV-2 acquired human to human transmission capacity. 
Regardless of aggressive containment and quarantine approaches, the number of 
confirmed cases continues to rise and being reported due to its highly infectious 
nature. As of the time, there is a little scope for the antiviral drugs or vaccines for 
the treatment of coronavirus infection; due to the vigorous mutation rate in the 
viral genome. However, existing anti-parasite drugs like ivermectin and chloro-
quine could effectively inhibit the virus has been reported. Few of the vaccines have 
come up with certain degree of efficacy and many are under the clinical trial phase. 
The research on novel coronavirus is still in the preliminary stage. In this chapter, 
we systematically summarize the origin, transmission route, molecular character-
ization, pathogenic mechanism, contagious nature, clinical symptoms, diagnosis, 
treatment, mutation and infection as well as prevention strategy of coronavirus 
disease based on the recently available literature. In addition to this, this chapter 
presents updated insights of the current state of knowledge pertaining to novel 
coronavirus and can be referred for potential future studies.

Keywords: Novel coronavirus (SARS-CoV-2), coronavirus disease, prevention 
strategy, transmission capacity, drug targets, treatment methods, virus structure, 
mutation

1. Introduction

In December 2019, Wuhan city in China became the center of origin of the 
novel coronavirus disease with the acronym COVID-19 outbreak that continues 
to spread quickly across the globe in a very short time. Due to its severe infection 
rate, on January 30, 2020, World Health Organization (WHO) declared COVID-
19 as the public health emergency of international concern (PHEIC), followed 
by a worldwide pandemic declaration on March 11, 2020. As of May 5, 2020, it 
has spread to 220 countries with 3665403 confirmed covid-19 positive cases. The 
recent data (as of June 28, 2021) show that the number of countries affected by 
Covid-19 is 229, with a total of 181,741,361 confirmed cases of COVID-19 and 
3,936,510 deaths. It is anticipated that the full extent of spreading and severity 
of this 2019 novel coronavirus is yet to be seen and global control of COVID-19 
will be one of the toughest challenges humanity has ever faced [1, 2]. According 
to the international committee on taxonomy of viruses (ICTV) classifications, 
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coronaviruses belong to the order Nidovirales, family Coronaviridae, and sub-family 
Coronavirinae, as shown in Figure 1. These are the largest group of viruses belong-
ing to the Nidovirales order. The sub-family Coronavirinae is further divided into 
four genera, such as Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and 
Deltacoronaviruswithfour different lineages (A (embecovirus), B (sarbecovirus), C 
(merbecovirus), and D (nobecovirus)) of the Betacoronavirusgenus [3, 4]. COVID-19, 
officially named by the WHO on February 11, 2020, is caused by the severe acute 
respiratory syndrome coronavirus 2 (named by ICTV), otherwise known as SARS-
CoV-2. The emerging SARS-CoV-2 is a beta coronavirus of lineage B and seems to 
be the seventh member of the coronaviruses that infect humans, primarily targeting 
the respiratory system [5]. The first human coronavirus (HCoV), named B814, was 
isolated in 1965 from patients with common cold [6]. The other six different HCoVs 
include severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East 
respiratory syndrome coronavirus (MERS-CoV), HCoV- 229E, HCoV-OC43, 
HCoV-NL63, and HCoV-HKU1. Among these HCoVs, HCoV-NL63 and HCoV-
229E belong to Alphacoronavirus, HCoV-HKU1 and HCoV-OC43 belong to lineage 
A, SARS-CoV to lineage B, and MERS-CoV to lineage C of the Betacoronavirusas 
depicted in Figure 1.

HCoVs are zoonotic pathogens that originated in animals and all HCoVs are 
believed to have a bat origin, with the exception of Betacoronavirus lineage A that 

Figure 1. 
Classification of novel corona virus.
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may have rodent origin [7, 8]. Similar to the case of other SARS-CoVs, the bat might 
be the probable origin for SARS-CoV-2 as SARS-CoV-2 shares about 96% whole-
genome sequence similarity with the bat coronavirus (BatCoV). The confirmed and 
suspected origins of HCoVs are summarized in Figure 2.

Zhou et al. (2020), through complete genome analysis of samples collected from 
COVID-19 patients, found that SARS-CoV-2 is a Betacoronavirus with a sequence 
identity of 96% with a bat coronavirus [9]. Studies of Pasteur Institute, Shanghai 
also highlighted that the natural hosts of SARS-CoV-2 might be the bats [10]. 
However, few studies also highlighted that the pangolin is expected as an intermedi-
ate host of the SARS-CoV-2 [11, 12]. Zhang et al. (2019) reported that coronavirus 
from the pangolin might be the origin of the SARS-CoV-2 on the basis of genome 
sequence identity [11]. However, the claim was rejected by Cyranoski (2020), 
based on the fact that the origin is not by the genomic sequence similarity but by 
the receptor-binding domain (RBD) of the virus that enables the virus to enter the 
host cell [13]. Although, the potential natural and intermediate host of the virus is 
not fully established, regardless of its initial transmission source, it is certain that 
SARS-CoV-2 acquired the capacity for human to human transmission [14]. SARS-
CoV-2 is highly infectious; the entire population is generally highly susceptible to 
infection, and respiratory droplets through coughing and sneezing of COVID-19 
patients and coming into contact with them are the primary infectious source in the 
population. It is even claimed by some experts that transmission during conversa-
tions through micro-droplet may possibly be the third infection route. The digestive 
tract can also be a potential route of infection as SARS-CoV-2 is detected in the stool 
and gastro-intestinal tract of COVID-19 patients, in addition to its detection in 
saliva, tear, urine, etc. [15, 16]. There was no evidence of transmission from mother 
to child during pregnancy [17]. Though based on the currently available evidence, 
bats are considered to be the natural hosts and pangolins are the intermediate hosts, 
the origin of SARS-CoV-2 necessitates further in-depth investigations.

Figure 2. 
Probable origin and intermediate host during interspecies transmission of the corona virus.
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2. Molecular characterization and pathogenic mechanism

Coronaviruses are enveloped, spherical, or exhibit size and shape variation 
(pleomorphic) with a diameter in the range of 60–140 nm containing a positive 
sense, single-stranded RNA genome of approximately 26–32 kilobase size, the larg-
est genome among RNA viruses [8, 18]. The genomic RNA contains multiple open 
reading frames (ORFs) for encoding 16 non-structural proteins (nsps) and four 
structural proteins like spike (S), envelope (E), membrane (M), and nucleocapsid 
(N). About two-thirds of genomic RNA is located in the first ORF (ORF1a/b) 
that helps in the translation of two polyproteins viz. pp1a and pp1ab at the 5′ end. 
Further, the subsequent proteolytic cleavages of polyproteins generate 16 non-
structural proteins (NSP). The remaining part of the virus genome encodes the four 
important structural proteins, E, S, N, and M, including other accessory proteins 
that interfere with the host’s innate immune response [19, 20]. The invariant gene 
order is 5’-ORF1a-ORF1b-S-E-M-N-3′, with additional small ORFs in between the 
structural genes for encoding accessory proteins. The term ‘corona’ in Latin means 
‘crown’ under the electron microscope observation; the spike protein projections of 
the virus appear as a crown, hence termed as ‘coronavirus’ (Figure 3a).

3. Infection strategy

2019-nCoV is extremely contagious and with very high transmission capacity, 
the virus is transmitted from person to person with ease. The transmission capacity 
is represented based on the reproduction number symbolized as R0 that signifies the 
average number of secondary cases (infectee) caused by the primary case (infector) 
in a population highly susceptible to infection [21]. The value R0 > 1 indicates the 
rapid spreading of the infection whereas R0 < 1 signifies the low extension capac-
ity of the infectious disease. The R0 value of COVID-19 is in the range of 1.4–2.5, 
whereas severe acute respiratory syndrome coronavirus (SARS-CoV) is 0.67–1.23 
and Middle East respiratory syndrome coronavirus (MERS-CoV) is 0.29–0.8; there-
fore, COVID-19 could be more easily transmitted [22, 23]. However, there are cases 
when an infected individual will not transmit the disease to anyone or can infect far 
more people than the standard transmission rate and the individuals are termed as 
“super-spreaders” [22]. In COVID-19, for the first time in early 2020, two patients 
were reported to be super-spreaders. One was a British national who had infected a 
dozen others whereas another suspect, a South Korean woman, had infected several 
dozens of others. The rate of initial spread is also dependent on the serial interval, 
which means the time gap between the onset of illness in an infector and in an 
infectee. The serial interval can be estimated by linking dates of onset of illness for 
infector-infectee pairs. The serial interval for COVID-19 is 4.4–7.5 days, whereas the 
mean value for SARS-CoV was 8.4 days, indicating the rapid transmission nature of 
COVID-19 [24].

It is reported in the literature that SARS-CoV-2 uses angiotensin converting 
enzyme 2 (ACE2) as its cell surface receptor and the binding of the S protein to the 
ACE2 receptor is the first step of viral infection followed by fusion with the cell 
membrane and subsequent viral entry to the respiratory mucosa [3, 18, 25]. As dem-
onstrated in Figure 3b, after entry and un-coating, the translation of ORFs from 
the viral genomic RNA occurs for encoding non-structural proteins. Subsequently, 
the nsps assemble into the replicase-transcriptase complex (RTC) to facilitate RNA 
replication and transcription. First of all, full-length negative-sense anti-genome is 
synthesized using the genomic RNA as a template, and subsequently, the negative-
sense strand serves as a template for the synthesis of new genomic and sub-genomic 
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RNA. Sub-genomic RNAs serve as mRNAs for the translation of structural proteins. 
The structural proteins and viral genomic RNA assemble in the endoplasmic reticu-
lum (ER) - Golgi intermediate compartment (ERGIC) mediated by M protein to 
form the mature virions. Ultimately, the virions are transported to the cell surface 
through smooth-wall vesicles and released by exocytosis for subsequent rounds of 
infection [3, 25].

4. Clinical symptoms

SARS-CoV-2 attacks the lower airway as the primary target of infection, causing 
a respiratory and systemic illness that subsequently progresses to a severe form of 
pneumonia in 10–15% of patients [26, 27]. Clinical symptoms of COVID-19 vary from 
asymptomatic state to critical illness, with acute respiratory distress (ARDS), acute 
cardiac injury, multi-organ failure (MOF) and at the end, development of small blood 
clots throughout the bloodstream (intravascular coagulopathy) [17, 28]. The symp-
toms of COVID-19 illness are cough, fever, fatigue, headache, muscle pain (myalgia), 

Figure 3. 
(a) Basic structure of Covid-19, (b) life cycle in the host.
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difficulty in breathing (dyspnoea), decreased lymphocytes in blood (lymphocytope-
nia), lower platelet count (thrombocytopenia), etc., which are indifferent from other 
respiratory infections [29]. However, the unique clinical symptoms of COVID-19 are 
runny nose (rhinorrhea), sneezing, sore throat, presence of infiltrate in the upper lobe 
of the lung that causes shortness of breath and subsequent decreased level of oxygen 
in the blood (hypoxemia), detection of viral RNA in samples of plasma, serum, whole 
blood, etc., (RNAemia) and sometimes gastrointestinal symptoms like diarrhea [29]. 
The incubation period of the virus is usually between 3 to 7 days on average, however 
with 1 day as the shortest and 14 days longest is observed in some circumstances. The 
symptoms of infection appear after the average incubation period of 5 days approxi-
mately however, the average time from onset of symptom to dyspnoea is five days, 
ARDS is eight days, and death is 6 to 41 days with a median of 14 days [18, 29, 30]. 
These periods are variable and dependent on several parameters like age and immu-
nity of the patient, typically shorter periods are observed for patients above 70 years 
old [30].

5. Diagnosis and treatment

As discussed in the previous section, based on the preliminary clinical features 
such as fever, sore throat, and dry cough of a suspected COVID-19 infectee can be 
investigated to confirm the exposure history of the person. In some of the cases, 
this may be asymptotic, i.e., showing none of the above mentioned clinical symp-
toms, hence, in those cases, the detection of viral genomic material is considered 
as the only reliable source of COVID-19 diagnosis. The method includes taking 
the samples from the (suspected) infectee in the form of nasopharyngeal swab, 
sputum, bronchoalveolar washing, endotracheal aspirates, followed by RNA extrac-
tion and subsequent analysis by reverse transcription polymerase chain reaction 
(RT-PCR) for synthesis, amplification, and identification of viral nucleic acid [18, 
25]. Since RT-PCR based techniques take a relatively longer time, therefore, the 
development of rapid diagnosis kits is on works. Clustered regularly interspaced 
short palindromic repeats (CRISPR) based diagnostics are such techniques believed 
in delivering the results within an hour without the need for sophisticated labora-
tory equipment. Based on this technology, SHERLOCK and DETECTR are two test 
methods developed by Sherlock Biosciences, and Mammoth Biosciences, respec-
tively and waiting for clinical verifications and approvals [31]. Another sophisti-
cated approach would be a serological assay in which the antibodies from the blood 
sample of the patients are analyzed to detect viral infections. Computed tomogra-
phy (CT) imaging is also a highly specific and sensitive method and a chest CT scan 
of the patients generally shows ground-glass opacities and infiltrates [17, 18].

As of the time, there are no specific, effective and proven antiviral drugs (and/
or) vaccines for the treatment of COVID-19 infection, so treatments are limited to 
support and palliative care only. The first-line treatment emphasizes maintaining 
hydration and controlling fever and cough through routine dosages of antipyret-
ics and expectorants [32]. Patients with severe respiratory distress should be 
administered with supplemental oxygen. The alternative treatment is based on 
the use of broad-spectrum antiviral drugs like neurominidase inhibitor (oselta-
mivir), nucleotide analogues (remdesivir), nucleoside analogues (ganciclovir), 
HIV-protease inhibitors (lopinavir, ritonavir) that can reduce the virus infection 
[33, 34]. As per a recent report by Chen et al. (2020), the effective dosage for the 
treatment of COVID-19 patients includes oral administration of 75 mg oseltamivir, 
500 mg lopinavir, 500 mg ritonavir twice a day and the intravenous administration 
of 0·25 g ganciclovir for 3–14 days [35]. Also, it is reported by many researchers that 
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the antimalarial-drug chloroquine could effectively inhibit the virus by virtue of its 
immune-modulating activity [36, 37]. Deng et al. (2020) confirmed the antiviral 
activity of Arbidol (small indole derivative molecule) on COVID-19 patients and 
the antiviral activity against SARS-CoV and also it blocks the viral fusion against 
the influenza A and B viruses and hepatitis C viruses [10, 38]. A clinical candidate, 
EIDD-2801, with high therapeutic potential against the influenza virus, is in devel-
opment, which can be a promising drug to be considered for the COVID-19 [39].

In addition to this, the synthetic recombinant interferons could be used for the 
treatment of COVID-19 based on their effectiveness against SARS-CoVs and MERS-
CoVs [10]. It is also discussed that a small recommended amount of vitamin C 
supplementation could effectively prevent COVID-19. Convalescent plasma therapy 
in which plasma of patients recovered from COVID-19 enriched with virus neutral-
izing antibodies is administered in a prophylactic manner to prevent infection in 
high-risk cases could also be an effective approach to alleviate COVID-19 infection. 
On 31st March 2020, the first US patient received convalescent plasma therapy for 
the COVID-19 treatment [40]. In the latest development, Caly et al. (2020) reported 
that Ivermectin existing anti-parasite inhibited SARS-CoV-2 and a single treatment, 
reduced approximately 5000 fold viral RNA in 48 h in in-vitro [41]. However, the 
anti-parasitic drug is not approved by U.S Food and Drug Administration (FDA) 
due to lack of well-designed clinical trials. It is also recommended that the existing 
related vaccines for RNA virus including encephalitis B and influenza, etc., could 
be explored as possible alternatives until the development of an effective COVID-19 
vaccine. There is an urgent need to establish a nonhuman animal model for a better 
understanding of the virus-host interactions and subsequent testing of potential 
drug/vaccines for COVID-19 infections [17].

6. Preventive measures to control the spread of the infection

Since there is limited availability of effective treatment for COVID-19, therefore, 
currently, prevention is used as a vital step in controlling the (community) spread of 
the infection. However, some unique features of the disease like a transmission from 
asymptomatic people, long incubation period, and infectivity in the incubation 
period even before the onset of symptoms, prolonged illness, and transmission after 
recovery, etc., make the preventive measures really more challenging [18]. First 
of all, extensive measures should be taken to limit human to human transmission 
with an emphasis on susceptible populations like healthcare providers and older 
people to prevent further transmission amplification and spread [42]. The second 
essential step must be the facilitation of advanced health surveillance systems along 
with rapid diagnostic facilities for the identification of cases. It should be followed 
by quarantine or isolation when necessary, with intensive care for patients and 
contact tracing for preventing further transmission by contacts who are infected 
[43]. Patients should be isolated in well ventilated room with regular decontamina-
tion, and they should follow cough and sneeze hygiene, practice hand hygiene and 
should be asked to wear surgical masks to prevent infection spreading. The health-
care workers attending the patients should be advised to use personal protective 
equipment (PPE) like gloves, N95 masks, goggles, protective suits, etc. The use of 
masks by healthy people though not recommended by WHO, owing to the recent 
finding by Japanese scientists that simple conversations in close proximity without 
coughs and sneeze could spread the virus through micro-droplets, it is advisable to 
wear masks, particularly in crowded public places [44]. Owing to the community 
spread nature of the virus, the government’s action to ban mass gatherings is an 
important preventive step and locking down cities, states, provinces as part of 
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the action plan of many governments, including India, the US, European Union, 
etc., will definitely be beneficial in flattening the pandemic. Physical contact with 
inanimate objects should be avoided since coronaviruses can remain infectious on 
these surfaces for up to 9 days, however, surface decontamination with ethanol (> 
70%) or 0.1% sodium hypochlorite can significantly reduce the virus infectivity 
even within 1 min exposure time [45]. The public should avoid non-essential travel 
to places with ongoing transmission and the countries should strictly implement 
preventive measures like travel screenings and quarantining of the travelers to con-
trol further spread of the infection. In countries with resource limitations, to triage 
a large number of cases, the proposed simple screening algorithm by Ayebare et al. 
(2020), as shown in Figure 4 can be followed for effective infection prevention and 
control [46].

International collaborations and co-operations are highly essential to minimize 
social as well as economic disruptions [43]. The government’s strategy for timely 
education and training of hospital staff and health care providers along with 
awareness and counseling to the general public about the risks of COVID-19 are 
absolutely necessary for minimizing the spread of the infection and managing an 
economic downturn. However, during this crisis, personal rather than government 

Figure 4. 
Outline of infection prevention and control (IPC) strategies.
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action might be most important and individual behavior will definitely play a cru-
cial role in infection prevention and control the spread of COVID-19. To date some 
of the countries have approved many anti-viral drugs as pharmacological treatment 
strategies for COVID-19. However, some approved COVID-19-specific vaccines are 
available (Table 1). Several companies have developed various vaccine candidates 
for human CoV infections which are in the clinical trial stage [47].

7. Future challenges in controlling the global pandemic

From the end of July 2020, an increase in new cases of SARS-CoV-2 infec-
tions was appeared in the different geographical territories of the European 
Union, confirmed about the origin of the second wave of outbreaks of these 
infectious diseases. On September 20, a new variant type of SARS-CoV-2, 
called B117, was first time identified in the United Kingdom (UK). Also, In 
December 2020, an unexpected rise in reported COVID-19 cases was observed 
due to the emergence of a new variant of SARS-CoV-2 (B.1.351) in South 
Africa. However, it was observed that that B117 is far more transmissible with 
comparatively less fatality rate [48–51]. Hence, it is important to correlate the 
mutation of the virus as well as the degree of pathogenicity. The existence of 

S.No Trade name of the 
vaccine

Company and country Remark

1 Comirnaty German company BioNTech, American company 
Pfizer

RNA vaccine

2 Covishield Oxford–AstraZeneca COVID-19 vaccine viral vector 
vaccine

3 Sputnik V COVID-
19 vaccine

Russian Gamaleya Research Institute of 
Epidemiology and Microbiology.

viral vector 
vaccine

4 BBIBP-CorV China National Pharmaceutical Group 
(Sinopharm)

inactivated virus 
vaccine

5 Johnson & Johnson 
COVID-19 vaccine

Janssen Pharmaceutica and Beth Israel Deaconess 
Medical Center.

viral vector 
vaccine

6 Moderna COVID-19 
vaccine

American company Moderna RNA vaccine

7 CoronaVac Chinese company Sinovac Biotech. inactivated virus 
vaccine

8 Covaxin Bharat Biotech, India inactivated virus 
vaccine

9 Convidecia Chinese company CanSino Biologics and the 
Beijing Institute of Biotechnology of the Academy 
of Military Medical Sciences.

viral vector 
vaccine

10 EpiVacCorona Russian State Research Center of Virology and 
Biotechnology VECTOR

peptide vaccine

11 RBD-Dimer Chinese company Anhui subunit vaccine

12 WIBP-CorV China National Pharmaceutical Group 
(Sinopharm)

inactivated virus 
vaccine

13 CoviVac Chumakov Centre at the Russian Academy of 
Sciences.

inactivated virus 
vaccine

Table 1. 
Showing developed vaccine details for Covid-19 infection.
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genetic diversity and specific mutations in the genome of SARS-CoV-2 and 
the virulence property has been investigated by Abdullahi, et al. In this work, 
they focused on the mutations of the non-structural proteins (NSPs) such as 
nsp 2 and nsp 3, Spike protein and RNA-dependent RNA polymerase (RdRp). 
The spike protein is the key determining factor for the evolution, virulence and 
transmission [52]. Similarly, the enhanced infection property and pathogenic-
ity in case of SARS-CoV-2 is related to mutation at S-protein receptor-binding 
domain, has been studied by Padhi and Tripathi [53]. To address the signifi-
cance of mutation to infection, Yao et al. conducted an experimental work 
by considering eleven numbers of SARS-CoV-2 viral isolates and observed 
that the mutations are directly related to the increase in viral load as well as a 
cytopathic effect [54]. Bakhshandeh et al., emphasized that the gradual accu-
mulation of the genomic mutation in SARS-CoV-2 are having a crucial role in 
genetic variability of the virus. This helps the virus to escape from the host cell 
immunity and converts the strain in to a drug resistance virus with more deadly 
behavior [55]. Another recent study has uncovered that the rate of infection 
of novel corona virus is not only due to the mutation of the viral genome but 
also associated with host genetics, the genetic and epigenetic variations of the 
human population. For example, the ACE2 gene variation might be the key 
genetic factor for SARS-CoV-2 infection that facilitates the virus entry into 
human cells [56].

Currently, several strategies are being followed, such as contact tracing of 
infected people, enforcing the social distancing, maintaining the quarantine, and 
restricted mobility of people and use of disinfectant for self-protection purpose. 
However, none of these methods have proved to be effective in controlling the 
global pandemic caused by COVID-19. Usually, there are three basic areas that is to 
be emphasized more for the best control of the global pandemic [57–64].

1. Mass vaccination of the people:

2. The government of each country should take the initiative for the mass vacci-
nation for all the people that may be the most effective way of control. How-
ever, it may be challenging as the country should cross the financial burden 
and human resources to develop the technology as well as the material for mass 
production of the vaccine. Also, international collaboration for the same may 
be fruitful. In addition to this, the possible long term efficacy and the side ef-
fects of the vaccine should be well-studied.Herd immunity

3. Several studies have proved that the COVID-19 infection leads to the produc-
tion of antibodies in the patient against the SARS-CoV-2. So, if a large group 
of the population will induce resistance for the virus in their immunosystem, 
then it is expected that the entire population may be protected gradually, called 
herd immunity. However, the establishment of herd immunity in the popula-
tion is determined by a large number of molecular and immunological factors. 
Also, frequent change in the viral genome may be another hurdle for acquiring 
herd immunity.Implementation of new technologies

In order to protect the human population and in the limited effective treatment 
strategy for COVID-19 infection, the implementation of new and effective 
online technologies in different sectors is desirable. These technologies will help 
the people in the timely response and control of epidemics in the areas of public 
training, education, medication, including digital surveillance systems, tele-
medicine, rapid identification and diagnosis devices, and prediction about the 
future infection.
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8. Conclusion

The global impact of coronavirus disease is one of the heightening concerns of 
the present time. Though at this stage, it is not possible to determine the precise 
source of the coronavirus, however, the bats are considered as their natural hosts 
based on the available sequence based phylogenetic study. Genomic analysis 
revealed the arrangement of gene order and ORF positions. The largest genome 
RNA of coronavirus might be the reason behind the intraspecies variability and 
interspecies transmission via mutations and recombination mediated flexible genome 
modifications. Therefore, future outbreaks of zoonotic viruses cannot be over-
looked. So, to avoid the future threat of zoonotic viral outbreaks, comprehensive 
measures should be planned alongside curbing this corona pandemic. In addition to 
this, the mutation acquired by the virus from time to time changes its pathogenicity 
is a concern. So a thorough study is essential to establish the relationship between 
the mutated forms of the virus with respect to the different geographical areas to 
predict the future genotypic pattern change of the virus. Further, in-depth inves-
tigations at individual protein levels of the virus are necessary to precisely predict 
the origin, to predict mutation mediated evolutionary selection pressure, and for 
a better understanding and development of the potential drug molecule binding 
efficacy.
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Abstract

Coronavirus COVID-19 started in December 2019, and it has spread rapidly
across China and the whole world. In this chapter, we analyzed the number of
confirmed cases in US, India, France, Russia and Brazil. Additionally, we took into
account Latin American countries like Argentina, Colombia, Peru, Chile and Mex-
ico. We noticed, how some countries got a low death rate, despite its high number
of confirmed cases (US). Additionally, it is interesting, how some countries with a
high percentage of obesity got the highest death rate (Mexico). Also, we noticed a
decreasing number in confirmed cases after a intensive vaccination plan (US).
Finally, we evaluated Weibull Long Short-Term Memory (W-LSTM) and Multipli-
cative Trend Exponential Smoothing (MTES) to predict confirmed cases, in this
case, W-LSTM showed a more realistic forecasting.

Keywords: Coronavirus, COVID-19, Analysis, Forecasting, LSTM, MTES

1. Introduction

Coronavirus COVID-19 pandemic started in December 2019 in Wuhan, China.
This virus has high viral infectivity [1], so it has spread rapidly across China and
other countries. Furthermore, 140,849,925 confirmed cases and 3,013,217 deaths
were reported in the whole world until the last April 20th [2].

This new coronavirus made huge strain on the health system around the world
forcing to establish decisions like quarantines and social distances in a effort to
contain the spread of the virus [3]. Some countries with high incomes like United
Kingdom, Italy, Spain and United States of America had to take measures such as
hiring retired health personnel to assist battle infections.

Also, countries like United States agreed with car and weapon manufacturers to
provide ventilators to help in the pandemic fight. The situation in countries with
low and middle incomes were challenged, because they already have poor and weak
health systems before COVID-19. They had limited financial resources, unavailable
medications and inadequate health personnel, also in these countries exist a gap on
the socio-economic. A person of higher socio-economic standing are more likely to
have access to quality health services and medications [4].

Since the identification of SARS-CoV-2 virus, the scientific community was
starting to develop over 300 vaccines projects, 40 of them are now on undergoing
clinical evaluation, 10 of these are in Phase III and 3 of them have passed the phase
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III with effective outcomes. The existing data propound that the vaccine candidates
can reduce the spread of the pandemic protecting individuals. On the other hand,
the fast development of vaccines candidates carries with some unresolved issues
(only time could clarify). Moreover, technical and ethical problems were added
with the production of billions of doses [5]. Despite, there are dozens of potential
vaccine candidates [6], the herd immunity has not achieved yet.

Nowadays, the scientist communities are publishing several papers of studies
about COVID-19. For instance, a research team had published an analysis of
confirmed cases with Multiplicative Trend Exponential Smoothing (MTES) and
Long Short-Term Memory (LSTM) [7]. Nonetheless, other researchers made a
comparison with Auto-Regressive Integrated Moving Average (ARIMA), Nonlin-
ear Autoregression Neural Network (NARNN) and LSTM to predict the confirmed
cases of Denmark, Belgium, Germany, France, United Kingdom, Finland,
Switzerland and Turkey, they concluded that LSTM was the most accurate model
[8]. In addition, LSTM had been used to predict the trends and possible ended time
of COVID-19 [9]. Also, other research used LSTM to predict the cumulative
recovered, fatalities and confirmed cases [10].

In this Chapter, we analyzed the evolution of COVID-19. We took into account
countries with the major number of confirmed cases like US, India, France, Russia
and Brazil. Additionally, we took into account Latin American countries like
Argentina, Colombia, Peru, Chile and Mexico. We analyzed the evolution of
confirmed cases, deaths, the effects of vaccination and finally, we evaluated some
models to forecast the number of confirmed cases.

2. Analysis of confirmed cases and deaths

In this section, we analyzed the number of confirmed cases and deaths in some
countries. We focused on countries like US, India, France, Russia and Brazil,
because, they got the major number of confirmed cases around the world.
Additionally, we focused in the some Latin American countries like Argentina,
Colombia, Peru, Chile and Mexico. They also, got the highest number of confirmed
cases in Latin America.

2.1 American countries

The number of confirmed cases, varies from each country to another. For
example in Figure 1, we showed the evolution of confirmed cases in top countries
with the major impact. In this case, United States (US), shows an increasing curve

Figure 1.
Evolution of confirmed and deaths in US, India, France, Russia and Brazil. (a) Confirmed cases. (b) Deaths.
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with 31,786,856 confirmed cases until April-20th. Furthermore, in Figure 2, we
plotted the confirmed cases and deaths per million inhabitants. This shows a more
realistic overview.

An interesting point is related to the differences between, confirmed cases and
deaths in some countries. For instance, despite US got the major number of infected
people, it has 1.77 of mortality rate (see Table 1), meanwhile France and Russia got
2.23 and 2.00 respectively. This difference between countries, could be related to
the vaccinations, medical system, population’s social behavior, etc. For example,
meanwhile US has 5262 hospitals, Peru has 390, there is a huge difference. So, it is
not adequate to use just one metric to measure the pandemic impact, we need to
evaluate other metrics in order to understand this COVID-19 pandemic.

Brazil represents another interesting case. Brazil, has the highest public cost of
health services in Latin America but it has 2.48% of death rate (the highest). The
Brazil’s president played a key role in the severity of the virus, at the beginning of
the pandemic, he overestimated the virus.

2.2 Latin American countries

Additionally, in Figures 3 and 4, we shows the confirmed cases and deaths in
Latin American countries. In this case, Mexico has an interesting behavior, this
country got a death rate of 8.85 (see Table 1). According to some researches, the
severity of COVID-19 is positively correlated with several factors, such as age and
coexisting diseases. Moreover, obesity is considered as the main risk factor [11–13].

Obesity, is the key problem in Mexico. According to some surveys in 2000,
2006, 2012, and 2018, the adult obesity increased 42.2%. Moreover, the latest
national survey (2018), concluded that 40.2% female adults and 36.1% male adults

Figure 2.
Evolution of confirmed and deaths per million habitants in US, India, France, Russia and Brazil.
(a) Confirmed cases. (b) Deaths.

Country Death rate (%)a Country Death rate (%)a

US 1.77 Argentina 2.46

India 1.39 Colombia 2.61

France 2.23 Peru 3.52

Russia 2.00 Chile 2.47

Brazil 2.48 Mexico 8.85
aWe compute death rate as the mean of each day from 01 to 01-2021 to 20-04-2021.

Table 1.
Death rate for US, India, France, Russia, Brazil, Argentina, Colombia, Peru, Chile and Mexico.
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suffer from obesity. More alarming, only 23.5% of the adult population had a
healthy weight (BMI<¼ 25kg=m2) [14].

3. Vaccination against COVID-19

In this section, we review the main COVID-19 vaccination projects. The effects
of virus variants and the impact of vaccination in US, India, France, Russia, Brazil,
Argentina, Colombia, Peru, Chile and Mexico.

3.1 COVID-19 variants

Unfortunately, like other viruses, COVID-19 virus evolves over time. Normally,
when the virus replicates, it makes copies of itself with little changes (mutations), a
virus with one or more mutations is call a”variant” of the original virus. Moreover,
the US government inter agency group developed a Variant Classification scheme:
Variant of Interest (VOI), Variant of Concern (VOC) and Variant of High Conse-
quence (VOHC) [15]. In Table 2, we describe each variant.

In Table 3, we resumed the VOI variant of COVID-19, some of them present a
reduced neutralization by antibody treatments and convalescent and post-
vaccination sera [16–19]. In Table 4, VOC variant are presented, for instance
B.1.1.7 and B.1.351 have approximately 50% increased transmission [20, 21].

Figure 3.
Evolution of confirmed and deaths in Argentina, Colombia, Peru, Chile and Mexico. (a) Confirmed cases.
(b) Deaths.

Figure 4.
Evolution of confirmed and deaths per million habitants in Argentina, Colombia, Peru, Chile and Mexico.
(a) Confirmed cases. (b) Deaths.
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Variants B.1.427 and B.1.429 have 20% increased transmissibility [22]. Moreover, all
of VOC variants presents a reduction in neutralization by convalescent and
post-vaccination sera. In order to see a detailed description of each variant, visit:
SARS-CoV-2 Variant Classifications and Definitions [15].

3.2 Vaccination projects

In order to fight this pandemic, global vaccine development efforts have been
accelerated. Clinical development consist of three phases. In Phase I, a small group
of people receive the vaccine. In Phase II, the vaccine is delivered for people whose
characteristics such as age and physical health are similar to which ones the new
vaccine is intended. Finally, in Phase III, the vaccine is given to thousands of people
and tested for efficacy and safety [23].

Approximately, there are 56 verified effective vaccines candidates for COVID-
19, produced in China, North America, Europe and Australia [24]. Furthermore,
thanks to new technologies, it is possible to develop different types of vaccines. In

Variant
type

Descriptiona

VOI “A variant with specific genetic markers that have been associated with changes to
receptor binding, reduced neutralization by antibodies generated against previous
infection or vaccination, reduced efficacy of treatments, potential diagnostic impact, or
predicted increase in transmissibility or disease severity”

VOC “A variant for which there is evidence of an increase in transmissibility, more severe
disease (e.g., increased hospitalizations or deaths), significant reduction in neutralization
by antibodies generated during previous infection or vaccination, reduced effectiveness of
treatments or vaccines, or diagnostic detection failures.”

VOHC “A variant of high consequence has clear evidence that prevention measures or medical
countermeasures (MCMs) have significantly reduced effectiveness relative to previously
circulating variants.”

aThe definition of each variant was extracted from Centers for Disease Control and Prevention [15].

Table 2.
COVID-19 variant classification proposed by US government inter agency group.

Variant name First detected Variant name First detected

B.1.526 United States (New York) -
November 2020

B.1.526.1 United States (New York) -
October 2020

B.1.525 United Kingdom/Nigeria -
December 2020

P.2 Brazil - April 2020

Table 3.
COVID-19 VOI variants detected.

Variant name First detected Variant name First detected

B.1.1.7 United Kingdom P.1 Japan/Brazil

B.1.351 South Africa B.1.427 United States (California)

B.1.429 United States (California)

Table 4.
COVID-19 VOC variants detected.

39

COVID-19 Pandemic: Analysis and Statistics of Confirmed Cases
DOI: http://dx.doi.org/10.5772/intechopen.98891



Table 5, we present the vaccine types for COVID-19. Finally, in Figure 5, we
present the most important vaccines types against COVID.

3.3 The impact of vaccination

In order to evaluate the impact of vaccination, we analyzed, how the number of
total people vaccinated affects the number of confirmed cases and deaths. We took
data from a data-set that store information about vaccinations [28] and other that
daily store information about the number of confirmed cases and deaths around the
world [29]. For instance, in Figure 6, we present the relation between the total
number of people vaccinated and the total number of confirmed cases and deaths.
In this plot, we evaluated US, India, France, Russia and Brazil. Moreover, we

Vaccine type Description

DNA vaccine “DNA vaccines consist in delivering genes or fragments of it, encoding
immunogenic antigens to the host’s cells by using DNA plasmids as a vector” [25].
Some of these candidates focused in the development of a synthetic DNA-based
SARS-CoV-2 S protein [23].

RNA vaccine RNA vaccines contains RNA, when it is introduced into a tissue, acts as a
messenger RNA (mRNA), then it cause the cells to build the foreign protein and
stimulate an adaptive immune response [26].

Sub-unit vaccine A sub-unit vaccine delivers some antigens to the immune system without
introducing pathogen particles [27]

Vector-based
vaccines

“Viral vectors are commonly utilized together with virus vaccines, in which the
genome of one virus is applied to transmit the antigen of another virus,
facilitating the advancement of platform system for the creation of viruses” [24].

Inactivated SARS-
CoV-2 vaccine

It is another candidate that simulates production of antibodies in rats, mice,
rabbits and primates [23].

Table 5.
COVID-19 vaccine types.

Figure 5.
Types of vaccines for COVID-19. Source: [23].
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noticed the differences between some countries (US is the country with the major
number of people vaccinated). Furthermore, we noticed how the number of con-
firmed cases and deaths were reduced since the vaccination started.

Latin American countries, present a similar behavior. In Figure 7, we plotted, how
the number of people vaccinated, affect the number of confirmed cases and deaths. In
this case, Chile and Mexico are the leaders of vaccination in Latin America. Moreover,
the number of confirmed cases and death seems to decrease in this countries.

4. Forecasting COVID-19 confirmed cases

In this section, we evaluated the accuracy of some methods to predict the
confirmed cases of COVID-19. In this case we choose Multiplicative Trend
Exponential Smoothing (MTES) and Long Short-Term Memory (LSTM), as it was
proposed in a previous work [7].

4.1 Multiplicative trend exponential smoothing

The MTES method [30] is usually known to predict non-seasonality data as
modeling with a trend in a multiplicative way, differing from the Hold (additive
trend) method that considered the trend in a additive way [31]. It’s known that on

Figure 6.
The effect of vaccination in total confirmed cases and deaths in US, India, France, Russia and Brazil. (a)
Confirmed cases. (b) Deaths.

Figure 7.
The effect of vaccination in total confirmed cases and deaths in Argentina, Colombia, Peru, Chile and Mexico.
(a) Confirmed cases. (b) Deaths.
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the real world the majority series have multiplicative trends. The MTES method
works with two smoothing parameters designing the local growth rate by
smoothing successive divisions from the local level [32].

4.2 Long short-term memory

LSTM is a recurrent neural network [33]. This network introduces the concepts
of memory cells (Figure 8), this unit is composed of a cell, an input gate, an output
gate and a forget gate. This cell remembers values over time intervals, then the
other gates regulate the flow of information.

Figure 8.
Architecture of memory cell cj and its gate units inj, outj. Source: [33].

Figure 9.
Prediciton of total and daily confirmed cases in United States, using LSTM. (a) Total confirmed cases.
(b) Daily confirmed cases.

Figure 10.
Prediciton of total and daily confirmed cases in India, using LSTM. (a) Total confirmed cases. (b) Daily
confirmed cases.
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4.3 Forecasting results

For prediction, we used a Weibull based Long-Short-Term-Memory approach
(W-LSTM) [34]. According to the author of W-LSTM, the model outperformed
ARIMA and other LSTM variants. Moreover, the network got 82% of accuracy. In
Figures 9–12, we show the predictions of total confirmed cases and daily cases for

Figure 12.
Prediciton of total and daily confirmed cases in France, using LSTM. (a) Total confirmed cases. (b) Daily
confirmed cases.

Figure 11.
Prediciton of total and daily confirmed cases in Russia, using LSTM. (a) Total confirmed cases. (b) Daily
confirmed cases.

Figure 13.
Prediciton of total and daily confirmed cases in Argentina, using LSTM. (a) Total confirmed cases. (b) Daily
confirmed cases.
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US, India, Russia and France. Additionally, in Figures 13–17, we present the
predictions for Latin American countries.

In Figure 18a, we plotted the total confirmed cases predictions for US, India,
Russia, France and Brazil, using MTES algorithm. Additionally, In Figure 18b, we
plotted the total confirmed cases predictions for Peru, Argentina, Colombia, Chile
and Mexico. We know that, MTES is usually well used for short time series

Figure 14.
Prediciton of total and daily confirmed cases in Chile, using LSTM. (a) Total confirmed cases. (b) Daily
confirmed cases.

Figure 16.
Prediciton of total and daily confirmed cases in Mexico, using LSTM. (a) Total confirmed cases. (b) Daily
confirmed cases.

Figure 15.
Prediciton of total and daily confirmed cases in Colombia, using LSTM. (a) Total confirmed cases. (b) Daily
confirmed cases.
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prediction. For that reason, the India confirmed cases predictions shows an
increased trend, due to the increasing behavior during the last weeks.

5. Conclusions

The coronavirus COVID-19 pandemic caused strain on all the world getting
abundant deaths and forcing lock downs to contain the spread. However, the
scientific community was not left behind because it was developed a lot of projects
like vaccines candidates, analysis of the confirmed cases, and forecast of confirmed
cases and deaths.

The behavior and evolution of confirmed cases is different for each country.
Moreover, there are several factors that increase or mitigate the COVID-19 evolu-
tion like: population, health system, social behavior and the overestimation of some
authorities. Moreover, in order to evaluate the impact of the pandemic, we need to
evaluate the number of confirmed cases, population, deaths, etc. For instance,
despite US has the major number of confirmed cases, it has a low death rate of
1.77%.

The death rate, is a good metric to evaluate the impact of COVID-19 over
population. For example, we noticed that Mexico has the highest death rate in this
study (8.85%). After review, we found out, that the reason of this high death rate, is

Figure 18.
Prediciton of total and daily confirmed cases in Peru, using LSTM. (a) Predicitons for US, India, Russia,
France and Brazil. (b) Predictions for Peru, Argentinca, Colombia, Chile and Mexico.

Figure 17.
Prediciton of total and daily confirmed cases in Peru, using LSTM. (a) Total confirmed cases. (b) Daily
confirmed cases.
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the percentage of over weighted people in Mexico (40.2% for males and 36.1% for
females). According to researches, obesity is considered the main risk factor of
death by COVID-19.

Additionally, we reviewed the variants and vaccination projects for COVID-19.
Thankfully, we only have VOI and VOC variants. Furthermore, there are several
vaccination projects around the world. Some countries, like US has started a mas-
sive vaccination plan, as a consequence, the number of confirmed cases and deaths,
show a decreasing behavior.

Finally, we made some predictions. We used W-LSTM and MTES to predict the
total and daily confirmed cases in US, India, Russia, France, Argentina, Colombia,
Chile, Peru and Mexico. According to the results, W-LSTM showed a more realistic
prediction than MTES.

Nomenclature

ARG Argentina
BRA Brazil
COL Colombia
CHL Chile
IND India
FRA Francia
LSTM Long Short-Term Memory
PER Peru
RUS Russia
US United States
UK United Kingdom
USA United States of America
VOI Variant of Interest
VOC Variant of Concern
VOHC Variant of High Consequence
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Chapter 4

Demographic, Clinical and 
Radiological Features of 
Healthcare Workers and Two 
Index Cases That Were Infected 
with COVID-19 (SARS-Cov-2)
Ayse Erturk, Ugur Kostakoglu, Ilknur Esen Yildiz, Nur Hursoy, 
Sevda Ozdemir Al, Songul Ozyurt, Neslihan Ozcelik, 
Hatice Beyazal Polat and Aysegul Copur Cicek

Abstract

To evaluate the index cases leading to the transmission of healthcare workers 
(HCWs) in Rize/Turkey Recep Tayyip Erdogan University Faculty of Medicine 
Education and Research Hospital with COVID-19 infection and the clinical features 
of infected HCWs. The first two COVID-19 test positive patients treated at Rize/
Turkey between 10.03.2020 and 12.04.2020 and HCWs those who examined these 
two patients whose COVID-19 PCR test results were positive were included in 
this study. In Rize/Turkey, the first and second cases of positive COVID-19 which 
was recorded on 13.03.2020 on 25.03.2020, 27 HCWs (female, 63%, n = 17 and 
male, 37%, n = 10 and the mean age was 33.2 ± 6.9 years) who contacted during 
the treatment of these cases and became COVID-19 positive were examined. The 
median of symptom duration (days) of the HCWs was 5 days (range: 0–17 days). 
Fever, 55.6% (n = 15); malaise, 44.4% (n = 12); cough, 40.7% (n = 11); sore 
throat, 33.3% (n = 9); myalgia, 33.3% (n = 9); dyspnea, 14.8% (n = 4); diarrhea, 
22.2% (n = 6); vomiting, 14.8% (n = 4); anosmia, 18.5% (n = 5); ageusia, 22.2% 
(n = 6) and headache, 37% (n = 10) of the cases. The rates of headache in female 
HCWs infected with COVID-19 were found to be significantly higher compared to 
men (52.9%). None of them had severe clinical situation requiring intensive care 
follow-up or acute respiratory distress syndrome (ARDS). Laboratory measure-
ments of HCWs were carried out at the first when they had symptoms and when 
they recovered, and results were compared accordingly. The thorax computerized 
tomography (CT) findings of HCWs were normal in 74.1% (n = 20) of total. HCWs 
were initially affected by the COVID-19 pandemic. Early measures provided by the 
Health authorities, access to diagnosis and treatment, and the young age average in 
HCWs prevented severe outcomes such as severe clinical course and mortality at the 
beginning of the outbreak.

Keywords: COVID-19, healthcare workers, transmission, pandemic
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1. Introduction

COVID 19 continues to threaten health of the humankind [1, 2]. COVID-19 
is transmitted by close contact and droplets among people. However, airborne 
contamination may be possible under certain conditions and environments in 
which procedures or supportive treatments that produce aerosols are performed [3]. 
Those who are most at risk of getting this disease are those who have contact with 
the patient or those who provides care for them. Therefore, the protection of HCWs 
is considered as one of the top priorities [4–6].

In all countries with COVID-19 pandemic, the caught unaware staff was effec-
tive in the transmission, since the transmission dynamics of the COVID-19 virus 
was not fully known at the onset of the outbreak [7, 8]. With the reporting of the 
first cases, the protective equipment has been widespread used. The initial case 
diagnosis in our country were made with guides in the form of a history of interna-
tional contact and clinical definitions [8, 9]. Recently, as of September 2020, 601 
HCWs were positive for the COVID-19 test during the onset of the outbreak, and 
then it was reported as 7,428 health workers had been infected, which is around 6.5 
percent of the total number of cases [10].

The cases reported by our HCWs in the first week concurrently with the general 
course of the country, there was no history of traveling abroad and there had not 
been aware of suspected contacts. The fact that there were 27 HCWs in the first 
month and the first two index cases and 4 HCWs in the second month supported 
this outcome. During the epidemy, HCWs are under tremendous stress. Working 
with personal protective equipment (PPE) and performing specific procedures 
are cumbersome and were not convenient [11, 12]. Despite all these difficulties it 
was necessity to use highly protective respirators such as N95 or P2/FFP2/FFP3 for 
HCWs. Employees’ occupational health and safety should be given high priority and 
a uniform policy should be applied to use personal protective equipment to prevent 
infection [7].

We aimed to identify the clinical features of 27 HCWs who were in contact with 
the first two index cases infected with COVID-19 and compare them with previous 
studies.

2. Material and methods

After the first index cases were diagnosed, filiation and evaluation of concur-
rent symptomatic applicants were performed at the Infectious Diseases clinic. 
Retrospectively, clinical findings were classified as severe (1–14 days), moder-
ate (1–7 days), and mild (no hospitalization days), considering the duration of 
symptoms, length of hospital stay, and treatment practices. Patients with possible 
SARS-CoV-2 infection were examined via real-time RT-PCR and next-generation 
sequencing laboratory techniques. This study was approved by the Ministry of 
Health of Turkey, Scientific Research Ethics Committee No: Ayse Erturk-2020-05-
11T12_27_08 and local ethics committee RTEU Faculty of Medicine Rize/Turkey – 
No: 2020/82.

2.1 Statistical analysis

SPSS 17.0 (Chicago Inc., 2008) program was used in the analysis. Categorical 
variables were expressed in terms of frequency (n) and percent (%) and in 
arithmetic mean, standard deviation, median, minimum and maximum values. 
While the Student t-test was used for comparison of continuous distributors with 
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normal distribution, those without normal distribution were analyzed with the 
Mann–Whitney U test. Pearson-χ2 and Fisher’s exact tests were used for categori-
cal variables. Paired-t test and Wilcoxon signed rank tests were used to compare 
the first and second levels of laboratory measurement parameters. P < 0.05 was 
accepted as the level of significance.

3. Results

3.1 Features of index cases (patients)

Characteristics of a 75-year-old female patient who was reported as the first 
COVID-19 test positive patient in Rize on 13.03.2020, and a 69-year-old male 
patient who was positive on the tracheal aspirate COVID-19 test on 25.03.2020 were 
summarized as follows:

3.1.1 The Index patient 1

75 years-old, women. Place of birth and living: Rize province. The first-degree 
relative lives in Istanbul province. With the symptoms of fever, cough, shortness of 
breath, vomiting, chest pain, F.T was admitted to emergency service of Rize State 
Hospital on 10.03.2020 and she was hospitalized with diagnoses of primary hyper-
tension (HT), congestive heart failure (CHF), acute sub-endocardial myocardial 
infarction (MI), non-ST elevated acute myocardial infarction (AMI), and acute renal 
failure (ARF). On 13.03.20, she was transferred to the RTEU Training and Research 
Hospital Cardiology service. On 13.03.2020, the patient’s nasopharyngeal COVID-19 
sampling was performed. The patient was started on hydroxychloroquine 2x400 
mg loading and 2x200 mg/day maintenance doses (po), azithromycin 1x500 mg/
day (po), oseltamivir 2x30 mg/day (po), and piperacillin-tazobactam 4x3.375 g (1.5 
flacon) iv treatment. On the date of 22.03.2020, she was transferred 1st stage coro-
nary intensive care unit and intubated due to the deterioration in general condition, 
unconsciousness, hypotension, bradycardia, cyanosis, and decreased urine output.

Radiologically, there was no apparent opacity on the The posteroanterior (PA) 
chest X-ray dated 16.03.2020 (Figure 1a). Newly developed opacities in the right 
lung were noticeable on the control radiography dated 23.03.2020 (Figure 1b). 
In the IV contrast-free axial CT section dated 24.03.2020, ground-glass opacities 
(GGOs) were observed in the upper lobes, and an endobronchial intubation tube 
was present in the trachea (Figure 1c).

On 25.03.2020 and 29.03 2020, patient’s endotracheal aspirate (ETA)-COVID-19 
test resulted in positive. There was no overseas contact history. However, there was, 
a history of contact with the positive case (daughter), who was living in Istanbul 
and detected her positivity in RTEU hospital. Unfortunately, patient died on 
30.03.2020.

While being followed up in the cardiology service and coronary intensive care 
unit, the staff working in these units was thought to have been transmitted.

3.1.2 The Index patient 1 and the expanse GGOs on CT

Radiologically, there was no apparent opacity on the PA chest X-ray dated 
16.03.2020 (Figure 1a). Newly developed opacities in the right lung were noticeable 
on the control radiograph dated 23.03.2020 (Figure 1b). In the IV contrast-free 
axial CT section dated 24.03.2020, GGOs were observed in the upper lobes, and an 
endobronchial intubation tube was present in the trachea (Figure 1c).
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3.1.3 The Index patient 2

69 years-old, male. On 16.03.2020, he was hospitalized to the Pulmonology clinic 
with the diagnoses of hyperlipidemia, essential (primary) hypertension (HT), athero-
sclerotic heart disease, pacemaker use, and myalgia. There were 20 packs per month 
of smoking history for 25 years. The patient, whose preliminary diagnosis of viral 
pneumonia was interned, had a history of cough and sputum for 2 months, and had a 
fever since the last 3 days, lymphopenia, higher levels of CRP and D-dimer. SO2 levels 
were around 80 receiving with 6 lt/min O2 support and his tachypnea continued.

With prediagnosis of COVID-19, the nasopharyngeal (NF)-COVID-19 test 
performed on the same day was negative and this negativity continued the second 
NF-COVID-19 test carried on 20.03.2020. Patients’ endotracheal aspirate (ETA)-
COVID-19 test examined on 24.03.2020 was also negative.

Radiological findings of the patient were the following; Peripheral ground-
glass areas were detected in the axial Pulmonary CT Angiography section dated 

Figure 1. 
(a–c) Radiologically, there was no apparent opacity on the PA chest X-ray dated 16.03.2020 (a). Newly 
developed opacities in the right lung were noticeable on the control radiograph dated 23.03.2020 (b). In the IV 
contrast-free axial CT section dated 24.03.2020, GGOs were observed in the upper lobes, and an endobronchial 
intubation tube was present in the trachea (c).
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19.03.2020 (Figure 2a). Reticulonodular opacities were present on the PA chest 
x-ray of the same date (Figure 2b). Newly developed opacities were detected in 
both lung upper lobes on the control graph taken on 4.04.2020 (Figure 2c).

On 25.03.2020, the patient’s ETA COVID-19 test was found as positive and 
the case was recorded as the second COVID-19 case of Rize province. The patient 
diagnosed by COVID-19 via clinical and radiological imaging findings and was 
given hydroxychloroquine 2x400 mg loading and 2x200 mg/day maintenance doses 
(po), azithromycin 1x500 mg/day (po), oseltamivir 2x30 mg/day (po), piperacillin 
tazobactam 4x3.375 g (1.5 flacons) iv route. He, unfortunately, died on 10.04.2020.

While the patient was followed up by clinics of pulmonology and infectious 
diseases, it was thought that the personnel working in these units caught infection.

3.1.4 The Index patient 2 and the expanse peripheral GGOs on CT

Radiological findings of the patient was the following; Peripheral GGOs 
were detected in the axial Pulmonary CT Angiography section dated 19.03.2020 
(Figure 2a). Reticulonodular opacities were present on the PA chest x-ray of the 
same date (Figure 2b). Newly developed opacities were detected in both lung 
upper lobes on the control graph taken on 4.04.2020. Electrodes and pacemaker 
were displayed in the left pectoral region (Figure 2c).

3.2 Demographic and clinical features of health personnel

COVID-19 positive health workers among them were 27 and 63% (n = 17) 
of them were women and 37% (n = 10) were men and the mean age was 
33.2 ± 6.9 years. Of 55.6% (n = 15) cases were from Coronary ICU, 25.9% (n = 7) 
of them from Cardiology, and 18.5% (n = 5) of them from Infectious diseases 
clinic’s personnel. Occupational distributions of cases were follows; 51.9% 
(n = 14) were nurses, 29.6% (n = 8) were doctors, 11.1% (n = 3) were cleaning 
staff and 7.4% (n = 2) were secretaries. Male doctors were found to be signifi-
cantly higher than female doctors (70% vs. 5.9%, p < .001, Fisher’s exact test, see 
(Table 1).

Clinically, patients with symptoms including at least one symptom were 74.1% 
(n = 20). None of the HCWs had comorbidity. While 63% of the cases (n = 17) had 
a mild clinical level, 29.6% (n = 8) were of moderate and 7.4% (n = 2) were severe. 
None of them had severe clinical outcome and acute respiratory distress syndrome 

Figure 2. 
(a-c) Radiological findings of the patient was the following; peripheral GGOs were detected in the axial 
pulmonary CT angiography section dated 19.03.2020 (a). Reticulonodular opacities were present on the PA chest 
x-ray of the same date (b). Newly developed opacities were detected in both lung upper lobes on the control 
graph taken on 4.04.2020. Electrodes and pacemaker were displayed in the left pectoral region (c).
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Total Females Males Statistics

n = 27 n = 17 n = 10 t, z, or χ2 p value

Age (years)a 33.2 
(6.9)

32.3 
(6.8)

34.7 
(7.3)

−.838 .410

Occupations, n (%) 15.901* .000

Nurse 14 
(51.9)

13 (76.5) 1 (10.0)

Doctor 8 (29.6) 1 (5.9) 7 (70.0)

Cleaning stuff 3 (11.1) 1 (5.9) 2 (20.0)

Sekretary 2 (7.4) 2 (11.8) 0

Working service, n (%) 1.318* .647

Coronary 15 
(55.6)

8 (47.1) 7 (70.0)

Cardiology 7 (25.9) 5 (29.4) 2 (20.0)

Infectious diseases 5 (18.5) 4 (23.5) 1 (10.0)

First PCR positivity (day)b 2 (0–7) 3 (0–7) 0 (0–4) −1.594 .111

1st PCR negativity (day)b 7 
(0–12)

8 (0–12) 6 
(5–10)

−1.384 .167

2nd PCR negativity (day)b 10 
(7–15)

10 
(7–15)

10 
(7–15)

−.627 .531

Symptom presence (at least one), 
n (%)

20 
(74.1)

13 (76.5) 7 (70.0) .137* 1.00

COVID-contact, n (%) 2.830* .124

Knew 11 
(40.7)

9 (52.9) 2 (20.0)

Not-knew 16 
(59.3)

8 (47.1) 8 (80.0)

Hospitalization (day)b 0 
(0–15)

0 (0–14) 0 
(0–15)

−.116 .908

Clinic severity, n (%) 1.478* .578

Good 17 
(63.0)

12 (70.6) 5 (50.0)

Moderate 8 (29.6) 4 (23.5) 4 
(40.0)

Severe 2 (7.4) 1 (5.9) 1 (10.0)

Symptoms duration (day)b 5 (0–17) 4 (0–13) 7 (0–17) −1.295 .195

Symptoms presence, n (%)

Fever 15 
(55.6)

9 (52.9) 6 (60.0) .127* 1.00

Cough 11 
(40.7)

5 (29.4) 6 (60.0) 2.440* .224

Sore throat 9 (33.3) 5 (29.4) 4 
(40.0)

.318* .683

Shortness of breath 4 (14.8) 2 (11.8) 2 (20.0) .338* .613

Miyalgia 9 (33.3) 6 (35.3) 3 (30.0) .079* 1.00

Malaise 12 
(44.4)

19 (58.8) 2 (20.0) 3.844* .107
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(ARDS) requiring intensive care follow-up. While 40.7% (n = 11) of the cases knew 
COVID-contact, 59.3% (n = 16) did not. The hospitalization value (days) of the 
patients was in the range 0–15.

The findings were classified as severe (1–14 days), moderate (1–7 days), and 
mild (no hospitalization days) considering the duration of symptoms, length of 
hospital stay, and treatment practices. Milddefines, very close to asymptomatic 
patients who received only hydroxychloroquine therapy whereas moderate defines, 
symptomatic findings were evident, those who received hydroxychloroquine and 
azithromycin therapy followed in hospital and severe means, respiratory symptoms 
were severe, supportive therapy- receiving oxygen, hydroxychloroquine- azithro-
mycin and favipiravir therapy.

While the CT findings of the HCW were normal in 74.1% (n = 20), the appear-
ance of ground glass was found in 25.9% (n = 7), reversed halo or atoll sign was 
found in 7.4% (n = 2), consolidation was present in 3.7% of the cases (n = 1). 
Bilaterally involvement was detected in 7.4% of the cases (n = 2), peripheral and 
dorsal involvement in 25.9% of the cases (n = 7). The involvement of the middle 
and sub-zones was detected in 18.5% (n = 5) of the cases. Especially in the female 
gender, 76.5% (n = 13) of them had normal CT findings (see Table 1).

3.3 Comparison of laboratory measurements

The laboratory measurements of the patients in the first week of admission 
were compared with the test results when the patients were discharged from the 
hospital or re-admitted for control (second week). Laboratory measurements 
of HCWs were carried out at the first when they had symptoms and the second 
when they healed, and results were compared. A significant reduction was found 

Total Females Males Statistics

n = 27 n = 17 n = 10 t, z, or χ2 p value

Headache 10 
(37.0)

9 (52.9) 1 (10.0) 4.979* .042

Diarrhea 6 (22.2) 5 (29.4) 1 (10.0) 1.373* .363

Vomiting 4 (14.8) 4 (23.5) 0 2.762* .264

Loss of smell 5 (18.5) 3 (17.6) 2 (20.0) .023* 1.00

Loss of taste 6 (22.2) 4 (23.5) 2 (20.0) .045* 1.00

Smoking (Yes), n (%) 5 (18.5) 0 5 (50.0) 10.432* .003

CT findings (Yes), n (%) 7 (25.9) 4 (23.5) 3 (30.0) .137* 1.00

Reversed halo (Yes), n (%) 2 (7.4) 1 (5.9) 1 (10.0) .156* 1.00

Frosted-glass opacity (Yes), n (%) 7 (25.9) 4 (23.5) 3 (30.0) .137* 1.00

Consolidation (Yes), n (%) 1 (3.7) 0 1 (10.0) 1.765* .370

Bilaterally involvement (Yes), n (%) 2 (7.4) 0 2 (20.0) 3.672* .128

Peripheral and dorsal (Yes), n (%) 7 (25.9) 4 (23.5) 3 (30.0) .137* 1.00

Middle and lower zones (Yes), n (%) 5 (18.5) 3 (17.6) 2 (20.0) .023* 1.00
aMean (standard deviation)
bMedian (minimum-maximum)
*Fisher’s exact test
CT: computerized tomography.

Table 1. 
Descriptives of health personnel infected with COVID-19 in terms of gender.
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between the mean PLT (238.3 vs. 204.3103/μL; z = −2.858, p = .004), MPV (10.0 
vs. 9.5 fL; z = −2.161, p = .031), CRP (2.9 vs. 1 g/dL; z = −2.490, p = .013), Hgb 
(13.5 vs. 13.1 g/dL; z = −2.300, p = .021), LDH (91.1 vs. 47.2 U/L; z = −4.542, 
p < .001), CK (77 vs. 60 U/L; z = −3.340, p = .001), CK-MB (0.8 vs. 0.5 mg/mL; 
z = −2.212, p = .027), troponin (all second examinations were < 3.2, z = −2.032, 
p = .042), ferritin (151.7 vs. 95 ng/mL; z = −2.822, p = .005) levels whereas a 
significant increase was found the mean albumin (43.8 vs. 44.4 g/L; z = −2.000, 
p = .046), K+ (4.1 vs. 4.3 mmol/L; t(26) = −2.213, p = .036) and Na+ (137.5 vs. 
138.2 mmol/L; t(26) = −2.174, p = .039) levels. The D-dimer had increased in 2 
poor-clinical findings of HCWs, but their mean values were within normal limits 
(see Table 2).

Laboratory measurementsa Statistics

First Second paired-t or z p value

WBC (103/μL)(N: 4–10) 6.3 (1.3) 6.3 (1.5) −.102 .919

NE (%) (N: 50–70) 61.5 (9.7) 58.4 (8.8) −1.765 .078

LY (%) (N: 20–40) 31.4 (9.8) 28.9 (8.5) −1.105 .269

N/L ratio 2.3 (1.6) 2.2 (0.8) −.288 .773

PLT (103/μL)(N: 100–400) 238.3 (43.0) 204.3 (46.5) −2.858 .004

MPV (fL) (N: 6.5–12) 10.0 (1.1) 9.5 (0.8) −2.161 .031

PDW (fL) (N: 15–17) 16.0 (0.3) 16.1 (0.3) −.345 .730

Hb (g/dL) (N: 10–16) 13.5 (1.1) 13.1 (1.2) −2.300 .021

APTT (sec) (N: 26–38) 29.1 (2.4) 28.7 (1.9) −.170 .865

PT (sec) (N: 12–16.5) 13.7 (2.5) 13.1 (0.7) −.787 .432

CRP (mg/L)b (N: 0–5) 2.9 (0.4–114) 1 (0.3–16.7) −2.490 .013

AST (U/L) (N: 0–35) 21.4 (5.7) 20.4 (6.7) −.994 .320

ALT (U/L) (N: 0–35) 19.8 (0.9) 23.6 (11.7) −1.828 .068

LDH (U/L) (N: 0–248) 191.1 (56.1) 47.2 (4.0) −4.542 .000

Albumin (g/L) (N: 35–52) 43.8 (3.3) 44.4 (2.9) −2.000 .046

K (mmol/L)a (N: 3.5–5.1) 4.1 (0.4) 4.3 (0.4) −2.213 .036

Na (mmol/L)a (N: 136–146) 137.5 (2.4) 138.2 (1.9) −2.174 .039

Cre (mg/dL) (N: 0.51–0.95) 0.6 (0.1) 0.6 (0.1) −.294 .769

CK (U/L)b (N: 0–145) 77 (55–684) 60 (35–136) −3.340 .001

CK-MB (mg/mL) (N: 0–3.1) 0.8 (0.6) 0.5 (0.1) −2.212 .027

Troponin (pg/mL)b (N: 0–15.6) <3.2 (<3.2–7.9) <3.2 −2.032 .042

D-dimer (μgFEU/mL)(N: 0–0.5) <.25 (<.25–0.3) <.25 −1.890 .059

Sedim (mm/hour) (N: 0–20) 19.2 (17.9) 13.1 (7.7) −1.298 .194

Ferritin (ng/mL) (N: 21.8–274.6) 151.7 (115.7) 95.0 (38.8) −2.822 .005
aMean (standard deviation)
bMedian (minimum-maksimum)
N: normal reference range; WBC: White blood cell; NE: neutrophil; LY: lymphocyte; N/L: neutrophil/lymphocyte; 
PLT: platelet.

Table 2. 
Comparison of the first and second values of laboratory measurements.
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3.4 Imaging findings

3.4.1 The HCW with the worst clinical findings and the expanse GGOs on CT

44 year old male patient, it was noteworthy that in the first examination 
(Figure 3a), the GGOs observed in the lower lobe of the left lung expanded in 
the control examination on iv non-contrasted axial CT images obtained with an 
interval of 4 days (Figure 3b). In the control evaluation in the ground glass area 
(Figure 3c) located in the left lobe lower lobe posterobasal segment, fibrous bands 
developed (Figure 3d).

3.4.2 The HCW with good clinical findings and the halo sign on CT

41 year old female patient, in the CT images of 31.03.2020 (Figure 4a) and 
5.05.2020 (Figure 4b), the minimum-intensity-projection coronal cross-sectional 
CT images show different areas of involvement. Right lung lower lobe findings 
(Figure 4a) declined in control, but consolidation developed with a reverse halo 
sign in posterobasal (Figure 4b).

3.4.3  The HCW with asymptomatic clinical findings and the minimal peripheral 
GGOs on CT

34-year-old female patient, peripheral small-sized GGOs are observed in the 
iv non-contrasted axial CT images obtained every 10 days apart (Figure 5a). The 
GGOswere diminished but new ground glass areas developed (Figure 5b).

4. Discussion

In many countries, especially China, which is the country where the COVID-
19 epidemic was first seen, the healthcare professionals became the “frontline” 
occupational group struggling against COVID-19 [13–15]. According to the first 
date of February 11, 2020, 1716 Chinese HCWs have been reported to have COVID-
19 infection when the first 15 affected cases were reported in Wuhan [13]. On 
February 17, 2020, the CDC weekly report reported that a total of 3,019 Chinese 
HCWs were infected with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and 1,716 of them were confirmed with COVID-19. As of February 20, ten 
health workers died [16]. Reasons why healthcare professionals get an increasing 
number of infections were the following; 1) People who are unaware of the disease 
and epidemic are transmitted to HCWs who do not have protective clothing when 
they return to their place of residence, 2) Inadequate protective equipment supply 
especially for primary HCWs in primary care, and 3) Computed tomography (CT) 
scan results before COVID-19 case definition criteria are not specified and then it 
was later seen as sudden changes in the criteria [13, 14].

After the first case reported in Turkey and the Ministry of Health have pub-
lished the management and treatment algorithm guides. The possible case and the 
definite case definitions were made by them and HCWs were informed. The use of 
protective equipment was recommended by the Governments [17, 18]. In the Rize 
province, which was 1150 km away since the first cases originated from Istanbul, 16 
(59.3%) of the HCWs did not have awareness about index cases. The use of surgical 
masks was widespread among the staff, but the mask use of the patient and accom-
panying people to patients weremissing, and the highly protective respiratory mask 
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was used in case of intubation. While 63% of the cases (n = 17) had a mild clinical 
level, 29.6% (n = 8) were moderate and 7.4% (n = 2) were severe. Index 2 case had 
comorbidities and died but there was no severe clinical condition such as ARDS or 
death among the medical staff which were in contact with her.

In our study, the mean age of the total 27 HCW was 33.2 ± 6.9 years. The median 
age was 39 (IQR: 32–48.5 years) in studies conducted in health workers in China 
[19] the age ranges of 72 HCWs, 33 of whom were at high-risk Section 39 and gen-
eral departments were 21–66 years [13]. It was similar to the report showing the age 
of 41 (IQR: 32–52 years) from Zhejiang province in the first studies [20]. The aver-
age age in the local study of Wuhan, the starting place of the outbreak, was 56 (IQR: 
42–68 years) [21]. In another study conducted in Wuhan, the average age was 49.0 
(IQR 41.0–58.0) [22]. In our study, 63% (n = 17) of the 27 health personnel were 

Figure 3. 
(a-d) 44 year old male patient, it was noteworthy that in the first examination (a), the GGOs observed in the 
lower lobe of the left lung expanded in the control examination on iv non-contrasted axial CT images obtained 
with an interval of 4 days (b). In the control evaluation in the ground glass area (c) located in the left lobe 
lower lobe posterobasal segment, fibrous bands developed (d).
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female and 37% (n = 10) were male and Wang et al. reported that female patients 
constituted the majority of all cases (61.25%), the male ratio was (38.75%) [19]. 
Ran et al. showed that the genders were similar (χ2 = 2.243, p = 0.134) [13]. In other 
studies conducted in Wuhan, most of the infected patients were men 30/41 (73%), 
and (54.3%) were male [15, 21], respectively. Most of our HCW cases were high-
risk departments workers, such as coronary intensive care. It was found similar to 
the study conducted in Wuhan [13]. In our study, 51.9% (n = 14) of the infected 
profession group were female nurses and 13 (76.5%) were among the nurses. It was 
similar to the work of Wang et al. [19] the ratio as 41/80 (51.25%). In the com-
parison between doctors in our study, male doctors were found to be significantly 

Figure 4. 
(a-d) 41 year old female patient, in the CT images of 31.03.2020 (a) and 5.05.2020 (b), the minimum-intensity-
projection coronal cross-sectional CT images show different areas of involvement. Right lung lower lobe findings 
(a) declined in control, but consolidation developed with a reverse halo sign in posterobasal (b).

Figure 5. 
(a, b) 34-year-old female patient, peripheral small-sized GGOs are observed in the iv non-contrasted 
axial CT images obtained every 10 days apart (a). The GGOswere diminished but new ground glass areas 
developed (b).
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higher than female doctors (70% vs. 5.9%, p < .001). It was observed that thorax CT 
findings were normal in the female gender.

In our study, none of the healthcare professionals had comorbidity. The clinic of 
63% (n = 17) of the cases was followed up with outpatient home isolation. Wang D 
et al., also constituted a significant number of HCWs in the majority of non-inten-
sive care patients (p < .001) [21]. However, having a non-intensive care follow-up 
suggested that they were clinically mild. In previous studies, it was shown that 
this infection may cause severe clinical picture in non-comorbid patients, however 
hypertension, diabetes, cardiovascular, chronic obstructive pulmonary diseases, 
liver, and kidney failure are risk-causing comorbidities [15, 19–21].

The most common clinical symptoms in our study were present in 55.6% 
(n = 15) of fever and 40.7% (n = 11) of cough, respectively, less than the signs of 
fever and cough in previous studies [15, 19–21]. Chinese cases showed more severe 
clinical. Fever was seen at a relatively low rate in the European studies which were 
more extensive studies and they included mild to moderate COVID-19 (45.7% and 
48%) [23, 24]. The cough was reported at high rates in European studies (63.2 and 
80%) [22, 23]. Shortness of breath was present in 14.8% of the cases (n = 4), which 
was less than the previous study results [15, 21–23]. In our study, the complaint of 
malaise was present in 44.4% of the cases (n = 12) and myalgia in 33.3% (n = 9), 
this rate was higher than that of the health workers in Wuhan-China [19] compared 
to other studies [15, 20–23] was less. The low levels of these findings may be since 
most of the clinical conditions are good-moderate or the number of cases was lim-
ited. According to clinical studies in Asia [15, 19–21], the most common symptoms 
were fever, cough, shortness of breath, muscle pain, arthralgia, headache, diarrhea. 
With the spread of COVID-19 in Europe, he emphasized a new atypical presenta-
tion of the disease: smell and taste dysfunction [22–27].

In our study, anosmia was detected in 18.5% of the cases (n = 5) and complaints 
about the sense of taste in 22.2% of the cases (n = 6). Taste and smell tests were not 
performed, only the presence of symptoms was said by the staff themselves, similar 
to the previous studies [24]. The rate of anosmia in Europe was shown to be in 201 
patients (14.2%) [22]. Even in a more comprehensive study of 2428 patient series, 
74% of the 80 subjects tested were positive despite limited access. Cases; only 51% 
reported their symptoms as cough or fever, while 16% reported it as isolated anos-
mia as an isolated symptom [25]. Another recent study reported that anosmia was 
recorded in 73% of patients and the first symptom in 26.6% before the diagnosis of 
COVID-19 [26]. In the European study (54.2%) there was a taste impairment [22]. 
In a study of 417 mild to moderate COVID-19 patients in European hospitals, 85.6% 
and 88.0% of the patients reported smell and taste impairment and a significant 
relationship between both disorders (p < 0.001) [23]. It has been argued that the 
reason for sensory loss may be due to neurotropic and neuroinvasive coronaviruses 
[27]. In our study, headache complaints were found in 37% of the cases (n = 10), 
and headache rates in female HCWs infected with COVID-19 were found to be sig-
nificantly higher than men (52.9% vs. 10%, p = .042, Fisher’s exact test). All other 
complaints except for headaches were found in male and female workers at similar 
rates (p > .05 for all).

While it was 21/62 (34%) (2021) close to our study in Zhejiang provincial, it 
was lower in studies from Wuhan; The most comprehensive study on 138 patients 
Wang D et all. Headache was 6.5% in 9 people in total (15, 19–21). But in the more 
extensive European mild to moderate Coronavirus Disease 2019 study, this rate was 
much higher. The most common symptom was reported asheadache (70.3%) [22]. 
Diarrhea, another symptom in our study, was in 22.2% (n = 6) of the cases. In two 
studies [19, 21] involving health workers in China (80 and 138 cases), it was 18.75% 
and 10.1%, respectively, in other studies, the rate was reported to be much (3–8%) 
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less [15, 20]. In European studies, it was 473/1420 (38.1%) [22] and 50% [23]. In our 
study, vomiting was reported in 14.8% of the cases (n = 4), less in Chinese studies 
[21, 22], and in European studies at a similar rate [22, 23].

As laboratory parameters; WBC, neutrophil, and lymphocyte levels were 
normal. However, the decrease in PLT, MPV, hemoglobin levels in the first and last 
measurements in hospital admission was found significant.

From the place where the outbreak and clinical findings were severe, for 
instance, Huang C. et al. reported 25% leukopenia and 63% lymphopenia [15]. In 
the Chinese HCWs study, 19 of 80 patients (23.75%) had leukopenia and 38 (47.5%) 
had lymphopenia [19]. In the Zhejiang province study, there was leukopenia and 
42% lymphopenia at 31% at the time of admission [20]. Wang et al. showed that 
although the total of 138 patients was within normal limits, white blood cell and 
neutrophil counts were significantly higher in intensive care patients [21]. In our 
study, neutrophil/lymphocyte rate (NLR) was normal, as the clinical well-being 
ratio of HCWs was high. In the study in which they compared mild type and 
severe-critical patient groups in China, NLR was the most useful prognostic factor 
affecting prognosis in patients with a severe disease with COVID-19 pneumonia. 
In the severe group, the blood neutrophil count was higher than in the mild group, 
the blood lymphocyte count was significantly lower, and the bacterial infection 
rate increased significantly [28]. When the results of many studies in China were 
evaluated, high NLR was argued to be an independent prognostic biomarker for 
COVID-19 patients [29, 30]. Studies were reporting that MPV was elevated during 
the active period of some viral infection [31, 32]. In our study, it was noteworthy 
that the HCW was higher than the values   of the first measurement MPV levels were 
higher than that of recovery period measurement (10.0 vs. 9.5; z = −2.161, p = .031).

In our study, mild elevation was found in two patients with moderate to severe 
pneumonia signs, and total D-dimer measurements were in the normal range and 
were similar to some Chinese studies [19, 20], but were high in intensive care patients 
in China [15, 21, 33]. Tang N et al. [34] showed that abnormal coagulation results, 
especially markedly elevated D-dimer and fibrin degradation product FDP, are com-
mon in deaths with new coronavirus pneumonia NCP (34).PLT levels were within 
normal limits in all studies, including intensive care patients [15, 19–21, 33]. Lippi G 
and Plebani M [33], reported that the country where the epidemic spread, increased 
C-reactive protein (CRP) and lactate dehydrogenase (LDH) in their letters, which 
summarize abnormal laboratory parameters, which are prognostic biomarkers 
in studies in most Wuhan studies in China, were shown as negative prognoses. In 
our study, a significant difference was found between the median value of the first 
and second CRP (g/dL) levels (2.9 vs. 1). Another significant difference was found 
between the mean first and second LDH (U/L) levels (91.1 vs. 47.2). A significant 
difference was found between the mean values   of first and second albumin (g/L) 
levels in our cases (43.8 vs. 44.4). The value of troponin levels in the second measure-
ment was found to be <3.2 in all cases. Although our cases showed clinically good to 
moderate clinics [34], they were consistent with the study. We found a significant 
difference between the first and second median CK (U/L) levels (77 vs. 60). A 
significant difference was found between the first CK-MB (mg/mL) of the cases and 
the second CK-MB (0.8 vs. 0.5). There was a significant difference between the mean 
values of the first ferritin (ng/mL) and the second ferritin (151.7 vs. 95).

Computed Tomography (CT) can help in diagnosis and differential diagnosis in 
patients with COVID-19 [35] and is particularly high when evaluated with serial CT 
images. RT-PCR provides a chance to catch 93% of negative patients earlier [36] his-
tory of contact, clinical findings, and imaging findings were considered more sensitive 
in the diagnosis of COVID-19 [36]. Typical radiological findings of COVID-19 pneu-
monia have been reported as interstitial inflammation, ground-glass opacities, crazy 
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paving appearance, and bilateral or multiple lobular or subsegmental widespread 
consolidation [19–21, 35–37]. In our study, pneumonia findings and CT findings were 
seen in 7 persons (25.9%) and in 20 subjects (74.1%), there was no CT involvement. 
The clinical progresses was good in HCWs at the beginning of the outbreak.

While not being aware of the cases initially caused contamination by contact, it 
may be related to the aerosol contact formed later by intubation. Nevertheless, the 
timely implementation of protective measures prevented negative consequences. 
The clinical reflection severity of the contamination was low, the radiological reflec-
tion was moderate, and the laboratory reflections were partly significant in HCWs. 
Acute respiratory distress syndrome (ARDS) was not seen in any healthcare worker.

In conclusion, HCWs are a respected professional group that must be at the 
forefront of the epidemic and the center of the risk. The risk decreases when the 
virus load is reduced using PPE. It would be also crucial to ensure that complete 
PPE, including the electrical air purification device, is fitted, providing a negative 
pressure isolation ward environment that prevents patients from spreading to the 
rest of the infectious pathogen.
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Chapter 5

Coronavirus Disinfection
Physical Methods
Moez Guettari and Ahmed El Aferni

Abstract

Since 2019, the spread of the Coronavirus pandemic becomes the global health
crisis. To fight the pandemic, several measures were adopted such as: Hygiene
measure, massive test, social distancing, quarantine and distancing. Disinfection is
an important operation in the fight against the spread of Corona virus pandemic.
The disinfection methods are of chemical and physical type. In this work, we
focused our interest to the physical methods. These methods are classified in three
principal categories: irradiation techniques, heat treatment and mechanical tech-
niques. All the different aspect of techniques are exposed in this chapter. The
efficiency of the used techniques is also discussed.

Keywords: Covid-19, disinfection, irradiation, heat treatment,
mechanical treatment

1. Introduction

The COVID-19 pandemic is the global health crisis, with 133 991 203 infected
persons and 2 903 728 deaths in the world until 09/04/2021 [1]. The virus respon-
sible for the disease is mostly transmitted through aerosols. To fight the pandemic
spread, several measures have been adopted such as the disinfection. This operation
consists in reducing the number of microorganisms: viruses, bacteria, fungi…
Eliminating all microorganisms is called sterilization [2]. Disinfection techniques
are classified in two categories: Chemicals and physical types [3–6]. Applying a
chemical agents such as acids, Alcohols, Aldehydes,Alkalis, Biguanides, Halogens,
Oxidizing agents and Quaternary ammonium compounds, permits to disinfect sur-
faces and medical devices [4, 6]. Al-Sayah [6] has shown that the used chemical
agents have excellent biocidal activity within a short time, easy to use and low
toxicity. However, if chemical agents’ concentration is high, the medical devices
can be damaged and risk toxic effects on the technician [7]. Since 1908, Chick-and
Watson have proposed a model to study the kinetics disinfection of water chlorina-
tion [8]. This model was refined by taking into account the disinfection process
such as dissipating/volatile disinfectant [9–13]. The physical disinfection methods
are classified in three categories: (1) Mechanical, (2) thermal treatment and (3)
radiation effect [14]. The mechanical treatments include disinfection of surfaces by
ultra-sound, plasma treatment and detergent action. Using ionizing or non-ionizing
radiation (UV light, X rays, gamma rays, electron beam and heavy metals) is an
important technique to disinfect surface. The efficiency of treatment depends on
the penetration depth of the radiation; this is due to the wave length [15, 16]. The
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thermal treatment consists of heating or cooling medical devices. In this context,
cold plasma was considered as an emergent disinfection technology [16]. Heating
infected medical devices by using steam under pressure or autoclave is a routine
procedure in health care. In this chapter, we focus our interest on the disinfection
physical methods used to fight Coronavirus spread. As we have mentioned previ-
ously, in a first step the different disinfection categories are discussed and so their
efficiency and limitations are reported.

2. Irradiation techniques

The radiation includes non-ionizing radiation, such as UV rays, infrared rays,...
etc. and ionizing radiation, such as α-β particles, neutrino, X-rays, �rays, the two
last radiation are considered as indirectly ionizing radiations. The most common
irradiation techniques used for killing Corona virus are UVC and -X rays.

2.1 UVC irradiation

2.1.1 The germicide lamps

UV light spectrum is ranged between 400 and 100 nanometers. It can be divided
in three categories: UVA (400–315 nm), UVB (315–280 nm) and UVC (280–
100 nm). The UV radiations are emitted by the sun, but UVC does not reach the
earth’s surface due to the ozone layer in the atmosphere. The UVC is known as a
powerful radiation to inactivate microbes and virus especially for the wavelength
254 nm. This type of radiation is produced artificially by the so called Germicidal
lamps and microbes as it reported by several authors [3, 16–18]. The disinfection
efficiency depends on lamp placement, mixing degree of room air, room configu-
ration, lamp age air movement patterns and relative humidity, RH. Considering
respectively, N0 and N, the number of initial micro-organisms at t = 0 s, and at a
given time t. According to Kaniho and Ohgaki [17], N and N0 can be connected by
the following Equation [17]:

N tð Þ ¼ N0e�ZI:t (1)

Where, Z(cm2/μWs) and I(μW/cm2) are respectively the microorganism sus-
ceptibility factor and the UVC lamp intensity. Several authors [18, 19], have shown
that the susceptibility parameters depends RH, where UVC effectiveness decreases
with increasing relative humidity [19]. In practice, the dose received by microor-
ganisms by surface unity is considered to estimate the efficiency of a lamp. In fact
the dose, D, is calculated according Eq. (2):

D ¼ It (2)

Where, I (μW/cm2) and t(s), are respectively the UVC lamp intensity and the
irradiation time. The required dose to inactivate 90% of microorganisms is denoted
D90. We report in Table 1, required dose, D90, to inactivate bacteria in different
conditions and medium (water, surface, air-low RH and air-high RH).

The SARS-CoV-2 inactivation dose corresponds to D90 = 7 J/m2 [21, 22], its
susceptibility is 3 times greater than common cold virus (Influenza). Recently,
Heilingloh et al. [23] have shown that the UVC required dose for complete inacti-
vation of a high infected sample after 9 min of irradiation corresponds to
10,48 J/m2. The sample was at a distance 3 cm of the UVC source.

70

Fighting the COVID-19 Pandemic



2.1.2 The Corona-virus inactivation process

UV-C (254 nm) is the most effective germicidal region of the UV spectrum. In
fact, the UVC light is absorbed by DNA and RNA, causing photochemical damage
and fusion of pyrimidines. The pyrimidine dimmers interrupt transcription and
replication of RNA and DNA and so inactivate the virus [24]. The different devices
using UVC technique revolve around the disinfection unit type, where comple-
mentary devices are used to ensure maximum efficiency. Certain devices can be
mobile or ordered. The device types are discussed in the next sections.

2.1.3 UVC devices

2.1.3.1 Conventional lamps and UVC-LEDs

The UVC radiation is generated by artificial sources, which we called disinfec-
tion unity. It includes lamps and UVC-Lamps. The lamps contain a gas, mercury or
xenon, or a mixture of gases such as xenon-mercury (in small quantity), however
UVC-LEDs are manufactured from semiconductors [25, 26]. The UVC-LEDs are an
alternative to conventional lamps due to their compact size and energy saving.
However, their cost is relatively high, light emitting (UVC-LEDs can be continuous
or pulsed.Several authors have reported that pulsed UVC-LEDs are more effective
then continuous and conventional lamps [27–29].

2.1.3.2 Reflective wall and humidifiers

To enhance the inactivation virus effectiveness, reflective wall and humidifiers
are used as complementary devices. In fact, several authors [27–32], have shown
that using reflective walls reduce the inactivation microorganism’s time. On the
other hand, Woo et al. [33], have shown that using deionized water as humidifier
enhance the disinfection effectiveness.

2.1.3.3 Chemical disinfectant

Usually, disinfectant devices are combined with chemical disinfectants and were
used to inactivate microorganisms in hospitals. Usual lamps and/or UVC-LEDs were
used with gaseous ozone and hydrogen peroxide vapor. Several authors [34, 35],
have shown that using chemical agents, such as hydrogen peroxide vapor, in
addition to conventional UVC treatment permit more effective disinfection.

2.1.3.4 Mobile and automated UVC devices

Disinfecting robot is an emerging technology used to fight against the spread
of Covid-19 in public transport, hospitals and any closed areas. However, it

D90(J/m2)

Bacteria Water Surface Air-Low RH Air-High RH

Bacillus subtilis spores 131 88 95 89

Eschenchia coli 26 22 5 11

Mecobacterium bovis BCG — 22 13 33

Table 1.
The required D90 values of some bacteria in different conditions and medium [20].
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requires a mastery of mechanics, electronics and programming. In fact, the
mobile UVC device, Tru-D, has been shown to be more efficient than the static
device and inactivate microorganisms within a period between three and four
hours [36]. It was also shown that the used robot is quicker than chemical
agents such as hydrogen peroxide. In this context, Bentancor and Vidal [37],
have used a programmed device to communicate with the robot using Bluetooth
devices and can be operated thanks to a mobile application. Recently, Guettari et al.
[38] have shown that mobile robots are the most efficient device to inactivate
microorganisms and developed an i-Robot UVC, this robot is essentially
composed with two lamps on the top. Several sensors are integrated to measure
physical parameters such as temperature and humidity to control the mobility of
the robot to detect motion and to avoid obstacles. The disinfection time is moni-
tored by Wi-Fi.

2.1.3.5 Advantages and limitations

Using UVC (200-280 nm) radiation has been successful in inactivating various
viruses. This physical technique is non-toxic, non-corrosive to medical devices and
environmentally friendly, it does not have to be portable. The disinfection time is
reduced when complementary devices are used. However, this type of radiation is
not highly penetrating and it may be ineffective of masks. Handling this type of
radiation presents a significant danger for the human health. Primary skin cancers
can manifested after a long period. So, the ICNIRP have reported the limit values
for exposure to this kind of radiation [39].

2.2 Gamma rays irradiation

2.2.1 Virus inactivation

When Cobalt 59, the natural state of Cobalt, is bombarded with neutrons, it
produces a synthetic radioactive isotope of Cobalt-60, which decays by beta
disintegration to the stable Nickel-60. The gamma emission obeys the following
Equation [40]:

59
27Coþ n ! 60

27Co ! 60
28Niþ e� þ gamma:irradiation (3)

The Gamma irradiation emitted by Cobalt 60 was performed sterilization in
food science and to develop vaccine [41]. In fact, the treatment consists to irradiate
products until 50 kGy and it known as bio-security of food. The required doses
depend on the nature of microorganisms (bacteria, virus, pathogens and parasites).

Family virus Virus structure Presence of
envelop

Diameter
(nm)

D90

Minimum Maximum

Adenoviridae Double stranded-DNA No 70-90 3.5 5.61

Birnaviridae Double stranded-RNA No 60 6.2 10

Coronovirdae Single stranded-RNA Yes 120-160 <2 3.6

Flaviviriadae Single stranded-RNA Yes 40-60 1.8 8.6

Table 2.
The required D90 (maximum and minimum) values of some virus and their properties [42].
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The required dose to inactivate 90% of microorganisms depends on environmental
factors such as water content, media and temperature. The process of inactivation
consists to induce damage in intercellular acids as a physicochemical damage in a
single-strand break or double-strand break. Two processes can damage the DNA:
(1) direct energy deposition;(2) secondary interactions with surrounding water
molecules which permitting the formation of OH� free radicals. The irradiation
susceptibility of virus is lower than other microorganisms; this is due to their low
dimension. The estimated dose D90 (minimum and maximum) to inactivate vari-
ous virus was reported in Table 2. The structure, size and the presence of envelop
was also indicated.

2.2.1.1 The target theory

The inactivation of viruses by irradiation is perfectly described by the target
theory. In fact, the hit probability P for N targets to be hit n times by radiation is
described according the following equation:

P ¼ 1� e�νD
Xn�1

k¼0

νDð Þ
k!

k
" #N

(4)

Where D and, ν are respectively, the radiation dose and the target volume. The
single-hit-single-target model corresponds to one targets, n = 1, and to be high one
time by radiation, n = 1. So, the hit probability is reduced to Eq. (5).

P ¼ 1� e�νD (5)

The quantity, νD is connected to the fluence, F(particles/cm2), and the
inactivation cross section, σ cm2ð Þ, according the following Equation [41]:

νD ¼ FD (6)

2.2.1.2 Corona virus inactivation by gamma irradiation

In a recent work, Feldmann et al. [43], have studied the effect of gamma
irradiation on infected tissues with Coronavirus. They have used doses ranged
between 10 kGy and 40 kGy and found that the virus was completely inactivated
at 10 kGy and recommend a 20 kGy dose. Several authors [44–46], have studied
the disinfection of N-95 masks. These masks are designed to filter 95% of
particles of size 0.3 μm. However, in this doses range (10 kGy-20 kGy),
radiation can damage the masks tissues because of the cross linking and/or
scissioning polymer [47]. It was shown also that the inactivation of Coronavirus
depends on the infected medium, which can reduce the required D90 doses to
0.5 kGy [48].

2.2.1.3 Advantages and limitations

Gamma ray irradiation produce uniform dose and can travel through the surface
due to their highly penetration depth. The technique does not induce an increasing
of temperature; the disinfection time is about few minutes in maximum. However,
gamma radiation requires an adequate and expansive device. This method can
damage medical devices.
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3. Heat treatment

3.1 Heat treatment as major method for SARS-CoV-2inactivation

Since the onset of the Covid-19 pandemic, the influence of temperature has been
the subject of intensive discussion among epidemiologists about its influence on the
dynamics of the spread of the virus on the one hand and its inactivation on the other
hand. Such a debate seemed obvious given that heating has long been considered as
the acquired effects of this thermodynamic parameter as well as on the physico-
chemical properties of biological macromolecules (proteins, enzymes, etc.) and
microorganisms (viruses, parasites). From this point of view, the change in tem-
perature could induce changes of conformational nature, the destruction (and for-
mation) of chemical bonds, changes in physical phases which result in variations of
a functional nature. Moreover, virologists have raised questions about the ability of
high temperatures to destroy chemical bonds within the SARS-CoV-2 virus and to
cause morphological variations in order to be able to inactivate its functions or
reduce its virulence. Several works has been conducted in this regard to highlight
how heating can help combat the Covid-19 pandemic. In this section we present the
most uplifting among them [49–53].

3.2 Heating to inactivate the virus

From the first months of the pandemic, typical studies were carried out to
observe the direct impact of an increase in temperature on the stability of SARS-
CoV-2. They revealed that SARS-CoV-2 keeps its stability for 24 hours at a temper-
ature of 37° C, On the other hand, heating up to 56° C for 30 minutes succeeded in
inactivating the virus. However, such process preserved the stability of viral RNA in
both human sera and sputum samples.

Te Faye and his collaborators [54] published a work in which they introduced a
predictive thermodynamic model, based on the rate of a first order reaction and
Arrhenius law. This model makes it possible to correlate data related to contamina-
tion and disinfection using heating. Their results provided very relevant informa-
tion to help on the disinfection of protective equipment such as masks. For
example, they have shown that exposing N95-type masks for 3 minutes can reduce
the viral load of SARS-CoV-2 by almost 99%.

Batejat et al. [49] subjected cells infected with SARS-CoV-2 to 3 different tem-
peratures and varying the heating time from 30 seconds to 60 minutes. They
observed that SARS-CoV-2 could be inactivated in less than 30 minutes, 15 minutes
and 3 minutes at 56° C, 65° C and 95° C respectively.

3.3 Thermal inactivation improves RNA quality

Based on what we quoted in the previous section on the heating power to
inactivate the SARS-CoV-2, it seems evident that several laboratories would uses
heating to reduce the risk of catching up with the virus.

Since virologists analyze the existence of viruses by conventional PCR and RT-
PCR tests, a polymerase technique based on the extraction of virus RNA. So, to get
the best results from PCR test, it is essential to have the virus RNA of better quality.
In this context, questions were raised about the effect of heating on the quality of
results obtained. Hemati et al. [50] exposed 36 samples from COVID - 19 patients to
thermal inactivation (60° C for 30 min). The results were surprising and very
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satisfactory. In fact, heating increased significantly the concentration of the
extracted RNAs.

3.4 The use of microwave for hospital disinfection

Another problem that raises concern in relation to combating the harmful effects
of Covid 19 lies in the level of waste treatment, especially hospital waste of all kinds
(medicine excretion, active component of drugs and metabolite, chemicals, resi-
dues of pharmaceuticals,,). It is also known that an important part of this waste is
discharged into hospital wastewater, so the problem of disinfecting this water is an
important challenge. For this, Wang et al. [51] have suggested several physical
disinfection technologies of hospital wastes and wastewater to mitigate the virus
spread in China. Among them, they used microwaves of frequencies between
(2,450 � 50) MHz and (915 � 25) MHz in order to reach temperature of disinfec-
tion. Indeed, the heat of disinfection is generated by molecular vibrations in the
medium traversed by the microwaves.

According to Ohtsu et al. [52], Microwave disinfection technology is an energy
efficient technique, in which heat loss is relatively slow, fast acting. It is also
characterized by its low environmental pollution since there will be no residues and
toxic products left after disinfection.

3.5 Solar heating to inactivate the SARS-CoV-2

Wang et al. [53] have proposed a simple, economic and ecological technique,
which makes it possible to disinfect places with very high population density in
which social distance is practically inapplicable, namely, cars, busses and other
means of public transport (Figure 1).

The technique called “Solar heating for the deactivation of heat-sensitive patho-
gens”, it is based on a simple direct exposure of cars to the sun heat for a few
minutes during which the air temperature rises from 30°C to temperatures ranged
between 50°C and 60°C. Wang and his coworkers [53] have assumed that this
simple technique has already proven its effectiveness in in agronomy to kill weeds
and soil pathogens. So, therefore it can be applied in the fight against covid-19 as a
method of surfaces decontamination. The reported results of Wang et al. confirmed
that hot air passively generated by Solar heating in enclosed spaces is an effective
disinfection method with benefits without additional costs and chemicals. How-
ever, the disadvantage of this method is its dependence to hot climates. For this

Figure 1.
Schematic representation of car exposed to solar heat.
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reason, they assumed that the use of heaters in parking places could be a solution to
overcome this handicap.

3.6 Dry heat for masks disinfection

Faced with the shortage of means of protection against covid-19 namely protec-
tive masks, Rubio-Romero published a paper review [55] in which he discussed the
characteristics of the different types of disposable masks, considered as an alterna-
tive. To do this, he detailed the various methods of disinfection, in particular the
physical methods of disinfection of deposited masks. Among these methods, he
focused on dry heat disinfection. From this perspective, the main challenge was to
guarantee total disinfection of the masks at temperatures over 56°C without affect-
ing their filtering capacity. Based on this, both the Spanish Ministry of Labor and
Social Economy and the International Medical Center of Beijing indicate that FFP
respirators maintain their filtration efficiency after being disinfected at 70° C for
30 min.

3.7 Use of cold plasma for SARS-CoV-2 inactivation

Plasma is formed when a gas is subjected to a potential difference high enough to
ionize molecules. As a result, the main properties of a plasma (electrical conductiv-
ity, etc.) depend essentially on the density of electrons but also on their volume
fraction. The latter is directly influenced by temperature. Typically, the best known
of plasmas is that of nuclear reactions, which is subjected to high temperatures of up
to K. For this reason, plasma at ambient temperatures is called cold plasma or non-
thermal plasma. At this temperature scale, cold plasma does find several industrial
applications.

Cold plasma can be generated by applications of voltages ranging from 100 V up
to a few kilovolts in direct current, and for radio frequencies in alternating current.
In addition, this can only occur under very specific pressure conditions (a pressure
between 1 Pa and 105 Pa).

3.7.1 Cold plasma as a disinfection technology

For years, cold plasma has been used to decontaminate and disinfect surfaces of
steel, plastics, textiles ... It is also used to decontaminate some liquids and also air.

The disinfection technique is often known as «One Atmosphere Uniform Glow
Discharge Plasma (OAUGDP)”. The advantage of this technique is that it provides
both uniform and low power density, which protects against any kind of damage to
contaminated surfaces. This property gives it a strong implication in the medical
field [56].

Several factors are involved in influencing the effectiveness of cold plasma
disinfection. In this regard, mention may be made of the nature of the reactive
species provided; it has been observed [57] that the use of oxygen species can
support oxidation. The pressure conditions, the geometry of the electrodes ... It has
also been observed that the speed of reactive species improves the inactivation of
microbes. Increasing the applied electrical difference can play an important role in
increasing the density of electrons, or even reactive species (Figure 2).

3.7.2 Mode of inactivation of microorganisms by OAUGDP

The mechanism of action of plasma on microorganisms is based on two simulta-
neous effects. The first effect is a thermal effect, which causes volatilization of cell
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membranes due to its exposure to plasma gas. This facilitates the exchange of pro-
teins between the intracellular and extracellular media. The second effect is the
result of the decomposition of organic and inorganic compounds by reactive species
from plasma such as ozone, hydroxyl groups, nitric oxides ... [56].

3.7.3 Application of cold plasma in the fight against Covid-19 pandemic

First, many researchers have considered using cold plasma to enhance surface
decontamination procedures. All of them have been based on their power of micro-
bial decontamination of materials, surfaces proven for a very long time. As exam-
ple,Bekeschus et al. published a paper [58] recommending the use of cold plasma in
the disinfection of contaminated surfaces, liquids... They do, however, advise cau-
tion when using it on human tissues in order to minimize its negative effects on the
body. Indeed, it is known that the viral load of SARS-CoV-2 is channeled initially
from the mouth then the throat before reaching the lungs. Given that the plasma
generates the formation of ozone (O3) and nitrogen oxide (NOx). These two gases
are essential for the inactivation of pathogens, but they are toxic to the lungs if they
accumulate in high quantities. Therefore, it was necessary to be careful about the
triggering of toxicological reactions produced by the gas in the plasma.

Otherwise, since SARS-CoV-2 has shown its ability to stabilize for hours on
different types of surfaces such as metals, plastics and cardboard. This paralyzes the
efforts to destroy transmission chains. For this purpose, Chen and his coworkers
[59] at the University of California have reported excellent results on their work
conducted on the inactivation of coronavirus Sars-Cov-2 using cold atmospheric
plasma by targeting surfaces of leather, plastics and some metals.. They used an
atmospheric plasma gas fed with argon. The characteristics of the atmospheric
pressure plasma Jet (APPJ) (Figure 2) device used are as follows:

• An input power of approximately 12 W.

• The flow rates for the argon (Ar) and helium (He) plasmas were 6.4 l / min and
16.5 l / min, respectively.

• The discharge voltages for (Ar) and (He) feed gases were 16.8 kV and 16.6 kV.

Thus, they exposed surfaces contaminated by SARS-CoV-2 to cold argon and
helium gases. Then compared to surfaces not exposed to gases [59]. The findings
were so promising: they observed that the treatment with argon gas inactivated all
the viruses for the different surfaces within a period of less than 180 seconds.

Figure 2.
The atmospheric pressure plasma jet (APPJ) as designed by Hermann et al. [57].
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4. Ultrasound technology: a promising alternative for decontamination

Since its appearance, SARS-CoV-2 has gained a consensus among virologists on
its very specific properties in relation to its high capacity for mutation and its speed
of propagation. As a result, scientists have always sought to improve the efficiency
of methods of disinfecting surfaces in order to decontaminate them from suspen-
sions carrying the virus. From this perspective, ultrasound can represent an effec-
tive physical method. Indeed, the mechanical action of ultrasound on the
suspensions of contaminated surfaces will be able to clean them while avoiding the
side effects and dangers associated with the use of disinfection chemicals.

4.1 Principle of ultrasonic disinfection

Widely used in the medical field, Ultrasounds are mechanical sound waves,
which translate the propagation of acoustic energy in the form of pressure waves.
Their frequency range exceeds that of the frequencies of audible sound waves
(above 16 kHz). The acoustic intensity I represents the flow of the acoustic power
Ps through a surface A. Considering that the pressure amplitude is denoted by “p”,
the different parameters characterizing the propagation of an ultrasonic one are
linked by the equation:

I ¼ Ps

A
¼ p2

ρc
¼ p2

Z
(7)

Where ρ is the density of the medium, ε is the amplitude of the ultrasound, ω is
the angular speed (ω = 2πf where f is the frequency), is the speed of sound. The
equation can be reduced to the following form:

I ¼ ε2ω2Z (8)

With Z is the acoustic impedance defined by the product ρ � c. During their
propagation through different interfaces (air / water for example), ultrasound can
undergo either reflections, attenuations or even diffusions. An attenuation coeffi-
cient is thus introduced to describe the effect of this passage on the characteristics
of the wave transmitted by an interface. For example, for ultrasounds of frequency
20 kHz, the coefficient of their attenuation through a distance of 24 cm is equal to 2.
107 cm�1. since the difference in impedance is very slight between water and
biological cells (approximately 5%), the transmission of ultrasound through biolog-
ical cells is fluid. This perfectly explains their great use in diagnostic and therapeutic
ultrasound [60].

4.2 Uses of ultrasound in wastewater disinfection

First, ultrasound was used to disinfect wastewater. The process of ultrasonic
disinfection mainly relies on cavitation. Indeed, cavitation is a kind of concentration
of energy in well-localized areas in a fluid. This cavitation leads to the creation of
very extreme physical conditions (temperatures between 1726.85°C and 4726.85°C,
pressures between 1800 atm and 3000 atm) [60]. These conditions cause the
appearance of effects directly related to disinfection.

The first is a sonochemical effect which results in the destruction of chemical
bonds in water. Thus, several types of free radicals are formed. The second effect is
the sonoluminescence effect, which characterizes the emission of photons by
excitation of gases.

78

Fighting the COVID-19 Pandemic



When the collapse of the water bubbles is produced in the vicinity of a solid
surface, a jet of particles will be emitted with a high velocity (up to 300 m / S), thus
causing very strong mechanical effects such as the wave acoustic shock, sound
emission… damage to this surface by these different physical effects contributes to
disinfection [61]. According to Gibson et al. [60], the contribution of sonolumi-
nescence and sonochemical effects to disinfection is very negligible in comparison
with the mechanical and thermal effects.

4.3 Factors influencing droplet cavitation

Knowing that wastewater contains many types of particles, their interactions with
ultrasound do not occur in the same way. Which can alter the cavitation process. For
this, several factors must be taken into consideration. The most important of these is
the nucleation of the droplets. This nucleation can be affected by the surface tension
of liquid S. In fact, in a vapor pressure liquid, the critical pressure necessary to
increase the bubble radius of radius R is expressed by the following equation:

Pcr ¼ Pv � 2
S
R

(9)

Moreover, for a droplet deposited on a liquid surface, the surface tension also
depends on the contact angle of this droplet with the surface, which generally varies
between 0 (hydrophobic substances) and 180° (hydrophilic substances):

Pcr ¼ Pv � 2
S sin θ
R

(10)

From an energetic point of view, the cavitation process can be altered by failure
in one of the energy conversion steps. According to Löning et al. [62], the energy
conversion process follows the following Scheme:

EEL ! EHF ! ETH ! ECAV ! EDOS ! EEFF

Where EEL is the input of electrical energy, EHF is the energy of ultrasound, ETH

is the power of input into the fluid, ECAV is the energy of droplet cavitation, EDOS is
the energy determined by dosimetry, and EEFF is the energy expended on a specific
effect.

4.4 Mechanical effects of ultrasound

Gibson et al. [60] have summarized the main conclusions in relation to the
mechanical effects of ultrasound in the form of a few points:

• Droplet disturbance is more noticeable at low ultrasound frequencies.

• Ultrasound has the ability to degrade polymer chains (lipids, proteins, etc.),
especially for high molecular masses.

• The mechanical action of ultrasound can lead to cell lysis.

4.5 Surfactants (detergents) as main actors for disinfection

From a structural standpoint, the SARS-CoV-2 virus is made up of a viral wall layer
that is composed of a lipoprotein envelope that wraps RNA in its interior (Figure 3).
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To kill the virus, material is required to damage the inside of the envelope. It
cannot be destroyed only by water, and therefore needs another ingredient: alcohol
or surfactant as proposed by WHO [63].

Surfactants are amphiphilic molecules, composed of a polar part (hydrophilic)
and another non polar part (hydrophobic) (Figure 4).

The hydrophilic–lipophilic balance (HLB) was introduced to measure the pre-
dominance of each of these two characters. According to Davies et al. [65, 66], its
value can be determined from the following relation:

HLB ¼
X

hydrophilic groups�
X

hydrophobic groups þ 7 (11)

This chemical structure gives surfactants a double affinity, sometimes to polar
compounds and sometimes to nonpolar compounds (Figure 5). From a physical
point of view, surfactants act as agents to attenuate the surface tension between two
immiscible phases, promoting the dispersion of one into the other.

Generally, surfactant molecules are classified according to the properties of their
polar part, two main families are distinguished:

• Ionic surfactants: anionic and cationic.

• Nonionic surfactants: amphoteric and dipolar.

Figure 3.
Structure of the coronavirus (Sars-CoV2) [63].

Figure 4.
Chemical structure of surfactant molecules.
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A surfactant’s detergency strength measures its ability to work on the soil to
remove it. Every type of soil, whether fatty, solid, etc., can actually build physical
connections with surfactant molecules. These interactions can be either hydrophilic
(or else hydrophobic) interactions, or attractive electrostatic interactions. As a
result, the detergency mechanism operates according to the different types of loads
of dirt on one side and surfactant on the other side. Positive surfactants attract
negatively charged soils, which they will partially neutralize. The positive part of
the surfactant therefore binds to the negative part of the soil. A positively charged
surfactant is interested in negatively charged soils. However, an agent (+) will not
have any influence on a soiling (+) since both repel each other [67].

For long time, the soap is known for its very powerful detergent power. For this,
since the Covid-19 emergence, the world health organization (WHO)
recommended firstly to use it as first weapon against the virus by washing hands
several times along the day. Other detergents, such as laundry detergents, are made
in synthetics but they are all molecular in the same kind.

Soap is composed of fats, oils, and fatty acids. A hydrophilic polar head and a
hydrophobic carbon chain, which have an affinity to organic compounds and con-
sequently to fatty substances, constitute the molecular structure of soap.

When the soap molecules are added to the water, the hydrophobic tails orient
towards the air to avoid contact with the water molecules. To bring them into

Figure 5.
Classes of surfactant molecules.

Figure 6.
Soap action on aerosol droplets containing SARS-CoV-2.
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contact with the fatty compounds, mechanical action is necessary, in particular
rubbing. Once in contact with the fats, the soap molecules surround it on all sides,
thus forming spherical micelles (Figure 6). In order to decontaminate surfaces
containing aerosols carrying SARS-CoV-2. A large concentration of soap molecules
must be spread by rubbing the entire surface.

5. Conclusion

In the fight against a new virological epidemic, the most traditional approach is
immune system development, which gives the immune system the ability to iden-
tify and attack the virus once it has entered the body. This can only be accomplished
by manufacturing vaccines. However, waiting for the vaccine to be produced may
cost us the lives of millions of people in a pandemic characterized by a very large
spread rate such as covid-19. The use of disinfection methods (along with barrier
precautions) remains the most promising way to combat this pandemic.

In this context, we have presented in this chapter the main physical methods
used to disinfect contaminated surfaces. Initially, special emphasis was placed on
methods based on electromagnetic irradiations, specifically ultraviolet UV radiation
and gamma radiation. The required doses, capable of inactivating the virus and used
in the production of disinfection devices such as UVC lamps, were presented. The
parameters influencing the efficiency of these techniques have been also discussed.
Second, we concentrated on the use of conventional disinfection techniques that
have already proven effective in the fight against other epidemics, such as disinfec-
tion by heating, which relies on the ability of high temperatures to destroy the lipid
bonds that comprise the virulent layer of SARS-CoV-2. Particular attention has been
paid to the use of ultrasound in the disinfection of contaminated surfaces, this
technique which is based on the mechanical action of ultrasonic waves manifested
by cavitation and thus producing sonolumiscent and sonochemical effects and also a
thermal effect. The principle of disinfection by gas jets of cold plasma was then
described. In this regard, we presented bibliographic data demonstrating its efficacy
in the decontamination of surfaces contaminated with SARS-CoV-2 in a short
period (less than 2 minutes). Finally, it appears critical to discuss the basic chemical
compounds used in disinfection chemicals, namely detergents. We have dedicated a
section to describing the physical and structural properties of the major detergents.

We believe that, in the absence of an effective medical treatment, the biblio-
graphical review study on various disinfection procedures represents, at this time,
the best kits for both medical personnel and policymakers in the fight against this
new pandemic.
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Chapter 6

Immune Response to COVID-19
Ricardo Wesley Alberca

Abstract

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) invades 
the host’s cells via the angiotensin-converting enzyme 2 (ACE2) and transmem-
brane protease serine 2 (TMPRSS2). ACE2 and TMPRSS2 molecules are highly 
expressed on the respiratory tract but are also expressed in other organs such as 
kidneys, heart, and intestine, which could partially explain the multiple organ 
infection, damage, and failure. During the COVID-19 disease course, patients may 
develop a dysregulation in the immune response, with an exacerbated production 
of pro-inflammatory molecules and hypercoagulation, which can collaborate to the 
increase in tissue damage and death. This chapter will cover general aspects of the 
innate and adaptive immune response during COVID-19, the impact of comorbidi-
ties on the immune response to SARS-CoV-2, and the immune response generated 
by COVID-19 vaccines.

Keywords: SARS-CoV-2, COVID-19, immunology, immune response, inflammation

1. Introduction

SARS-CoV-2 has four main structural proteins: the spike protein (S protein), 
the nucleocapsid protein (N protein), the matrix protein (M Protein), and envelope 
protein (E protein) [1, 2]. The SARS-CoV-2 infection starts when the virion enters 
the host’s cell, through the connection between the viral S protein and the ACE2 
receptor and TMPRSS2 on the host’s cells, similarly to severe acute respiratory 
syndrome coronavirus-1 (SARS-CoV-1) [3].

ACE2 and TMPRSS2 are highly expressed in the lungs, partially explaining the 
high incidence of respiratory disorders. Nevertheless, ACE2 and TMPRSS2 are 
expressed in many other different organs in the human body, such as the brain, 
heart, liver, kidney, colonic epithelial cells, intestine luminal cells, and small intes-
tinal enterocytes [4], with reports of SARS-CoV-2 infection on multiple organs [5]. 
In addition, SARS-CoV-2 may generate a systemic and exacerbated inflammatory 
response named “cytokine storm”, which can lead to viral sepsis [6].

Several systemic biomarkers have been associated with the progression of the 
disease, such as creatinine, urea, C-reactive protein, ferritin, lactate dehydrogenase, 
and D-dimers in the blood, increase in the neutrophil-to-lymphocyte ratio, and 
reduction in platelet count in the blood [7–15]. During COVID-19 the increase in 
blood levels of chemokines and cytokines increases the pro-inflammatory stimulus 
and recruitment of immune cells to the infection site. Several risk factors contribute 
to the disease’s severity, such as comorbidities and co-infections [16–18] In this 
chapter, the current knowledge about the innate and adaptative immune response 
during COVID-19 and the influence of comorbidities will the reviewed.
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2. Innate immune response to SARS-CoV-2

Upon infection by SARS-CoV-2 several chemokines (CCL2, CCL3, CCL4, 
CCL5, CXCL8, CXCL9, and CXL10) and pro-inflammatory cytokines (IFN-γ, TNF, 
IL-1, IL-6, IL-12) are released, these molecules will induce cell activation, migra-
tion, and infiltration of the infected tissue by innate immune cells like monocytes 
and neutrophils and further activate local cells such as resident macrophages [19]. 
These cells will further increase the local production of pro-inflammatory media-
tors, which could result in tissue damage, such as alveolar damage, formation of 
edema, and reduced lung capacity. In addition, cytokines can generate a systemic 
effect, resulting in damage to other organs (kidney, liver, spleen, among others) 
[20]. An increase in circulating pro-inflammatory monocytes and nonclassical 
monocytes are commonly observed in COVID-19 patients [21, 22].

Concomitantly, the number of neutrophils in the blood increases, and the 
infiltration of neutrophils to the infected tissue. Upon infiltration, neutrophils 
release inflammatory mediators, cytokines, and neutrophil extracellular traps 
(NETs) which can further increase tissue injury and cellular death [23, 24]. The 
local production of pro-inflammatory factors, viral particles, and cellular death 
induces the activation of macrophage and dendritic cells (DCs), which will further 
increase the production of cytokines and chemokines and antigen presentation 
[20, 25] DCSs are commonly referred to as professional antigen-presenting cells 
(APCs) and integrate innate and adaptive immune response. In COVID-19 they 
can uptake SARS-CoV-2 viral particles, be activated, migrate to lymphatic tissue, 
initiate antigen presentation, and trigger adaptive immune response. Nevertheless, 
DCs can also be infected by SARS-CoV-2 [26], reducing quantitatively, generating 
functional impairment, and lower lymphocyte immune response [27].

The complement system has also been implicated in the pathogenesis of 
COVID-19. The activation of C3 and C5 complement components are correlated 
with disease severity and lung biopsy from severe COVID-19 patients presented 
high C3-fragment content [28]. C3-deficient mice are partially protected from 
respiratory dysfunction after SARS-CoV-1 infection, exhibiting less inflamma-
tory infiltrate in the lungs, reduced production of cytokines and chemokines, but 
similar viral load in the lung tissue as Wild Type mice [29]. Importantly, treatment 
with anti-C5a antibodies resulted in clinical improvement in COVID-19 patients 
[28]. Indicating a possible use of complement-inhibitor to ameliorate lung injury in 
COVID-19 patients.

The role of eosinophils and basophils in COVID-19 is yet to be fully compre-
hended. To the moment, a negative correlation is established between circulating 
eosinophil and basophil count and COVID-19 severity, with patients exhibiting 
an increase in those cells upon SARS-CoV-2 clearance [30, 31]. Mast cells (MCs) 
may also play a role in COVID-19, since they can be activated by viral products 
and release chemokines, cytokines, and inflammatory mediators, increasing 
vascular permeability and cellular infiltrate [32]. A few reports have indicated 
that COVID-19 inflammatory syndrome is in many aspects similar to Mast cell 
activation disease [32, 33].

The frequency of mononuclear and polymorphonuclear myeloid-derived sup-
pressor cells also increases in the blood, but not in the lungs, of COVID-19 patients 
according to the severity [15, 34]. Importantly, these cells do maintain their immu-
nosuppressive functions in COVID-19 patients [35].

The hyperinflammatory state is also accompanied by a dysregulated anti-
inflammatory state, with an increased early IL-10 production, which could curb 
the anti-viral immune response [36], and impaired T cells (CD4+ and CD8+) and T 
regulatory cells function [37].
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3. Adaptive immunity in COVID-19

Patients with moderate and severe COVID-19 commonly present a reduction in 
circulating lymphocytes (T cells, B cells, natural killer cells). T CD4+ and T CD8+ 
cells are reduced in moderate COVID-19 patients and further reduced in more 
severe patients, with or without a significant change in CD4+/CD8+ ratio [38, 
39]. A few reports have identified patients with a specific reduction in CD8+ cells, 
which is associated with poor prognosis [38]. The reduction of B cells and innate 
lymphocytes, like NK cells, has also been reported, but to the moment are not 
currently associated with severity or prognosis [40].

The mechanism for the reduction in lymphocytes is still under investigation, 
several reports indicate that exhaustion and apoptosis may be the primary causes of 
lymphopenia [41], and one report indicating direct lymphocyte infections by SARS-
CoV-2 [42]. Due to the central role of lymphocytes on anti-SARS-CoV-2 immune 
response, several interventions to modulate the T cell proliferation or apoptosis are 
also being investigated [43].

Although the reduced T cell count in the blood of COVID-19 patients may 
reflect the recruitment to infected tissue or be influenced by the use of steroid 
treatment to curb the inflammation, some studies have also reported significant 
T cell reduction in secondary lymphoid organs of patients infected with SARS-
CoV-2 [44].

Even with the reduction in lymphocytes, T cell receptor analysis indicated that 
COVID-19 patients do present an increase in SARS-CoV-2-specific T-cells [45]. 
Proliferation markers, such as Ki67, and activation markers, such as CD28 and 
HLA-DR, are increased in both CD4+ and CD8+ cells, including activated, effector, 
and memory T-cells, in COVID-19 patients in comparison to recovered patients and 
non-COVID-19 patients [46]. Several reports identified an increased expression of 
exhaustion and inhibition-associated markers in circulating T cells such as CD39, 
CTLA4, LAG3, NKG2A, PD-1, and TIM3 [47].

In summary, these results indicate an expansion and overactivation of CD4+ 
and CD8+ T-cells that could lead to unresponsiveness or cell death. This appears 
to be true since even with a highly activated profile, CD8+ T cells from COVID-19 
patients have a reduced cytokine production after in vivo stimulation [41].

CD4+ T cells may have a dual role in COVID-19, reports have identified that 
patients with higher activation markers on CD4+ cells have a poor prognosis, and 
others have identified that patients with higher T helper 1 profile (Th1) present a 
less severe disease [46, 48]. SARS-CoV-2-specific Th1 cells have been identified, but 
patients with profiles associated with SARS-CoV-2-specific Th2 and Th17 response 
have also been identified [49]. Another investigation has also identified an increase 
in transforming growth factor-β (TGFβ)-producing T cells in COVID-19 patients 
[50]. CD4+ FOXP3+ T regulatory cells increase during the disease but suffer a 
reduction in critically ill patients, which could corroborate the hyperactivation of 
the immune system [47, 50].

3.1 Antibodies and B CELLS

The Production of Antibodies, especially SARS-CoV-2-specific IgM and IgG, 
have been used as a diagnostic tool for COVID-19, although the presence of virus-
specific IgG antibodies does indicate viral clearance [51]. Anti-SARS-CoV-2 anti-
bodies may block and neutralize SARS-CoV-2 and prevent COVID-19 development.

Importantly, reports have identified that asymptomatic, moderate, and severe 
COVID-19 present different IgM and IgG production courses and may vary in quan-
tity. Severe COVID-19 patients produce anti-SARS-CoV-2 IgG earlier in comparison 
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to moderate patients, and asymptomatic and mild patients produce less neutralizing 
antibodies in comparison to moderate and severe COVID-19 patients [52].

More importantly, serum antibody titers rapidly decay after COVID-19, with 
conflicting reports with antibody titers decaying after a few months post-diagnosis 
[53, 54]. Nevertheless, antigen-specific memory B cells [55], T cells, and other 
components of the immunological memory remain effective and can be detected 
in convalescent patients [52, 56]. As memory cells can rapidly respond upon 
subsequent antigen encounter (infection), some degree of long-term immunity is 
expected [57].

Since SARS-CoV-2 S protein is necessary for the infection, neutralizing antibod-
ies against this protein could in theory prevent the infection [2]. Both S-protein and 
N-protein specific IgM and IgG increase after the infection by SARS-CoV-2 [58], 
with S-protein IgG having a negative correlation with inflammatory markers in 
COVID-19 patients [58].

COVID-19 patients present a rapid increase in SARS-CoV-2-specific IgM, IgA, 
and IgG, commonly observed around a week after the infection [51, 59], however, 
comorbidities may impact not only on the inflammatory response during COVID-
19 but also antibody production, reports identified patients with human immu-
nodeficiency virus (HIV) presenting a delayed SARS-CoV-specific IgM and IgG 
production [60, 61].

4. Comorbidities and severe COVID-19

Several comorbidities have been described as risk factors for the progres-
sion of COVID-19 into a severe, critical, and lethal stage. The first reports have 
identified advanced age, systemic arterial hypertension, and Diabetes Mellitus 
with a higher hospitalization and severity for COVID-19 patients [62–64]. 
Comorbidities may influence COVID-19 severity via an increase in pro-inflam-
matory response, coagulatory disorders, or different ACE2 expression [65–67]. 
Investigations confirmed that old age, systemic arterial hypertension, Diabetes 
Mellitus [68], obesity [16], alcohol consumption [69], smokers and chronic 
obstructive pulmonary disease (COPD) [70], heart disease, liver disease and kid-
ney disease [71], cancer [72, 73], immunodeficiencies, transplanted patients [74], 
and co-infections [17, 74] are in fact risk factor for severe COVID-19 and increase 
death risk and the presence of two or more comorbidities further increase the 
death risk [75]. We will review the impact of the most common comorbidities 
associated with poor COVID-19 prognosis and their influence on the anti-SARS-
CoV-2 immune response.

4.1 Old age

The majority of the fatal cases of COVID-19 occurred in elderly individuals 
[76, 77]. Several facts may explain this phenomenon, such as the accumulations of 
other comorbidities, immunosenescence, and inflammaging.

Immunosenescence is defined as a decline in the immune system function, char-
acterized by the reduction in qualitative and quantitative responses to infections, 
neoplasia, and vaccination [78]. With age, the production of naïve lymphocytes 
(T and B cells) is reduced, and the function of innate immune cells is weakened, 
therefore negatively impacting the immune response during infections [78]. 
Concomitantly, the elderly develop a chronic low-grade systemic inflammation, 
named inflammaging.
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The low-grade pro-inflammatory state is characterized by the increase in serum 
inflammatory mediators, such as C-reactive protein, IL-1, IL-6, and TNF [79, 80], 
which is associated with an impaired and dysregulated immune response.

In summary, accumulations of other comorbidities such as systemic arte-
rial hypertension and Diabetes Mellitus, immunosenescence, and inflammag-
ing present in elderly patients are likely to contribute to the poorer outcome in 
COVID-19 [81].

4.2 Systemic arterial hypertension

Systemic Arterial Hypertension is common among hospitalized COVID-19 
patients and is associated with higher severity of the disease and mortality [15, 82, 83]. 
The initial hypothesis for this was that Systemic Arterial Hypertension and the drugs 
commonly used for its control, like renin–angiotensin–aldosterone system (RAAS) 
inhibitors that increase expression of ACE2, increasing the susceptibility to SARS-
CoV-2 [68]. However, a recent report has not identified an association between the use 
of RAAS inhibitors and increased severity or death in COVID-19 patients [84].

Other explanations are related to the modulations of ICAM and E-selectin, 
which are increased in systemic arterial hypertension and can be downregulated by 
dexamethasone [85, 86]. Dexamethasone treatment during COVID-19 can reduce 
the death rate in patients receiving both invasive and non-invasive mechanical ven-
tilation [87]. Although no investigation on the modulation of ICAM and E-selecin 
has been performed, these results further support that the reduction of inflamma-
tion during COVID-19 can improve the patients’ outcome [87].

4.3 Metabolic diseases (type 1 and 2 diabetes mellitus and obesity)

Diabetes Mellitus (DM), obesity, and metabolic syndrome increase the levels 
of circulating pro-inflammatory cytokines in comparison to lean people. This 
low-grade inflammation is lower than individuals with infections but can influence 
cellular metabolism and immune response [88, 89]. Obesity affected the frequency 
and ratio of CD8+ and CD4+ T cells, inducing an increase in inflammatory macro-
phages [90] and reduces the frequency of T regulatory cells, therefore favoring a 
more pro-inflammatory profile [91]. In obesity, there is a great increase in memory 
T cell in the adipose tissue, that upon infection can generate pancreatitis, and 
increase mortality [92]. Similar to inflammaging, obesity is also characterized by 
low-grade inflammation, with an increase in the production of chemokines and 
cytokines by the adipose tissue [92]. Obesity is also associated with several risk 
factors for COVID-19 such as respiratory dysfunctions, type 2 Diabetes Mellitus 
(DM2), and hypertension [16].

The type of Diabetes Mellitus is rarely described in COVID-19 investigations 
[93]. A recent investigation compared the mortality rate among type 1 Diabetes 
Mellitus (DM1) and DM2 patients during SARS-Co-V-2 infection. The unadjusted 
mortality rate per 100 000 was 27 for non-DM, 138 in DM type 1 (DM1) and 260 
in DM2, the adjusted data verified that the odds ratios of COVID-19-related deaths 
were 3.51 in DM1 and 2.03 in DM2 [94]. Concluding that both DM types present a 
greater risk of death by COVID-19 [94].

An important factor is that poor glycemic control can influence the disease 
course [95], this is supported by several manuscripts that described the deleterious 
effect of elevated blood glucose levels on the immune response to COVID-19 and 
DM2 patients with better glycemic control presented a lower death rate in compari-
son with COVID-19 DM2 patients with hyperglycemia [96–98]. Diabetic patients 
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also present a low-grade inflammation with an increase in pro-inflammatory 
cytokines and reactive oxygen species, but an impaired inflammatory response to 
microbial products [99, 100].

Non-diabetic patients with COVID-19 can also present hyperglycemia [15], 
and is associated with an increased incidence of severe illness and death risk [101]. 
Several drugs used for the control of inflammation can modify or induce hypergly-
cemia during COVID-19 hospitalization [102], which could affect the anti-SARS-
CoV-2 immune response. A few manuscripts have hypothesized COVID-19 causes 
alterations of glucose metabolism, via direct SARS-CoV-2 infection of the pancre-
atic beta cells [103, 104]. Importantly, metabolic alterations have been described 
in COVID-19 patients, with and without DM, developing ketosis and ketoacidosis 
[105]. In a case report, a 29 years old patient, non-DM with a normal glucose level 
was diagnosed with COVID-19. Two weeks after recovered from COVID-19 was 
diagnosed with DM1 [106].

Therefore, COVID-19 may also represent a risk factor for the development 
of DM. A related point to consider is that DM patients may have long-term con-
sequences from COVID19, with an increase in the need for daily insulin [107]. 
Currently, there is no explanation for this phenomenon, but COVID-19-mediated 
gastrointestinal dysbiosis could be a factor since the microbiota can influence the 
development or aggravate metabolic disorders [108]. Also, metformin, a drug 
commonly used by DM2 patients, may cause alteration on the gut microbiota and 
impact their anti-SARS-CoV-2 immune response [109, 110].

4.4  Chronic obstructive pulmonary disease (COPD), smoking, and other 
respiratory disorders

Chronic obstructive pulmonary disease (COPD) affects millions of people world-
wide. COPD is characterized by progressive and irreversible airflow limitation due 
to structural alterations on the small airways. Smoking is the leading cause of COPD, 
due to the increase in inflammation and pulmonary remodeling [111]. Smoking and 
COPD are known to increase the risk for respiratory infections [112, 113]. Smokers 
and COPD patients have been identified among hospitalized COVID-19 patients 
since early reports [83]. COPD and smoking have been associated with an increased 
incidence, severity, and poor prognosis in COVID-19 [70, 114–116].

A common component in tobacco cigarettes and electronic smoking devices is 
nicotine, which can downregulate Interferon regulatory factor 7 and curb antiviral 
immune response [117]. COPD patients have a reduction in the expression of type I 
and type II interferons, and interferon-stimulated genes, therefore having a reduced 
antiviral response resulting in frequent respiratory exacerbations [118].

Other mechanisms postulated for the increase in susceptibility among those 
patients are the increase in lung inflammation and oxidative stress [119] and 
increase in the expression of the ACE2 receptor, SARS-CoV-2 entry receptor, in 
COPD and Smokers [120].

Interestingly, allergic asthma characterized by a Th2 immune response, with 
increased production of IL-4, IL-5 and IL-13, is associated with a reduction of the 
expression of ACE2 receptor [65]. And asthma is associated with a reduction in the 
severity of COVID-19 [121, 122]. It is important to highlight that non-allergic asthma 
or neutrophilic asthma increases the production of IL-17 in the lungs, which increases 
ACE2 expression, therefore possibly increasing the risk for severe COVID-19 [123].

Other respiratory diseases such as bronchiectasis, sarcoidosis, idiopathic pul-
monary fibrosis, and lung cancer are also associated with an increase in COVID-
19 severity, but further investigations are needed to understand the immune 
mechanism [124].
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Since asthma, smoking and COPD are also commonly associated with other 
comorbidities, this could further increase the COVID-19 severity and death risk in 
these populations [125, 126].

4.5 Neoplasia (cancer)

Cancer patients are regarded as more vulnerable to severe COVID-19, due to 
the direct immunosuppression caused by the tumor or indirectly by the antitumor 
treatment [127, 128]. Patients with hematological malignancies, such as leukemia 
and lymphoma, have an exacerbated cellular proliferation with a reduction in the 
immune response, increasing the susceptibility to infections [129].

Location and cancer stage can also impact COVID-19 development. A recent report 
among patients with cancer identified that lung cancer, gastrointestinal cancer, and 
breast cancer are the most common [130]. Patients with stage IV cancer also account 
for a high number of COVID-19-infected patients [130, 131]. Cancer patients with 
COVID-19 also have an increase in hospitalization duration and severity [130, 131].

In addition to immune suppression, hospitalized cancer patients or patients 
undergoing frequent hospital visits may be at great risk for SARS-CoV-2 infection, 
increasing the necessity for precautionary measures [132, 133].

4.6 Immunodeficiencies

Immunodeficiencies are uncommon and chronic disorders of the immune 
system, that hinders the ability to develop an appropriate immune response, leading 
to deficient, exacerbated, or absent response to an infection or disease [134]. The 
immunodeficiency can be localized in any cell or structure of the immune system, 
compromising barrier immunity, innate immunity, or adaptive immune.

Immunodeficiency disorders can be divided into primary and secondary immu-
nodeficiencies. Primary immunodeficiencies are a consequence of genetic defects, 
and secondary immunodeficiencies are caused by external or environmental fac-
tors, such as nutritional disorders or HIV [135].

The most common primary immunodeficiency is the common variable immu-
nodeficiency that affects the patients’ ability to mount an appropriate humoral 
response during infection [136]. These patients are commonly treated with 
immunoglobulin replacement [137]. A recent case report identified a patient with 
common variable immunodeficiency and severe COVID-19, that was success-
fully treated with COVID-19 convalescent plasma [138]. Although it is important 
to highlight that convalescent plasma treatment has controversial results, even 
when applied at the beginning of the infection and with high titers of neutralizing 
antibodies [139–141].

Reports of patients with primary and secondary immunodeficiencies identified an 
increase in severity and mortality due to COVID-19 in these patients in comparison 
with available data on COVID-19 [142, 143]. Also, patients with immunodeficiencies 
can present other comorbidities, further increasing the death risk by COVID-19 and 
increased risk for the development of secondary infections during hospitalization 
[142, 143]. Certain immunodeficiencies compromise specific anti-viral immune 
responses, for example, TLR7 gene defect, with compromised type I and II interferon 
production, are linked to severe COVID-19 in young individuals [144].

A common secondary immunodeficiency AIDS, the one caused by HIV, can 
compromise the anti-viral immune response during COVID-19. Patients with low 
CD4+ count have a higher severity and mortality risk compared with patients with 
normal CD4+ count [145]. In patients with HIV viral suppression, other comorbidi-
ties may increase patients’ death risk during COVID-19 [30, 145].
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4.7 Co-infections

Bacteria and viral co-infections and secondary infection in COVID-19 
patients are important factors in the patients’ treatment and outcome [146]. 
Co-pathogens included bacteria, fungi, parasites and viruses can modulate 
patients’ immunity and also curb the anti-SARS-CoV-2 immune response [146]. 
Patients with invasive mechanical ventilation are at greater risk for bacterial co-
infections [17, 147], also several patients report diarrhea without gastrointestinal 
SARS-CoV-2 infection, which could be a secondary gastrointestinal infection or 
microbiota dysbiosis [108].

Co-infections can increase the susceptibility to severe COVID-19, by an increase 
in the hyper inflammation or hypercoagulation status [74, 148]. Few reports 
have investigated the impact of parasites on COVID-19, such as leishmaniasis, 
toxoplasmosis, malaria, and Chagas disease [148–151]. Clinical manifestations 
of those diseases are usually associated with an increased and unregulated type 1 
pro-inflammatory response, similar to COVID-19 [151]. In fact, a few case reports 
identified that chagasic patients with COVID-19 present an exacerbated inflamma-
tory response, with a high lethality [74, 148]. This represents a further difficulty 
in the treatment of COVID-19, since the combination of drugs for the treatment 
of COVID-19 and the co-infections, the immune response to the co-infections and 
possible comorbidities need to be equated.

5. COVID-19 vaccines

COVID-19 vaccines are currently the only prophylactic/curative treatment 
for COVID-19, since drug repurposing and monoclonal antibodies trials had 
limited success, and investigations with convalescent plasma have conflicting 
results [87, 139–141, 152, 153]. Several vaccines are currently developed and 
in developing. Due to the high demand for a COVID-19 vaccine, significant 
advances in vaccine technologies have been made in the last year. Currently, 3 
types of vaccines are being administered worldwide: inactivated virus vaccines 
(IVV) [154], vaccines that use mRNA with lipid nanoparticle (LNP) delivery 
systems [155], and vaccines containing DNA delivered within non-replicating 
recombinant adenovirus (AdV) vector systems [156]. AdV and mRNA vaccines 
aim to induce the production of SARS-CoV-2 S protein and induces the produc-
tion of neutralizing antibodies [139, 141, 153].

All vaccines can induce the recognition of the viral antigen (immunogen) 
and also serve as an adjuvant to boost the immune response, the immunogen is 
recognized by innate immunity receptors such as toll-like receptors 3 and 7, RIG-I, 
and NOD2 inducing cellular activation and the production of interferons. This 
process will also induce the migration of DCs to secondary lymphoid organs and 
prime SARS-CoV-2-specific T cells [139, 141, 153]. Further questions regarding the 
effectiveness of vaccines are still going to be investigated, especially the long-term 
immunity and efficacy against new variants.

6. Conclusions

COVID-19 is a hyperinflammatory and hypercoagulation syndrome, with a 
hallmark increase in inflammatory mediators such as C-reactive protein, creatinine, 
urea, cytokines, and chemokines in the blood, with an increase in the neutrophil 
count and reduction in lymphocyte and platelet count. These processes lead to a 
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dysregulated immune response that can be lethal. The overall mortality ratio is still 
unknown but is higher in patients with comorbidities. Patients with common and 
rare comorbidities may present differences in the immune response in comparison 
to healthy individuals.

The COVID-19 pandemic is a hallmark of world history, this systemic disease 
killed millions,  raised ethical dilemmas, and put science and immunology on the 
daily lives of millions worldwide. Immunological investigations have helped the 
development of treatments and vaccines for this disease, but many questions are 
still left to be answered. The current knowledge is limited, but never in the previous 
history so many researchers around the world were focused on investigations on 
one disease. Several technologies developed and tested during this pandemic may 
bring light to other diseases, such as the new technologies in vaccine development 
and treatments.
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Chapter 7

Clinical Characteristics of  
COVID-19 Infection
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Abstract

The typical clinical symptoms of the patients who suffered from the novel viral 
pneumonia were fever, cough, and myalgia or fatigue with abnormal chest CT, and the 
less common symptoms were sputum production, headache, hemoptysis, and diarrhea. 
This new infectious agent is more likely to affect older males to cause severe respiratory 
diseases. Major risk factors for severe illness and mortality from COVID-19 are age, 
comorbidities such as: heart disease, hypertension, prior stroke, diabetes, chronic lung 
disease, and chronic kidney disease and associated with adverse outcomes. Loss of taste 
and smell preceding the onset of respiratory symptoms has been reported.

Keywords: COVID-19, Clinical, Coronavirus, SARS-CoV

1. Introduction

This chapter will discuss the clinical features of COVID-19. The epidemiology, 
virology, prevention, and diagnosis of COVID-19 are discussed elsewhere.

1.1 Asymptomatic infections

Asymptomatic infections have been well documented. One review estimated 
that 33 percent of people with SARS-CoV-2 infection never develop symptoms [1]. 
This estimate was based on four large population-based, cross-sectional surveys, 
among which the median proportion of individuals who had no symptoms at the 
time of a positive test was 46 percent (range 43 to 77 percent), and on 14 longi-
tudinal studies, among which a median of 73 percent of initially asymptomatic 
individuals remained so on follow-up. However, there is still uncertainty around the 
proportion of asymptomatic infections, with a wide range reported across studies. 
Additionally, the definition of “asymptomatic” may vary across studies, depending 
on which specific symptoms were assessed.

Patients with asymptomatic infection may have objective clinical abnormalities. 
As an example, in a study of 24 patients with asymptomatic infection who all under-
went chest computed tomography (CT), 50 percent had typical ground-glass opaci-
ties or patchy shadowing, and another 20 percent had atypical imaging abnormalities 
[2]. Five patients developed low-grade fever, with or without other typical symptoms, 
a few days after diagnosis. In another study of 55 patients with asymptomatic infec-
tion identified through contact tracing, 67 percent had CT evidence of pneumonia on 
admission; only two patients developed hypoxia, and all recovered [3].

As above, some individuals who are asymptomatic at the time of diagnosis go 
on to develop symptoms (ie, they were actually presymptomatic). In one study, 
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symptom onset occurred a median of four days (range of three to seven) after the 
initial positive RT-PCR test [4].

1.2 Severity of symptomatic infection

1.2.1 Spectrum of severity and case fatality rates

The spectrum of symptomatic infection ranges from mild to critical; most infec-
tions are not severe. Specifically, disease severity may be classified as:

• Mild disease (no or mild pneumonia) was reported in 81 percent of cases.

• Severe disease (eg, with dyspnea, hypoxia, or > 50 percent lung involvement 
on imaging within 24 to 48 hours) was reported in 14 percent.

• Critical disease (eg, with respiratory failure, shock, or multiorgan dysfunc-
tion) was reported in 5 percent.

• The overall case fatality rate was 2.3 percent; no deaths were reported among 
noncritical cases.

Since many severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infections are asymptomatic, the infection fatality rate (ie, the estimated mortal-
ity rate among all individuals with infection) is considerably lower and has been 
estimated by some analyses to be between 0.5 and 1 percent. Conversely, the 
reported case fatality rates are likely underestimates of the true case fatality rates, as 
many fatal infections are undiagnosed. Neither the case fatality rate nor the infec-
tion fatality rate account for the full burden of the pandemic, which includes excess 
mortality from other conditions because of delayed care, overburdened health care 
systems, and social determinants of health.

1.2.2 Risk factors for severe illness

Severe illness can occur in otherwise healthy individuals of any age, but it 
predominantly occurs in adults with advanced age or certain underlying medical 
comorbidities. Specific demographic features and laboratory abnormalities have 
also been associated with severe disease.

1.2.3 Increasing age

Individuals of any age can acquire SARS-CoV-2 infection, although adults of 
middle age and older are most commonly affected, and older adults are more likely 
to have severe disease.

In several cohorts of hospitalized patients with confirmed COVID-19, the 
median age ranged from 49 to 56 years.

Older age is also associated with increased mortality. In contrast, individuals 
aged 18 to 34 years accounted for only 5 percent of adults hospitalized for COVID-
19 in a large health care database study and had a mortality rate of 2.7 percent; 
morbid obesity, hypertension, and male sex were associated with mortality in that 
age group.

Symptomatic infection in children and adolescents appears to be relatively 
uncommon; when it occurs, it is usually mild, although a small proportion experi-
ence severe and even fatal disease.
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1.2.4 Comorbidities

Comorbidities and other conditions that have been associated with severe 
illness and mortality include Cardiovascular disease, Diabetes mellitus, Chronic 
obstructive pulmonary disease and other lung diseases, Cancer (in particular 
hematologic malignancies, lung cancer, and metastatic disease), Chronic kidney 
disease, Solid organ or hematopoietic stem cell transplantation, Obesity and 
Smoking.

1.2.5 Socioeconomic background and sex

Certain demographic features have also been associated with more severe 
illness. Males have comprised a disproportionately high number of critical cases 
and deaths in multiple cohorts worldwide. Black, Hispanic, and South Asian 
individuals comprise a disproportionately high number of infections and deaths 
due to COVID-19, likely related to underlying disparities in the social determinants 
of health.

1.2.6 Laboratory abnormalities

Particular laboratory features have also been associated with worse outcomes. 
These include, Lymphopenia, Thrombocytopenia, Elevated liver enzymes, Elevated 
lactate dehydrogenase (LDH), Elevated inflammatory markers (eg, C-reactive 
protein [CRP], ferritin) and inflammatory cytokines (ie, interleukin 6 [IL-6] and 
tumor necrosis factor [TNF]-alpha), Elevated D-dimer (>1 mcg/mL), Elevated pro-
thrombin time (PT), Elevated troponin, Elevated creatine phosphokinase (CPK), 
Acute kidney injury. Deficiencies in certain micronutrients, in particular vitamin D, 
have been associated with more severe disease in observational studies.

1.2.7 Viral factors

Patients with severe disease have also been reported to have higher viral RNA 
levels in respiratory specimens than those with milder disease, although some 
studies have found no association between respiratory viral RNA levels and dis-
ease severity. Detection of viral RNA in the blood has been associated with severe 
disease, including organ damage (eg, lung, heart, and kidney), coagulopathy, and 
mortality.

1.2.8 Genetic factors

Host genetic factors are also being evaluated for associations with severe disease. 
One genome-wide association study identified a relationship between polymor-
phisms in the genes encoding the ABO blood group and respiratory failure from 
COVID-19 (type A associated with a higher risk) [5]. Type O has been associated 
with a lower risk of both infection and severe disease [6].

1.3 Incubation period

The incubation period for COVID-19 is generally within 14 days following 
exposure, with most cases occurring approximately four to five days after exposure. 
However, determinations of the incubation period can be imprecise and may differ 
by the method of assessing exposure and the specific calculations used for the 
estimate.
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1.4 Initial presentation

Among patients with symptomatic COVID-19, cough, myalgias, and headache 
are the most commonly reported symptoms. Other features, including diarrhea, 
sore throat, and smell or taste abnormalities. Pneumonia is the most frequent seri-
ous manifestation of infection, characterized primarily by fever, cough, dyspnea, 
and bilateral infiltrates on chest imaging. Although some clinical features (in par-
ticular smell or taste disorders) are more common with COVID-19 than with other 
viral respiratory infections, there are no specific symptoms or signs that can reliably 
distinguish COVID-19. However, development of dyspnea approximately one week 
after the onset of initial symptoms may be suggestive of COVID-19.

The range of associated symptoms includes; Cough in 50 percent, Fever in 43 
percent, Myalgia in 36 percent, Headache in 34 percent, Dyspnea in 29 percent, Sore 
throat in 20 percent, Diarrhea in 19 percent, Nausea/vomiting in 12 percent, Loss of 
smell or taste, abdominal pain, and rhinorrhea in fewer than 10 percent each.

In a meta-analysis of observational studies, the pooled prevalence estimates for 
smell or taste abnormalities were 52 and 44 percent, respectively (although rates 
ranged from 5 to 98 percent across studies) [7]. However, the rate of objective smell 
or taste anomalies may be lower than the self-reported rates.

Most subjective smell and taste disorders associated with COVID-19 do not 
appear to be permanent; in a follow-up survey of the 202 patients with COVID-19, 
89 percent of those who noted smell or taste alterations reported resolution or 
improvement by four weeks [8].

Although not noted in the majority of patients, gastrointestinal symptoms (eg, 
nausea and diarrhea) may be the presenting complaint in some patients. In a sys-
tematic review of studies reporting on gastrointestinal symptoms in patients with 
confirmed COVID-19, the pooled prevalence was 18 percent overall, with diarrhea, 
nausea/vomiting, or abdominal pain reported in 13, 10, and 9 percent, respectively [9].

Nonspecific signs and symptoms, such as falls, general health decline, and 
delirium, have been described in older adults, particularly those over 80 years old 
and those with underlying neurocognitive impairments.

Dermatologic findings in patients with COVID-19 are not well characterized. 
There have been reports of maculopapular, urticarial, and vesicular eruptions and 
transient livedo reticularis. Reddish-purple nodules on the distal digits similar in 
appearance to pernio have also been described, mainly in children and young adults 
with documented or suspected COVID-19.

1.5 Acute course and complications

Symptomatic infection can range from mild to critical. Some patients with ini-
tially non-severe symptoms may progress over the course of a week. In one study of 
138 patients hospitalized in Wuhan for pneumonia due to severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), dyspnea developed after a median of five 
days since the onset of symptoms, and hospital admission occurred after a median 
of seven days of symptoms [10].

1.5.1 Recovery and long-term sequelae

The time to recovery from COVID-19 is highly variable and depends on age and 
pre-existing comorbidities in addition to illness severity. Individuals with mild 
infection are expected to recover relatively quickly (eg, within two weeks) whereas 
many individuals with severe disease have a longer time to recovery (eg, two to 
three months). The most common persistent symptoms include fatigue, dyspnea, 



117

Clinical Characteristics of COVID-19 Infection
DOI: http://dx.doi.org/10.5772/intechopen.99088

chest pain, cough, and cognitive deficits. Data also suggest the potential for ongoing 
respiratory impairment and cardiac sequelae. Some patients who have recovered 
from COVID-19 have persistently or recurrently positive nucleic acid amplification 
tests (NAATs) for SARS-CoV-2. Although recurrent infection or reinfection cannot 
be definitively ruled out in these settings, evidence suggests that these are unlikely.

2. Special populations

2.1 Pregnant and breastfeeding women

The general approach to prevention, evaluation, diagnosis, and treatment of 
pregnant women with suspected COVID-19 is largely similar to that in nonpregnant 
individuals.

2.2 Children

Symptomatic infection in children appears to be relatively uncommon; when it 
occurs, it is usually mild, although severe cases have been reported.

2.3 People with HIV

The impact of HIV infection on the natural history of COVID-19 is uncertain. 
The clinical features appear the same as in the general population. However, many 
of the comorbid conditions associated with severe COVID-19 (eg, cardiovascular 
disease) occur frequently among persons with HIV, and it is unclear whether these 
or other potential confounding features, rather than HIV infection itself, contribute 
to the risk. Low CD4 cell count may be associated with critical illness and death in 
patients with HIV and COVID-19.

3. Oral manifestations associated with COVID-19

Although many physicians continue to question the direct link between SARS-
CoV-2 and oral disease, studies suggest that the mouth might be the most vulner-
able area to this virus due to the abundance of the ACE2 (angiotensin converting 
enzyme) receptor in oral tissue.

The ACE2 receptor has been well-documented to be the target receptor of the 
SARS-CoV-2 virus and the portal of entry into the human cell. Compared with 
other oral tissues, cells of the salivary glands, tongue, and tonsils carry the most 
RNA linked to proteins that the SARS-CoV-2 virus needs to infect cells [11].

Oral manifestations associated with COVID-19 infection includes:

3.1 Gingival inflammation

Bleeding and inflammation in oral tissue have been suggested to be a result 
of a generalized increase in inflammation due to elevated levels of cytokines 
and interleukins initiated by the SARS CoV-2 virus. COVID-19 disease sever-
ity has been linked to an immune dysregulation, leading to a cytokine storm. 
Periodontal disease can increase levels of circulating cytokines, particularly 
interleukin-6 (IL-6), which has been implicated as one of the major interleukins 
leading to the cytokine storm [12] and periodontal disease is currently being 
examined as a possible contributing disease toward COVID-19 severity.
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3.2 Xerostomia (dry mouth)

COVID-19 has been suggested to cause dry mouth for a variety of reasons. The 
most common is mouth breathing by an individual due to mask use. Mouth breath-
ing can desiccate oral tissue especially without frequent hydration. Studies suggest 
that another biologic mechanism involves viral entry into the salivary glands, which 
are known to be abundant in the ACE2 receptor [13].

3.3 Oral ulcerations and gingival tissue breakdown

COVID-19 has been associated with vascular anomalies due to viral damage 
of blood vessels a process whereby the virus gains entry into the endothelial cells 
that line blood vessels via the ACE2 receptor and damages them. Tissue necrosis, 
including oral ulcerations, can be the result of vessel damage. Ulceration and tissue 
damage can be further exacerbated by increased inflammation and upregulation in 
inflammatory markers due to the SARS-CoV-2 virus [14].

3.4 Loss of taste and smell

A sudden onset in loss of taste (ageusia) and smell (anosmia) are two symptoms 
that can be the earliest indicators of COVID-19. An average of 47% (up to 80%) 
of individuals who test positive for COVID-19 can have subjective complaints of 
taste and smell loss, particularly in cases of asymptomatic or mild disease [15]. The 
mechanism behind this loss is suspected to be viral disruption of cranial nerves 1, 
7, 9, and 10, as well as the supporting cells of neural transmission [16]. In addition, 
because the tongue has an abundance of ACE2 receptors, direct viral entry into 
tongue cells is possible.

4. Laboratory findings

Common laboratory findings among hospitalized patients with COVID-
19 include lymphopenia, elevated aminotransaminase levels, elevated lactate 
dehydrogenase levels, elevated inflammatory markers (eg, ferritin, C-reactive 
protein, and erythrocyte sedimentation rate), and abnormalities in coagulation 
tests. Lymphopenia is especially common, even though the total white blood cell 
count can vary. On admission, many patients with pneumonia have normal serum 
procalcitonin levels; however, in those requiring ICU care, they are more likely to 
be elevated. Several laboratory features, including high D-dimer levels and more 
severe lymphopenia, have been associated with critical illness or mortality.

5. Imaging findings

5.1 Chest radiographs

Chest radiographs may be normal in early or mild disease. Common abnormal 
radiograph findings were consolidation and ground-glass opacities, with bilateral, 
peripheral, and lower lung zone distributions; lung involvement increased over the 
course of illness, with a peak in severity at 10 to 12 days after symptom onset.

Spontaneous pneumothorax has also been described, although it is relatively 
uncommon.
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5.2 Chest CT

Although chest computed tomography (CT) may be more sensitive than chest 
radiograph and some chest CT findings may be characteristic of COVID-19, no 
finding can completely rule in or rule out the possibility of COVID-19. Chest CT in 
patients with COVID-19 most commonly demonstrates ground-glass opacification 
with or without consolidative abnormalities, consistent with viral pneumonia. In a 
systematic review of studies evaluating the chest CT findings in over 2700 patients 
with COVID-19, the following abnormalities were noted: Ground-glass opacifica-
tions, Ground-glass opacifications with mixed consolidation, adjacent pleural 
thickening, Interlobular septal thickening, Air bronchograms. Other less common 
findings were a crazy paving pattern (ground-glass opacifications with superim-
posed septal thickening), bronchiectasis, pleural effusion, pericardial effusion, and 
lymphadenopathy. Chest CT abnormalities in COVID-19 are often bilateral, have a 
peripheral distribution, and involve the lower lobes.

Although these findings are common in COVID-19, they are not unique to it and 
are frequently seen with other viral pneumonias.

As with chest radiographs, chest CT may be normal soon after the onset of 
symptoms, with abnormalities more likely to develop over the course of illness. 
However, chest CT abnormalities have also been identified in patients prior to 
the development of symptoms and even prior to the detection of viral RNA from 
upper respiratory specimens. Among patients who clinically improve, resolution of 
radiographic abnormalities may lag behind improvements in fever and hypoxia.

5.3 Lung ultrasound

Findings on lung ultrasound in patients with documented COVID-19 have 
included thickening, discontinuation, and interruption of the pleural line; B lines 
visible under the pleura that appear discrete, multifocal, or confluent; patchy, strip, 
and nodular consolidations; and air bronchogram signs in the consolidations.

6. Complications of COVID-19

Several complications of COVID-19 have been described:

6.1 Respiratory failure

Acute respiratory distress syndrome (ARDS) is the major complication in 
patients with severe disease and can manifest shortly after the onset of dyspnea.

6.2 Cardiac and cardiovascular complications

Other complications have included arrhythmias, myocardial injury, heart 
failure, and shock.

6.3 Thromboembolic complications

Venous thromboembolism (VTE), including extensive deep vein thrombosis 
(DVT) and pulmonary embolism (PE), is common in severely ill patients with 
COVID-19, particularly among patients in the intensive care unit (ICU), among 
whom reported rates have ranged from 10 to 40 percent. Arterial thrombotic 
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events, including acute stroke (even in patients younger than 50 years of age with-
out risk factors) and limb ischemia, have also been reported.

6.4 Neurologic complications

Encephalopathy is a common complication of COVID-19, particularly among 
critically ill patients; Stroke, movement disorders, motor and sensory deficits, 
ataxia, and seizures occur less frequently.

6.5 Inflammatory complications

Some patients with severe COVID-19 have laboratory evidence of an exuberant 
inflammatory response, with persistent fevers, elevated inflammatory markers 
(eg, D-dimer, ferritin), and elevated proinflammatory cytokines; these labora-
tory abnormalities have been associated with critical and fatal illnesses. Although 
these features had been likened to cytokine release syndrome (eg, in response to T 
cell immunotherapy), the levels of proinflammatory cytokines in COVID-19 are 
substantially lower than those seen with cytokine release syndrome as well as with 
sepsis. Other inflammatory complications and auto-antibody-mediated manifesta-
tions have been described.

Guillain-Barré syndrome may occur, with onset 5 to 10 days after initial symp-
toms. A multisystem inflammatory syndrome with clinical features similar to those 
of Kawasaki disease and toxic shock syndrome has also been described in children 
with COVID-19. In the rare adults in whom it has been reported, this syndrome 
has been characterized by markedly elevated inflammatory markers and multi-
organ dysfunction (in particular cardiac dysfunction), but minimal pulmonary 
involvement.

6.6 Secondary infections

Secondary infections do not appear to be common complications of COVID-
19 overall, the reported rate of bacterial or fungal coinfections was 8 percent; 
these included mainly respiratory infections and bacteremia. Several reports have 
described presumptive invasive aspergillosis among immunocompetent patients 
with ARDS from COVID-19, although the frequency of this complication is 
uncertain.

Autopsy studies have noted detectable SARS-CoV-2 RNA (and, in some cases, 
antigen) in the kidneys, liver, heart, brain, and blood in addition to respiratory 
tract specimens, suggesting that the virus disseminates systemically in some cases; 
whether direct viral cytopathic effects at these sites contribute to the complications 
observed is uncertain.

7. Summary

The clinical spectrum of severe acute respiratory syndrome coronavirus 2 
(SARS-COV-2) infection ranges from asymptomatic infection to critical and fatal 
illness. The proportion of infections that are asymptomatic is uncertain, as the defi-
nition of “asymptomatic” varies across studies and longitudinal follow-up to iden-
tify those who ultimately develop symptoms is often not performed. Nevertheless, 
some estimates suggest that up to 40 percent of infections are asymptomatic.

Most symptomatic infections are mild. Severe disease (eg, with hypoxia and 
pneumonia) has been reported in 15 to 20 percent of symptomatic infections; it 
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can occur in otherwise healthy individuals of any age, but predominantly occurs in 
adults with advanced age or certain underlying medical comorbidities.

Cough, myalgias, and headache are the most commonly reported symptoms. 
Other features, including diarrhea, sore throat, and smell or taste abnormalities, 
are also well described. Pneumonia, with fever, cough, dyspnea, and infiltrates on 
chest imaging, is the most frequent serious manifestation of infection. There are no 
specific clinical features that can yet reliably distinguish COVID-19 from other viral 
respiratory infections.

Certain laboratory features, such as lymphopenia, elevated D-dimer, and 
elevated inflammatory markers have been associated with severe COVID-19.

Acute respiratory distress syndrome (ARDS) is the major complication in 
patients with severe disease and can manifest shortly after the onset of dyspnea. 
Other complications of severe illness include thromboembolic events, acute cardiac 
injury, kidney injury, and inflammatory complications.

The possibility of COVID-19 should be considered primarily in patients with 
compatible symptoms, in particular fever and/or respiratory tract symptoms, who 
reside in or have traveled to areas with community transmission or who have had 
recent close contact with a confirmed or suspected individual with COVID-19. 
All symptomatic patients with suspected SARS-CoV-2 infection should undergo 
testing.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Loss of Smell and Taste as Clinical 
Onset of COVID-19
Nihal Seden

Abstract

Initially, symptoms of COVID-19 associated with Ear-Nose-Throat were thought 
to be flulike symptoms in the foreground. Such as fever, chills, cough, dyspnoea, 
myalgia, headache, sore throat. Olfactory and gustatory dysfunction was not a 
noticeable symptom at first. As the number of cases has risen worldwide, sudden 
onset hyposmia/anosmia has received increasing attention as a symptom of COVID-
19. The reported incidence of anosmia varies internationally: as low as 30% in South 
Korea, and as high as 88% in Europe. The loss of smell that occurs in COVID-19 
infection its general character is sudden onset anosmia. There is currently no specific 
treatment for COVID-19 related anosmia. Olfactory dysfunction can heal spontane-
ously. However, not a small number of patients may have permanent impairment.

Keywords: olfactory dysfunction, postviral anosmia, COVID-19 related anosmia, 
ENT

1. Introduction

Like all healthcare workers, Ear-Nose-Throat (ENT) specialists did not hesitate 
to take part in the forefront of the epidemic, and investigated the issues where they 
could benefit both in terms of their expertise and as primary physicians in combat-
ing the pandemic.

Initially, symptoms of COVID-19 associated with ENT were thought to be flulike 
symptoms in the foreground. Such as fever, chills, cough, dyspnoea, myalgia, head-
ache, sore throat, etc. [1]. Olfactory and gustatory dysfunction was not a noticeable 
symptom at first. In the first studies reported from China, there were no evidence 
of patients with symptoms of changes and/or loss of smell and taste [2–4]. As the 
number of cases has risen worldwide, sudden onset hyposmia/anosmia was received 
increasing attention as a symptom of COVID-19. Due to the efforts of the American 
Academy of Otolaryngology-Head and Neck Surgery and the British Association of 
Otorhinolaryngology-Head and Neck Surgery, sudden onset hyposmia and anosmia 
were accepted as symptoms of COVID-19 by the Centers for Disease Control and 
Prevention (CDC) and the World Health Organization on 17 April 2020 and 4 May 
2020, respectively [5–7]. The reported incidence of anosmia varies internationally: as 
low as 30% in South Korea, and as high as 88% in Europe [8]. Various hypotheses are 
on the agenda as to what might cause this difference. One hypothesis is focused on the 
ethnicity-host factor. A meta-analysis, reported on nearly 40,000 patients across 104 
studies found that anosmia (and ageusia) is more prevalent in Caucasians than Asians 
(54.8 vs. 17.7%, respectively) [9]. In another hypothesis, spike protein mutations - 
pathogenic factor - are questioned as the cause of the difference in smell loss [10].  
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In a multicenter European study, a total of 357 patients (85.6%) had olfactory dysfunc-
tion related to COVID-19 infection. Among them, 284 (79.6%) patients were anosmic, 
and 73 (20.4%) were hyposmic. Phantosmia and parosmia were noted in 12.6% and 
32.4% of the patients during the disease course, respectively [11]. As we leave behind 
a year of the pandemic today, the sudden onset of odor loss and taste disturbance are 
now among the most important ENT-related symptoms, and olfactory disorder is the 
best predictor of COVID-19 status of all the associated symptoms [12].

2. Pathophysiolgy

Coronaviruses are known to cause odor loss from previous studies [13]. 
However, the pathophysiological mechanism of COVID-19 that causes odor and 
taste disorders has not been fully clarified yet.

2.1 Pathophysiolgy of gustatory dysfunction

In humans, the sense of taste is carried by three cranial nerves. Facial nerve (7th 
cranial nerve), glossopharyngeal nerve (9th cranial nerve) and vagus (10th cranial 
nerve). When the terminal branches are stimulated, the sense of taste reaches to the 
nucleus solitarius in the brainstem and then it is carried to the thalamus. Hypogeusia 
can develop through the involvement of one of these three nerves, the nucleus solitarius 
or tract, or any of the thalamus nuclei. Angiotensin-Converting Enzyme 2 (ACE2)  
receptors, which allow SARS-CoV-2 to attach to the tissue, are widely expressed in the 
mucous membrane of the entire oral cavity, especially in the tongue [14–16]. The role 
of ACE2 in modulating taste perception has been emphasized in many studies analyz-
ing the chemosensitive side effects of ACE2 inhibitors and angiotensin II blockers [16, 
17]. Taste disturbance usually regresses after cessation of treatment. Also, a condition 
recently identified for SARS-CoV-2 is that it can bind to sialic acid receptors [18]. Sialic 
acid is an essential component of saliva mucin and protects glycoproteins that transport 
taste molecules into taste pores from early enzymatic degradation [16]. A decrease in 
sialic acid in saliva is associated with an increase in the threshold of taste [19]. Although 
it has been suggested that the deterioration in the perception of smell may also cause the 
loss of taste function due to the close functional link between these two chemosensory 
systems, the sense of taste seems to be more affected in recent publications.

2.2 Pathophysiolgy of olfactory dysfunction

Chen et al. reported that ACE2 immunohistochemical expression was 200 to 
700 times greater in the sustentacular cells of the olfactory neuroepithelium than 
nasal or tracheal epithelia [20]. An animal study, showed increase in macrophages 
in the olfactory ephitelium and lamina propria after SARS-CoV-2 infection [21]. 
Generally, most data indicate that the main targets of SARS-CoV-2 are sustentacular 
cells in the olfactory epithelium [20–24].

These results show that hyposmia or anosmia is mainly caused by nasal epithe-
lial infection and not a result of general malaise.

3. Diagnosis of olfactory and taste disorders in COVID-19

In many studies on the transmission method of the SARS-CoV-2 virus, it has 
been shown that this virus is transmitted by droplets. Objective olfactory tests may 
pose a risk of contamination and therefore require extra precaution.
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Commonly used objective olfactory tests are the Connecticut Chemosensory 
Clinical Research Center (CCCRC) test, University of Pennsylvania Smell 
Identification test (UPSIT), the Sniffin’ Sticks method and the Odor Stick 
Identification test (OSIT). The UPSIT has four “scratch and sniff” booklets that 
each contain 10 microcapsule fragrances. After people open the capsule, they smell 
the page in the booklet [25, 26]. In the CCCRC test, fragrances are offered in bottles 
that are not transparent [27]. Sniffin’ Sticks are felt tip pens impregnated with 
scents that are handed to the patient to smell [28]. In the OSIT test, the researcher 
folds a piece of fragrant paraffin paper in half to crush the microcapsule and then 
offers it to the participant. The participant then opens and smells the paper [29]. For 
the Sniffin’ Sticks and CCCRC tests, the odor threshold is considered along with the 
ability for odor discrimination, while discrimination alone is assessed in the UPSIT 
and OSIT.

As for the taste, since taste tests can be performed with disposable strips, they 
can be used safely in patients with taste disorders.

Many studies have been published on COVID-19 and odor disorders since 
the beginning of the pandemic, and because of the contamination risk, the vast 
majority were subjective reports based on questionnaires or self-reports [30–32]. 
However, in studies that will be done by performing objective odor tests on patients, 
reports about the importance of obtaining data started to increase; for example 
Leichen et al. examined 86 patients for anosmia and hyposmia rates by testing with 
Sniffin’ Sticks test, which is a psychophysical odor test. A total of 33 (38%) patients 
who reported that they had a loss of smell were normosmic according to the Sniffin’ 
Sticks test. In the anosmic group, 78.8% of the patients stated that they had a loss of 
smell [33]. We had managed to evaluate olfactory objectively, without any risk of 
contamination, by a method that we described at our study [34].

4. Clinical features

The general feature of loss of smell in COVID-19 infection is sudden onset 
anosmia. Gane et al., stated in their case series, the isolated sudden onset anosmia 
syndrome (ISOA), could be the only finding of COVID-19 without any other 
symptoms [35]. Usually, olfactory disorder is not accompanied by nasal congestion 
or rhinorrhea.

Olfactory dysfunction due to COVID-19 infection seems to effect females and 
young individuals more commonly.

Is this odor dysfunction completely reversible, or how long should a patient wait 
for full recovery of olfactory function? There have been many studies on the allevia-
tion of the loss of smell in COVID-19 [36–45].

Complete recovery of olfactory dysfunction varies between 11-49% and up to 
25% of the patients seems to show no improvement at all.

5. Treatment

There is currently no specific treatment for COVID-19 related anosmia. 
Olfactory dysfunction can heal spontaneously. However, not a small number of 
patients may have permanent impairment. Efficacy of the treatments are unknown 
due to lack of data; treatments targeting post-infectious olfactory dysfunction 
could potentially be beneficial for COVID-19. While the use of systemic steroids is 
not recommended in patients with odor loss, the use of spray form and long appli-
cators has been found appropriate for nasal steroids [46]. Fragrance therapy gives 
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successful results in postviral odor loss, especially when it is started early and used 
for at least three months. Therefore, in the loss of smell associated with COVID-19, 
fragrance therapy, including rose, lemon, clove and eucalyptus fragrances, each 
scent is sniffed for twenty seconds twice a day [47].

6. Other ENT related symptoms of COVID-19

In patients without pneumonia, the COVID-19 clinic is similar to some diseases 
frequently encountered by ENT physicians in the outpatient clinic. COVID-19 can 
be confused with the flu or common cold in terms of initial symptoms, causing 
patients to apply to the ENT clinic in the foreground. There may be serous nasal 
discharge, hyperemic oropharynx, watery eyes and tearing. Since hoarseness is 
not among the symptoms mentioned, it may be thought that there is no cause of 
laryngitis or findings similar to laryngitis are not found on examination. Sore throat 
is a common symptom of COVID-19. Most of pharyngitis or sore throat is of viral 
origin and these pathogens are predominantly rhinovirus, influenza, adenovirus, 
coronavirus (previously isolated types) and parainfluenza virus [48].

Other human corona viruses are common cause of viral pharyngitis. Considering 
that, Sars-CoV-2 is likely to cause pharyngitis and/or similar clinical features.

Both possibilities should be kept in mind in a patient presenting with hyperemia 
in the oropharynx and difficulty swallowing. Unfortunately, in the current situa-
tion, definitive diagnosis distinction can only be made by laboratory testing. The 
rapid progression and sudden onset of the disease should be thought-provoking for 
COVID-19.

It should be kept in mind that COVID-19 can also cause rhinitis. It may have 
similar symptoms with allergic rhinitis. Although fatigue and weakness due to sleep 
disturbance in allergic rhinitis are reported; muscle pain, malaise and sore throat 
are not expected. Watery and red eyes may occur in both diseases, but itching in the 
eyes, palate and nose can be a guide for allergic diseases. Likewise, flu and cold are 
other common diseases that can be confused with COVID-19. While runny nose is 
more common in colds than other diseases, in influenza and Sars-CoV-2 infection 
dry cough is in the foreground.

7. Conclusions

In the fight against COVID-19, it would not be wrong to say that the most 
important and alarming symptoms specifically to ENT are odor and taste disorders. 
It should be kept in mind that these deficits do not heal completely in all patients.
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Abstract

During SARS-CoV-1 and Middle East Respiratory Distress Syndrome (MERS) 
outbreaks it was observed a particularly elevated incidence of cardiovascular disease 
among patients. With COVID-19, this correlation becomes evident again. However, 
the cardiovascular impacts by COVID-19 pandemic are not yet well established 
although publications about its potential deleterious effects are constant. Thus, 
aimed to carry a systematic review of the literature with meta-analysis, the follow-
ing question was used as a guide: what practical contributions does the scientific 
literature produced in the period of 2019-2020 has to offer about the impact of the 
COVID-19 on cardiovascular system? A systematic review of the literature using 
the Virtual Health Library (VHL) and PubMed with the following descriptors: 
#1 “cardiovascular disease” [MeSH] AND #2 “COVID-19” [keyword], as well as 
their equivalents in the Portuguese and Spanish language, during the period from 
December 2019 to March 2020 was performed. One hundred articles were found 
in Pubmed and twenty-seven were selected. In VHL there are 59 articles and four 
were selected totaling thirty-one papers. The findings were then divided into 
three subcategories: Etiology, Physiopathology and Risk factors of SARS-CoV-2 in 
Cardiovascular System; Clinical presentation, laboratory markers and imagenologi-
cal aspects of SARS-CoV-2 in cardiovascular system; and Anti-Hypertensive Drugs, 
Cardiovascular System and SARS-CoV-2. When it comes to the cardiovascular 
system, these issues are aggravated and urge as a joint commitment from research-
ers, medical and governmental organizations to carry out more robust studies with 
bold methodologies aimed at mapping prognostic factors and assertive therapeutic 
approaches in the management of cardiovascular complications of COVID- 19.

Keywords: cardiovascular disease, coronavirus infections, clinical medicine, 
systematic review

1. Introduction

According to the WHO, there has been a recent increase in the burden of 
cardiovascular disease (CVD), especially in low and middle-income countries [1]. 
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It is estimated that 17.7 million people died from CVD in 2015, representing 31% 
of all deaths globally [2]. In 2020, CVDs are the number 1 cause of death globally, 
taking an estimated of 17.9 million lives each year [3, 4].

COVID-19 again brought the need to discussion an extremely relevant topic that 
was of concern during the SARS-CoV-1 (SARS - 2002) and Middle East Respiratory 
Distress Syndrome (MERS - 2013) epidemics, the increase incidence of cardiovas-
cular disease among patients [5]. Studies show that patients with comorbidities, 
such as hypertension, heart failure, diabetes [6] and elderly people [7] are, among 
other factors, risk factor for severe illness by SARS-CoV-2. Also, COVID-19 is 
caused by the binding of the viral surface spike protein to the human angiotensin-
converting enzyme 2 (ACE2) receptor following activation of the spike protein by 
transmembrane protease serine 2 (TMPRSS2) [8]. Thus, the cardiovascular impacts 
by COVID-19 pandemic are not yet well established although publications about its 
potential deleterious effects are constant.

Aimed to carry a systematic review of the literature with meta-analysis, the fol-
lowing question was used as a guide: what practical contributions does the scien-
tific literature produced in the period of 2019-2020 has to offer about the impact of 
the COVID-19 on cardiovascular system? This review highlights that in a pandemic 
period, cardiovascular pathologies are risk factors from a worsening result. The 
pandemic prevention and control measures can also be used as a way to prevent 
cardiovascular diseases on the population, since fewer people exposed to the virus 
means less cardiovascular risk.

2. Methods

2.1 Literature review

A qualitative systematic review with meta-analysis of the literature using 
the Virtual Health Library (VHL), which hosts recognized databases – LILACS 
(Literatura Latino-americana e do Caribe em Ciências da Saúde), MEDLINE, 
SciELO (Scientific Electronic Library Online), and PubMed was performed. 
Initially, the following descriptors were used: #1 “cardiovascular disease” [MeSH] 
AND #2 “COVID-19” [keyword], as well as their equivalents in the Portuguese and 
Spanish language.

2.2 Eligibility criteria

The period reported in the literature ranged from December 2019 to March 
2020 since the pandemic started in this period. Compilation of the data was 
performed in April 2020. Manuscript selection occurred primarily through the 
analysis of titles and abstracts. Article analysis followed the eligibility criteria: 
(1) At least a combination of the terms described in the search strategy were 
present in the title or words that refer to the theme; (2) Articles written in 
English, Portuguese or Spanish; (3) Articles addressing cardiovascular impact 
of COVID-19 pandemic; (4) Papers repeated in more than one database were 
computed only once; (5) Original papers with the full text available through 
in a virtual library created by the Brazilian Ministry of Health where con-
tent is restricted to authorized users - the CAPES (Coordination of Personal 
Improvement of Higher Level) Periodicals Portal. Thesis, dissertations, and 
monographs were excluded. Some articles were excluded because they generally 
approached other viruses/pandemics or the sample was children.
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To ensure trustworthiness of the findings, data collection was performed, 
individually, by two researchers with divergences being solved by a third senior 
researcher.

Each sample article was thoroughly read and the information was inserted in a 
spreadsheet (Table 1), including the author, publishing year and main study find-
ings. According to the PRISMA protocol (http://www.prisma- statement.org/).

2.3 Ethical issues

Since this is a systematic review, Resolution 510/16 of the Brazilian National 
Health Council (CNS) ensures the dispensation of submission to a Human Beings 
Research Ethics Committee.

3. Result

According to the research strategy, 101 articles were found in Pubmed and 27 
were selected. In VHL, 59 articles were found and four were selected. After the 
eligibility criteria was applied (Figure 1), the results were input in Table 1.

The findings were then divided into three subcategories: Etiology, 
Physiopathology and Risk factors of SARS-CoV-2 in Cardiovascular System; 

Figure 1. 
PRISMA flow diagram.
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Clinical presentation, laboratory markers and imagenological aspects of SARS-
CoV-2 in cardiovascular system; and Anti-Hypertensive Drugs, Cardiovascular 
System and SARS-CoV-2.

4. Discussion

4.1  Etiology, physiopathology and risk factors of SARS-CoV-2 in cardiovascular 
system

SARS-CoV-2 is caused by a novel enveloped beta coronavirus that belongs to 
the Coronaviridae family, a group of positive strand RNA viruses causing human 
respiratory infections. Named after the crown shaped outer coat seen on the 
electron-microscopy, it was first discovered in the 1960s, receiving great attention 
during the 2003 SARS coronavirus (SARS-CoV) outbreak [11]. Seven species of 
these beta-coronaviruses are known to cause human infections, with four mainly 
causing mild flulike symptoms and the remaining three resulting in potentially fatal 
illnesses (SARS, MERS and the ongoing COVID-19) [10].

The transmission of COVID-19 occurs mainly through droplets route. However, 
there are theories that this can occur by fecal-oral route or/and by airborne. The 
average incubation time is less than six days (5.1 days), less than three percent of 
patients (2,5%) develop disease before the third day (2.2 days) after acquiring the 
virus while the rest (97,5%) develop symptoms 11.5 days after the onset of infec-
tion [27].

Although respiratory tract is the primary target for SARS-CoV-2, cardiovascu-
lar system (CVS) may get involved in several different ways [10] as destabilized 
coronary plaque [9], hypoxemia, systemic inflammation and enhanced myocardial 
oxygen demand, a direct cardiovascular injury, likely develops, initiated by binding 
of SARS-CoV-2 to angiotensin-converting enzyme 2 (ACE2) (Figures 2 and 3). This 
receptor is widely expressed in lungs, kidney [5] - renal tubules [26], brain, gut 
[34], gastrointestinal epithelium, Leydig cells in testis [22, 26], but also in the heart, 
where it is localized to macrophages, vascular endothelium, smooth muscle and 
myocytes [33].

Experimental study shows that the immune activity levels (innate immune 
response - NK cells and acquired immune response - B cells, CD8+ T cells and inter-
feron response) in countless human tissues with large number of ACE2 receptors 
are statistical significant (P < 0.05, 0.27 ≤ r ≤ 0.78). In the research, the following 
tissues obtained higher levels of CD8+ T cell - brain, blood vessels, skin and diges-
tive system (pancreas, colon, stomach and esophagus) [3]. On the other hand, 
high levels of beta 17ß-estradiol have been shown to be important for increasing 
the number of ACE2 receptors in kidney and adipose tissues in laboratory stud-
ies. Interestingly, spontaneously hypertensive male mice, after orchiectomy, have 
higher levels of ACE2 than females [16].

In fact, the virus shares the ACE2 as the host cellular receptor for virus spike (S) 
protein according to structural analysis [31, 35] following activation by transmem-
brane protease serine 2 (TMPRSS2) [34]. The virus produces enzymatic shedding 
that inactivates ACE2 and prevents conversion of Ang-II [19]. Besides that, virus 
infection causes damage to pericytes and endothelial dysfunction, especially due 
to damage to capillary endothelial cells. The increased expression of ACE2 proteins 
and mRNAs in patients infected by the virus and with basic heart failure disease 
may have higher risk of critically ill condition and/or heart attack [31] (Figure 2).

Laboratory studies have suggested that other intracellular signaling pathways 
such as Notch could also explain the cytokine storm that ultimately induces heart 
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and lung disease caused by SARS-CoV-2 direct damage to tissues [23]. Besides that, 
other theory is that the “cytokine storm” - term for increasing various interleukins 
and chemokines as TNF-α, IFN-γ, GCSF, MCP-1, MIP-1-α, IL-10, IL-6 and IL-2 
contributes to cardiac injury. These situations are analogous to cardiotoxicity in the 
setting of CAR- T cell (chimeric antigen receptor - T cell) therapy. In this paper, left 

Figure 2. 
The role of ACE2 in COVID-19. The spike protein of SARS-CoV-2 binds ACE2 on a cellular membrane, 
which triggers 1) endocytosis of the virus and subsequent sequestration of ACE2 or 2) cleavage of the viral spike 
protein via an enzyme TMPRSS2 leading to the entry of viral contents into the cytoplasm [adapted]. Source: 
Cheng et al. [11].

Figure 3. 
Renin–angiotensin system inhibition (RAS) by Angiotensin converting enzyme/Ang-II receptor blockers 
(ACEI/ARBs) and SARS-CoV-2 binding to ACE2 receptors [adapted]. Source: Gonzallez-Jamarilo et al. [19].
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ventricular systolic dysfunction, cardiac injury and cardiovascular events (troponin 
elevation) post-CAR-T have been demonstrated [17].

Therefore, the exact mechanism of cardiac involvement in COVID-19 remains 
under investigation but it seems the SARS-CoV-2 can (a) cause cardiac injury 
indirectly due to a probable overwhelming immune inflammatory response and 
cytokine storm; (b) cause invasion of cardiomyocytes and direct damage via this 
process; (c) cause Severe hypoxia from acute respiratory damage caused by the 
virus may result in oxidative stress and myocardial injury from increased myo-
cardial oxygen demand in the presence of severe hypoxia due to acute lung injury 
(ARDS) [25].

Cardiovascular disease patients are at particularly high risk for mortality from 
SARS-CoV-2 due to their frailty and susceptibility for a myocardial involvement 
[36], perhaps due to the virus’s affinity for ACE2 (Figure 3) mainly due to the 
interaction with the renin-angiotensin-aldosterone system (RAAS).

RAAS has an important role in regulating blood pressure and electrolyte bal-
ance. This system compromises two pathways: ACE2/Ang (1–7)/Mas receptor and 
ACE/Ang II/AT1R. In physiological situations, these two metabolic pathways func-
tion harmoniously, maintaining the normal function [7] (Figure 3). Hence, RAAS 
is widely implicated in Diabetes mellitus (DM), hypertension, heart failure [21] and 
Coronary heart disease [29].

Patients with COVID-19 are often diagnosed with coronary artery disease 
(2.5–8%), diabetes (7.3%–18.8%), hypertension (15%–30.4%) and other cardiovas-
cular disease (4%–14.6%). In addition, of the patients who had been admitted to 
the intensive care unit (ICU), those with cardiovascular diseases compared to those 
who had not had a worse prognosis [9, 14, 24].

Another fact to be considered is that COVID-19 is more aggressive in elderly 
patients. The literature tells us that the elderly and male have more ACE2 receptors 
than the general population [29]. About that, Li et al. [3] refer that, when studying 
the expression of ACE2 receptors in various tissues of the body and its correlation 
with immunogenicity, in the thyroid, lungs, adrenal gland, liver, and kidneys, ACE2 
expression levels showed significant positive correlations with CD8+ T cell enrich-
ment levels solely in males.

Finally, patients with chronic kidney and those who have received renal 
transplant - and have a higher cardiovascular risk - are at increased risk of 
COVID-19 infection and severity. Moreover, there are frequent renal function 
abnormalities and increased incidence of acute kidney injury in patients with 
COVID- 19 [26].

4.2  Clinical presentation, laboratory markers and imagenological aspects of 
SARS-CoV-2 in cardiovascular system

There appears to be two clinical stages to the disease. The first stage is the rep-
licative stage, when SARS-CoV-2 is replicating over the course of several days and 
the patient presents with relatively mild symptoms [25] such as fever, cough, and 
myalgia or fatigue; less common symptoms were sputum production, headache, 
hemoptysis, and diarrhea [32]. The adaptive immunity stage is the second stage. 
The body produces antibodies against the virus and, as there is viral clearance, the 
antibody titers will return to baseline values and an infection solves. This creates 
an “Immune memory”. However, a minority of patients becomes critically ill and 
have high mortality rates [25]. It is important to remember that some symptoms 
in patients with COVID-19 pneumonia suggest cardiovascular diseases. Fatigue, 
dyspnea, cough is typical in COVID-19, but these symptoms may also result from 
exacerbation of chronic heart failure [14].
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Chinese study shows large number of patients (81%) with mild symptoms of 
COVID-19 between (no pneumonia and mild pneumonia). These patients with more 
aggressive symptoms, 14% has more severe clinical conditions (lung infiltrates >50% 
within 24 to 48 hours, partial pressure of arterial oxygen to fraction of inspired 
oxygen ratio < 300, blood oxygen saturation ≤ 93%, respiratory rate ≥ 30/min and 
dyspnea) and 5% critical medical conditions (septic shock, respiratory failure and/or 
multiple organ dysfunction or failure) [37]. Others publishing and anecdotal reports 
indicate manifestations of arrhythmia [28], cardiac arrest, acute heart failure [23] 
and theoretically fulminant myocarditis [17, 32].

COVID-19 virus enters cells through the angiotensin converting enzyme II 
(ACE2) receptor, resulting in down-regulation of ACE2 receptor function. This 
leads to an increase of angiotensin II activity, activation of the renin-angio-
tensin-aldosterone system (RAAS) following a decrease in ACE2, an increase 
in vasoactive, proliferative, and profibrotic Ang-II leads to cardiopulmonary 
damage through hemodynamic changes such as pulmonary hypertension and 
interstitial edema followed by respiratory failure in the most severe cases 
(Figure 3) [19].

In laboratory markers, definitive diagnosis of SARS-CoV-2 Infection is based 
primarily on nucleic acid amplification tests, such as real-time reverse transcrip-
tase–polymerase chain reaction (rRT-PCR) [27].

The laboratory alterations found in COVID-19 include in descending level elevated 
concentrations of serum creatine kinase (7%–13.7%), total bilirubin (10.5–18%), 
transaminases (21–28%), D-dimer concentration (36%–46.4%), lactate dehydroge-
nase (41–76%), C-reactive protein (60.7–93%), thrombocytopenia (17%–36.2%) and 
lymphopenia (35%–82.1%). It is important to note that the first three have been rarely 
reported [14].

Interesting to note that elevated D-dimer values are common in COVID-19 
patients, even in the absence of thrombophlebitis and acute pulmonary embolism 
and it seems to correlate with acute pulmonary embolism [18], arterial thrombosis, 
acute respiratory distress syndrome and death [15]; elevated cardiac troponin I 
(cTnI) levels [32] and N terminal pro B type natriuretic peptide (NT-proBNP), 
with the cut-off value of 88.64 pg./mL [20] are correlate with cardiovascular injury, 
hospitalization and death. Including, plasma TnT levels in patients with COVID-19 
correlated significantly with both plasma high-sensitivity C-reactive protein levels, 
NT-proBNP elevation and malignant arrhythmias [20].

According to Clerkin et al. [9] the rise in elevated high sensitivity cTnI tracks 
with other inflammatory biomarkers (D-dimer, ferritin, interleukin-6 (IL-6), 
lactate dehydrogenase and elevated creatinine kinase, raising the possibility that it 
may reflect on cytokine storm or secondary hemophagocytic lymphohistiocytosis 
more than isolated myocardial injury.

Transthoracic echocardiography is routinely recommended in patients with 
complicated COVID-19 due to the high prevalence of heart failure or/and myo-
carditis. This measure is useful to differentiate dyspnea of pulmonary origin from 
dyspnea of cardiac origin and monitor the sequelae of ARDS. Another useful use 
of echocardiography in the medical practice of ICU is monitoring treatments 
such as extracorporeal membrane oxygenation and fluid management in shock. 
Ultrasound evaluation of the lung may be a sensitive marker of fluid accumula-
tion in the interstitial space and it useful for show the most common changes 
present in lungs how consolidation, B-line artifacts (the earliest signs in the 
disease course) and pleural line abnormalities like >1 mm, loss of continuity and 
irregularity [27].

Cardiovascular Magnetic Resonance (CMR) is useful in mapping of the extent of 
myocardial injuries, impact on ventricular function and differentiating a etiologies 
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(ischemic from non-ischemic). It stills helps in differentiating the between myocar-
ditis and other acute myocardial injury that can elevate myocardial enzymes  
(eg. Troponin) and alter electrocardiographic (ECG) patterns [13].

4.3 Anti-hypertensive drugs, cardiovascular system and SARS-CoV-2

Even at the beginning of the pandemic, a publication suggested that due to hyper 
expression of ACE2 receptors in DM and hypertension, patients with said condi-
tion would be more likely to develop severe manifestations of COVID-19 [6] which 
was not confirmed with subsequent studies [21, 24, 30, 34]. At the same time, 
there was a theory that anti-hypertensive drugs could cause more severe cases of 
COVID-19, however it has been refuted. Meng et al. [27] showed that ACE inhibi-
tors (ACEi) or angiotensin receptor-1 blockers (ARB) therapy increased CD3 and 
CD8 T cell counts in peripheral blood and decreased the peak viral load compared 
to other antihypertensive drugs and Rico-Mesa et al. [24] suggest that the effects of 
these drugs were positive, including ACE2 receptor blockade, disabling viral entry 
into the heart and lungs, and an overall decrease in inflammation secondary to 
ACEI/ARB.

Moreover, Societies of Hypertension affirms that in hypertensive patients with 
COVID-19 or at risk of COVID-19 infection, ACEi and ARBs treatment should be 
maintained according to the recommendations contained in the 2018 ESC/ESH 
guidelines [5], because blood pressure control remains an important consideration 
in order to reduce disease burden, even if it has no effect on susceptibility to the 
SARS-CoV-2 viral infection [24].

5. Final considerations

Cardiovascular diseases (CVD) are one of the most important causes of morbid-
ity and mortality in the world being a great challenge for clinicians and research-
ers in the context of COVID-19. The pathophysiological explanation suggests an 
intimate correlation between SARS-CoV-2 protein S and ACE2 receptors, which 
the virus takes advantage of to increase its ability to penetrate host cells. The 
aggression of the cardiovascular system can be divided into three hypotheses - 
direct damage of the cardiomyocyte by the virus; hypoxemia due to lung injury 
or coronary events; or exacerbated immune response. When it comes to patients 
with COVID-19, the coexistence of previous cardiovascular diseases or risk factors 
such as hypertension, diabetes, coronary heart disease and heart failure, in addi-
tion to biochemical markers such as high troponin and pro-BNP seem to increase 
mortality.

Thus, when it comes to the cardiovascular system, these issues are aggravated 
and urge as a joint commitment from researchers, medical and governmental 
organizations to carry out more robust studies with bold methodologies aimed at 
mapping prognostic factors and assertive therapeutic approaches in the manage-
ment of cardiovascular complications of COVID- 19.
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Abstract

One out of four patients affected by COVID-19 will experience persistent 
(>3-4 weeks) signs and symptoms (Post COVID-19 conditions or Post-Acute Sequelae of 
SARS-CoV-2 – PASC) and this fact will have a major significance for the healthcare and 
economic systems in the upcoming years. The cardiovascular system is one of the key tar-
gets for the Post COVID-19 syndrome, given the pathogenesis of the virus and prevalence 
of ACE-2 receptors. According to our initial personal experience via the campaign “Life 
after COVID” of the Bulgarian Cardiac Institute, a substantial proportion of patients 
having suffered from COVID-19 develop long-term cardiovascular consequences. They 
could range from rhythm disorder and blood pressure variation, through impairment 
of myocardial mechanics and heart failure, and to acute vascular manifestations of Post 
COVID-19 conditions, such as acute coronary syndrome, acute pulmonary embolism, 
and acute limb ischemia. These cardiovascular complications require special and 
 dedicated medical attention, and we could share our personal experience on the matter.

Keywords: post COVID-19 conditions, cardio-vascular system,  
acute coronary syndrome, acute pulmonary embolism

1. Introduction

1.1 Definition

According to its definition, post COVID-19 conditions comprise all signs and 
symptoms of COVID-19 that persist after the acute phase (3 to 4 weeks), without 
an upper limit of duration (as for the present state of knowledge). Another term 
for these conditions, introduced by Antoni Fauci, is “Post-Acute Consequences of 
SARS-CoV-2 Infection” (PASC) [1].

1.2 Time frame

The acute phase of the disease usually lasts about 3-4 weeks from the onset of 
symptoms, after which replication competent SARS-CoV-2 has not been isolated in 
the nasopharynx [1].
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Accumulated data show that the consequences for the body can be just as serious 
and continue for an unusually long time after the initial encounter with the virus. It 
is the long persistence of complaints of varying degrees and manifestations after the 
infection that are known as post COVID-19 conditions. There is no precise scientific 
definition for the reason, duration, and prognosis of PASC [2].

The acute phase of the disease does not determine the onset of Post COVID-19 
syndrome, because even patients with mild or asymptomatic infection may report 
PASC. There is no age limit for the manifestation of post Covid-19 conditions, but 
the reported frequency is higher in the elderly population [3, 4].

According to the latest data from the World Health Organization, the conse-
quences of an infectious disease can last for two to three years [5].

1.3 Pathogenetic considerations

There are several pathogenetic hypotheses for PASС. The first is direct cell 
damage by binding of SARC-CoV-2 to ACE 2, initiating a violent immune 
response leading to increased cytokine production and triggering of procoagulant 
states [6].

It was later found that the reason for prolonged viral replication is the fact that 
SARS-CoV-2 can be transmitted by a different route from the respiratory tract, 
namely through the gastrointestinal tract, which could be considered a second 
hypothesis. The gastrointestinal tract is a major immunological organ in the human 
body and disruption of its microbiome leads to severe dysbacteriosis. Intestinal 
inflammation exacerbates the expression of ACE2, and the virus stays in the gut for 
much longer, which in turn can modulate immune responses and cause prolonged 
symptoms [6, 7]. This has been demonstrated by an intestinal biopsy, which detects 
the presence of the virus for months [7].

COVID-19 has also been shown to provoke autoimmune reactions, leading to a 
more severe course of the disease and the development of post COVID-19 condi-
tions [7].

The suboptimal immune response leads to a higher viral load associated 
with decreased balance in interferon production. It was found that in severe 
disease the body lacks IFN-beta and the level of IFN-alpha and lambda is 
reduced [7, 8].

Lymphopenia and unregulated inflammation have been observed in patients 
with severe COVID-19 and prolonged persistence of the infection as a result of 
decreased production of granular lymphocytes (NK cells), CD16 + monocytes, 
plasmacytoid dendritic cells, which are responsible for innate immunity [8].

1.4 Symptoms

The severity of symptoms can range from mild to inability to perform normal 
daily duties. Every system could be involved, with a typical fluctuation and chang-
ing of symptoms over time. As the pathogenesis has shown, prolonged exposure to 
viral load can cause multisystem inflammatory syndrome (MIS) or trigger autoim-
mune conditions. The involvement in PASC is multi-organ, with the most common 
being complaints from the nervous system [2, 9]. Post COVID-19 conditions are 
more common among people with chronic diseases such as hypertension, diabe-
tes, kidney disease, obesity. Genetic pre-exposure to the disease has not yet been 
specified.

The main systems that are affected are the nervous, cardiovascular, pulmonary, 
and excretory systems, musculoskeletal system, skin (Table 1).
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System Symptoms Sign

Neuropsychiatric fatigue, dizziness, headache, 
dysautonomia and cognitive 
impairment (brain fog), 
anxiety, depression, sleep 
disturbances

Direct damage to nerve tissue by the virus in 
patients with severe disease. [2] Psycho-emotional 
changes may include a wide range of symptomatic 
complexes characteristic of severe patients who 
are being treated in intensive care, known as “Post 
Intensive Care Syndrome”

Pulmonary dyspnea, decreased exercise 
capacity and hypoxia

Reduced difusion capacity,
restrictive pulmonary physiology,
destruction of the alveolar-capillary membrane,
secondary bacterial infections,
pulmonary fibrosis,” ground-glass opacity” [2, 3]

Cardiovascular palpitations, dyspnea and 
chest pain, high blood 
pressure, fatigue, swelling of 
the lower extremities, acute 
pain and discoloration of the 
arm or leg due to ischemia

Thromboembolic events. It is already known 
that many patients re-admitted to the hospital 
with chest pain and positive cardiac enzymes 
(Troponin, CK, CK-MB,) and high levels 
of D-dimer. Pulmonary embolism is very 
common. In patients at high cardiovascular 
risk or underlying ischemic heart disease, 
acute thrombotic occlusion of the coronary 
artery are diagnosed. Non-obstructive 
coronary heart disease has been verified in 
many patients: myocardial infarction with 
non-obstructive coronary arteries (MINOCA), 
endothelial dysfunction, and microcirculation 
of arterial vascular disease [9, 10]. Acute limb 
ischemia may be observed. Some patients have 
pericardial effusion or the development of 
dilated cardiomyopathy of viral origin, after 
myocarditis [10]

Gastrointestinal loss of appetite, weight loss, 
nausea, vomiting, diarrhea, 
abdominal pain

increased transaminases
dysbiosis in the intestinal microflora (disturbed 
microbiome) with, increase in pathogenic 
bacteria and decrease in the normal microflora in 
the gut [7]

Endocrine • new or worsening 
control of existing 
diabetes mellitus

• bone demineralization

• subacute thyroiditis

• Hyperglycaemia is due to a stress 
response of the body as a result of the 
disease as well as due to treatment with 
corticosteroids.

• lack of vitamin D and / or immobilization

• autoimmune conditions [2, 3]

Excretory and 
urogenital system

impaired renal function
decreased urine output, pain 
in the kidneys

elevated levels of waste products (urea and 
creatinine), requiring hemodialysis [2]

Reproductive 
system

Impaired spermatogenesis The male sex is more affected in reproductive 
system, and one of the hypotheses for this is 
the higher amount of ACE 2 in the male gonads 
compared to the uterus [11, 12]

Musculoskeletal 
system

occurrence of long-lasting 
arthralgia/myalgia

Due to immobilization, they can lead to cachexia 
due to loss of muscle mass. Sarcopenia - impaired 
muscle function due to loss of muscle tissue  
[2, 13]

Ear Nose Throat pain and “noise” in the ears, 
throat irritation, loss of taste 
and smell(anosmia)

Nasal congestion, pharyngeal erythema [14]
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1.5 Duration

Many global medical centers are opening specialized clinics to provide care 
for people who have persistent symptoms or related illnesses after COVID-19. It is 
important to know that most people who have COVID-19 recover. The scientific 
community should focus on that part of the people in whom the effects of the 
disease leave lasting traces and change their lives. It is still unknown how long PASC 
can last. In 30% of COVID-19 survivors, symptoms may persist indefinitely. Data 
show that 76% of patients reported persistence of at least one of the symptoms of 
PASC for at least six months after the acute phase [17]. Many COVID-19 survivors 
cannot return to their normal lifestyle. At this stage, there is no accurate scientific 
data on whether these long symptoms can lead to a chronicity of the condition.

1.6 Sequelae

Understanding the pathogenesis of PASC may provide answers to additional 
questions to guide the medical community to the right management of the 
condition.

The loss of human lives, the disability of the population, the increase in the  
costs of health care and services burden the health systems. Persistence of post 
COVID-19 conditions affects various levels of medical and social life, and the nega-
tive effects on healthcare and the economy may be fully appreciated in years to come.

The psychological and social consequences of ongoing Covid19 should be 
considered as part of clinical care models [17].

2. COVID-19 and the cardiovascular system

The primary target for SARS-CoV-2 is the respiratory tract, but the cardiovascu-
lar system can be involved too [18, 19].

As well as the mild flu-like symptoms, COVID-19 often causes serious damage to 
the cardiovascular system - pulmonary vascular endothelialitis, microangiopathy, 
diffuse thrombosis, cardiac arrhythmias, heart failure, myocarditis, pericarditis and 
acute coronary syndromes [19].

Once in the nasopharynx, the SARS-CoV-2 enters the body by binding through 
its S-binding protein to angiotensin I-converting enzyme 2 (ACE2) receptors, found 
mainly in the lungs, cardiac myocytes, and endothelial cells in the vessel wall [20].

ACE2 is known to have protective effects by counteracting angiotensin II and 
over activating renin-angiotensin-aldosterone system (RAAS), which occurs in 
conditions of cardiovascular disease (CVD) such as hypertension, congestive heart 
failure and atherosclerosis [19, 21].

System Symptoms Sign

Dermatology hair loss, skin rash, urticaria, 
dry skin

disturbed cycle in hair growth, (telogen 
effuvium);
stress after infection “COVID toes”  
syndrome - reddish-purple discoloration on 
the toes; In children, a rare condition similar to 
Kawasaki disease or Multisystem inflammatory 
syndrome in children (MIS-C) [2, 15, 16]

Table 1. 
Affecting the basic systems in post COVID-19 conditions.
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Entering through endocytosis, this RNA virus begins to replicate, causing wide-
spread infection. Since ACE2 converts angiotensin I and II to cardioprotective peptides -  
angiotensin 1-9 and angiotensin 1-7, its loss on cell surface may potentiate cardiac dam-
age, resulting in endothelial dysfunction, inflammation and thrombosis [21, 22].

ACE2 activity is known to be reduced in vessels with established atherosclerotic 
plaques and diabetes, while it is increased in women and young people due to the 
action of estrogens [21].

Decreased ACE2 activity may potentiate the so-called cytokine storm. This is an 
overreaction of the immune system caused by dysregulating RAAS and activating 
ACE2/bradykinin axis. The overproduction of cytokines and hyperinflammation 
leads to exacerbation of underlying cardiovascular diseases or triggering new ones.

According to the latest epidemiological data, about 80% of patients with COVID 19 
have mild symptoms, about 45% have symptoms requiring hospitalization, while 5% 
of patients need mechanical ventilation [21–25]. The difference in course is related to 
the degree of viral load, host immune response, age of the patient and the presence of 
concomitant diseases such as hypertension, diabetes and coagulation abnormalities.

Aging is associated with slowing of body functions, increased oxidative stress, 
reduced role of endogenous defense mechanisms. With age, reduced efficiency of 
thrombolysis, lower protection afforded by physical exercise against myocardial 
ischemia and more frequent manifestations of heart failure are more often observed 
[21, 22].

It has not yet been established whether the patient’s older age or greater immune 
response to the virus or both are responsible for myocardial damage with subse-
quent complications [21–24].

2.1 Cardiovascular complications in COVID-19

Direct viral infection, cytokine dysregulation and direct myocyte involvement 
can lead to acute myocardial injury in patients with COVID-19. Thus except for 
the high levels of CRP (C-reactive protein), elevated troponin levels suggest acute 
myocardial injury. It can be a result of myocarditis, ischemic injury, Takotsubo’s 
cardiomyopathy, septic cardiomyopathy, acute cor pulmonale (as a result of acute 
pulmonary embolism) [7, 26, 27].

Acute coronary syndromes can be a manifestation of imbalance between myocar-
dial supply and demand as a result of systemic changes – hypoxemia, tachycardia, 
hypotension, vasoconstriction; or acute thrombosis in the coronary arteries. Often, 
when the right coronary artery is affected a complete atrioventricular heart block 
can be seen. Other location of the coronary lesion may lead to severe ischemic car-
diomyopathy, left ventricular aneurysm formation with apical thrombosis [28, 29].

The most frequent arrhythmia seen in COVID-19 patients is atrial fibrillation, 
which is a result of the acute respiratory failure. Electrolyte imbalance – hypokale-
mia and hypomagnesaemia can also lead to arrhythmic states [30].

Some of the medications used in the treatment of COVID-19 have proarrhyth-
mogenic effects and should be used with caution, as they can provoke long QT 
interval, ventricular tachycardia and sudden cardiac death [30, 31].

A hypercoagulable state and thrombotic events, that are related to markedly 
elevated D-dimer and fibrin degradation products, are thought to be secondary to 
systemic inflammatory response [32, 33].

Takotsubo cardiomyopathy, predominantly seen in women, is mainly a result 
of increased sympathetic stimulation, which is usually observed in patients with 
COVID-19. It can be due to physical and psychological stress. This state can mimic 
acute coronary syndrome, which can develop within severe sepsis, hypoxemia, or 
metabolic acidosis [34–36].
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Acute myocarditis due to myocardial inflammation can lead to ventricular dys-
function as a result of focal or global myocarditis or necrosis [37]. Life- threatening 
arrhythmias can be a consequence of myocarditis. When linked with pericardial 
effusion, further deteriorating of the hemodynamics might lead to acute heart 
failure (HF) and cardiogenic shock [38, 39].

The pathogenic mechanisms and clinical manifestations of cardiovascular 
complications of COVID-19 are presented in Table 2.

Cardiovascular 
disease

Pathogenic mechanism Clinical manifestation

Acute coronary 
syndrome with or 
without ST elevation

Cytokine storm, 
hypercoagulability, plaque 
instability, imbalance between 
cardiac supply and demand

Typical chest pain or atypical pain and/or 
dyspnea, elevated levels of troponin, ECG 
changes (ST elevation or depression) and 
LV WMAs associated with specific region 
of distribution of a coronary artery

Myocarditis Cytokine storm, direct cellular 
damage (possible)

Chest pain (possible), dyspnea (possible), 
elevated levels of troponin, ECG changes 
(possible), diffuse LV WMAs not related 
to specific coronary artery territory 
distribution

Pericarditis Cytokine storm, direct cellular 
damage (possible)

Chest pain, dyspnea (possible), elevated 
troponin, ECG changes, impaired LV 
diastolic function and/or pericardial 
effusion

TTS Emotional stress, microvascular 
and endothelial dysfunction, 
sepsis, acidosis, hypoxemia

Chest pain and/or dyspnea, elevated 
troponin, ECG changes, LV WMAs 
not related to specific coronary artery 
territory distribution (circumferential 
pattern, apical ballooning most 
frequently)

PE Hypercoagulability Chest pain and/or dyspnea, perioral 
cyanosis, elevated troponin (possible), 
ECG changes - S1Q3T3 pattern (possible), 
RV enlargement and dysfunction 
(McConnell sign, 60/60 sign)

Decompensated 
chronic HF

Hypoxia, elevated metabolic 
demand

Dyspnea, fatique, orthopea, 
tachydyspnea, hepatomegalia, anasarca, 
elevated levels of troponin (possible), LV 
WMAs without de novo abnormalities

Acute myocardial 
injury

Cytokine storm, direct 
cellular damage (possible), 
microvascular and endothelial 
dysfunction, hypoxia

Chest pain and/or dyspnea (possible), 
elevated levels of troponin, ECG changes 
(possible), LV WMAs (possible) not 
associated with specific coronary artery 
territory distribution (if absence of 
coexistent CAD)

Arrhytmias Electrolyte abnormalities and 
medications for treatment 
of COVID 19 that have 
proarrhythmic effects

Dyspnea and chest pain (possible), ECG 
changes

ACS, acute coronary syndrome; CAD, coronary artery disease; CMR, cardiac magnetic resonance; CT, computed 
tomography; ECG, electrocardiogram; HF, heart failure; ICA, invasive coronary angiography; LV, left ventricular; 
PE, pulmonary embolism; RV, right ventricular; TTE, transthoracic echocardiography; TTS, Takotsubo syndrome, 
WMAs, wall motion abnormalities. Modified from Ref. [40].

Table 2. 
Pathogenetic mechanisms and clinical presentations of cardiovascular complications seen in patients with 
COVID-19.
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2.2 Imaging of cardiovascular complications

As COVID 19 is an infectious disease clinicians should use methods of imag-
ing, minimizing the risk of spreading infection. Most suitable are transthoracic 
echocardiography and point of care ultrasound. They are the first-line cardiac 
imaging techniques in this clinical setting, due to its portability, bedside feasibility 
in emergency settings and low cost [41].

The ultrasound is a diagnostic method for imaging the heart structures, valve 
lesions and kinetics. According to the European Association of Cardiovascular 
Imaging it is recommended performing echocardiography in patients with abnor-
mally high levels of cardiac biomarkers and/or ECG signs of myocardial damage, 
while acknowledging that other imaging diagnostic tests are not routinely used in 
the emergency context of the COVID-19 pandemic [42, 43].

Findings in echocardiography could be normal heart or uchanged from prior 
exams, global left ventricular dysfunction and strain, regional left ventricular 
dysfunction, right ventricuar dilatation, pylmonary hypertention and pericardial 
effusion.

CT scan and MRI can also be used for distinguising cardiovascular implication, 
but they have higher cost and lower availability [44].

2.3 Treatment of cardiovascular complications during acute COVID-19

Every hospital in the world should develop appropriate protocols for rapid 
diagnosis, triage, isolation, and management of patients with COVID-19 and con-
comitant cardiovascular complications. These protocols should be well-rehearsed for 
proper use of health services and to minimize the exposure of the medical staff [45].

Most of the patients with COVID-19 have hypertension, treated with ACE 
inhibitors or (ACEi) or angiotensin II receptor blockers (ARBs). The amount of 
cardiac ACE2 mRNA could be increased significantly by the use of ACEi and ARBs 
[46, 47]. However, major cardiology scientific associations, have recommended 
continuation of renin-angiotensin system inhibitors (RASi) in patients who have 
been prescribed them [47–49].

Statin therapy is important for patients with diabetes, history of stroke or chronic 
heart disease, and familial hypercholesterolemia. However, in cases with COVID-19 
there is still not an approved opinion whether it is risky or beneficial [50, 51].

As various anti-retroviral drugs might interact with cardiac drugs, a dose 
modification should be performed as well as careful monitoring [52]. Even though 
chloroquine or hydroxychloroquine could interfere with cellular endocytosis of the 
virus, prolongation of the QT interval might be observed. Therefore ECG monitor-
ing is crucial and should be done [52, 53].

Colchicine is a drug that has been shown to restrict the production of pro-inflam-
matory cytokines (tumor necrosis factor [TNF]-α, interleukin [IL]-1 and IL-6) and 
chemokines (IL-8), usually observed in patients with severe COVID-19 [54, 55].

As patients with COVID-19 may have elevated levels of D-dimer and higher 
platelet counts, it is suggested that coagulopathy is a major clinical feature in severe 
cases. This makes the use of anticoagulant and/or antiplatelet therapy very reason-
able [56, 57].

2.4  Long-term cardiovascular consequences as a part of the post COVID-19 
conditions

Most people recover completely from COVID-19, but some of them have persist-
ing symptoms after their initial recovery. This is the group of “long haulers” and 
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the condition is called post-COVID-19 syndrome/conditions. [57, 58] The most 
common signs are fatigue, shortness of breath, cough, joint paint, chest pain. Every 
system could be affected, and the cardiovascular system is one of the frequent 
targets. Imaging tests taken months after recovery have shown lasting damage to the 
heart muscle [58–60]. This may increase the risk of heart failure or other complica-
tions such as arrhythmias and micropulmonary embolism. Careful follow-up of 
patients recovering from COVID-19 would be of great importance to understand 
the long-term impact of this illness [37, 61, 62].

3. “Life after COVID” campaign of the Bulgarian Cardiac Institute

Bulgarian Cardiac Institute is a leading organization for cardiovascular diagnosis 
and treatment in South-eastern Europe. The institute manages the largest and 
fastest growing medical group in Bulgaria. The medical establishments cover 2/3 
of the patient flow and ¾ from the territory of the country. The Bulgarian Cardiac 
Institute is unique in the development of modern scientific, educational and medi-
cal activities in the field of cardiology, cardiac surgery, neurology, neurosurgery, 
vascular surgery, oncology, surgery, orthopedics, genetics, immunology, radiation 
therapy and radiosurgery.

Despite the growing population of patients surviving COVID-19, the long-term 
consequences remain a clinical challenge. Currently, just under 1% of studies focus 
on Post COVID-19 conditions. That is why the Bulgarian Cardiac Institute has 
launched a large-scale, free-of-charge, voluntary and indefinite screening campaign 
“Life after COVID-19”. It aims to establish the effects of the infection on the cardio-
vascular system, diagnosis, treatment, long-term follow-up and adequate actions to 
improve the quality of life by providing specialized medical care.

The campaign covers citizens who have suffered from COVID-19. Those who 
wish to participate answer a survey with questions related to their health. When 
they answer in the affirmative to at least one of the questions (yes, i.e.there is a 
problem), we offer a free medical examination. It is held in one of the seven high-
tech hospitals, with the highest third level of competence, according to national 
medical standards or in one of the 15 medical centers in the country, by leading spe-
cialists in the field of cardiology. The initial examination includes a detailed history, 
complete examination, blood pressure measurement and electrocardiogram, on the 
basis of which we determine whether the patient needs additional instrumental or 
laboratory tests and treatment. According to the results and the leading symptoms, 
patients are consulted with trained in Europe and USA specialists in the field of 
cardiac surgery, neurology, neurosurgery, vascular surgery and others. If necessary 
and with persistence of symptoms, despite treatment, citizens are hospitalized.

As the population of recovering from COVID-19 grows, it is crucial to identify 
the health problems that surround them. The campaign creates round-the-clock 
access to high-quality and specialized medical care at European level, based on a 
multidisciplinary approach and dedicated medical care.

4. Initial results of the campaign “Life after COVID”

More than 1,500 citizens took part in the survey - 77% of them were treated at 
home, 23% were hospitalized, of which 2% in intensive care units. Of all respon-
dents, 80% answered in the affirmative (Yes, i.e.there is a problem) to at least 
one of the initial survey questions. Signs and symptoms such as fatigue (67%), 
palpitations (41%), shortness of breath (31%), chest pain (30%), joint pain (27%), 
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headache (22%), impaired concentration (17%), persistent cough (16%), dizziness 
(15%) were among the most frequently reported in the questionnaire responses 
(Figure 1). A significant proportion of patients had more than two symptoms.

Medical examination was offered to citizens with persistent symptoms. We 
analyzed data from 808 patients (57% women and 43% men). The most common 
pathological changes we found were destabilization of blood pressure control (51%) 
- hypertension (92%), hypotension (5%) or fluctuation in blood pressure (3%). 
Heart rhythm disorders are the next most common finding (29%), expressed in 
tachycardia (97%) or bradycardia (3%). Manifestations of heart failure were found 
in 15% of cases.

According to the anamnesis and the objective condition, additional examina-
tions had to be performed in 65% of the examined. These examinations included:

• Instrumental methods: echocardiography (41%), holter ECG (3%), radiog-
raphy (3%)

• Laboratory diagnostics (9.4%): complete blood count, NT-proBNP, D-dimer, 
blood glucose test

• consultations with specialists (10%): neurologist (28%), pulmonologist (22%), 
endocrinologist (12%), vascular surgeon (5%), rheumatologist (4%) and other

At the end of the examination, a change in therapy was required for 62% of 
those followed.

At the time of the secondary examination, new studies were performed in 5% 
and a change in therapy in 2.6%. Despite all interventions, in 6% of the cases, due to 
the persistence of the symptoms, the citizens were hospitalized.

Our experience shows that the care of patients with COVID-19 should not stop 
at the end of the acute illness. From the responders to our survey, 4/5 reported 
persistent signs and symptoms months later. The most common complaints were: 
fatigue, palpitations, shortness of breath, chest pain. Other reported symptoms 
included joint pain, headache, and impaired concentration. High values of blood 
pressure, tachycardia, and manifestations of heart failure were the leading objec-
tive changes. Our study showed that in more than half of the cases of COVID-19, 

Figure 1. 
The most common signs and symptoms persisting after COVID-19.
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additional tests and changes in treatment were required. The range of symptoms 
required the inclusion of doctors with different specialties in the overall follow-up. 
Despite the measures taken, the symptoms may be so severe and difficult to control 
that re-hospitalization may be necessary.

People suffering from post COVID-19 conditions constitute already a significant 
part of the world’s population, and their numbers will continue to grow. This neces-
sitates a long-term commitment of human and material resources and will test the 
health and economic system of the countries. Regardless of the obstacles we face, 
dedication and professionalism, good organization and a holistic approach are the 
main prerequisites for good results. By tracking and caring for these patients, we 
will not only contribute to increasing humanity’s knowledge of this new, dangerous 
pathogen, but we will also make progress in the process of diagnosis and treatment 
guidelines.

5. Imaging of myocardial involvement in post COVID-19 conditions

COVID-19 is a multiorgan systemic inflammatory disease caused by SARS-
CoV-2 virus. Patients with COVID-19 often exhibit cardiac dysfunction and myo-
cardial injury [63], which we can recognize with laboratory parameters and imaging 
methods. The most used imaging method is transthoraic echocardiography (TTE), 
which gives us information about the heart function. Global longitudinal strain 
(GLS) by speckle tracking echocardiography is an important additive method for 
evaluation of LV function at global and regional level. It is more sensitive method 
for detecting myocardial dysfunction, compared with Left ventricular ejection 
fraction (LVEF) [64]. Another very informative method is MRI, however it is not 
used that often, due to higher expenses and need of contrast material. According 
to studies, almost all patients with severe COVID-19 and most of the patients with 
moderate illness, had a certain degree of cardiac dysfunction [63].

Conventional echocardiography usually does not show significant changes in 
the LVEF and LV sizes in patients with mild or moderate COVID- 19. According to 
one trial in China, however, in 78.3% from the patients with mild infection and 98% 
of the patients who were in critical condition, some echocardiographic parameters 
showed deviations. For example, the motion of the LV walls was abnormal and 
the wall thickness was slightly thickened, particularly for the septum [63]. But 
in patients who were with critical conditions, lower LVEF could be found [65]. 
These changes are in correlation with elevated serum levels of cardiac biomarkers, 
such as cardiac troponin I (cTnI) and N-terminal pro-B-type natriuretic peptide 
(NT-proBNP), pulse oxygen saturation (SpO2) and inflammatory markers, such as 
C-reactive protein and cytokines [63].

Although abnormalities in conventional echocardiography are found mostly in 
patients with severe COVID- 19, global longitudinal strain (GLS) can identify sub-
clinical myocardial dysfunction. Moreover, measuring GLS gives us the opportunity 
for earlier diagnosis of myocardial injury, even before a reduction in the LVEF 
occurs. Studies showed that reduced LV-GLS is more frequent, occurring in 80% 
of the patients, while LV function parameters such as reduced EF and wall motion 
abnormalities were less frequent findings [66].

2D- speckle tracking echocardiography is a method, which evaluates myocar-
dial function at global and regional level. It shows the percentage of deformation 
between two points in the myocardium. Studies in COVID-19 patients show that the 
abnormal GLS predominantly involves the basal-septal and basal-lateral segments 
of the LV. This pattern reminded of a “reverse tako-tsubo” morphology, and is not 
typical for other viral myocarditis [67]. Another interesting finding is that the 
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reduction of the LV-GLS is usually reversible, with normalization of the findings for 
one to three months [66].

Cardiac magnetic resonance (CMR) is the current gold standard to evaluate car-
diac morphology and function. It has higher sensitivity for detecting occult cardiac 
dysfunction than hs-cTnI. With its mapping techniques, such as T1, T2, extracellular 
volume (ECV) and Late Gadolinium Enhancement (GLE), this method can assess 
quantitatively diffuse or local myocardial fibrosis and edema [68]. One study in 
Frankfurt with 100 patients recently recovered from COVID-19, showed that 78% of 
them had abnormal CMR findings, namely lower left ventricular ejection fraction, 
higher left ventricle volumes, raised signals in native T1 and T2 mapping, which 
illustrate edema and changes in LGE, showing myocardial fibrosis. Endomyocardial 
biopsy was performed in patients with severe findings and revealed active lympho-
cytic inflammation [37].

Our experience in “Life after COVID” campaign (unpublished data) shows that 
about two-thirds of PASC patients referred for echocardiography have the typical 
post COVID-19 GLS impairment, involving predominantly the basal segments. 
We observe such findings in severe as well as non-severe COVID-19 cases. Our 
management strategy in these cases includes prolongation of antiaggregant therapy, 
initiation of cardioprotective therapy (could include some or all of the following: 
beta-blocker, trimetazidine, molsidomine), antiviral therapy (hydroxychloroquine) 
and advice to refrain from vigorous physical activity, although maintaining moder-
ate physical activity or inclusion in a rehabilitation program. Our initial experience 
with 3-month follow-up of these patients shows a resolution of the abnormality in 
about 80% of the cases in this time period.

From our experience, we think that global longitudinal strain is very sensitive 
for recognizing subclinical myocardial dysfunction and a valuable imaging method 
for prognosis, management, sport activity resumption advice, and long-term  
following of the patients recovered from COVID-19.

6. Acute coronary syndrome as part of the post COVID-19 conditions

Apart from the direct lung damage, the virus infection is associated with mul-
tiple organ damage, including the heart, causing conditions such as congestive heart 
failure, myocarditis, conduction abnormalities, arrhythmias, and acute coronary 
syndromes [69, 70]. The SARS-CoV-2 infection can frequently induce coagulation 
abnormalities that are associated with cardiopulmonary damage in all patients, 
despite presence or absence of concomitant risk factors and diseases.

The range of clinical responses to COVID-19 is extremely broad. Endothelial 
injury is an underlying mechanism that links the inflammation and consequent 
thrombosis [71, 72]. It is currently hypothesized that ACE-2 receptor is the entry 
gate for the virus to invade and infect tissues [73]. The vascular endothelium 
appears to be targeted directly by the virus as ACE-2 is expressed widely in the 
blood vessels and the heart. The result is exocytosis of endothelial granules contain-
ing VWF (von Willebrand factor), P-selectin, and other proinflammatory cyto-
kines, which mediate platelets adhesion, aggregation, and leukocyte adherence to 
the vessel wall, with a final result of intravascular thrombosis [74].

In addition, many patients with severe COVID-19 undergo thromboembolic 
events, due to this particular coagulopathy [75, 76]. One of the most and life-
threatening types of this coagulation abnormality is the one involving the coronary 
blood flow, thus causing a heart attack. In this scenario many additional problems 
arise – for example: access to a Cath lab, exposure of additional medical personnel, 
more complications and increased mortality for the patients. Invasive coronary 
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angiography for COVID-19 patients is a logistic challenge and, in some cases, there 
is not a need for intervention since the main problem is the thrombosis and the 
dysfunction of the microcirculation. For this reason, we evaluated in detail a case 
series of ten patients referred for primary percutaneous coronary intervention 
(pPCI) for MI in our catheterization laboratory during the course of COVID-19 
infection. The goal was to evaluate if there are any factors or parameters that could 
predict the presence of an interventional target – infarct related artery (IRA), prior 
to catheterization, and to determine their sensitivity and specificity.

During November and December 2020, 214 patients were treated in our COVID-
19 department. Ten of them were referred to the Cath lab with MI defined by the 
fourth universal definition [77]. Most of the patients in our study were sent to our 
hospital due to acute coronary syndrome, while others developed ACS during their 
stay in the COVID-19 department.

After coronary angiography, we found that 7 patients (70%) had an IRA, and 
they underwent pPCI. The other 3 (30%) did not have an IRA, they did not require 
pPCI, and the diagnosis of myocardial infarction with no obstructive coronary 
arteries (MINOCA) was made, most probably due to myocarditis or microvascular 
dysfunction.

Comparing the patients with IRA to those without we found that the subjects 
who required pPCI had significantly higher high-sensitivity troponin I(hsTRI) 
values, had typical chest pain, and had more often ST elevation. The other studied 
variables did not differ significantly between the groups with or without IRA. 
Regarding hsTrI concentrations, all but one patient with IRA and pPCI had 
hsTrI>7.5 times URL, and all patients without IRA and pPCI had hsTrI ≤7.5 times 
URLN. Therefore, for hsTrI>1.5 ng/ml (>7.5 times URL) to predict the presence 
of IRA and the need for pPCI the sensitivity is 86%, the specificity is 100%, 
positive predictive value (PPV) is 100%, while the negative predictive value 
(NPV) is 10%.

Even though our analysis is on a small number of patients, similar incidence 
of arterial (coronary and cerebral) thrombosis (4%) has been described by other 
authors. In this study, however, the authors have not provided a guide to the right 
moment of interventional treatment. According to our published data search, we 
were not able to find another study, analyzing the predictors for the presence of IRA 
and the need for pPCI in COVID-19 MI patients.

So in conclusion, myocardial infarction, could complicate up to 5% of COVID-
19 cases. In our study group, most of the patients (30%) with MI did not have an 
IRA and, did not need a coronary intervention. Patients with MI and IRA had 
significantly higher hsTrI values and exclusively typical chest pain compared to 
patients with MI but without an IRA, whose hsTrI values were lower and chest 
pain was atypical or non-stenocardic. ECG changes had only a minor statistical 
significance for distinguishing between MI patients with or without IRA. Our 
results suggest that using a higher cut-off value for hsTrI increases the specificity 
for diagnosing a MI and therefore - interventional treatment.

7.  Pulmonary thromboembolism in patients after COVID-19 - predictive 
indicators for correct diagnosis

Infection caused by SARS-CoV-2 has been shown to lead to significant proco-
agulant events, in some cases involving life-threatening pulmonary thromboem-
bolism (PE) [78]. A number of abnormalities have been described in coagulation 
parameters, which are a predictor of poor prognosis in patients with COVID-19 
and PE [79]. Due to the lack of large prospective studies, little is known about the 
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pathogenesis underlying PE, caused by COVID-19 [80]. Additional conditions 
complicating the diagnosis are the presence of risk factors for PE in almost all 
patients with COVID-19, as well as the overlap of the clinical presentation between 
PE and COVID-19.

We, therefore designed a study to find the indicators that predict the presence of 
PE in patients with acute or Post-acute COVID-19 conditions. It was a single-center 
study, conducted at the Heart and Brain Hospital, Pleven in the period December 
2020-February 2021. It included 27 consecutively hospitalized patients with recent 
pneumonia caused by Covid-19 and clinical presentation referring to PE. The 
cohort was divided into two groups - without and with a definitive diagnosis of PE, 
proven by CT pulmoangiography. During treatment with COVID-19, all patients 
received a prophylactic dose of anticoagulant and antiplatelet drug.

Our results showed that eight patients from the group had PE, and 19 had not 
evidence of PE. The mean age of the group was 65 years and 18 of the patients were 
women. Тhe two groups did not differ significantly in age and distribution between 
the sexes. Statistically significant differences in electrocardiographic findings were 
observed in the two groups. In patients without PE, 18 (94.7%) had no evidence of 
S-wave greater than 1.5 mm in I, aVL. On the other hand, in the group diagnosed 
with PE in 3 (37.5%) this ECG criteria was not present, and in 5 (62.5%) it was 
present (p = 0.004). Similar ratios were found in terms of the presence of Q-wave in 
III, aVF. In patients without PE, 18 (94.7%) did not have this ECG sign, while it was 
present in half of the patients with PE(p = 0.017).

In patients without PE, the median value of oxygen saturation was 92.0% (69-
97), and in those with proven - 88.5% (83-95) (p < 0.001). Statistically significant 
differences between the two groups were observed in regard to the indicator - the 
ratio RV/LV diameters ≥1.0 (p = 0.001). In patients without PE there was none 
with an increase in the ratio ≥ 1 in favor of the right ventricle, while in the group of 
patients with massive form 5 (62.5%) had the ratio RV/ LV diameters ≥1.0, and 3 
(37, 5%) did not have it. The same results were demonstrated for the indicator right 
ventricular dysfunction (p = 0.001). The RV/LV diameter ratios ≥1.0 as well as 
right ventricular dysfunction showed sensitivity 62.5%, specificity 100%, positive 
predictive value 100% and negative such 86.4% to verify the PE diagnosis.

D-dimer values   differed significantly in the two groups. In patients without 
PE, the mean D-dimer value was 1546 ng/ml (109-8840), while in those with 
PE - 6489.75 ng/ml (570-17051) (p = 0.021). For our laboratory, the upper limit of 
the normal range is 500 ng/ml. As a result of the ROC analysis we found that the 
D-dimer cut-off value of 1032 ng/ml (2,064 times higher above the upper limit of 
the normal range) had an optimal sensitivity (Se) of 87.5%, specificity (Sp) 57.9%, 
positive predictive value (PPV) 46.7% and negative predictive value (NPV) of 
91.7% for the diagnosis of PE (p = 0.021) (Figure 2).

Regarding D-dimer as a binary variable (cut-off 1032 ng/ml), we found that 
in the group without PE, in 11 (57.9%) of patients the D-dimer was ≤1032 ng/
ml, while in 8 (42.1%) it was >1032 ng/ml. Of the patients with massive PE, only 1 
(12.5%) had a D-dimer ≤1032 ng/ml, and the remaining 7 (87.5%) were > 1032 ng/
ml (Fisher’s exact tests, p = 0.043).

When performing binary logistic regression, part of the ECG criteria - S-wave 
over 1.5 mm in I lead and aVL (p = 0.007), Q-wave in III and aVF (p = 0.020), as 
well as the D-dimer as quantitative variable (p = 0.025) proved to be independent 
predictors of PE.

Our results show that against the background of acute and Post-acute COVID-19 
conditions ECG and EchoCG criteria remain predictive of PE. As for the D-dimer 
values, we found that a cut-off concentration with optimal Se, Sp, PPV and NPV for 
diagnosis of PE, is two times higher than the upper limit of normal, with high Se and 
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NPV. We suggest that a higher D-dimer cut-off value should be applied in COVID-19 
and post-COVID-19 patients in order to confirm/dismiss the diagnosis PE.

8. Acute limb ischemia as part of the post COVID-19 conditions

The vascular bed, being rich in ACE2 receptors, is not devoid of complications 
during the acute or post-acute COVID-19 conditions. Our analysis is to report 
our experience in the Department of Vascular Surgery of Heart and Brain Center 
of Clinical Excellence, Pleven, Bulgaria, focusing on management of COVID-19 
patients who developed severe acute ischemia with impending lower and upper 
limb loss.

We carried out a retrospective data collection of COVID-19 patients with severe 
acute ischemia of the lower or upper limbs between December 2020, and April 
2021. We included only those COVID-19 patients suffering from acute lower limb 
ischemia. Primary outcomes of the analysis were early reoperations, amputation 
and postoperative mortality.

Admitted to our department were 16 patients (13 male, 3 female) with acute 
ischemia of the lower limbs and 2 patients (both male) with acute ischemia of the 
upper limbs. The median age was 70 years (range 50–85 years). All patients tested 
positive for COVID-19 and all had general clinical symptoms. In all patients, the 
limb was at risk, and the only alternative was a major amputation. Seven of the 
cases had previous claudication symptoms and peripheral artery disease (PAD). 
Computed tomography-angiography (CT-A) showed acute thrombosis over athero-
sclerotic occlusive disease. The rest of the patients [11] had no clinical evidence of 
PAD. The occlusion was related to acute thrombosis of the arteries or distal emboli-
zation and confirmed by (CT-A).

Generally, based on the patient’s overall stability, degree of ischemia, and limb 
viability, a determination needs to be made whether intervention is appropriate, 

Figure 2. 
ROC analysis for D-dimer values and the probability of PE.
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and if so, whether an endovascular or open approach should be used. It is crucial 
to consider the severity of systemic illness when considering intervention. Because 
of the severe pulmonary complications associated with COVID-19, critically ill 
patients may not be candidates for revascularization. Similar to damage control in 
trauma patients, the principle of “life over limb” is justified.

Laboratory parameters in our group showed increased levels of serum D-Dimer, 
C-reactive protein (CRP), and a decreased platelet count. All 18 patients underwent 
urgent revascularization, (embolectomy, open surgery procedures, percutaneous 
transluminal angioplasty with catheter balloon and stenting or primary amputa-
tion). Postoperatively, all patients received heparin therapy with low molecular 
weight heparin, combined with clopidogrel 75 mg and, in some cases, acetylsalicylic 
acid 100 mg.

Ten of the patients suffered from early (1st or 2nd day) postoperative re-throm-
bosis. All of them underwent reoperation (embolectomy), but 6 of them suffered 
from re-re-thrombosis and eventually required above-the-knee amputation and one 
patient required above-the-elbow amputation. Unfortunately, 7 patient died from 
multiple organ failure (MOF). 11 patients left the hospital in generally good condi-
tion. One patient with femoral-popliteal thrombosis left with symptoms of claudi-
cation but without critical limb ischemia. After one month this patient underwent 
endovascular revascularization with percutaneous transluminal angioplasty (PTA) 
and stent implantation (Table 3).

9. Conclusions

In our experience, the incidence of acute limb ischemia increased significantly 
during the COVID-19 pandemic in Bulgaria. Successful revascularization and 
survival was lower than expected, which we believed was due to a virus-related 
hypercoagulable state. The use of prolonged systemic heparin might improve surgi-
cal treatment efficacy, limb salvage, and overall survival.

10. Cardiac surgery during the COVID-19 pandemic

The COVID-19 pandemic posed serious challenges not only to modern cardiac 
surgery, but to medicine in general. As a result of the epidemic situation, the 
planned admission to hospitals and elective operations were stopped, and some 
of the health facilities were transformed into COVID-19 centers. Our hospital has 
developed a special algorithm for admission of patients in need of urgent or emer-
gent cardiac surgery.

All procedures Generally good condition Mortality

All patients 18 11 (61.1%) 7 (38.9%)

Open surgery 15 8 (53.3%) 7 (46.7%)

PTA/Stent 3 3 (100%) 0 (0%)

Re-operation 4 3 (75%) 1 (25%)

Amputation 6 3 (50%) 3 (50%)

Table 3. 
Operative vascular procedures at the Vascular Surgery Department of Heart and Brain Center of Clinical 
Excellence, Pleven, Bulgaria
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The epidemic situation has led to a reduction in hospital admissions. One of 
the reasons is certainly the fear of intra-hospital infection and transmission of 
COVID-19. The other reason is the postponement of elective operations. According 
to statistics, the number of hospitalized patients with acute coronary syndrome 
has decreased by 30%. If we consider that the mortality from COVID-19 is about 
3% and the mortality from untreated STEMI reaches 30%, then the fear seems 
unjustified [81]. Important in this case, from a cardiac surgery point of view, is the 
definition of the concepts of elective and emergency admission and treatment, as 
well as treatment in accelerated and urgent order, as well as the nosological units to 
the respective groups:

• True elective (isolated MR, isolated AS)

• Accelerated elective (AS combined with CAD)

• Urgent (CAD withLM disease or LM equivalent)

• Emergent (Infective endocarditis, Acute myocardial infarction)

• Salvage life saving (Aortic dissection Stanford type A, mechanical complica-
tions after AMI)

While the first two groups may remain on the waiting list, for the next three the 
waiting time is shortened according to the disease (24 hours, 6 hours and as soon 
as possible in case of urgent, emergency and life-saving surgery, respectively). The 
functioning of such a system requires particularly good communication and col-
laboration between GPs, specialized outpatient and inpatient care, proper categori-
zation of patients and optimal timing of treatment.

Unfortunately, there is still no formal international protocol or guidelines for 
optimal timing of cardiac surgery in patients with active COVID-19 infection. 
Since the beginning of the pandemic, 18 patients with identified COVID-19 infec-
tion pre- or postoperatively have undergone cardiac surgery (4.9% of all operated 
patients). The results of the operative treatment are excellent, as the intraoperative 
and early (up to 7th day) postoperative mortality is zero. Late postoperative mortal-
ity was 44%, with no patients dying from cardiovascular disease. It is noteworthy, 
contrary to expectations, that it is not the complexity of surgical treatment that is 
the leading risk factor for the complicated postoperative period in patients with 
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proven COVID-19, but the development of viral pneumonia. Interstitial changes 
typical of COVID-19 pneumonia (ground-glass opacities, vascular enlargement, 
bilateral abnormalities, lower lobe involvement, and posterior predilection) have 
been demonstrated by CT scan in 75% of the deaths, with respiratory failure being 
the leading cause of death.

The question how long after recovery from a COVID-19 infection can a patient 
be transferred to surgery also remains open. Several studies on the subject are cur-
rently conducted. The data collected so far from 116 countries on 140,231 patients 
may finally show some resolve [82]. 2.2% of the patients included in the study were 
diagnosed preoperatively with COVID-19 infection. Mortality is highest in the first 
7 weeks after the illness.

Thus, with surgical treatment 0-2 weeks, 3-4 weeks, and 5-6 weeks after 
COVID-19, the 30-day mortality was 4.1%, 3.9% and 3.6%, respectively. In surgical 
treatment after the seventh week, the results were the same as in patients without 
COVID-19 infection (1.5%). The estimated 30-day postoperative mortality in 
patients without COVID-19 infection was 1.5%. It should be borne in mind, how-
ever, that these are not specific studies in the field of cardiac surgery, but concern 
surgery in general. Probably the specific risk for cardiac surgery patients would be 
higher if we consider the complicated procedure of cardiac surgery, the aging of 
the population and the polymorbidity of the Bulgarian population. The role of the 
Heart team is crucial and the preparation of precise general hospital protocols and 
individual approach to each patient are extremely important for achieving good 
results.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 11

COVID-19 and Type 2 Diabetes 
Mellitus
Ritwika Mallik and Mohammed S.B. Huda

Abstract

COVID-19 pandemic caused by SARS-COV-2 virus has evolved into a global 
crisis and is a major concern especially for the diabetes community. People 
with diabetes mellitus have increased morbidity and mortality associated with 
COVID-19 infection. Conversely, COVID-19 infection and treatment may pre-
dispose to hyperglycemia. Potentially modifiable risk factors have been discussed 
and urgent need to mitigate the risks is warranted. In this book chapter we 
summarize the available evidence on COVID-19 and type 2 diabetes mellitus 
including link between COVID-19 and type 2 diabetes, pathophysiology, clinical 
manifestations, management and complications.

Keywords: COVID-19, SARS-COV-2, diabetes mellitus, hyperglycaemia,  
type 2 diabetes

1. Introduction

From the offset of Coronavirus disease (COVID-19), groups that are more 
vulnerable to COVID-19 were identified. Presence of diabetes mellitus (DM), both 
type 1 (T1DM) and type 2 (T2DM) independently increases the adverse effects of 
COVID-19 [1]. A meta-analysis found that the proportion of diabetes in COVID-19 
patients was 9.7% and that having cardiac disease and diabetes increased the risk of 
death by twice as much as the other risk factors [2]. The purpose of this chapter is 
to discuss in detail the current evidence available regarding type 2 diabetes mellitus 
and COVID-19.

2. Pathophysiology of T2D and COVID-19

There has been some insight into the pathophysiological mechanisms of 
COVID-19 infection and diabetes, but much remains to be investigated. The SARS-
CoV2 utilizes angiotensin converting enzyme 2 (ACE2) to gain entry into infected 
cells and reduces expression of ACE2, and over activation of renin angiotensin 
aldosterone system (RAAS) is proposed to contribute to adverse effects in patients 
with diabetes (PWD) and COVID-19 infection [3].

Mechanisms accentuated in PWD include increased inflammatory cytokines, 
increased lipopolysaccharides, and increased RAAS (angiotensin 2) which results in 
vascular endothelial damage, increased ROS and IL-6 in increased insulin resistance 
(due to exaggerated angiotensin 2 activity) which results in hyperglycaemia [4]. 
There is increased blood viscosity due to increased fibrinogen and d-dimer [4]. 
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The S1 spike protein of SARS-Cov2 is predicted to bind to DPP4 which may facili-
tate epithelial infection [1, 5].

It has been noted that infection with SARS-Cov-2 virus results in damage to 
pancreatic beta-cells [6]. Apart from COVID-19 related impaired insulin produc-
tion [7], COVID-19 can cause insulin resistance due to activation of integrated 
stress response (ISR) initiating serine/threonine kinases which can induce IRS-1 
serine phosphorylation. Hence, patients with COVID-19 infection can present with 
hyperglycaemia for the first time and may require insulin for insulin naïve patients 
or the one on insulin may have increased requirements [8].

Patients with type 2 diabetes (T2D) have a dysregulated immune response with 
higher ratio of lymphopenia, and increased levels of neutrophils, CRP and IL-6 
have been noted in PWD with COVID-19 infections. T2D is associated with activa-
tion of the RAAS in different tissues [3]. In PWD pulmonary dysfunction has been 
reported involving changes in lung volume, lung diffusing capacity, ventilation, 
bronchomotor tone and neuroadrenergic bronchial innervation [3].

Increased metabolic rate, dysregulation of glucose metabolism, aggravation of 
inflammation and immune modulation result in increased oxidative stress, cytokine 
production, endothelial damage, increased glucotoxicity which ultimately can 
result in increased severity of COVID-19 and rapid progression of cardiorespiratory 
failure [4].

3. Clinical manifestations

The most common symptoms of COVID-19 infection are fever, cough [9], 
fatigue and shortness of breath [10]. Other symptoms such as sore throat, rhinor-
rhoea, ageusia, anosmia, vomiting and diarrhea have also been reported [11]. An 
observational study noted that male patients were more vulnerable than female 
patients to COVID-19 infection [9]. Common comorbidities include diabetes  
mellitus, hypertension obesity and cardiovascular disease [10].

Multiple comorbidities are associated with more severe disease and higher 
mortality [9]. Patients with T2D are more likely to develop severe COVID-19 infec-
tion as compared with patients without diabetes [12]. An increased prevalence of 
chronic obstructive pulmonary disease (COPD) and chronic kidney disease (CKD) 
has been noted in patients with T2D and COVID-19 infection [11]. COVID-19 
infection may result in severe insulin resistance and insulin deficiency precipitating 
diabetic ketoacidosis (DKA) in patients with T1DM and not commonly but still pos-
sible in T2DM, result in new onset diabetes, or in PWD result in new or increased 
insulin therapy at times with very high dose requirements. Dexamethasone therapy 
which has been found to be beneficial in COVID-19 infection, can result in further 
hyperglycaemia and has the potential of precipitating Hyperosmolar hypergly-
caemic state (HHS) and DKA [7]. Regular monitoring of capillary blood glucose 
(CBGs) is warranted for inpatients. As hyperglycaemia with ketosis may occur 
in COVID-19 infection, ketones should be checked in all patients with diabetes 
initially or if CBG > 12 mmol/L [13].

Laboratory findings include lymphopenia, thrombocytopenia, raised CRP, 
raised ALT and other markers of inflammation such as ferritin [10]. Compared 
with patients without diabetes, patients with T2DM were found to have a higher 
ESR, CRP, IL-6, TNF-α and procalcitonin but lower lymphocyte and T lymphocyte 
subsets [12]. HbA1C, IL-6 and lymphocyte count have been proposed as risk fac-
tors for the severity of COVID-19 infection and T2DM [12]. CT scan changes are 
common and include ground glass abnormalities, lung lesions and enlargement of 
lymph nodes [10].
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4. Management of type 2 diabetes and COVID-19 infection

Diabetes UK, a British-based patient, healthcare professional and research 
charity, has provided advice for healthcare professionals on COVID-19 and inpa-
tient diabetes care on their website and topics include front door guidance, manag-
ing inpatient hyperglycaemia, dexamethasone therapy and safe discharge endorsed 
by the Joint British Diabetes Society (JBDS) and Association of British Clinical 
Diabetologists (ABCD) [14].

Front door guidance is available for inpatients [13]. An ABCDE (Airway, 
breathing, circulation, disability and exposure) approach is warranted initially if 
patient is unwell, CBG> 12 mmol/L or known diabetes. Aim is rule out DKA, HHS 
and watch out for new presentation of diabetes, sepsis, steroid use, uncontrolled 
diabetes or delayed and missed treatment of diabetes [13]. Be aware of the pos-
sibility of euglycaemic DKA. Stop Metformin and SGLT2 inhibitors on admission. 
Fluid requirements may differ in patients with COVID-19 infection and have 
to be tailored individually due to ARDS, cardiac involvement or AKI. Contact 
the diabetes specialist team and early involvement of critical care team where 
appropriate.

Target glucose levels are 6–10 mmol/L, and up to 12 mmol/L is acceptable. The 
guidance for managing inpatient hyperglycaemia should be used if glucose levels 
are >12 mmol/L and a corrective dose is appropriate and the patient is not in DKA 
or HHS [14]. It provides information for patients on insulin and insulin naïve 
patients too, regarding insulin dose adjustment as while recovering from COVID-19 
related insulin resistance, doses may require rapid reduction to avoid hyperglycemia 
[14]. Initiation of IV insulin with monitoring of blood glucose, electrolytes, pH and 
ketones should be done as appropriate. Blood ketones <0.6 mmol/L is safe, blood 
ketones 1.5–2.9 mmol/L signifies increased risk of DKA [13], and if 3 mmol/L or 
greater, then check pH and bicarbonate for possibility of DKA [13].

If patients unable to manage insulin pump start on variable rate intravenous 
insulin infusion (VRII) or subcutaneous (S/C) insulin. For S/C insulin find out the 
total daily insulin dose and if not available can be calculated as 0.5 units multiplied 
by weight. Half this dose is given as basal and remaining half as bolus dose divided 
by 3 to give the meal time dose [13]. If patient is placed in prone position, feeding 
may be affected and that needs to be taken into account while dosing insulin.

Continuous glucose monitors (CGMs) and flash glucose monitoring (FGM) can 
be left on but capillary blood glucose monitoring must still continue. For magnetic 
imaging such as MRIs, these devices including pumps should be removed [13]. 
Always check the feet on admission to look for foot infection and rule out critical 
limb ischaemia.

4.1 Medications used in diabetes

As it was not feasible to conduct RCTs initially, expert opinion and observational 
studies regarding treatment with medication for T2D suggest the following [15]:

Regular monitoring blood glucose of patients on insulin should be encour-
aged [15]. A retrospective study in patients in China found that patients with T2D 
required more medical interventions and had a significantly higher mortality and 
multiple organ injury than the non-diabetic individuals [3]. Within PWD they 
found that well controlled BG (CBG 3.9–10 mmol/L) was associated with reduction 
in adverse outcomes including lower mortality as compared with poorly controlled 
BG while in hospital. Hence correlation of improved glycaemic control with better 
outcomes was made and aggressive blood glucose lowering treatment with tablets 
and insulin was advocated.
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4.1.1 Insulin

Insulin therapy is the mainstay in acute unwell PWD admitted to hospital 
where oral tablets have been stopped or not enough to control the hyperglycae-
mia. However, there is some evidence that insulin treatment is associated with 
adverse clinical outcomes in patients with T2D and COVID-19, including increased 
mortality. Use of insulin was associated with enhanced inflammation (increased 
IL-1β-dependent CRP and IL-6) and injury of vital organs (acute cardiac injury 
and acute kidney injury) during the progression of COVID-19 in patients with T2D 
[16]. Hypoglycaemia was higher in patients on insulin and may have contributed 
to the increased mortality although a sub-group without hypoglycaemia still had 
increased mortality. Insulin has been the mainstay in ill PWD and if hyperglycae-
mia and insulin result in adverse outcomes, there is a difficult dilemma for clinicians 
[17]. A UK study of 2.85 million PWD, a higher risk of COVID-19 related mortality 
was seen in patients on insulin, but the higher risk was thought to be due to residual 
confounding factors rather than direct drug effects [18]. Currently guidelines 
continue to endorse insulin in unwell PWD. Caution and close monitoring is to be 
exerted while using insulin treatment in PWD and COVID-19.

4.1.2 Metformin

Metformin, a lipophilic biguanide, has been associated with reduced mortality 
in women with obesity or T2D admitted to hospital with COVID-19 infection [19]. 
Several explanations have been provided including decreased inflammatory factors. 
Retrospective studies evaluating use of Metformin in T2D and COVID-19 infection 
have mainly suggested some benefit or no harm or benefit whereas a single study 
has suggested some harm, but overall use of Metformin is considered to be safe 
[20]. The CORONADO study which was a prospective study noted that Metformin 
was associated with a lower risk of death in PWD hospitalized with COVID-19 
infection [21]. Dehydration with Covid-19 may increase the risk of lactic acidosis in 
patients taking metformin, hence temporary cessation of the drug along with usual 
sick day rules should be followed. Renal function should be monitored closely [15]. 
As metformin may reduce progression to severe COVID-19 infection, after initial 
cessation and review of clinical parameters including hypoxic state, lactate and 
renal parameters, metformin may be re-introduced if appropriate [13]. The MET-
Covid Trial is an RCT designed to evaluate use of Metformin versus placebo for 
outpatient treatment and post exposure prophylaxis of COVID-19 infection [22].

4.1.3 Sodium glucose co-transporter 2 inhibitors

Sodium glucose co-transporter 2 inhibitors (SGLT2i) primarily act on the proxi-
mal tubule to block sodium and glucose absorption. Given that the mechanisms that 
are attributed to the protective effects of SGLT2i overlap with the mechanisms that 
are activated in COVID-19 infection, SGLT2i seem to have the potential to protect 
against end organ damage through cardio-renal protection [23]. Initiation of this 
medication should not be done during any likely infection, and for patients with 
T2D with COVID-19 infection, on SGLT2I, risk of dehydration and euglycemic DKA 
remains and should temporarily stop this medication and follow sick day rules. Renal 
function should be monitored closely [15]. A retrospective study to evaluate SGLT2i 
and COVID19 infection in a large UK based primary care dataset concluded that as 
compared to DPP4i, SGLT2i did not confer an increased risk of COVID-19 infection 
[24]. They deemed that clinicians can safely use SGLT2i the everyday care of PWD 
during COVID-19. DARE-19, is the first randomized controlled multi-centre trial 
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investigating the use of Dapagliflozin, and the goals are to prevent COVID-19 related 
organ dysfunction or mortality and to improve clinical recovery [23].

4.1.4 Glucagon like peptide receptor agonists

Glucagon like peptide receptor agonist (GLP-1 RA) in animal studies has shown 
to activate ACE-2 expression and there have been speculations if this accelerated 
virus entrance into host cells but also if this expression neutralizes the virus limiting 
infection [25]. There is support for the hypothesis that GLP-1 RA may mitigate a 
more adverse clinical course in PWD and COVID-19 infection [26]. GLP-1 RA also 
are beneficial with weight loss. There are a few studies on GLP1RA and COVID-
19 infection and even the final report of the CORONADO study did not find any 
benefit or harm with its use [27]. Dehydration is likely to lead to serious illness so 
patients on GLP1RA with COVID-19 should be monitored [15]. Regular meals and 
adequate hydration should be encouraged [15].

4.1.5 Dipeptidyl peptidase-4 inhibitors

It has been proposed that SARS Cov-2 binds to Dipeptidyl peptidase-4 inhibitors 
(DPP4), but the clinical implications are not known. Dipeptidyl peptidase-4 inhibi-
tors (DPP4i) are well tolerated in COVID-19 infection [15]. The majority of studies 
have shown either benefit with DPP4i in PWD and COVID-19, or no harm or benefit 
[20], Although DPP4 inhibitors appear to be safe in T2D and COVID-19 infection 
[4], in an observational study of 717 patients, in the diabetes sub-group, patients on 
DPP4I were at a higher risk of ICU admission [5]. As study that compared GLP-1 RA 
or DPP4i with SGLT2i did not note associated improved outcomes in patients with 
COVID-19 infection [28]. As DPP4 upregulation may be an indicator for severity of 
COVID-19 infection, there is interest regarding the use of DPP4i in COVID-19 infec-
tion and available information may form the path to discovering novel therapies 
[29]. RCTs involving Linagliptin versus placebo and Sitagliptin versus placebo have 
been registered [30, 31].

4.1.6 Sulphonylureas

The use of sulphonylureas with regard to COVID-19 infection has not shown 
any harm or benefit according to some retrospective studies [20]. If there is a risk 
of hypoglycaemia, they may be stopped. Sulphonylureas are not recommended in 
the context of dexamethasone induced hyperglycaemia as beta cell function maybe 
impaired with COVID-19 infection and there is insulin resistance too [7].

4.1.7 Thiazolidinediones

Several studies have shown a reduction in proinflammatory cytokines with 
pioglitazone, but no studies have reported outcomes in pioglitazone users with 
COVID-19 infection, and due to small numbers of users meaningful data is unlikely 
to be available soon [20].

4.1.8 Steroid induced hyperglycaemia

Dexamethasone has been proven to reduce mortality in patients dependent on 
oxygen therapy and ventilation. However, recommended dose of 6 mg orally or 
intravenously are bound to affect glucose metabolism and guidance for glucocorti-
coid therapy in patients with and without diabetes is provided by DUK [14].
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4.2 Hypertension

Treatment with angiotensin-converting enzyme inhibitors (ACEI) and angio-
tensin receptor blockers (ARBs) could increase the expression of ACE2 and acceler-
ate entry of the virus into the cells. However, in COVID-19 infection, impairment of 
the ACE2/Mas receptor pathway and increase in angiotensin-2 activity could occur, 
and RAAS blockade may protect against this serious lung injury. Thus it is recom-
mended that ACEI and ARBs should continue [15].

4.3 Lipid medications

Reduction on ACE2 by hyperlipidemia is restored by statins. It is believed that statins 
should not be discontinued in patients with COVID-19 infection due to it pleiotropic 
effects and potential for a cytokine storm due to rebound increase in interleukins [15].

4.4 Renal transplant recipients

Potential effect of COVID-19 on pancreatic function of patients with solid organ 
transplants is not known. Monitoring is required for patients with PTDM and 
without diabetes at risk of PTDM [15].

4.5 Fatty liver disease

Should be considered at an increased risk of cytokine storm and should be con-
sidered at risk of severe disease. Hence patients at risk of a cytokine storm and are 
to be considered at an increased risk of severe disease. There may be some benefit of 
screening and monitoring tests for hyperinflammation [15].

4.6 Discharge

Advice regarding safe and supported discharge is available [14]. Patients using 
insulin pumps or wearable diabetes technology should have them returned to the 
patient if not being used and ensure enough consumables are available at home. If a 
patient has had DKA, SGLT2i should not be used. Metformin can be re-started once 
the patient is well, eGFR>30 ml/min and lactate is normal. Sulphonylureas may 
have been withheld due to risk of hypoglycaemia, and assessment should be made if 
re-starting it is appropriate.

4.7 Outpatient management

It is suggested that patients with diabetes (PWD) not yet infected with the 
SARS-CoV-2 virus should intensify their treatment to prevent COVID-19 infection 
including glycaemic control, management of hypertension and raised cholesterol. 
Tele medicine and virtual appointments should continue to ensure adequate follow 
up [15]. The priority was to contain spread of COVID-19 but health care services 
need to ensure that the needs of PWD are met is imperative which includes continu-
ous supply of medications and available healthcare services in the primary care [32].

4.8 Prevention

Patients with COVID-19 infection without diabetes should be monitored for 
new onset diabetes especially if on steroids. PWD and COVID-19 infection should 
have good glycaemic control [15].
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4.9 Lifestyle management

While lockdown was the best armamentarium we had while the vaccination 
program was established and rolled out, it lead to potential for more sedentary 
activity, unhealthy diet, mental health related issues and possible delay in seek-
ing care due to fear of contracting COVID-19 especially for patients with chronic 
conditions. Maintaining a healthy lifestyle is important now more than ever [32]. 
Adoption of dietary advice and restriction of dietary carbohydrates has been 
proposed for people with metabolic syndrome [33]. Smoking was associated with a 
higher mortality rate in hospitalized patients and advice regarding smoking cessa-
tion should be given [9].

4.10 Prediabetes

Prediabetes is associated with increased CRP and IL-6, and hospitalized patients 
with moderate to severe COVID-19 infection have been noted to have prediabe-
tes, hence it has been proposed that pre-diabetes be treated as a comorbidity for 
COVID-19 infection [34]. Whether screening of all COVID-19 infected patients for 
prediabetes to improve patient care is feasible or beneficial remains to be seen as 
there is currently no therapeutic drug approved for prediabetes.

5. Complications

Apart from the known pulmonary complications, extra pulmonary complica-
tions from COVID-19 include neurological, cardiovascular, gastro-intestinal, 
renal, endocrine and dermatological complications are being reported [35]. Due 
to COVID-19 infection, there have been increased risk of hyperglycaemia, eugly-
caemic ketosis and diabetic ketoacidosis (DKA) [35]. With COVID-19 infection, 
there is a risk of atypical presentations of complications such as DKA or mixed 
hyperosmolar states with associated increased mortality. A retrospective case series 
confirmed that PWD are at a risk of combined DKA and HHs with COVID-19 
infection [36]. Data from our own centre has shown that DKA in T2DM is increased 
significantly and that the frequency of HHS increased seven fold during the first 
Covid pandemic in the UK [37]. Fluid management is a challenge in such patients 
especially in case of renal impairment and ARDS should be avoided. Guidelines 
for management of DKA is available on the Diabetes UK website and it is worth 
remembering that euglycaemic DKA can occur in patients taking SGLT2i or in 
pregnancy [14]. In a whole population study assessing risks of in-hospital death in 
England, people with T1DM were found to be three-and-a-half times more at risk 
of dying from COVID-19 infection, while people with T2D are at twice the risk of 
dying than people without diabetes [38]. Hence, continued measures to mitigate the 
risks of people with diabetes of becoming seriously ill or dying due to COVID-19 
infection is warranted.

6. Conclusion

COVID-19 infection and diabetes mellitus have important and clinically relevant 
interactions. It is important for all physicians to be aware of these, particularly in 
view of likely further COVID-19 pandemics.
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Chapter 12

Pregnancy and COVID-19
Sushruti Kaushal and Harpreet Kaur

Abstract

Pregnancy is a physiological state that alters the body’s response to infections. 
COVID-19 has been found to cause severe disease in pregnancy with morbidity 
and mortality that is higher than in non-pregnant adults. There is risk of transmis-
sion of SARS-CoV2 infection to fetus during ante-natal period, intra-partum and 
post-delivery from an infected mother. It is necessary to provide an un-interrupted 
ante-natal care and delivery services to pregnant women during the pandemic. 
Tele-consultation is important modality to reduce the physical exposure of pregnant 
women to the hospital environment and should be utilised. Screening, isolation, 
testing and treatment for SARS-CoV2 infection in pregnant women should follow 
the local guidelines and remain essentially the same as in non-pregnant adults. 
Admission, if required, should be in a facility that can provide obstetric maternal 
and fetal monitoring in addition to care for COVID-19 illness. Use of nitrous oxide 
and inhalational oxygen for fetal indication should be avoided during labor. Second 
stage of labor is considered an aerosol generating procedure and should be managed 
with adequate precautions. Mode of delivery should be as per obstetric indications. 
Regional anaesthesia should be preferred during caesarean. COVID-19 is not a 
contra-indication to breast feeding. For antenatal women, COVID-19 vaccination 
can be considered after shared decision making.

Keywords: Pregnancy, COVID-19, vaccine, labor, delivery

1. Introduction

Pregnancy is a physiological state that alters the body’s immune system and 
response to viral infections. Pregnant women have been found to have higher risk 
of complications during the previous corona virus outbreaks, namely Severe Acute 
Respiratory Syndrome (SARS) in 2002–2004 and Middle East Respiratory Syndrome 
(MERS) in 2012. The risk of maternal morbidity and mortality was high with these 
infections. With Covid-19, though initially there were different opinions but currently 
there is sufficient evidence to suggest that pregnant women are at increased risk for 
complications of COVID19. Additionally, there is evidence to support risk of transmis-
sion of infection to fetus intra- or postpartum and concerns about obstetrical outcome.

2. Physiological changes in pregnancy and SARS-CoV2 infection

Pregnancy induces changes in all organ systems of body, notable one being a 
state of altered immunity and body’s response to various infections. This results in 
increased severity of illnesses during pregnancy as evidenced in previous respira-
tory disease outbreaks.

Changes in pregnancy that alter the response to illness are:
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2.1 Immune system

a. Shift in population of CD4+ T Cells population towards Th2 phenotype 
 promoting humoral immunity in place of cellular immunity [1].

b. Decrease in the population of natural killer cells, possibly altering viral 
 clearance [2].

c. Phagocytic dendritic cells are decreased and so, interferon response to viruses 
is altered [3]

d. Hormonal changes in the form of increased progesterone, oestrogen and 
androgens alter the body’s immune system because of immunomodulatory 
properties [4]. Whether these hormones predispose to severe disease or have 
protective effect is yet to be known.

2.2 Respiratory system

a. Elevation of diaphragm due to gravid uterus leading to reduction in lung 
 volume and total lung capacity.

b. Increase in tidal volume (30–40%)

c. Decrease in functional residual capacity, residual volume and end 
 expiratory volumes

d. Decreased clearance of secretions

These changes make pregnant women more susceptible to severe disease [5].

2.3 Coagulation pathway

Pregnancy is a hypercoagulable state with:

a. increase in thrombin and other coagulation factors

b. increased fibrinolytic factors such as plasmin

Covid 19 is associated with high rate of thromboembolic complications which is 
compounded by changes of pregnancy.

2.4 Vascular system

Pregnancy increases maternal blood volume, heart rate and cardiac output while 
systemic resistance decreases. There is an increase in intravascular inflammation 
[6]. These vascular changes have the potential to impact endothelial function which 
is a major factor in development of Acute Respiratory Distress Syndrome (ARDS) 
with Covid19.

Preeclampsia is an important complication of pregnancy associated with 
endothelial cell dysfunction and higher rates of preeclampsia have been noted in 
pregnancies complicated with Covid19 [7].
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3. Physiology of placenta and placental transmission of COVID-19

Placenta acts as a barrier for transmission of pathogens by various mechanisms. 
Placental decidua contains large number of NK cells, macrophages and T cells. 
Decidual macrophages perform antimicrobial functions while CD8+ T cells protect 
the fetus from viral infections [8]. Additional protection is provided by syncytio-
trophoblast and cytotrophoblast mediated by toll-like receptors. Placenta also has 
antimicrobial peptides which prevent fetal transmission of various pathogens [9].

The first prerequisite for transmission of any virus through placenta is viremia, 
which, in case of SARS-CoV2, may be present for a relatively short duration. 
Although earlier studies documented viremia in only 1–15% of patients infected 
with SARS-CoV2 virus, recent study using WHO RT-qPCR protocol demonstrated 
viremia in up to 80% patients, although mostly with low levels of viral load [10].

The second element necessary for fetal transmission is placental tropism or 
the ability of the virus to infect placental cells. In lungs, SARS-CoV2 uses ACE-2 
receptor to enter cells and a serine protease named TMPRSS2 to cleave the spike 
glycoprotein, facilitating fusion. Although ACE-2 and TMPRSS2 have not been 
shown to be co-expressed in placental cells, they have been demonstrated in tropho-
blast, blastocyst and hypoblast. It has been suggested that SARS-CoV2 could enter 
placenta using other proteases like DPP4, CD147 or trypsin [11].

Another route for this virus to enter the placenta could be through infected 
blood cells like lymphocytes and macrophages but this has not been proven yet for 
SARS-CoV2. Transcytosis of free virus particles can infect the fetus, as in case of 
HIV but this method is thought be less important with maternal SARS-CoV2 infec-
tions because of low viremia.

Infection may also cross over to fetus through cervico-vaginal secretions which 
would raise concerns for the mode of delivery of the fetus. The evidence we have till 
now does not favour this mode of transmission as one study on ten infected women 
did not find viral RNA in vaginal secretions in any patient [12].

There is convincing evidence that placental transmission of the virus causing 
COVID-19 is possible, though rarely. Presence of SARS-CoV2 viral RNA in placenta 
and SARS-CoV2 virions in syncytiotrophoblast has been reported in multiple cases. 
IgM antibodies directed against SARS-CoV2 virus have been documented in neo-
nates born to mothers with SARS-CoV2 infection, making a strong case for in-utero 
transmission of this virus [13].

Placental histology in parturient women who contracted SARS-CoV2 infection 
during the ante-natal period shows vascular malperfusion, chronic villitis, placental 
infarcts and fibrin deposition [14].

It has been estimated that maternal to fetal transmission occurs in 3.2% of 
pregnant women infected with SARS-CoV2 virus. Viral positivity rate for placental 
and cord samples and fetal serology fall in the same range, supporting the transmis-
sion rate of 3.2% [13].

4. Effects of SARS-CoV 2 infection on pregnant women

Pregnancy is an immuno-deficient state and high morbidity has been reported 
during previous corona virus outbreaks, both MERS and SARS. Earlier studies done 
in China showed key outcomes in pregnant women infected with SARS-CoV2 virus 
to be similar to those in non-pregnant adults [15, 16]. These studies were limited by 
small sample sizes and a retrospective design. A national analysis of all Covid related 
ICU admissions in Sweden was one of the first studies to report increased morbidity 
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during pregnancy [17]. Studies later done in France and the USA supported these 
findings. The largest study addressing this topic was the review of all laboratory con-
firmed cases of Covid19 from January to June 2020 in the USA. They found increased 
risk of hospitalisation, ICU admission and mechanical ventilation but not mortality 
[18]. This data was recently updated through October 2020 to report increased risk of 
hospitalisation, ICU admission, mechanical ventilation, extracorporeal membranous 
oxygenation (ECMO) and death [19]. Though risk appears to be increased when 
compared with non-pregnant adults, absolute risk remains low.

Clinical course of COVID-19 is believed to be mild in majority (86%) of preg-
nant females, severe in 9% and critical in 5% [20]. This is similar to incidences 
reported in non-pregnant Covid19 patients.

In data reported from the UK, most women with more severe illness were in third 
trimester of pregnancy or postpartum [21]. Risk factors associated with hospital 
admission in pregnant women include Black, Asian or minority ethnicity, pre-existing 
co-morbidity (e.g. diabetes, hypertension, asthma), obesity/overweight and maternal 
age more than 35 years. It has been postulated that this risk is due to genetic differ-
ences, socio-economic disparity or difference in response to infection. Vitamin D 
deficiency has been associated with respiratory infections and ARDS, a common com-
plication of Covid19. South Asian population has been documented to be deficient in 
Vitamin D and this could be a factor in increased morbidity in this population [21].

COVID-19 increases the risk of thromboembolic complications and pregnancy 
is itself associated with increased risk of thrombo-embolism. Royal College of 
Obstetricians and Gynaecologists (RCOG) has emphasised the risk of throm-
boembolism in COVID-19 with pregnancy and recommends appropriate use of 
thromboprophylaxis.

5. Risks to the fetus

Many studies have shown increased chances of preterm delivery in SARS-CoV2 
infected women. Most of these preterm births have been seen to be iatrogenic. Most 
of the preterm babies have been delivered by caesarean section due to intrauterine 
foetal distress. Symptomatic women have been found to have increased risk of 
preterm delivery compared to asymptomatic SARS-CoV2 infected women. Some 
studies have shown a decrease in mean gestational age at the time of delivery in 
women who were diagnosed with COVID-19 within 14 days before delivery. One 
study also reported increased chances of stillbirth in foetuses born to SARS-CoV2 
positive mothers [22].

Till date no association has been found with first trimester losses or teratogenic-
ity and COVID-19 infection is not an indication for medical termination of preg-
nancy. Though this is ever changing situation and we may get more information in 
future as the evidence is pooled in. Amniocentesis to diagnose fetal infection is also 
not recommended at present [23].

6. Diagnostic testing for SARS-CoV2 infection in pregnancy

The criteria for testing pregnant women for SARS-CoV 2 infection remain the 
same as for general population. Local testing guidelines as per the local, state and 
regional governments should be followed. Basically, it includes testing symptomatic 
women, contacts of SARS-CoV2 positive people and those with history of travel.
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Nasopharyngeal swab is the recommended sample for testing, oropharyngeal 
swab is also acceptable. Lower respiratory samples are recommended in intubated 
patients and in those with severe illness and negative nasopharyngeal swabs.

RT-PCR is the most commonly used test in pregnancy. Nucleic Acid 
Amplification Tests (NAAT) can be used as per availability and regional guidelines.

Rapid antigen tests and serological tests can all be used in pregnancy as per 
regional protocols and there are no specific considerations for diagnostic testing in 
pregnancy [24].

7. Ante-natal care during COVID-19 pandemic

Providing adequate antenatal care during the COVID-19 pandemic is a prior-
ity and a minimum number of antenatal visits should be ensured. Federation 
International of Gynaecology and Obstetrics (FIGO) suggests a minimum of six 
in-person antenatal visits i.e. at 12 weeks, 20 weeks, 28 weeks, 32 weeks, 36 weeks 
and at 37–41 weeks. Telemedicine can be used for any additional advice and facili-
ties should be made available for tele-consultation.

Appointments should be taken before consultation and screening for any 
symptoms for COVID-19 should either be done telephonically or before entering 
the antenatal area [25]. Screening should include symptoms suggestive of COVID-
19 illness, any history of recent travel, history of exposure to infected person and 
any history of immune-suppression [25].

FIGO recommends that any pregnant women testing positive on screening 
should have a minimum waiting period, should be tested for severity of symp-
toms, and evaluated as per local guidelines [25]. Screen-positive women should be 
isolated and not allowed near other pregnant women.

Screen-positive woman who contacts telephonically should be advised to defer 
the visit for 14 days unless there is an urgent need.

During antenatal visits, pregnant woman should be counselled about the general 
measures to prevent spread of infection like social distancing, use of face masks and 
respiratory hygiene. They should be educated about the symptoms of SARS-CoV2 
infection and that even if they become infected, they are likely to have mild disease 
in most cases. They should be told that if they develop severe symptoms or recovery 
is delayed, they should seek care [25].

Pregnant women should be allowed only one accompanying person and he/she 
should also be screened at entrance to hospital.

They should also be counselled about the possible modifications in her antenatal 
plan in view of the ongoing pandemic. She should be told about dedicated COVID 
facilities in her neighbourhood and facilities where SARS-Cov2 positive women can 
deliver.

She should be advised to keep taking her routine health supplements e.g. folic 
acid during pregnancy.

There should a mechanism in place to track antenatal women who miss sched-
uled visits and they should be contacted telephonically.

Clinicians should be aware of the increased risk of psychological problems and 
domestic abuse during the pandemic and appropriate steps should be taken to 
address these issues including looking for signs, counselling and referral if needed. 
Particular concern has been raised about the increased need of psychological coun-
selling and support services to the antenatal women during this time of pandemic 
when face to face consultation is not possible [25].
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8. Antenatal care for women with suspected/confirmed covid-19

Care of symptomatic pregnant women suffering from Covid-19 should be a 
multidisciplinary team approach.

American College of Obstetricians & Gynaecologists (ACOG) has developed 
an algorithm for management of outpatient pregnant women with suspected or 
confirmed COVID-19. If a woman has no symptoms to suggest infection with 
SARS-CoV2, she should receive routine prenatal care. If she has symptoms, severity 
of symptoms should be assessed. Assessment of severity of illness should include 
any shortness of breath, coughing up blood, dizziness, chest pain, not being able to 
keep down fluids and any history of confusion. If any of these are present, pregnant 
woman is at elevated risk and should be asked to seek care in an emergency depart-
ment in a centre that has facilities for antenatal and obstetric care. If the woman has 
symptoms but those are not severe, she should be screened for any co-morbidities 
and any obstetric complications. If any co-morbidities or obstetric complications 
are present, she is categorised as having moderate risk and should be evaluated in 
ambulatory setting as soon as possible and should be investigated for severity of ill-
ness. CT Scan with abdominal shielding should be done if clinically indicated. If the 
woman does not have any high risk factors, she should be sent for symptomatic care 
at home, including hydration and rest and evaluated repeatedly for development of 
any of the above symptoms [26].

Indian Council of Medical Research (ICMR) recommends that symptomatic 
women with fever >38°C and respiratory symptoms should be hospitalised in a 
tertiary care centre with facilities for maternal and fetal monitoring. Seriousness 
of maternal situation is assessed by quick SOFA score, parameters of severity being 
systolic blood pressure < 100 mmHg, respiratory rate > 22, and Glasgow conscious-
ness scale <15. Any pregnant woman with more than one of these factors should be 
admitted in Intensive Care Unit (ICU) [27].

FIGO recommends anomaly scan at 18–23 weeks in women with confirmed 
SARS-CoV2 infection and monthly scan after that for fetal growth. ICMR (Indian 
Council for Medical Research) recommends a growth scan 14 days after recovery 
from acute illness [25].

9. Management during labor

9.1 Preparation before admission

Admission for labor and delivery represents a unique scenario in that admis-
sion, though planned, cannot be delayed. The basic principles remain the same as 
those for outpatient visits, i.e., to avoid unnecessary hospital visits, maintain social 
distancing and other measures to prevent spread of SARS-CoV2. Women should 
be advised to quarantine themselves or work from home at least 14 days before 
planned admission for delivery or caesarean. This should start in most women by 
37 weeks of gestation. Woman and her birthing partner should be screened for 
symptoms of COVID-19 telephonically one day before admission [28].

9.2 Screening on arrival

All women arriving for admission for delivery should be screened verbally 
for fever, cough and respiratory symptoms. Birthing partner should be similarly 
screened. Those testing positive should be sent for testing and care by Obstetric care 
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provider. Some women would already be diagnosed with SARS-CoV2 infection and 
they should directly be delegated to area dedicated for infected patients.

Case can be made for testing all women at the time of admission to labor and 
delivery unit because of high number of asymptomatic infections [20]. Local 
guidelines could also mandate testing at the time of admission.

After screening at the time of admission, women will be categorised into one of 
the three categories: infected, suspect and non-infected. Under ideal circumstances, 
all health care facilities caring for pregnant women should have well demarcated 
zones with separate passageways for all of these categories. These zones should 
include separate wards, intensive care areas and operation theatres. If not pos-
sible, all care should be taken to avoid infected and non-infected people coming in 
proximity of each other.

9.3 General precautions during admission

All women and their birthing partners should wear triple layer surgical masks 
throughout admission. All healthcare providers should wear triple layer surgical 
mask for each patient contact. Hands should be sanitised with alcohol based hand-
rub after every patient contact. Droplet precautions should be used when caring for 
women with respiratory symptoms. This requires the use of gloves, gown, surgical 
mask and face shield. Gown, gloves, face shield and N95 mask should be used for 
any woman with suspected COVID and during any aerosol generating procedure 
including second stage of labour [28]. Disinfection of rooms should be done 
between patients.

Women should be allowed to have one birthing partner who should stay 
throughout admission. Other support persons should be given option to provide 
support through video. Visitors should not be allowed in person, although visitation 
may be considered in end of life situations.

Shifting of woman from one area to other should be avoided and all efforts 
should be made to provide services at women’s bedside.

All preoperative investigations needed for caesarean should also be done on the 
day of admission to decrease the number of pre-admission hospital visits.

9.4 Intrapartum care

Management of first stage of labour remains essentially the same as in a woman 
not infected with Covid-19. Women with mild disease require management of fluid-
electrolyte balance during labor, in addition to symptomatic management and close 
monitoring of maternal well-being. Woman should be encouraged to take oral fluids 
to maintain hydration. Intravenous fluids should be used with caution because of 
association of Covid-19 with Acute Respiratory Distress Syndrome (ARDS) [25]. 
Early use of oxytocin for slow and dysfunctional labour is recommended to avoid 
the stress and complications of a prolonged labor. Use of Nitrous Oxide during 
labour should be avoided because of insufficient data about cleaning, filtering and 
potential aerosolization of nitrous oxide systems [28].

Oxygen is used intrapartum for fetal benefit, to increase fetal oxygenation. A 
recent meta-analysis has shown that it does not provide fetal benefit and may even 
be harmful [29, 30]. ACOG recommends against the use of oxygen therapy for fetal 
resuscitation during labour [28].

Second stage of labour is considered an aerosol generating procedure and should 
be managed with appropriate precautions. Obstetric management remains the same 
as before the pandemic.
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Blood resources have become scarce during the pandemic because of inability 
to conduct donation drives. Maintaining pre-delivery haemoglobin is the most 
efficient way to decrease the use of blood during labour and delivery admissions. 
Utmost importance should be given to aggressively treat anaemia detected during 
pregnancy. Blood transfusion should only be used when absolutely necessary and in 
minimum quantity.

Misoprostol and tranexamic acid should be used prophylactically in third stage 
of labor to decrease blood loss after delivery.

10. Management of pregnant woman with COVID-19

A pregnant woman with SARS-CoV2 infection should be counselled about the 
risk of serious infection and the methods to protect family members from infection. 
Next step is to assess systemic status of woman for severity of infection and need of 
hospitalisation.

Management of infection should be same as management of non-pregnant 
patients with COVID-19. If the patient needs hospitalisation, she should be 
admitted in a facility where maternal as well as fetal monitoring can be done 
[31]. The facility should be able to provide fetal and uterine contraction moni-
toring, individualised delivery planning and team based approach including 
obstetrician, paediatrician, anaesthetist and respiratory medicine specialist. 
The basic principles and medications remain the same as in non-pregnant 
patients. Potentially effective treatment for COVID-19 should not be withheld 
from pregnant women due to theoretical concerns regarding safety. Decisions 
regarding treatment options should be made keeping in mind safety of the 
 medication, the severity of maternal disease and in shared decision-making with 
the patient [31].

A very important limitation is exclusion of pregnant women from most clinical 
trials involving new treatment modalities and the safety data remains scarce.

In most cases, timing of delivery should not be altered by maternal COVID-19 
infection [32]. Patients who get infected in early pregnancy and subsequently 
recover do not require any change in the timing of delivery. For patients who 
contract SARS-CoV2 infection in the third trimester of pregnancy, attempt should 
be made to postpone delivery till negative SARS-CoV2 report or lifting of quar-
antine status to decrease the risk of perinatal transmission. Maternal COVID-19 
infection is not an indication for caesarean section, which should be done for 
obstetric indication or on maternal request [32]. Because the risk of transmission 
from umbilical cord blood is low, delayed cord clamping should be continued 
as pre-pandemic. Similarly, umbilical cord blood banking can be done if the 
 parents desire.

11. Lactation and COVID-19

Several studies have detected SARS-CoV2 nucleic acid in breast milk. However, 
infectious virus particles have not been detected in breast milk [33]. Also, antibod-
ies specific to SARS-CoV2 have also been detected in breast milk, which could 
potentially protect the neonate. Therefore, it is recommended to continue breast-
feeding in mothers with SARS-CoV2 infection, with precautions. These precautions 
include hand hygiene before breast feeding and wearing a face mask. Breast milk 
may be expressed after hand-hygiene and fed to infant by uninfected care-provider 
after disinfection (pasteurisation) [33].
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12. Pregnancy and COVID-19 vaccines

Clinical trials to determine safety and efficacy of SARS-CoV2 vaccines have 
excluded pregnant women and so data on safety of vaccines in pregnancy is sparse. 
However, the vaccines that are not live attenuated are generally considered safe 
in pregnancy. Also, the animal studies done for safety and efficacy of the current 
vaccines for SARS-CoV2 have not shown any evidence of teratogenicity. RCOG 
recommends that SARS-CoV2 vaccine should be offered to pregnant women at the 
same time as general population [34]. ACOG recommends that mRNA vaccines for 
SARS-CoV2 should not be withheld from pregnant women and should be offered 
to lactating women [35]. It would be prudent to make the decision regarding use of 
SARS-CoV2 vaccines in pregnancy keeping in mind the activity of virus in commu-
nity, risks and potential severity of illness in woman, efficacy of vaccine and risks to 
mother and fetus due to vaccination [35].

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

The respiratory system is the most common target of COVID-19, however, 
various experimental studies and case reports have shown its affinity for neural 
tissues. In this chapter, we described pathogenesis and propagation of SARS-CoV-2 
virus in the nervous system, potential routes of the SARS-CoV-2 invasion in the 
brain, as well as indirect effects of COVID-19 on multiorgan disorders. We have 
also presented all of the reported neurological manifestations in COVID-19 with an 
explanation of possible underlying pathways. Among patients who tested positive 
on SARS-CoV-2, various neurological irregularities have been described, affecting 
both the central and peripheral nervous systems. In general, neurological complica-
tions in COVID-19 patients occur within 1 and 14 days, in most cases on average 
on the 5th day of the incubation period. We have demonstrated all of the reported 
neurological findings, whereas the most commonly reported were headache, 
dizziness, myalgia, hypogeusia, hyposmia, and impaired consciousness. More 
serious neurological conditions in COVID-19 included meningitis, encephalitis, and 
ischemic or hemorrhagic stroke.

Keywords: SARS-CoV-2, neurologic manifestations, pathogenesis, COVID-19, 
coronavirus

1. Introduction

The infection of coronavirus (SARS-CoV-2) severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) was declared a pandemic by the World Health 
Organization (WHO) on March 11, 2020 [1]. Regarding its structure and infection 
mechanism, SARS-CoV-2 is mostly similar to familiar coronaviruses such as the SARS-
CoV-1 and Middle East respiratory syndrome (MERS) [2, 3]. Identified in Wuhan, 
China, it has abruptly spread all over the world with more than 164.513.450 reported 
cases to date [4]. The respiratory system is the most common target of infection how-
ever, various experimental studies and case reports have shown an affinity for neural 
tissues. Considering observational studies, SARS-CoV-2 patients were registered with 
complaints of headache, nausea, vomiting, dizziness, myalgia, hypogeusia, hyposmia, 
and impaired consciousness, all symptoms that indicate involvement of the nervous 
system [5]. Even though, the exact mechanism which SARS-CoV-2 penetrates the 
central nervous system has not yet been determined, prior experimental models have 
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shown that other coronaviruses can compromise the nervous system and respiratory 
drive by directly targeting neurons located in cardiorespiratory centers [6], due to the 
preliminary observation of cases concerning the COVID-19 pandemic, suggesting a 
higher affinity of SARS-CoV-2 virus for CNS targets.

The aim of this chapter is to present all of the reported neurological manifesta-
tions in COVID-19 with the explanation of possible underlying pathways.

2. COVID-19 and nervous system

In the previous months, reports of meningitis, encephalitis, myelitis, or 
peripheral nerve affection in regard to COVID-19 infection were presented, 
implying that SARS-CoV-2 can directly infect the nervous system.

2.1 Pathogenesis

The SARS-CoV-2 spike protein (S) can bind to the host cellular angiotensin-
converting enzyme 2 (ACE-2) receptor because of its high binding affinity, which is 
of importance to cell tropism [7]. Preparing and processing of the S protein by the 
transmembrane protease serine 2 (TMPRSS2) have been demonstrated to be crucial 
for the synthesis of viral and host cellular membranes, furthermore entrance of 
SARS-CoV-2 [8]. The increased expression of the ACE-2 receptor has been found 
on neurons and glial cells of several brain structures including the cerebral cortex, 
the striatum, the posterior hypothalamic area, the substantia nigra, and brain stem. 
ACE-2 is strongly expressed in the ventrolateral medulla and the nucleus of tractus 
solitarius, both areas involved in the regulation of the respiratory cycle [9].

Arguably, several mechanisms could be taken into account as possible viral 
access routes, such as axonal transport and trans-synaptic transfer, and hematoge-
nous or potentially lymphatic system routes. The infiltration of the CNS through the 
transcribial system describes an infection of the olfactory epithelium continuing 
transmission through the cribriform plate to the subarachnoid space. On the other 
side, the axonal and trans-synaptic transport would combine numerous peripheral 
nerve terminals which leads to contamination by spreading onward neurons (olfac-
tory bulb, the trigeminal nerve, the vagus nerve, etc.) [10].

Another way of CNS infiltration could be through the circulatory system or on 
the other hand, the lymphatic system routes. Transfer over the brain endothelium 
could be accomplished through abluminal virus release into the CNS parenchyma, by 
direct infection of brain microvascular endothelial cells (BMEC), or via endocytosis, 
through virally affected leukocytes or disrupted tight junctions on BMEC-s [11].

However, direct contamination of cells is not the only way of virus transmission. 
Indirect neurotoxicity may be caused by immune system disorders, coagulation 
disorders, cardiovascular comorbidities, disorders of glucose and lipid metabolism, 
hypoxic encephalopathy, and/or gastrointestinal disorders.

Other than ACE-2, SARS-CoV-2 may utilize extracellular matrix metalloprotein-
ase inducer also known as basigin (BSG; CD147) and transmembrane glycoprotein 
neuropilin-1 (NRP1) as receptors. Some enzymes that catalyze proteolysis such 
as TMPRSS11A/B, cathepsin B and L, and furin (FURIN), have been presented to 
promote viral cell entry and replication [12].

2.2 Propagation of SARS-CoV-2 virus in the nervous system

Dissemination of SARS-CoV-2, in which the virus has an effect on peripheral 
neurons via active transport, synaptic terminals, and retrograde transport to the 
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neuronal body of the cell, has been hypothesized [13]. Studies have been conducted, 
explaining the mechanism of trans-synaptic transfer involving the hemagglutinat-
ing encephalomyelitis virus strain 67 N (HEV-67 N), which represents the first 
SARS-CoV-2 strain that was found to infect the porcine cerebrum [14]. Data from 
human single nuclei RNA-seq databases suggest that vascular endothelial cells 
may express ACE-2 in the human cerebrum at low levels, however non-canonical 
SARS-CoV-2 receptors (e.g., BSG/CD147) are displayed in several different brain 
cell types, making them exposed to the virus [15].

2.3 Potential routes of SARS-CoV-2 invasion in brain

Provided by other viruses of the family Coronaviridae, certain possible routes of 
entry for SARS-CoV-2 have been established [16].

2.3.1 Olfactory route

The olfactory nerve (CN I) is the first and shortest cranial nerve. It is a special 
visceral afferent nerve, which transmits information relating to smell. The sense of 
smell is distinguished by olfactory receptors situated within the nasal epithelium. 
Their axons amass into small bundles of olfactory nerves, which infiltrate small 
foramina in the cribriform plate of the ethmoid bone and enter the cranial cavity. 
The absence of the sense of smell is defined as anosmia. A temporary loss of smell 
can be caused by infection or by local disorders, in contrast, a permanent loss of 
smell may be caused by head injury or tumors. Infection of the olfactory system 
is consistent with the observation that loss of smell is a frequent neurological 
manifestation in COVID-19. Some evidence, demonstrate increased MRI signal 
in the olfactory cortex during the acute phase of SARS-CoV-2 infection [17]. As 
represented in the case of other coronaviruses, the virus could be disguised in nerve 
terminals by endocytic mechanisms, transported retrogradely, and spread trans-
synaptically to other regions of the cerebrum [18]. As described before, ACE-2 and 
TMPRSS2 have been identified in the nasal mucosa, epithelial cells (sustentacular 
cells), but not olfactory neurons [19]. However, there are some evidences of neuro-
nal involvement.

2.3.2 Blood: brain route

The blood–brain barrier (BBB) acts as an additional boundary between circulat-
ing blood and the extracellular space of the brain. The barrier is highly selective, 
protecting the brain from toxins, pathogens and even circulating neurotransmitters 
(e.g. glutamate) that can be potentially damaging to neurons. The BBB is a typical 
route of entry of blood-borne viruses into the brain. In SARS-CoV-2 infection, dis-
semination of the virus into the blood has been reported, even though frequencies 
are extensively ranging (1–41%) [16]. Immunoreactivity of ACE-2 was described 
in brain vessels of a patient with multiple ischemic infarcts. However, the cellular 
localization was not resolved. Other receptors, such as NRP1 and BSG, could be 
another possibility of infection due to their more widely expression in the cerebral 
vasculature [20]. Nonetheless, SARS-CoV-2 associated cytokines – interleukins 
(IL-6, IL-1b, IL-17) and tumor necrosis factor (TNF) can potentially damage the 
BBB, which is another way of virus invasion [21]. In several autopsy studies, a lack 
of florid cerebrovascular inflammation has been described [22]. Comorbidities, 
as have oftentimes been seen in COVID-19, such as cardiovascular risk factor or 
pre-existing neurological diseases, in combinations with activation of cytokines, 
increase the permeability of BBB [21].



Fighting the COVID-19 Pandemic

200

2.3.3 Infiltration of infected immune cells

Infected immune cells (monocytes, neutrophils, and T cells) can cause brain 
infestation through the vasculature, the meninges, and choroid plexus [16]. In a 
study conducted by Chen et al., 2020, SARS-CoV-2 nucleocapsid protein (NP) 
immunoreactivity was observed in CD68+ cells in lymphoid organs, while single-
cell RNA seq data showed viral RNA in macrophages of COVID-19 patients [23]. 
However, data about virus proliferation in macrophages are limited due to the 
unknown mechanisms of virus propagation (phagocytic uptake of virus-infected 
cells or extracellular virions) [24].

3. COVID-19 and nervous system: indirect effects of systemic factors

Indirect effects of systemic factors of SARS-CoV-2 can lead to acute and chronic 
consequences, such as respiratory failure, systemic inflammation, hypercoagulable 
state and, lethal systemic organ failure.

3.1 Respiratory failure

SARS-CoV-2 has been predominantly detected in pneumocytes and epithelial 
progenitors, which can lead to potential lung damage, causing massive alveolar 
damage, inflammatory cell infiltration, edema, microvascular thrombosis, and 
hemorrhage resulting in severe hypoxia and acute respiratory distress syndrome 
(ARDS) [25, 26]. The most sensitive brain regions to hypoxia, such as the neocor-
tex, hippocampus, and cerebellum have shown neuronal impairment [27].

3.2 Systemic inflammation

The correlation between immunosuppression and disease severity has been 
established. Most COVID-19 patients have higher circulating levels of IL-6, IL-1b, 
and TNF, but also additionally IL-2, IL-8, IL-17, G-CSF, GM-CSF, IP10, MCP1, and 
MIP1a2, and serum levels of IL-6 and TNF leading to cytokine release syndrome 
[28–30]. After brain entry through the damaged BBB, certain molecules such as 
the nuclear protein high mobility group box 1 (HMGB1), could act as pathogen-
associated molecular patterns (PAMPs) and damage-associated molecular patterns 
(DAMPs) [31]. This process activates an immune response in pericytes, brain 
macrophages, and microglia, which express toll-like receptors (TLR) which act as 
mediators for pro-inflammatory effects of SARS-CoV-2 spike protein on human 
macrophages through nuclear factor-kB (NF-kB) [32]. In this way, immune 
response boosts the level of cytokine production which results in impairment of 
brain function [33].

3.3 Hypercoagulable state

Another vital element of COVID-19 is significant coagulopathy. The multicenter 
study has been conducted, suggesting that 88% of patients displayed evidence of 
a hypercoagulable state. The prothrombin time (PT), activated partial thrombo-
plastin time (aPTT), and complete blood count (CBC) are in the reference range. 
However, fibrinogen level, and fibrin breakdown products indicative of intravascu-
lar thrombosis (D-dimer), are both increased. Coagulopathy may start in the lungs 
causing endothelial damage, complement activation, activation of the procoagulant 
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effect of IL-6, and neutrophil release of extracellular traps (NETs) that leads to the 
formation of a clot, resulting in intravascular thrombosis [34].

3.4 Systemic organ failure

There are many metabolic and pathological evidence of systematic impairment 
in different organs (heart, liver, gastrointestinal tract, and endocrine system) [35]. 
Hypoperfusion of the cerebrum could be impacted by a compromised function of 
the heart [36]. Many neurological symptoms, for instance, headache, confusion, 
agitation, can be correlated to systemic metabolic changes including electrolyte 
disbalance, hormonal dysfunction and accumulation of toxic metabolites [37, 38].

4. COVID-19 and nervous system: neurological manifestations

Although, SARS-CoV-2 is primarily causing the insufficient function of the 
respiratory system, there are overwhelming amounts of evidence implying that 
neurological complications appear as a serious problem in the ongoing COVID-19 
pandemic. In the long-term, COVID-19 could negatively affect the nervous  
system [39].

Among patients who tested positive on SARS-CoV-2, various neurological 
irregularities have been described, affecting both the central and peripheral 
nervous system. Clinical condition and symptoms may vary from mild to severe, 
regardless of patient clinical status (severe form or asymptomatic infection). 
According to Helms et al., neurological abnormalities have been displayed in 30% 
of hospitalized patients, 45% of those with severe respiratory problems, and 85% 
of those who developed ARDS [40]. Patients with mild or asymptomatic infection 
were more likely to develop nonspecific neurological irregularity including head-
ache, dizziness, malaise, and loss of sense of smell and taste.

In the review by Leonardi M, Padovani A, McArthur JC (2020) [41], authors 
have classified the reported neurological findings, into three distinctive categories:

a. Central (headache, dizziness, impaired consciousness, acute cerebrovascular 
disease, seizures, and meningitis/encephalitis)

b. Peripheral (hypogeusia, hyposmia)

c. Musculoskeletal (ischemic or hemorrhagic stroke)

In general, neurological complications in COVID-19 patients occur within 1 and 
14 days, in most cases on average on the 5th day of the incubation period [42].

4.1 Headache and dizziness: central neurological findings

Headache is one of the most commonly reported neurological symptoms of 
a systemic viral infection. Although direct mechanisms of this symptom are yet 
to be discovered, there are some possible causes. High body temperature directly 
causes activation of several immunoinflammatory mediators (cytokines, gluta-
mate,  cyclooxygenase-2/prostaglandin E2 system, and nitric oxide system) and 
activation of substances that are capable of inducing interleukins (exogenous and 
endogenous pyrogens). Some of the indirect causes are dehydration, electrolyte 
disbalance, hypoxia, systemic inflammation, and cytokine release syndrome (CRS).  
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One of the possibilities for developing this symptom could also be direct infection 
of the nervous system via ACE-2 receptors [43].

Vertigo or dizziness has been described as the most common neurological mani-
festation of COVID-19. Neurotropism of SARS-CoV-2 causes the virus to invade 
neural tissue from circulation through capillary endothelium (ACE-2 receptors). 
Aside from this mechanism, direct invasion, hypoxia, and systemic inflammation 
play the part in causing this symptom. Approximately 7.0% (2.5% to 21.4%) of the 
COVID-19 patients were reported to have this symptom.

Combined manifestation of dizziness and headache occurred in 12.1% as has 
been reported in eight studies, with a total of n=654 patients [44].

4.2 Impaired consciousness: central neurological findings

As anticipated, severe or critical patients tend to develop impaired consciousness 
(11.9%) due to hypoxia and cerebrum impairment. In patients with mild or asymp-
tomatic clinical manifestations, the prevalence of this symptom is considerably 
lower (3.2%). The number of studies taken into account was nine, including n=2890 
patients with impaired consciousness [45].

4.3 Acute cerebrovascular complications: central neurological findings

The most common display of cerebrovascular disease is an acute stroke with 
rapidly evolving symptoms which may include weakness of one side of the face 
or body, numbness, motor or sensory aphasia, ataxia, visual impairment. Those 
symptoms could be manifested due to compromised blood supply to the brain and 
which symptom will develop depends on the compromised area of the cerebrum. 
Regarding this clinical problem, two cohort studies were conducted. The first study 
by Mao et al. noted that among 214 hospitalized patients, 6 patients developed acute 
cerebrovascular manifestation (2.8%) [46]. The second study by Li et al. reported 
11 patients with acute ischemic stroke (including a total of 221 COVID-19 patients). 
It has been shown that developing acute cerebrovascular events is highly correlated 
with the age of the patients (71.6 ± 15.7 years/52.1 ± 15.3 years) [47].

4.4 Seizures: central neurological findings

An epileptic seizure is a “transient occurrence of signs and/or symptoms due 
to abnormal excessive or synchronous neuronal activity in the brain” [48]. There 
are few reports of acute seizures in SARS-CoV-2 positive patients. The first study 
regarding this clinical manifestation was noted in a COVID-19 patient, a 24-year-
old male with generalized seizures, from Japan [49]. The second publication 
reported a COVID-19 patient, a 30-year-old female with generalized tonic–clonic 
seizures, from Iran. In both cases, there was no evidence of previous seizures, prior 
to hospitalization [50]. Even though these and similar reports may suggest that cor-
relation between seizures and COVID-19 infection exist, there are a relatively low 
number of reported cases so far, therefore a seizure risk is caused by nonspecific 
mechanisms (hypoxia, cerebrovascular events, cytokine proliferation, etc.).

4.5 Meningitis/encephalitis: central neurological findings

By definition, meningitis is inflammation of the meninges, in almost all cases 
identified by an abnormal number of leukocytes in the cerebrospinal fluid and 
specific symptoms. The etiology may be noninfectious and associated with a 
systemic disease, medication, or other pathologic factors. However, most cases of 
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aseptic meningitis are caused by viruses. There have been interpreted few single-
case reports, regarding meningitis/encephalitis in correlation with COVID-19. 
Anyhow, only a few of reported cases tested positive for SARS-CoV-2. The first 
described case was reported from China, but the amount of clinical evidence was 
underwhelming [51]. Another case was reported in a SARS-CoV-2 positive patient 
from Japan, manifested as generalized seizure and pathological cerebral MRI (right 
lateral ventriculitis and encephalitis mainly on the right mesial temporal lobe and 
hippocampus) [52]. In other reported cases, patients tested negative for SARS-
CoV-2, or even were not tested at all [53].

4.6 Hypogeusia/hyposmia: peripheral neurological findings

The presence of taste and smell alterations seems to be a usual clinical mani-
festation going from 19.4–88% of patients [54]. The specific pathogenesis of 
these issues has not yet been explained. ACE-2 has been distinguished as the cell 
receptor for SARS-CoV-2. These receptors are expressed diffusely on the mucous 
membrane of the entire oral cavity, especially on the tongue and furthermore on 
the nasal mucosa where it takes part in respiratory inflammatory infections by 
regulating the level of inflammatory peptides, for example, bradykinin. There 
have been many reports regarding alteration of the senses of smell and taste. The 
one particular larger study, including a total of 417 patients with mild to moderate 
SARS-CoV-2 infection, described smell impairment in 85.6% and taste impairment 
in 88.8% [55].

4.7 Stroke: musculoskeletal neurological findings

Stroke is commonly defined as sudden neurological deficit as a result of 
infarction or hemorrhage in the central nervous system [56]. This is a traditional 
definition, which has been updated over time with the fact that the neurological 
symptoms need to last more than 24 hours or CT and MRI confirmed focal infarc-
tion or hemorrhage compatible with the symptoms [57]. The typical subdivision 
of stroke includes ischemic stroke (infarction of brain, retina, or spinal infarction) 
and hemorrhagic stroke (intracerebral or subarachnoid hemorrhage) [58]. The 
cause of ischemic stroke is thromboembolism from the small vessel, larger artery, or 
the heart [59]. Classification of the hemorrhagic stroke depends on the anatomical 
location, whereas the most common are supratentorial hemorrhages [60].

There are numerous studies that report acute stroke complicating COVID-19 
[61, 62]. The reported incidence of acute stroke in COVID-19 varies from 0.4% 
to 8.1%, due to the different ethnic and geographical variations: Asia (3.1%), 
Europe (1.2%) and, North America (1.1%) [63]. The reported incidence of stroke 
in COVID-19 patients treated in the intensive care units (ICU) is 1–3% [64–68]. 
Given the extent of the COVID-19 pandemic, this reported incidence is very high. 
Hemorrhagic stroke has been described from 21.7% to 25.7% COVID-19 patients 
with stroke, while the rest were ischemic strokes [69].

It has been stated that male COVID-19 patients, the median age of 63 years, are 
more likely to experience a stroke than women, but it is also known that the major-
ity of ICU COVID-19 patients are older men as well [67]. Other reported risk factors 
include hypertension, diabetes mellitus [66, 70]. Race/ethnicity is also an important 
risk factor and it was observed that the black race had shown the highest prevalence 
(47%) [71]. A severe type of COVID-19 infection was observed as one of the most 
important risk factors for stroke in these patients [72–76]. There is a causal relation-
ship between COVID-19 and stroke since the infection itself is more likely to induce 
thrombotic vascular events [63].
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Described mechanisms of stroke in COVID-19 patients are diverse and multi-
factorial, considering that COVID-19 could be a trigger to typical stroke mecha-
nisms, or alternatively, there are specific pathophysiological mechanisms [63]. The 
mechanisms for ischemic stroke in COVID-19 include sepsis-induced coagulopathy, 
presence of antiphospholipid antibodies, and thromboembolism, which show 
activated coagulation pathway in patients with COVID-19 who ordinarily already 
have elevated D-dimer and fibrinogen [77–81]. It is well known that COVID-19 uses 
the ACE-2 receptor to enter the cells, which leads to increased sympathetic activity, 
loss of blood pressure auto-regulation, and subsequent cerebral hypoperfusion 
[82]. Cytokine storm has also been suggested as one of the mechanisms in stroke 
development in COVID-19, due to its impact on atherosclerosis and thrombosis 
[83]. Finally, hypoxemia in COVID-19 patients may cause cerebral hypoperfusion 
and increase the risk of ischemia, together with previously explained thromboem-
bolic mechanisms [84, 85].

Hemorrhagic strokes are less prevalent than ischemic strokes, but it has been 
implicated that some mechanism which plays a role in ischemic stroke, could lead 
to intracerebral hemorrhage in COVID-19 [86]. The proposed mechanisms include 
viral damage of vessel wall, downregulation of RAS and hypertension, cytokine 
destruction of blood–brain barrier, consumption coagulopathy caused by COVID-19 
and cerebral hypoxia which induces micro-hemorrhages and microbleeds [87, 88]. It 
has been reported that COVID-19 patients who develop stroke are distinctly suscep-
tible to large vessel occlusion, multi-territorial involvement and engagement of else 
ways infrequently affected vessels such as pericallosal artery [66, 68, 89].

Neuroimaging of stroke in COVID-19 patients standardly includes CT, MRI, 
and CT angiography (CTA). Small vessel occlusion in acute ischemic stroke was 
reported in 9% of cases, while large vessel infarctions were seen in almost 65% of 
cases [67, 68, 71, 90]. More frequent were ischemic strokes in posterior circulation 
[91]. It has been demonstrated that CTA verified occlusion in anterior or medial 
cerebral arteries with the co-development of floating thrombi in aorta and carotid 
arteries in patients with high D-dimer values, which confirms the influence of 
hypercoagulable state [71, 92]. Apart from standardly seen ischemic lesions, a small 
number of the patients (two of them were children) with acute stroke had: vascu-
litis or wall enhancement on MRI in the arterial wall [93]. Imaging findings of the 
hemorrhagic stroke include extensive hemispheric hematomas or multiple hema-
tomas [94–97]. Hemorrhages may develop in severely ill patients, especially due to 
the failure of multiple organs or as a transformation of ischemic stroke, aneurysm 
rupture, or thrombosis of central venous sinus [66, 97, 98]. Some authors report a 
possible correlation between COVID-19 and arterial dissection, seen in the carotid 
artery, cervical vertebral artery or in posterior inferior cerebellar artery [99, 100].

A very small samples of patients were presented with acute stroke confirmed on 
neuroimaging and PCR confirmed COVID-19 [101]. Described atypical neuroimaging 
findings are seen in small number of COVID-19 patients with stroke and consist of: 
brain perfusion abnormalities, leptomeningeal enhancement [eight patients], focal 
cortico-pial enhancement in one patient, posterior reversible encephalopathy syn-
drome, microbleeds or leuco-encephalopathy [66, 102, 103]. Atypical findings express 
latent thrombotic angiopathy, vascular disruption and impairment of vascular auto-
regulation of the brain which happens in COVID-19 patients with stroke [103, 104].

5. Conclusions

Even though the COVID-19 virus is primarily a respiratory infection, new 
reported cases of neurological involvement have been presented daily all over the 
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Given the extent of the COVID-19 pandemic, it is important to monitor COVID-
19 patients for potential neurological complications to provide them with timely 
diagnostics and treatment.
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Chapter 14

“Neurocovid”: An Analysis of the 
Impact of Covid-19 on the Older 
Adults. Evolving Psychological 
and Neuropsychological 
Understanding
Sara Palermo

Abstract

When SARS-CoV-2 began to spread, older adults experienced disproportionately 
greater adverse effects from the pandemic, including exacerbation of pre-existing 
physical and cognitive frailty conditions. More severe complications, higher mor-
tality, and concerns about disruptions to their daily routines and access to care. 
Knowledge about the impact of COVID-19 on the brain is rapidly accumulating and 
this is reflected in the increasing use of the term “neurocovid”. Co-involvement of the 
central and peripheral nervous system had already been observed in SARS patients, 
but COVID-19 seems to invade it with greater affinity than other coronaviruses. 
This chapter provides an overview of the expanding understanding of the multiple 
ways in which COVID-19 affects the human brain, discuss the likelihood of long-
term sequelae of neurocovid, and their implications for cognitive functions and 
behaviors in the elderly.

Keywords: COVID-19; SARS-CoV-2, neurocovid, long term pandemic fatigue, 
mechanisms of brain damage, brain dysfunction, neurology, neuropsychology, 
neuropsychiatry, cognitive dysfunctions, mood changes, anxiety, depression,  
social isolation, frailty, elderly, older adults

1. Introduction

Europe is a country that is getting older every day. An increasingly significant 
number of people find themselves in a condition of vulnerability and are at greater 
risk of suffering a functional loss and/or loss of autonomy [1, 2]. These conditions 
have been accentuated during the health emergency due to the current pandemic 
situation [3].

The elderly population has been burdened with a higher incidence and mortal-
ity of infection: the older adults have been shown to contract the infection in a 
more severe clinical form and this is especially true in Europe which, having, after 
Japan, the highest percentage of elderly people, has paid a very high toll in terms of 
mortality [3]. More than 95 per cent of the deaths involved people over the age of 
60, and 50 per cent of all deaths were aged ≥80 [4].
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The disease did not strike indiscriminately; it was mainly the elderly with 
serious concomitant chronic diseases (cardiovascular diseases, respiratory diseases, 
diabetes, neurodegenerative diseases, oncological diseases, etc.) who paid the 
highest price in terms of mortality [3, 4]. A particular incidence of fatal events 
has occurred among people living in social and health care residences throughout 
Europe [3, 4]. It is reasonable to assume that the virus has affected residential care 
facilities because of the community life that takes place there, affecting people 
already suffering from frailty and polypathology, so that the damage caused by the 
virus has been superimposed on that caused by coexisting diseases.

Considering the above, social distancing measures severely penalized the 
elderly, since they needed to be isolated as they could act as healthy carriers for 
the community and, if they became ill, would produce extraordinary pressure on 
intensive care [4].

The Covid-19 pandemic has also brought to light the concept that it is above 
all the frail elderly who are at high risk of functional, cognitive and psycho-social 
disabilities that make it difficult for the elderly to return to their pre-infection 
condition: this is the key to interpreting the relationship between the elderly and the 
coronavirus infection.

This inference is derived from what is observed about the global population. 
It seems increasingly likely that the majority of all those infected wills experience 
chronic sequelae of the disease, resulting in disability or diminished quality of life, 
a phenomenon now described as “long-covid” [5, 6]. Indeed, COVID-19 survivors 
can suffer from persistent symptoms after recovering [5], especially related to organ 
damage, post viral syndrome, and post-critical care syndrome [6]. Long-covid is 
characterized by breathlessness, chest tightness, cough, fatigue, myalgia, palpita-
tions, sleep disorders and difficulty to focus [5, 6]. Anxiety and depression were 
also reported [5].

The SARS-CoV-2 pandemic has rekindled attention on the possible neuroviru-
lence of this virus and the possible involvement of the central nervous system and 
peripheral nervous system [7, 8]. The spectrum of central and peripheral nervous 
systems disease in COVID-19 patients is much broader than previously thought. 
Some form of “neurocovid” appears to occur in up to 30% of positive patients. It 
is therefore a phenomenon that deserves to be carefully investigated and evalu-
ated when screening and monitoring short- and long-term patients, especially the 
elderly.

2. Aging, frailty, and COVID-19

Aging is a natural phenomenon involving a progressive physiological transfor-
mation of the human body and of neuropsychological and behavioral functions 
[1, 2]. The aging phenomenon, in addition to the growing quantitative data on the 
total population, is characterized by the different attributes that qualitatively char-
acterize this process and transition. In fact, elderly life is structured by different 
levels of independence and dependence of individuals with respect to both primary 
family networks and secondary networks of assistance and care [1, 2].

The conceptualization of frailty is presented as an attempt to define this het-
erogeneity of conditions. Frailty is a condition of marked vulnerability to adverse 
events caused by a reduction in the functional reserves of multiple systems of the 
body due to the aging process and chronic polypathology. It is a condition that 
represents a risk factor for disability, hospitalization, institutionalization, and 
death [1–3]. At first, frailty appeared in the literature with a distinctly bio-medical 
or clinical meaning [9], but in the last decade it has acquired bio-psycho-social 



217

“Neurocovid”: An Analysis of the Impact of Covid-19 on the Older Adults. Evolving Psychological…
DOI: http://dx.doi.org/10.5772/intechopen.99414

connotations as well as medical ones. Starting from the works of Gobbens et al. [10] 
and Van Campen [11], it is preferred to define frailty as a condition of vulnerability 
at a bio-psycho-social level. Today we prefer to speak of frailty in the plural. There 
are functional, cognitive, psycho-social, clinical, and - finally - economic frailty. 
These different dimensions interact together in moments of greatest difficulty. The 
definition of “frail elderly” therefore refers to a person who, faced with a stressful 
event -such as the SARS-CoV-2 pandemic - is unable to respond adequately, and 
therefore succumbs, with an increased risk of adverse events: mortality, disability 
and worsening of his/her general condition.

An increasingly significant number of older people are in a frail state, making 
this a hot topic. Physical and cognitive frailty have proved more useful than ever in 
understanding the impact of the SARS-CoV-2 pandemic on the elderly population 
and in guiding the principles of vaccine clinical trials [3]. Indeed, not only frail 
older people are particularly vulnerable to serious or life-threatening infections, but 
the age-related dysregulation of the immune system (due to immunosenescence and 
inflammaging) results in poorer responses to vaccination [3].

3.  Neurological presentations of COVID-19: the polyform entity of 
neurocovid

Psychiatric and neurological complications were reported during the SARS 
epidemic in 2003 [11].

Apart from depression, anxiety disorders and suicidal ideations, fear for 
survival, and fear of infecting others; across all timeframes, stigmatization, 
reduced quality of life, psychological distress, and posttraumatic stress symptoms 
were reported [11]. Moreover, cases of organic hallucinosis (visual and auditory 
hallucinations), deliriums of persecution, temporo-spatial disorientation and 
hypomanic disorder were reported. In some cases, these manifestations have been 
classified as secondary to steroid therapy. Isolated cases of fatal Coronavirus OC43 
encephalomyelitis in the face of little pulmonary involvement [12] and generalized 
tonic–clonic convulsion in patients with infection and cerebrospinal fluid positivity 
for SARS-CoV [13] have also been described.

Recent data suggesting that the COVID-19 virus also reaches the central nervous 
system [7, 8, 14]. It has been shown that (like SARS-CoV) COVID-19 virus exploits 
the receptor for the angiotensin converting enzyme 2 (ACE2) to enter cells. This 
discovery made it possible to investigate the expression of ACE2 in the neurological 
tissue and to determine the possible contribution of neurological tissue damage to 
morbidity and mortality caused by COVID-19 [7, 14].

The neuroinvasiveness, neurotropism and neurovirulence of the COVID-19 has 
been demonstrated [7]. Pathological studies suggest a direct route of neuroinva-
sion via haematogenous diffusion and retrograde transport by the olfactory nerve. 
Retrograde transport via the vagus and olfactory nerves remains hypothetical [7].

In most cases, COVID-19 would not make a direct attack on vulnerable struc-
tures. This would explain why various manifestations of the nervous system are 
favorable to immune suppression or immune modulation [8].

Direct affection of the central nervous system is uncommon and may result in 
meningitis/encephalitis [8, 15, 16], manifesting as headache, seizures, confusion, 
ataxia, pyramidal signs, or impaired consciousness. Direct affection of the periph-
eral nervous system includes hyposmia or hypogeusia [8].

Neurological disease due to the immune reaction against the COVID-19 
embraces acute disseminated encephalomyelitis; acute, haemorrhagic, myoclonus; 
necrotizing encephalopathy [17, 18]; cytokine release syndrome (a new nosographic 
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entity characterized by aphasia, behavioral alterations, central hypothyroidism, 
cerebellar ataxia, coma, confusion, cranial nerve palsy, dysautonomia, pyramidal 
signs, and tremor) and mononeuritis [19]; myositis [20]; cerebral vasculitis; 
delirium; psychosis; transverse myelitis [21]; cranial nerve palsy; Guillain-Barre 
syndrome [22]. Neurological long-term complications may be also secondary to 
affection of the heart or the kidneys [8]. Cardiac involvement may be responsible 
for cardioembolic, ischemic stroke, or ischemic stroke due to hypotension [8].

The COVID-19 pandemic continues to affect millions of people globally, 
with increasing reports of neurological manifestations but limited data on their 
incidence and associations with outcome. Two recent papers report the presence 
of neurological symptoms in 36.2% [23] and 80% [24] of patients hospitalized 
with COVID-19. Neurocovid is a polymorphic entity [25]. More than seventy 
different symptom combinations have been reported in the literature. Symptoms 
of a general nature seem to be present in almost all patients, often with abnormal 
laboratory tests [25]. The timing of symptoms varies from early states (anosmia, 
headache, myalgia) to later stages (altered mental status, neuromuscular disorders, 
seizures, stroke) [25]. Some neurological symptoms may persist (such as anos-
mia or headache), while others may cause persistent disability (such as stroke or 
polyneuropathy) [25].

4. Brain imaging findings and new classification system

The existence of alterations in brain structure as a result of SARS-CoV-2 infection 
appears to be well established [26, 27], even in subjects whose only symptom was 
anosmia [28]. Post-mortem structural MRI examinations revealed brain parenchy-
mal abnormalities, subcortical micro and macro hemorrhages, cortico-subcortical 
oedema, non-specific deep white matter changes and asymmetrical olfactory bulbs 
[29]. Similar evidence is also found in hospitalized patients [30–33]. The most com-
mon neuroimaging findings include cortical signal abnormalities on fluid-attenuated 
inversion recovery images, associated with leptomeningeal enhancement or cortical 
diffusion restriction [26], which may reflect autoimmune or infectious encephalitis, 
hypoglycaemia, hypoxia, or seizures [34]. Acute demyelinating lesions have also 
been depicted [35–38].

Starting from the observation that different neurobiological processes and 
mechanisms may lie behind the onset of neurocovid, a three-stage MRI classifica-
tion system to categorize patients has been recently proposed [39]:

• Neurocovid Stage 1: Viral damage is limited to epithelial cells of the nose and 
mouth with temporary loss of smell and taste.

• Neurocovid Stage 2: Inflammation floods from the lungs through the blood 
stream, leading to blood clots that prompt small and large strokes.

• Neurocovid Stage 3: The inflammation damages the blood–brain barrier. 
Inflammatory markers and viral particles infiltrate the brain, causing  
confusion, coma, encephalopathy, and seizures.

5. Aging, COVID-19, and neurocovid

Frailty elderly are more prone to cognitive impairment and SAR-CoV-2 
 infection [3]. Preexisting comorbidities (i.e., cerebrovascular, and cardiovascular 
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diseases, diabetes, hypertension, obesity, malignancy, and respiratory diseases) 
seem to be predictor of disease severity and neurological complications [40]. 
Moreover, elderly individuals with pre-existing neurological diseases are sus-
ceptible to more severe forms of COVID-19 infection and higher mortality rates 
[40, 41]. Indeed, it is now established that older people with Alzheimer’s and 
Parkinson’s diseases exhibit independent association with the rate of change 
in both physical frailty and cognitive impairment [42], placing these individu-
als at higher risk of COVID-19 disease severity [40]. Specifically, patients with 
Parkinson’s disease are vulnerable to infection due to advanced age, bulbar 
symptoms, respiratory dysfunction, frailty and cognitive impairment. Similarly, 
patients with Alzheimer’s disease and major neurocognitive disorder are at 
increased risk of infection and adverse events [43].

Elderly patients aged 65 years or older are known to have higher rates of neuro-
logical complications [40]. Commonly reported neurological dysfunctions include 
dizziness, confusion, fatigue, and headache. They may experience also atypical 
presentations such as falling or postural instability. Other neurological complica-
tions include cerebrovascular disease, cognitive impairment and neuropsychiatric 
disease [40]. Altered mental status and epilepsy have been also reported [25].

Older patients are particularly vulnerable to the psychological burden of 
COVID-19 [40]. Disturbed sleep, moderate to severe depression and anxiety have 
been reported [44]. Loneliness related to quarantine and social isolation has had 
a significant impact on mental health outcomes in the elderly [45], especially 
for those with chronic neurological diseases and neurocognitive disorder [46]. 
Quarantine comes to induce a rapid increase in behavioral and psychological symp-
toms in ~60% of patients and stress-related symptoms in two-thirds of caregivers 
[46]. The most common symptoms included agitation, anxiety, apathy, irritability, 
and sleep disturbances [46]. Similarly, a worsening of symptoms was observed in 
67.5% of Parkinson’s patients during the quarantine period [47].

6. Implications for neurocognitive and neuropsychiatric disorders

COVID-19 causes high levels of acute respiratory distress, hypoxia, and 
proinflammatory cytokines - all of which contribute to the onset of cognitive 
decline in the elderly [26]. It therefore seems reasonable that cardiovascular and 
cerebrovascular disease secondary to infection may contribute to an increased 
long-term risk of cognitive decline and major neurocognitive disorders in recov-
ered individuals [26, 48, 49].

After the SARS pandemics, one in five infected individuals reported memory 
problems [50]. Likewise, the current pandemic situation appears to have resulted 
in a dysexecutive syndrome in one in three individuals who have been hospitalized 
[50]. Poor memory, attention and speed of information processing impairments 
have commonly been reported with COVID-19 [39, 51].

This could lead to a vicious circle whereby impaired cognitive abilities may 
cause poor occupational and functional outcomes for individuals recovered from 
COVID-19 that precipitate or exacerbate mental health concerns, and poor mental 
health may likewise contribute to cognitive dysfunction [52].

Abnormalities in the mental status (defined as a severe change in personality, 
behavior, cognition, or consciousness) have been reported [39, 53], in line with 
what happened previously with the SARS pandemic [26]. COVID-19 patients 
experienced a high level of post-traumatic stress symptoms and a significantly 
higher level of depressive symptoms [39, 54]. In the post-illness phase, the point 
prevalence of post-traumatic stress disorder seems to be around 32%, depression 
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and anxiety disorder both around 15% [50]. Patients with pre-existing psychiatric 
disorders reported a worsening of their symptomatology [54].

Viral infections of the brain may have an impact on the risk of AD or Parkinson’s 
disease [26]. Olfactory deficits (hyposmia/anosmia) are among the sentinel 
symptoms of COVID-19 infection [55] and are characteristic of neurodegenerative 
disorders [56–58]. Indeed, anosmia is associated with high levels of interleukin-6, 
an inflammatory mediator causally implicated in brain disorders and which action 
is blocked by tocilizumab as part of COVID-19 treatment [59].

To date, the mechanisms by which neurological abnormalities result from 
SARS-CoV-2 infection have yet to be fully established. Nevertheless, the contribu-
tion resulting from direct effects of SARS-CoV-2 on neuronal function and survival 
or glial reactivity, exaggerated cytokine responses or anti-neuronal antibodies are 
all likely, as are sequelae of cerebrovascular accidents [26]. The data available to 
date suggest an increase in neuropsychiatric and neuropsychological long-term 
sequelae, including cognitive decline, motor impairment, and affective and psy-
chotic disorders [26].

7. Management and treatment of neurocovid in elderly patients

Treatment of neurocovid is currently based on existing evidence-based treatment 
for specific neurologic conditions in conjunction with systemic treatment of COVID-19 
infection (i.e., antivirals, corticosteroids, and immunomodulators) [25, 40].

The contagion is associated with neuropsychiatric symptoms [60] and it is 
recommended to set up a baseline mental status examination for all hospitalized 
COVID-19 old patients [61].

Delirium management has long been a priority in the care of older adults [25]. 
Every hospitalized older person should be considered at high risk for developing 
delirium, and prevention should be optimized [58]. Non-pharmacologic interven-
tions include patient-centered care with adequate hydration and sleep, optimiza-
tion of hearing and vision, early mobilization, frequent re-orientation, reduction 
of social isolation and regular visits, connecting patients with their families, and 
minimization of unnecessary lines, tubes, polypharmacy, and precipitating medi-
cations [61, 62]. Low-potency neuroleptics and alpha-2 adrenergic agents may be 
useful [60].

Neurologists, geriatricians and neuropsychologists must be involved at an early 
stage and be prepared to handle the peculiarities of neurocovid. It is advisable to 
have patients undergo neuropsychological assessment even 6–8 months after their 
discharge from hospital, especially if cognitive problems, slowness in processing 
information or poor attention persist [39].

Patients with below cut-off test scores should be evaluated for rehabilitation and 
cognitive enhancement interventions. This would reduce the risk of facilitating an 
earlier/rapid age-related cognitive decline [3, 39].

8. Conclusions

The high probability of long-term neurological and neuropsychological con-
sequences of COVID-19 indicates the importance of continuous surveillance for 
neuroimmune and neurodegenerative disorders in infected individuals, especially 
the elderly [7]. Until an effective treatment is discovered, or the expected global 
population-wide vaccination coverage is achieved, clinicians need to be alert to 
neurocovid [25].
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Researchers have postulated several explanations for the severity with which 
COVID-19 occurs in the elderly and the increased mortality rate in this population 
group. Age-related epigenetic changes, inflammasome activity, covalent modifica-
tions of human and viral proteins, etc. are all possibilities currently being explored 
by scientists [63]. Future research will lead to a full understanding of the key factors 
leading to the vulnerability of the elderly population, especially about the intersec-
tion of aging, vulnerability to infection and alterations in cognitive-behavioral 
patterns. A neurocognitive approach could prove extremely useful for this purpose. 
It seems particularly appropriate to deepen our knowledge of the deleterious effects 
of SARS-CoV-2 and COVID-19 infection on the central and peripheral nervous 
system (in both structural and functional terms), and to assess through predictive 
medicine how these effects may contribute to the chronic burden of disease in the 
coming years. Notably, key questions need to be answered about the impact of the 
risk of cognitive decline in old age, Alzheimer’s disorder, Parkinson’s disorder and 
other neurodegenerations. In addition, a change of pace in the observation of the 
various conditions of elderly life can make it possible to construct complementary 
health and welfare interventions that have the characteristic of elasticity and 
immediacy to be placed alongside the traditional ones - above all in response to 
phenomena such as neurocovid.
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Consequences of the SARS-CoV-2 
Pandemic on Mental Health: 
Integrative Review
Jucier Gonçalves Júnior, Gislene Farias de Oliviera  
and Modesto Leite Rolim-Neto

Abstract

The lack of specific treatment and knowledge about the exact pathophysiology 
of the 2019 Coronavirus disease (COVID-19) and its vaccines makes the organic 
aspects of the pandemic a concern and puts the psychiatric consequences and 
psychological effects of SARS-CoV-2, COVID-19, in second place. Hence, the 
psychiatric impacts of the COVID-19 pandemic have not been well established yet. 
We have performed an integrative literature review in three electronic databases: 
Medline, PsycINFO, and Published International Literature on Traumatic Stress 
(PILOTS). The findings were then divided into five subcategories: impacts of 
COVID-19 on the mental health of psychiatric patients; use of technology as an ally 
in combating impacts on mental health in the context of the COVID-19 pandemic; 
mental health promotion measures in the context of the COVID-19 pandemic for 
the population; mental health promotion measures in the context of the COVID-
19 pandemic for health professionals; and mental health in specific groups in the 
context of the COVID-19 pandemic. This study has showed that the situation and 
measures proposed to fight the COVID-19 pandemic cause stress, anxiety, fear, 
and uncertainty in the population. Psychiatric patients, the elderly, refugees, and 
migrant workers are more vulnerable due to the stigmatization and lack of special-
ized support in health services and reduced access to medications. Therefore, they 
require care from governments and health authorities. In addition, measures to 
promote hospital health for health professionals seem to be essential to improve care 
and reduce the psychologic/psychiatric impacts on professionals. Thus, technology 
is a valuable ally in this process.

Keywords: Mental Health, Coronavirus infections, Pandemic, Stress,  
Affective Disorders

1. Introduction

A pandemic creates its own objective reality as a backdrop for all forms of 
psychopathology. There are economic downturns, job layoffs, prolonged school 
and business closings, and threatened supply chain disruptions during such period 
[1–5]. It also compromises the care and mental health of individuals who already 
have diseases.
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According to the WHO [6], 792 million (10.7%) people in the global population 
have a mental disorder – 264 million (3.4%) with depression, 284 million (3.8%) 
with anxiety disorders, and 46 million (0.6%) with bipolar disorders. However, 
the lack of a specific treatment, knowledge about the exact pathophysiology of the 
disease and its vaccines makes the organic aspects of the pandemic a concern and 
puts the psychiatric consequences and psychological effects of COVID-19 in second 
place [7–9]. Thus, the psychiatry impacts by COVID-19 pandemic have not been 
well established yet.

We aimed to carry out an integrative literature review based on the following 
guiding question: What practical contributions does the current scientific literature 
may provide regarding the impact of COVID-19 on mental health? This review 
highlighted that not only previous mental illnesses are exacerbated during a pan-
demic, but also negative feelings. In addition, pandemic prevention and control 
measures can be triggers for causing the population’s sickness.

2. Method

2.1 Literature review

We have performed an integrative literature review in three electronic data-
bases: Medline, PsycINFO, and Published International Literature on Traumatic 
Stress (PILOTS). The electronic searches used variants of the following research 
terms with a syntax adjusted to each database: #1 “COVID-19” OR “Coronavirus 
Infections” (Medical Subject Headings – [MeSH term] AND #2 (“Health Personnel” 
OR “Health Care Provider” [MeSH] term); and “Mental Health” [keyword].

2.2 Data collection

Manuscripts were selected primarily through the analysis of their titles and 
abstracts. Two researchers collected data individually in order to ensure trustworthi-
ness of the findings, and divergences were solved by a third senior researcher. Each 
sample article was thoroughly read, and the information was inserted in a spread-
sheet (Table 1) that included the author, publishing year, journal, and main findings.

2.3 Eligibility criteria

Papers were analyzed based on the following eligibility criteria: at least one 
combination of the terms described in the search strategy in the title; written in 
English, Portuguese or Spanish; addressing the psychiatric impact of COVID-19 
pandemic; original articles with the full text available through the Journal Portal 
of the Brazilian Coordination of Personal Improvement of Higher Level (CAPES), 
which is a virtual library created by the Brazilian Department of Health where 
content is restricted to authorized users. Monographs, dissertations, and thesis were 
excluded.

Manuscripts repeated in more than one of the databases were counted only once. 
Some papers were excluded because they approached other viruses/pandemics.

2.4 Ethical issue

Considering this is an integrative literature review, Resolution 510/16 of the 
Brazilian National Health Council (CNS, acronym in Portuguese) ensures the 
dismissal of submission to an Ethics Committee on Research (Human Beings).
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3. Results

The findings were then divided into five subcategories: impacts of COVID-19 on 
the mental health of psychiatric patients; use of technology as an ally in combating 
mental health impacts in the context of COVID-19 pandemic; mental health promo-
tion measures in the context of the COVID-19 pandemic for the population; mental 
health promotion measures in the context of the COVID-19 pandemic for health 
professionals; and mental health in specific groups in the context of the COVID-19 
pandemic (Table 1).

4. Discussion

4.1 Impacts of COVID-19 on the mental health of psychiatric patients

Patients with confirmed or suspected COVID-19 may experience fear of the con-
sequences of being infected by a potentially harmful virus, and those in quarantine 

Rolim-Neto 
et al. [10]

Psychiatry 
Res.

Importance of recognizing how to combat stress, anxiety, and negative 
symptoms such as depression in the face of death figures as a mental health 
strategy for healthcare workers.

Xiang  
et al. [11]

Int. J. Biol. 
Sci.

In China, the lack of psychiatrists’ training in the management of infectious 
diseases in pandemics is a major challenge to mental health and an impasse 
to health promotion in the pandemic.

Mental health in specific groups in the COVID-19 pandemic context

Zhai and 
Du [12]

Lancet Exchange students may have their mental health affected due to 
stigmatization, bullying and mistreatment in the countries where they are 
studying because they could be classified as potential transmitters of the 
virus.

Bao  
et al. [13]

Lancet Triggering of mental disorders, post-traumatic stress disorder, depression, 
and anxiety in healthcare workers.

Perlis [14] JAMA Chronic shess of COVID-19 pandemic can cause anxiety and major 
depression in healthcare workers.

Jawaid [15] Science Encouraging the spread of news with mental health benefits; mental health 
supports with hotline; and maintaining regular phone contact are possible 
measures to deal with the mental health consequences of elderly people with 
COVID-19.

Brasil [16] — List of a series of measures to promote childreifs mental health in the 
COYID-19 pandemic context.

Liem  
et al. [17]

Lancet Impasses of the communities of intemational mi grant workers, since 
their pre-exposure condition is more fragile, and they are more exposed to 
psychiatric diseases in pandemics than the general population.

Yang  
et al. [18]

Lancet 
Psych.

The outbreak of COVID-19 has raised great challenges regarding mental 
health semces for older adults in the community. There seems to be 
insufficient and inadequate attention paid to this vulnerable population in 
the recently established crisis of psychological services in China.

Gonçalves 
Júnior  
et al. [19]

Psychiatry 
Res.

Populations as refugees have a much greater risk of developing mental 
disorders compared to the general population due to the precarious hygienic-
sanitary conditions, nutrition, housing and access to information that they 
have.

Source: Authors.

Table 1.
Main Findings.
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might experience boredom, loneliness, and anger [20]. In a Chinese study with 
263 participants, the majority (53.3%) of individuals did not feel helpless due to 
the COVID-19 pandemic. However, 52.1% of the participants felt horrified and 
apprehensive due to the pandemic. Additionally, most participants (57.8 to 77.9%) 
received more support from friends and family members, more shared feeling and 
caring with family [21].

Indeed, a pandemic causes profound changes in social dynamics. One example 
is supermarkets, which were clear of essential items and faced a rationing proce-
dure at the beginning of the pandemic. Schools and other educational institutions 
have been affected, with compulsory examinations postponed and most children 
remaining at home. The financial implications are profound, even though govern-
ments have implemented various supportive measures [22]. This situation causes 
stress, anxiety, depressive symptoms, insomnia, denial, anger, and fear [23].

Moreover, such feelings may especially arise due to fake news and conspiracy 
theories that circulate as a result of social media “infodemic”, particularly in areas 
with low social capital and public trust [24]. According to Gao et al. [25], the 
prevalence of depression, anxiety, and a combination of depression and anxiety in 
4,872 participants from 31 provinces and autonomous regions in China was 48.3% 
(95%CI: 46.9–49.7%), 22.6% (95%CI: 21.4–23.8%) and 19.4% (95%CI: 18.3–20.6%), 
respectively, during COVID-19. More than 80% (95%CI: 80.9–83.1%) of the partici-
pants reported frequent exposure to social media.

This impact is more dangerous and worrying in psychiatric patients. 
Schizophrenia, bipolar, depression and anxiety disorders or autism have an 
increased risk for infection due to immunogenetic vulnerability. The elderly psychi-
atric patients are the most vulnerable group, and there is a high exacerbation risk of 
psychic disorders and an aggravation of existing psychiatric symptoms, cognitive 
disorders, and loss of autonomy. The elderly may have difficulties adopting “barrier 
measures” (behavioral measures to protect oneself and others from the virus) and 
complying with confinement instructions. Severe social isolation, precarious hous-
ing, restricted solidarity networks for the informal monitoring of these patients’ 
health condition complicate this population’s situation [26].

Furthermore, people with mental disorders can be exposed to more barriers in 
accessing timely health services due to discrimination associated with patients who 
have mental illness in health care settings. The elderly could be more substantially 
influenced by emotional responses brought on by the COVID-19 pandemic, result-
ing in relapses or worsening of an already existing mental health condition due to 
high susceptibility to stress compared with the general population. The treatment 
for mental disease could make that of COVID-19 more challenging [27].

4.2  Use of technology as an ally in combating impacts on mental health in the 
COVID-19 pandemic context

Health services around the world have been mobilized and reinvented in an 
attempt to meet the population’s mental health demands during the COVID-19 
pandemic. The literature states that technology to reduce risk is a way out of proper 
pandemic management [28].

In France [29], there has been a 90% shift in outpatient activity with the use of 
telepsychiatry. There is a hotline for psychiatry teleconsultation, and meetings with 
more than five people became virtual. In addition, psychiatrists alternately present 
themselves in the department or teleworking. According to Starace and Serrara 
[30], during phone check-ins, the professional provides information of open hours, 
changes in access to services, and public health recommendations about limiting 
social contacts.
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In Siena, Italy, more than 90% of the outpatient consultations were transformed 
into telemedicine consultations, which also made use of cell phones. Hence, health 
workers may benefit from social contact provided via the Internet, in a group set-
ting, at the end of a working day, from their houses, without wearing the protective 
garments they wore all day long. They believe that offering a space to talk electroni-
cally, to share experiences, and to provide comfort to each other can be helpful, 
especially for those who live alone [31].

In Croatia, the use of digital technologies in post-traumatic stress disorder 
(PTSD) mitigation was the main topic of the researches carried out by Cosic et al. 
[32]. According to the authors, based on their experience, the development of 
computer tools and methods for emotion elicitation, estimation and regulation, 
cognitive-behavioral therapy, stress inoculation/resilience training, prevention of 
stress-related disorders and soldiers’ ability strength to cope with highly stressful 
situations, as well as assessments of individual and group stress resilience features, 
created the NATO research and development project “Multidisciplinary Metrics for 
Soldier Resilience Prediction and Training” with researches from Turkey, Croatia, 
and Austria. It can use these expertise’s origin strategies to face the COVID-19 
psychology and psychiatric impact.

Increasing the communication with friends, family members and loved ones, 
even if from a distance, from video-chats or group calls with family members, may 
help to reduce loneliness and precariousness. In case of insufficient social network, 
professional helplines are particularly useful, if managed by qualified trained 
professionals [33].

Mainstream media, such as television and radio, may play an important role by 
including content that promotes quality information and safety for the population 
[15]. They should get ahead and educate people about the importance and existence 
of not only physical health issues, but also mental health ones during a pandemic, 
along with medical and mental health professionals in order to sustain scientific- 
and fact-based presentation and suggestions while addressing the importance of 
COVID-19 control practices [34].

In Singapore, the government have kept the public abreast on the progress of 
the outbreak with regular broadcasts of news and announcements on social media. 
These include daily updates, such as the number of new and current infections, 
patients who are at critical condition or have been discharged, and preventive mea-
sures. Social media channels have also been set up by the state to curb the spread 
of false information and “fake news.” Regular dialog with Cabinet Ministers and 
infectious diseases physicians is aired to clear questions [35].

4.3  Mental health promotion measures in the COVID-19 pandemic context for 
the population

A significant distress decrease has been associated with the nationwide quaran-
tine, medical supports and resources from all over the country, public education, 
individual protection strength, medical isolation, population mobility control, 
reduction of gatherings to stop the virus spread, and social and spiritual support. 
These are very important elements of community resilience and anti-fragility dur-
ing COVID-19 crisis periods [3, 36].

During the COVID-19 pandemic, the National Institutes of Health in the USA and 
other funders must provide administrative supplements and notifications that encour-
age researchers to go fully remote; assess the mental health impact of COVID-19; 
prioritize repurposing of psychiatric human and pharmacologic resources for COVID-
19 research efforts; and continue working, leveraging the unique clinical research 
resources in psychiatry to help as many people as possible through the crisis [28].
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China created 26 protocols and guidelines regarding mental health promotion 
between January and February in 2020 [37]. In these protocols, psychological crisis 
interventions have included three key points: understanding the mental health 
condition in different populations influenced by the COVID-19 outbreak, identify-
ing people that are at high risk of suicide and aggression, and providing appropriate 
psychological interventions for those in need [37].

Based on Fiorillo and Gorwood [33] in Italy, some measures to face the mental 
impacts of the pandemic are: limiting the sources of stress, i.e. decrease of access 
to unofficial channels and uncontrolled sources; breaking isolation, by increas-
ing communication of family and friends via social media; maintaining the usual 
routine rhythm; focusing on the isolation benefits and asking for professional 
help when needed. According to Ho, Che and Ho [35], the integration of hospital 
and community resources, more support for frontline health workers, accurate 
dissemination of health and related information to the public, identification of 
high-risk groups, improved screening of psychiatric morbidities, mode and content 
of psychological intervention encourage the use of a psychodynamic approach as a 
way to improve the population’s adherence to preventive measures [38]. A Chinese 
study that evaluated 1,304 people showed that cognitive therapy can provide 
information or evidence to enhance confidence in the doctor’s ability to diagnose 
COVID-19 [39].

Measures for a better health promotion and for combating the COVID-19 
include the use of personal protective equipment, mainly of fluid-resistant surgical 
masks, telemedicine, avoiding crowds/visits, offering individual educational ses-
sions to patients admitted at the unit, providing printed materials, and encouraging 
hand hygiene [30].

4.4  Mental health promotion measures in the COVID-19 pandemic context for 
health professionals

As if exposure to the COVID-19 during the global pandemic was not enough, 
healthcare workers face another risk: burnout due to overstress in an increasingly 
overloaded healthcare system [10]. Thus, health care professionals have accepted an 
overwhelming responsibility. They are coping with the psychological distress of los-
ing patients, as well as lack of clarity and unpredictability within their work envi-
ronments, while trying to protect their own health [22], particularly in countries 
with limited resources [24]. Health professionals have been dealing with high risk of 
infection and inadequate protection against contamination, overwork, frustration, 
discrimination, isolation, patients with negative emotions, lack of family contact, 
and exhaustion [23].

A study with 1,287 workers in hospitals equipped with fever clinics or wards for 
patients with COVID-19 in Wuhan and other regions in China reported that health 
workers have been experiencing psychological burden (depression, anxiety, insom-
nia, and distress), especially female nurses [40]. After surveying more than 1,200 
nurses and physicians in 34 hospitals in the Wuhan region and across mainland 
China, approximately 14% of the physicians and nearly 16% of the nurses described 
moderate or severe depressive symptoms. There were also reports of insomnia and 
anxiety [14].

Some strategies for dealing with COVID-19 impacts include: routine support 
processes (such as peer support programs) available to the healthcare staff with 
a briefing on moral injuries, as well as awareness on other causes of mental ill 
health and what to look out for [10, 41]; training on psychological skills to deal 
with patients’ anxiety, panic and other emotional problems, and, if possible, for 
mental health staff to be on hand to directly help these patients [42]; formation 
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of psychological intervention teams and intra hospital support for professionals 
[43] in public policies that aim to articulate these joint efforts in a centralized and 
strategic way [11, 13].

4.5 Mental health in specific groups in the COVID-19 pandemic context

During the COVID-19 pandemic, individuals at age extremes (children and the 
elderly) also suffer an impact on their mental health. Social isolation by COVID-19 
pandemic in elderly people has been associated with increased depression and sui-
cidality, as well as to increased pro-inflammatory and decreased anti-viral immune 
responses. Virtual solutions may be less comfortable for children and the elderly 
[15], who may also have limited access to internet services and smartphones to enter 
in mental health services online. Also, the current mass quarantines and restrictions 
to public transport make it more difficult for them to acquire medicine from previ-
ous psychiatric pathologies, which is common in this age range [18].

Some suggestions for managing mental health in institutionalized elderly people 
include establishing a contingency plan and strategies to deal with more serious 
psychiatric symptoms; maintaining transparency and trust with employees that 
prioritize equity and well-being with adequate training and personal protective 
equipment; ensuring care for the mental health of family members; reassuring 
them about feelings of fear, sadness and anxiety; and promoting a healthy climate 
of communication and empathy [44].

In the case of children, stressful and potentially traumatic situations, such as 
illness and hospitalization, can trigger the emergence of unusual behaviors, such as 
sucking finger, enuresis, or desire to sleep with parents. Therefore, encouraging the 
maintenance of routine and creative activities, such as painting, drawing or playing 
with family members, is essential to reduce psychological impacts. In the event of 
hospitalization, children should be maintained with constant contact and com-
munication with the family and belongings that fulfill the function of emotional 
connection. No one should lie about their diagnosis and treatment, making it clear 
that the child is not to blame for being sick, providing an open communication 
channel for them [16].

As for young people in universities, the Chinese, mainly, were denied entry in 
many countries. They face discrimination and isolation in some countries due to 
being deemed as potential COVID-19 carriers, consequently, such students are at 
risk of hate crimes, especially when individuals consider them contagious. This 
situation can lead to mental health problems, such as denial, stress, anxiety, and 
fear [12].

Refugees and international migrant workers have a higher burden of common 
mental disorders (e.g. depression) and a lower quality of life than local populations. 
Many domestic workers cannot obtain masks from pharmacies because they must 
stay with employers and adhere to government-recommended self-quarantine [17]. 
Severe risk factors for COVID-19 are common for mental disorders in this popula-
tion: overcrowding, disruption of sewage disposal, poor standards of hygiene, poor 
nutrition, negligible sanitation, and lack of access to shelter, health care, public 
services and safety [19, 45–48].

5. Conclusions

This study has showed that the situation and measures proposed to fight the 
COVID-19 pandemic cause stress, anxiety, fear, and uncertainty in the population. 
Psychiatric patients, the elderly, refugees, and migrant workers are more vulnerable 
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groups due to stigmatization and lack of specialized support in health services and 
reduced access to medications. Therefore, they require care from governments 
and health authorities. In addition, measures to promote hospital health for health 
professionals seem to be essential to improve care and reduce the psychologic/
psychiatric impacts on professionals, and thus technology is a valuable ally in this 
process. Finally, the weakness of this study is the absence of more robust studies to 
compose the sample.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



237

Consequences of the SARS-CoV-2 Pandemic on Mental Health: Integrative Review
DOI: http://dx.doi.org/10.5772/intechopen.96816

References

[1] Guo YR, Cao QD, Hong ZS, 
Tan YY, Chen SD, Jin HJ, et al. The 
origin, transmission, and clinical 
therapies on coronavirus disease 2019 
(COVID-19) outbreak – an update on 
the status. Mil. Med. Res. 2020; 13: 
1-11 [PMID: 32169119 DOI: 10.1186/
s40779-020-00240-0].

[2] Li Q , Guan X, Wu P, Wang X, 
Zhou L, Tong Y, et al. Early 
transmission dynamics in Wuhan, 
China, of novel coronavirus-infected 
pneumonia. N. Engl. J. Med. 2020; 
382: 1199-1207 [PMID: 31995857 DOI: 
10.1056/NEJMoa2001316].

[3] World Health Organization – WHO. 
Coronavirus disease (COVID-19) 
outbreak situation. 2020a. Available 
at: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019 
(accessed 25 March 2020).

[4] Anzai A, Kobayashi T, Linton NM, 
Kinoshita R, Hayashi K, Suzuki A, 
et al. Assessing the impact of reduced 
travel on exportation dynamics of novel 
coronavirus infection (COVID-19). J 
Clin Med. 2020; 9: 601 [PMID: 32102279 
DOI: 10.3390/jcm9020601].

[5] Goldberg JF. Psychiatry's Niche Role 
in the COVID-19 Pandemic. J. Clin. 
Psychiatry. 2020; 81, 20com13363 [DOI: 
10.4088/JCP.20com13363].

[6] World Health Organization – WHO. 
Mental disorders. 2020b. Available at: 
https://ourworldindata.org/mental-
health (accessed 25 March 2020).

[7] Shigemura J, Ursano RJ, 
Morganstein JC, Kurosawa M, 
Benedek DM. Public responses to the 
novel 2019 coronavirus (2019-nCoV) 
in Japan: Mental health consequences 
and target populations. Psychiatry 
Clin. Neurosci. 2020; 74: 281-282 
[PMID: 32034840 DOI: 10.1111/
pcn.12988].

[8] Brooks SK, Webster RK, Smith LE, 
Woodland L, Wessely S, Greenberg N, 
et al. The psychological impact of 
quarantine and how to reduce it: 
rapid review of the evidence. Lancet. 
2020; 395: 912-920 [DOI: 10.1016/
S0140-6736(20)30460-8].

[9] Ahmad A, Muller C, Konstantinos T. 
Covid-19 pandemic: a public and global 
mental health opportunity for social 
transformation? BMJ. 2020; 369: m1383 
[DOI: 10.1136/bmj.m1383].

[10] Rolim-Neto M, Almeida HG, 
Esmeraldo JD, Nobre CB, Pinheiro WR, 
de Oliveira CR, et al. When health 
professionals look death in the eye: the 
mental health of professionals who 
deal daily with the 2019 coronavirus 
outbreak. Psychiatry Res. 2020; 288: 
112972 [PMID: 32302817 DOI: 10.1016/j.
psychres.2020.112972].

[11] Xiang YT, Zhao YJ, Liu ZH, Li XH, 
Zhao N, Cheung T, et al. The COVID-19 
outbreak and psychiatric hospitals in 
China: managing challenges through 
mental health service reform. Int. J. 
Biol. Sci. 2020b; 16: 1741-1744 [PMID: 
32226293 DOI: 10.7150/ijbs.45072].

[12] Zhai Y, Du X. Mental health 
care for international Chinese 
students affected by the COVID-19 
outbreak. Lancet Psychiatr. 2020; 7: 
e22 [PMID: 32199511 DOI: 10.1016/
S2215-0366(20)30089-4].

[13] Bao Y, Sun Y, Meng S, Shi J, 
Lu L. 2019-nCoV epidemic: address 
mental health care to empower 
society. Lancet. 2020; 295: e37-e38 
[PMID: 32043982 DOI: 10.1016/
S0140-6736(20)30309-3].

[14] Perlis RH. Exercising heart and 
head in managing coronavirus disease 
2019 in Wuha. JAMA Netw Open. 2020; 
3: e204006. [PMID: 32202641 DOI: 
10.1001/jamanetworkopen.2020.4006].



Fighting the COVID-19 Pandemic

238

[15] Jawaid A. Protecting older adults 
during social distancing. Science. 
2020; 368, 145 [PMID: 32273460 DOI: 
10.1126/science.abb7885].

[16] Brasil. Ministério da Saúde. 
Recomendações para Cuidado das 
Crianças em Isolamento Hospitalar. 
Brasília, DF: Fundação Oswaldo Cruz; 
2020. p.7.

[17] Liem A, Wang C, Wariyanti Y, 
Latkin CA, Hall BJ. The neglected health 
of international migrant workers in the 
COVID-19 epidemic. Lancet Psychiatr. 
2020; 7: e20 [PMID: 32085842 DOI: 
10.1016/S2215-0366(20)30076-6].

[18] Yang Y, Li W, Zhang Q , Zhang L, 
Cheung T, Xiang Y-T. Mental health 
services for older adults in China 
during the COVID-19 outbreak. Lancet 
Psychiat. 2020; 7: e19 [PMID: 32085843 
DOI: 10.1016/S2215-0366(20)30079-1].

[19] Gonçalves Júnior J, de Sales JP, 
Moreira MM, Pinheiro WR, Woneska R, 
Lima CK, et al. A crisis within the 
crisis: the mental health situation of 
refugees in the world during the 2019 
coronavirus (2019-nCoV) outbreak. 
Psychiatry Res. 2020; 288: 113000 [DOI: 
10.1016/j.psychres.2020.113000].

[20] Xiang Y-T, Yang Y, Li W, Zhang L, 
Zhang Q , Cheung T, et al. Timely 
mental health care for the 2019 novel 
coronavirus outbreak is urgently 
needed. Lancet Psychiatr. 2020a; 7: 
228-229 [PMID: 32032543 DOI: 10.1016/
S2215-0366(20)30046-8].

[21] Zhang Y, Ma ZF. Impact of the 
COVID-19 pandemic on mental 
health and quality of life among 
local residents in Liaoning Province, 
China: a cross-sectional study. Int. J. 
Environ. Res. Public Health. 2020; 17: 
2381 [PMID: 32244498 DOI: 10.3390/
ijerph17072381].

[22] Yahya AY, Khawaja S, 
Chukwuma SJ. The impact of COVID-19 

in Psychiatry. Prim. Care Companion 
CNS Disord. 2020; 22: 20l02627 [PMID: 
32302070 DOI: 10.4088/PCC.20l02627].

[23] Torales J, O’Higgins M, Castaldelli-
Maia JM, Ventriglio A. The outbreak 
of COVID-19 coronavirus and its 
impact on global mental health. 
Int. J. Soc. Psychiatry. 2020; 66: 
317-320 [PMID: 32233719 DOI: 
10.1177/0020764020915212].

[24] Assari S, Habibzadeh P. The 
COVID-19 emergency response should 
include a mental health component. 
Arch Iran Med. 2020; 23: 281-282 [DOI: 
10.34172/aim.2020.12].

[25] Gao J, Zheng P, Jia Y, Chen H, 
Mao Y, Chen S, et al. Mental health 
problems and social media exposure 
during COVID-19 outbreak. PLoS ONE. 
2020; 15, e0231924 [DOI: 10.1371/
journal.pone.0231924].

[26] Chevance A, Gourion D, Hoertel N, 
Llorca PM, Thomas P, Bocher R, et al. 
Ensuring mental health care during 
the SARS-CoV-2 epidemic in France: 
a narrative review. Encephale. 2020; 
46: 193-201 [PMID: 32370982 DOI: 
10.1016/j.encep.2020.04.005].

[27] Yao H, Chen J-H, Xu Y-F. Patients 
with mental health disorders in the 
COVID-19 epidemic. Lancet Psychiat. 
2020; 7: e21 [PMID: 32199510 DOI: 
10.1016/S2215-0366(20)30090-0].

[28] Nicol GE, Karp JF, Reiersen AM, 
Zorumski CF, Lenze EJ. “What were you 
before the war?” repurposing psychiatry 
during the COVID-19 pandemic. J. 
Clin. Psychiatry. 2020; 81: 20com13373 
[PMID: 32271506 DOI: 10.4088/
JCP.20com13373].

[29] Corrouble E. A viewpoint from 
Paris on the COVID-19 pandemic: a 
necessary turn to telepsychiatry. J. 
Clin. Psychiatry. 2020; 81, 20com13361 
[PMID: 32237302 DOI: 10.4088/
JCP.20com13361].



239

Consequences of the SARS-CoV-2 Pandemic on Mental Health: Integrative Review
DOI: http://dx.doi.org/10.5772/intechopen.96816

[30] Starace F, Ferrara M. COVID-
19 disease emergency operational 
instructions for Mental Health 
Departments issued by the Italian 
Society of Epidemiological Psychiatry. 
Epidemiol Psychiatr Sci. 2020; 29: 
e116 [PMID: 32228737 doi: 10.1017/
S2045796020000372].

[31] Fagiolini A, Cuomo A, Frank E. 
COVID-19 diary from a Psychiatry 
department in Italy. J. Clin. Psychiatry. 
2020; 81, 20com13357 [PMID: 32237301 
DOI: 10.4088/JCP.20com13357].

[32] Cosic K, Popovic S, Sarlija M, 
Kesedzic I. Impact of human disasters 
and covid-19 pandemic on mental 
health: potential of digital psychiatry. 
Psychiatr. Danub. 2020; 32: 25-31 
[PMID: 32303026 DOI: 10.24869/
psyd.2020.25].

[33] Fiorillo A, Gorwood P. The 
consequences of the COVID-19 
pandemic on mental health and 
implications for clinical practice. 
Eur Psychiatry. 2020; 63: e32 
[PMID: 32234102 DOI: 10.1192/j.
eurpsy.2020.35].

[34] Shuja KH, Aqeel M, Jaffar A, 
Ahmed A. COVID-19 pandemic and 
impending global mental health 
implications. Psychiatr Danub. 2020; 32: 
32-35 [PMID: 32303027 DOI: 10.24869/
psyd.2020.32].

[35] Ho C, Che CY, Ho RCM. Mental 
Health Strategies to Combat the 
Psychological Impact of Coronavirus 
Disease 2019 (COVID-19) Beyond 
Paranoia and Panic. Ann Acad Med 
Singap. 2020; 49: 155-160 [PMID: 
32200399].

[36] Jakovljevic M, Bjedov S, Jaksic N, 
Jakovljevic I. COVID-19 pandemia 
and public and global mental health 
from the perspective of global health 
security. Psychiatr Danub. 2020; 32, 
6-14 [PMID: 32303023 DOI: 10.24869/
psyd.2020.6].

[37] Li W, Yang Y, Liu Z-H, Zhao Y-J, 
Zhang Q , Zhang L, et al. Progression 
of mental health services during the 
COVID-19 outbreak in China. Int. J. 
Biol. Sci. 2020; 16: 1732-1738 [PMID: 
32226291 DOI: 10.7150/ijbs.45120].

[38] Marčinko D, Jakovljevic M, Jaksic N, 
Bjedov S, Drakulic AM. The importance 
of psychodynamic approach during 
COVID-19 pandemic Psychiatr Danub. 
2020; 32: 15-21 [PMID: 32303024 DOI: 
10.24869/psyd.2020.15].

[39] Wang C, Pan R, Wan X, Tan Y, 
Xu L, Ho CS, et al. Immediate 
psychological responses and associated 
factors during the initial stage of the 
2019 coronavirus disease (COVID-19) 
epidemic among the general population 
in China. Int. J. Environ. Res. Public 
Health. 2020; 17: 1729 [PMID: 32155789 
DOI: 10.3390/ijerph17051729].

[40] Lai J, Ma S, Wang Y, Cai Z, Hu J, 
Wei N, et al. Factors associated with 
mental health outcomes among health 
care workers exposed to coronavirus 
disease 2019. JAMA Netw Open. 2020; 
3: e203976 [PMID: 32202646 DOI: 
10.1001/jamanetworkopen.2020.3976].

[41] Greenberg N, Docherty M, 
Gnanapragasam S, Wessely S. 
Managing mental health challenges 
faced by healthcare workers during 
covid-19 pandemic. BMJ. 2020; 368: 
m1211 [PMID: 32217624 DOI: 10.1136/
bmj.m1211].

[42] Chen Q , Liang M, Li Y, Guo J, 
Fei D, Wang L, et al. Mental health 
care for medical staff in China 
during the COVID-19 outbreak. 
Lancet Psychiatry. 2020; 7: e15–e16 
[PMCID: PMC7129426 DOI: 10.1016/
S2215-0366(20)30078-X].

[43] Kang L, Li Y, Hu S, Chen M, 
Yang C, Yang BX, et al. The mental 
health of medical workers in Wuhan, 
China dealing with the 2019 novel 
coronavirus. Lancet Psychiatr. 2020; 



Fighting the COVID-19 Pandemic

240

7: e14 [PMID: 32035030 DOI: 10.1016/
S2215-0366(20)30047-X].

[44] Ornell F, Schuch JB, Sordi AO, 
Kessler FH. Pandemic fear and 
COVID-19: mental health burden 
and strategies. Braz J Psychiat. 2020; 
42: 232-235 [PMID: 32267343 DOI: 
10.1590/1516-4446-2020-0008].

[45] Duan L, Zhun G. Psychological 
interventions for people affected by 
the COVID-19 epidemic. Lancet Psych. 
2020; 7: 300-302 [PMID: 32085840 DOI: 
10.1016/S2215-0366(20)30073-0].

[46] Li S, Wang Y, Xue J, Zhao N, 
Zhu T. The Impact of COVID-19 
Epidemic Declaration on Psychological 
Consequences: A Study on Active Weibo 
Users. Int. J. Environ. Res. Public Health 
2020; 17 (6): 2032 [PMID: 32204411 
DOI: 10.3390/ijerph17062032].

[47] Liu S, Yang L, Zhang C, Xiang Y-T, 
Liu Z, Hu S, et al. Online mental health 
services in China during the COVID-19 
outbreak. Lancet Psychiatry. 2020; 7: 
e17-e18 [PMID: 32085841 DOI: 10.1016/
S2215-0366(20)30077-8].

[48] Word Health Organization – WHO. 
Infection prevention and control 
guidance for Long-Term Care Facilities 
in the context of COVID-19. 2020c. 
Available at: https://apps.who.int/iris/
handle/10665/331508 (accessed 24 
April 2020).



Chapter 16

COVID-19 in India: Problems,
Challenges and Strategies
(Psychological Aspects)
Sarika Jain and Manish Yadav

Abstract

The pandemic COVID-19 is a global challenge which has infected and killed
people worldwide. Some people do not show any symptom while some have fever,
cough, sore throat, general weakness and fatigue and muscular pain and in most
severe cases, severe pneumonia, acute respiratory distress syndrome, sepsis and
septic shock all leading to death. It has adversely affected the economy and social
integrity of countries. There is rising concern about the mental health challenges of
the general population (children, adults, or elderly), along with health workers and
family of infected people. This study aims to determine effect of COVID-19 on
mental health of people in India. It also focuses on the stigma and discriminating
factors in our society and ways to cope with such conditions. A structured survey
was conducted with 250 participants of different age groups. Our analysis focuses
on the factors affecting mental health of any person, changes in behavior and daily
routine due to stress, anxiety or fear of transmission of virus in their family and
friends, some are worried for their lifestyle and career. There is a need to under-
stand that pandemic is affecting everyone, either physically or mentally. There
must be increase in the study of the aspects of mental health during the pandemic
and methods to cope with issues like discrimination for better mental health during
pandemic period.

Keywords: adaptive coping, COVID-19, pandemic, resilience, stigma

1. Introduction

Along with great increase in mortality and morbidity due to this pandemic in
India, COVID-19 has caused mental health issues among general population, chil-
dren, adults, elderly, migrant workers, healthcare workers and their families. As per
a study performed to assess the youth mental health after COVID-19 in China, it is
observed that mental health problems are majorly found in youth group. This study
indicates that low education level, post-traumatic stress disorder (PTSD) and
negative coping styles were the influence factors of youth mental health [1].

A recent study indicates that structured websites and toll free helpline numbers
may be launched for alleviating psychological distress among the general public
regarding this ongoing pandemic. Social media is to be used in good sense so that
people can get education regarding transmission dynamics and symptoms of
disease. To protect social media from devaluations, strict government laws and
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legislation regarding fake news, social media rumors, disinformation and
misinformation are to be implemented [2].

It is important to understand different reasons of mental health issues, ways in
which they are affecting our society and resilience of people and the ways they try
to cope up with such situations. Therefore, the current study will aim to show
impact of COVID-19 on mental health of people in India.

Human beings are social species which require most satisfying environment
with social relationship and physical well beings. The pandemic has affected life-
style, education, career, development and economy in few months as there has been
sudden increase in number of patients. Isolation, contact restrictions and economic
shutdown impose a complete change to the psycho-social environment. These mea-
sures have the potential to threaten the mental health of children, adolescent and
elders significantly.

2. Mental health issues during COVID-19

During COVID-19 pandemic, people were bound to stay at home and maintain
social distancing. This sudden change in their lifestyle along with fear of COVID-19
created discomfort in their life. Long term anxiousness and fear leads to negative
psychological effects including post-traumatic stress symptoms, confusion and
anger. Personality disorders and Alzheimer’s disease, irritability, restlessness, diffi-
culty in concentration, fatigue, dizziness are also some psychological disorders.

As pandemic was spreading rapidly, complete lockdown had been implemented
at most of the places and due to non-availability of transport system people were
not able to move around. People from various age groups are reporting loneliness as
they were away from their family members. A study revealed that depression,
anxiety, and stress play an important role in enhancing the fear of COVID-19.

The general population can experience the fear and anxiety of dying, helpless-
ness, blame the people who are already affected and precipitate the mental break-
down. Let us briefly discuss the impact of COVID-19 on different age groups.

2.1 Children

Unaware of everything happening young children are enjoying the company of
their family members with no efforts of going school. As children were not permit-
ted to play outside home they feel irritated sometimes sitting at home. They are also
curious to know the reason of drastic change in lifestyle as they cannot judge the
actual reasons. Some youngsters are happy to stay home, especially those who are
family focused. According to a study done over children and adolescents in the age
groups of 9 years to 18 years during COVID-19 outbreak in India. Children and
adolescents who were under quarantine had faced more psychological problems than
those who were not quarantined. Fear (p < 0.0001), nervousness (p < 0.0001) and
annoyance (p < 0.001) were most significantly seen in the quarantined group.
Anxiety related insomnia, isolation, boredom (not statistically significant) and
sadness was also more common in the quarantine group [3].

Teenagers caring most about their privacy, peers and independence are under
depression living with their family while younger kids are happy to get much
attention. The notion of social distancing becomes difficult for youngsters who
think of themselves not getting ill and takes it as restriction. So primarily being
unhappy they start being cutoff from other family members, which results their
aggressive behaviors. Having healthy conversation can make them understand and
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they can be given their personal space at home, even can be allowed to play video
games and stay connected to their friends through internet.

Children are also worried about their future. Some self motivated kids have set
their goals to achieve something during this period. They are busy with video of
their interest and some tutorial, but have become physically less active and have
much screen time, irregular sleep pattern and less favorable diets resulting in
weight gain and loss of cardio-respiratory fitness.

2.2 Adults

During the pandemic, this age group are afraid of losing their jobs as few
companies were not able to survive and few were still operating offline. This age
group decided not to go to office and choose work from home as they were
concerned about the spread of virus. In this case, the fear of losing jobs increases.
Some are getting depressed and feeling alone as maintaining distance. According to
Italian study, during the second week of mandatory lockdown, Italian adults paid
much attention to information about COVID-19, they perceived it as very severe,
and they were particularly worried about infecting their relatives [4]. Loneliness is
recognized as a contributing and maintaining factor in the development of Alcohol
abuse. Alcohol does affect the user’s ability to perceive, integrate and process infor-
mation. This distortion in the user’s thinking does not cause violence but may
increase the risk that the user will misinterpret his partner or other’s behavior [5].
Consumption of alcohol make a person emotionally weak and might give rise to
domestic violence. Which affects the whole family and cause loss of concentration
of each family member and make emotionally weak. Some poor labor just focused
to reach their home, lost their life due to psychiatric disorders.

Women have started taking measure to protect their family from virus, each
item bought to home is sanitized and then used. This increases burden on women
due to which they feel tensed, depressed and facing psychiatric disorders like mood
extremes. The disruption of social and protective networks, loss of income and
decreased access to services, all can exacerbate the risk of violence for women [6].
Women are ones who are more affected by nosophobia of COVID-19 as allergy or
climate change may also result some illness. They are more worried about family
members.

2.3 Elder and special population

Person with pre-existing mental illness have been inevitably affected by the
pandemic. In patients, especially aged and those who require long term hospitaliza-
tion in closed wards are under great risk [7]. Elderly people were at a higher risk of
spreading and catching virus so other family members started keeping themselves
away from them. Neither elders are having proper conversations with family nor
getting absolute care. Even they are not taken to hospital for any other disease as
they can come in the contact of some corona infected person. Watching news
related to COVID-19 whole day is depressing them as it seems to be the end of
human life (Figure 1).

3. Survey

To clearly understand the pandemic impact on different age group a survey on
250 people has been done by preparing a questionnaire. Each questionnaire was
divided into four sections. The questionnaire included scaled questions that have
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already been used worldwide in the previous studies and we are using same type of
questionnaire for India [8]. In the first section, questions were framed to gather
data on the personal profile of the respondents. The second section consisted of
questions on personal awareness and attitude. The third and fourth sections of the
questionnaire comprised attitude towards family and country. Questions asked the
respondents to inform their choices (i) (not at all), (ii) (many times), (iii) (mostly),
(iv) (every time) about various factors that affect their awareness, attitude,
behavior and methods they follow to keep themselves fit.

3.1 Participants

We used a snowball sampling approach to distribute questionnaire online. The
questionnaire was shared on different platforms, when a participant completed it,
they forwarded it to their group of friends to expand the size. Out of total 250
respondents, 138 are males that is 55.2% and 112 are females that is 44.8%. Based on
the distribution of age, majority of respondents belonged to the age group of 25–44

Figure 1.
Impact on mental health of different age groups due to COVID-19 (green is least, and red is most affected).
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(50.8%). Whereas 34.8% of the respondents belonged to the age group of 18–
24 years and 9.6% were in the age group of 45–above years and 4.8% of the
respondents were of the age group of 1–17 years of age (Table 1).

Occupation of the respondents has been assessed using 7 categories including
medical/security/defense (4.4%), full time employed (31.6%), part time employed
(2.8%), unemployed (2.8%), homemaker (0.8%) and majority of respondents lie in
category student (41.6%) and others (16%).

The work from home permission of the respondents indicates that most of the
respondents as (47.2%) lies in yes and (28.8%) lies in the category of no and there
were 8% respondents who were partially allowed to work from home while 16%
falls in category of not applicable.

3.2 Awareness

People awareness plays an instrumental role in determining their behavior. This
section describes the effectiveness of the awareness for people in the pandemic. The
people awareness has been measured with indicators (0 to 4) which include the
level of awareness as (0) do not know anything, (1) know very less things, (2) know
few things, (3) know many things, (4) know everything (Table 2).

The above table describes the study respondents awareness about COVID-19
divided in age groups which are 1–17, 18–24, 25–44 and 44–above. In category Age

Characteristics Count Percentage

Gender

Male 138 55.2%

Female 112 44.8%

Age

4–17 12 4.8%

18–24 87 34.8%

25–44 127 50.8%

45 and above 24 9.6%

Occupation

Health worker/security 11 4.4%

Full time employed (except above) 79 31.6%

Part time employed (except above) 7 2.8%

Unemployed 7 2.8%

Homemaker 2 0.8%

Student 104 41.6%

Others 40 16%

Work from home

Yes 118 47.2%

No 72 28.8%

Partially (at least once in week) 20 8%

Not applicable 40 16%

Table 1.
Descriptive profile of the respondents.
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group (4–17) maximum results come in favor of 2, 3, 4, In age group (18–24) and
(25–44) maximum results come in favor of 3 while in age group (44–above) max-
imum respondents lie in category of 4. This implies that most of the people were
aware about the pandemic situation (Figure 2).

3.3 Attitude

In age group of 18–24 and 25–44 approximately 35% people were worried more
about their health while 10.5% are worried every time with �33% of 18–24 and
�28% of 25–44 do not worry at all (Figure 3).

In age group of 18–24 there are �32% people worrying about nation or world
everytime and in 25–44 age group there �21% people worrying about nation or
world everytime. While �34% of 18–24 years and 37% of 25–44 years worrying
most of the time. While only 8% and 11% of 18–24 and 25–44 resp. do not worry at
all (Figure 4).

How much they know about corona-virus?

Scale Count Percentage

Age group (4–17)

0 2 16.67%

1 1 8.33%

2 3 25%

3 3 25%

4 3 25%

Age group (18–24)

0 3 3.4%

1 3 3.4%

2 13 14.9%

3 35 40.2%

4 33 37.9%

Age group (25–44)

0 3 2.4%

1 2 1.6%

2 19 15%

3 57 44.9%

4 46 36.2%

Age group (45–above)

0 0 0%

1 1 4.16%

2 4 16.67%

3 9 37.5%

4 10 41.67%

Table 2.
Awareness about COVID-19 in respondents.
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3.4 Behavior

According to Survey,�28% of teenagers,�9% of 18–24 age group people,�8% of
25–44 age group people and 10% of 44+ have been every time noticed moving or

Figure 2.
Percentage of different age group people worrying about their health and safety during pandemic.

Figure 3.
Percentage of different age group people worrying about effect on nation and world during pandemic.

Figure 4.
Percentage of different age group people change in their behavior life speaking slowly or moving around usually
during pandemic.
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speaking slowly. Approx 14% and 28% of children are mostly and many times seen
moving slowly while�28% are not at all effected. In case of 18–24 age group 16% and
24% have been noticed mostly and many times moving slowly than usual (Figure 5).

Most people have accepted the situation to look after of their mental health, 86%
of 13–17 years, �38% of people of 18–24 years, �45% of people of 25–44 years and
40% of people of 45+ age group have engaged themselves in doing meditation or
yoga. People of 18–24 years opted to eat well (�52%), care others (�45%) and talk
to someone they have not talked for long (�42%) for their better mental health. In
25–44 age group, opted to keep themselves active (�53%), eat well (52%), to do
things they are good at and care others are (�35%). While in 44+ people tried to be
active (35%), contact people they have not contacted so long (50%), care others
(45%) and drink sensibly (20%).

Similarly, this questionnaire gives us more details about people’s anxiousness,
tiredness and concentration problem being faced. Survey shows that most of the
people have only one hour of news watching time a day, some are irritated and
facing arguments resulting into fights. Few families are also facing Domestic
violence during period of pandemic and lockdown.

4. Resilience and adaptive coping

Resilience helps to protect one from mental illness by using the available
resources. Resilience is a protective factor against development of mental disorder
and a risk factor for a number of clinical conditions, e.g. suicide [9]. On one side,
the nation as a whole focuses on controlling the pandemic by adapting different
strategies like isolation and quarantined period, other side some organizations are
paying attention towards mental health during COVID-19. Lack of social interac-
tions and staying home for longer time effects mental wellness. One should not be
over exposed to media coverage, should maintain happy relationship, get in touch

Figure 5.
Percentage of different age group people taking care of mental health by caring others, eating well, accepting
situation, taking about their feelings etc. during pandemic.
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Figure 6.
People can adopt following various lifestyles to resilient/cope with mental health challenges.

Figure 7.
Points for good mental health during COVID-19 pandemic.
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of friends and relatives through social media to whom you have not been contacting
since too long. Reaching out to children and others is good for everyone as feeling
close to others reduces anxiety and boost the immune system. For coping with
mental health issues people should follow a particular routine such as regular exer-
cise, proper sleep, follow a strict routine which helps us to be active, efficient,
reduce the need of will power, reduces procrastination, builds momentum and a
person’s self-confident by reducing stress, staying calm also helps you to overcome
stress and other diseases such as hypertension diseases, one should practice breath-
ing exercises which maintains the proper blood flow in the body with calmness in
mind (Figures 6 and 7).

5. Adjustment problems

India’s coronavirus forced many citizens to return their countryside homes with
family. After few days of pandemic, daily wagers were in a great trouble because of
non-availability of work so their survival become very difficult. The COVID-19
lockdown has the most daunting impact on such people whereby most of themmust
fight for survival on a daily basis. Many agencies are trying to support daily wage
workers, but the entire cycle of revenue has been greatly troubled in few weeks.

During this time of uncertainty, employers may experience changes in produc-
tivity. When productivity drops, it has direct impact on jobs. One cannot get new
job during this period and siting home in this situation makes it more difficult and
effect can be seen on faces of family members too. Millions of lives have been
heavily affected by several psychological changes such as increased levels of loneli-
ness as being locked in home, no interaction with neighbors and relatives result in
overthinking, loneliness and depression.

Aged people are particularly susceptible to the risk of infection from COVID-19,
especially those with chronic health conditions such as hypertension, cardiovascular
diseases, and diabetes. Older persons are not just struggling with great health risks
but are also less capable of keeping themselves in isolation. Although social distanc-
ing is necessary to reduce the spread of diseases, but some families are understand-
ing that elders also require proper care and interaction. Mostly getting locked in a
room alone irritates them, and inability to use technology and differentiate between
real and fake news also makes them worried and unable to adjust with family.
Pandemic and lockdown increased the burden of household work for all families.
Children are off school, no service provider (dhobi, cook, driver, gardener, etc.)
and regardless to whether they hold job or not. Women are taking care of cleanli-
ness and disinfecting everything and everyone coming in house other than daily
works.

6. COVID-19 related stigma among people

Social stigma in the context of health is the negative factor between a person or
group of people sharing certain characteristics or symptoms of specific disease.
During this outbreak, individuals are branded, treated badly, discriminated, and
suffer status loss due to merging with infected people. Such treatment impacts
adversely to those with symptoms as well as their caregivers, family, friends and
communities. People who do not have the disease but share other characteristics
with this group may also suffer from stigma [10].
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The level of stigma associated with COVID-19 is based on three main factor:

1.It is a disease that is new and for which there are still many unknowns;

2.We are usually afraid of the unidentified; and

3.It is easy to associate that fear with ‘others’ there is confusion and anxiety
among the public.

Unfortunately, these factors are also fueling harmful stereotypes.
Effects that stigma can cause: Drive people to hide illness to void discrimination,

prevent people from seeking health care immediately and discourage them from
adopting healthy behaviors. To understand the ways in which this can incite vio-
lence and push public in harm, one needs to look at a case of Himachal Pradesh,
where Mohammad Dilshad, a 37 year old resident of Una district, hung himself after
being continuously taunted and harassed by community despite he tested corona
negative (Figure 8) [11].

In the COVID-19 emergency, medical workers and security services were at high
risk of infection. They were facing overwork, frustration, discrimination, isolation,
patients with negative emotions, a lack of contact with their families and exhaus-
tion. This situation causes mental health problems such as stress, anxiety, depres-
sive symptoms insomnia, denial, anger and fear. These mental health problems not
only affect attention, understanding and decision-making capacity of medical
workers, which could hinder the fight against COVID-19 but they could also have a
lasting effect on their overall well being. Stigmatized groups may often be deprived
of the resources they need to take care of themselves and their families. Stigma can
present major barriers against healthcare seeking, social marginalization, distrust in
health authorities and distortion of public perception of risk, resulting in massive
panic among citizen.

Groups experiencing stigma related to COVID-19 are mostly the health workers
and emergency respondents, people returning from travel, people with the disease,
their family and friends and people released from quarantine. The stigmatized
people may be excluded or shunned in social situations, denied some kind of
opportunity, may be denied access to adequate housing and health caregiver and
they might be targets of verbal, emotional and physical abuse.

Figure 8.
There are some do’s and dont’s on language when talking.
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7. Stigma and discrimination with corona positive people

The threat of getting infected can change our responses to ordinary interactions,
leading us to behave in unexpected ways. Publishing the personal data of people
infected with COVID-19 or data of those who are suspicious of having the virus,
jeopardizes their safety and well being. This way people themselves are exposed to
public lynching, and declared dangerous to public health, the blame for the
infection is sought on them and they are marked as irresponsible, reckless, and
dangerous citizen. The WHO has also issued specific psycho-social considerations
for abating the growing stigma of COVID-19 [12].

People who tested positive often become fearful of seeking help or even
discussing symptoms. They put themselves and society into risk and increase the
rate of transmission. We are all fed by fear, internalized racism and misinformation.
And this will increase with increase of no. of cases, rising mortality rate and limited
testing facilities.

How are corona positive been discriminated?

1.Food is thrown through a passage in a quarantine center.

2.Society does not allow their family members to enter their society.

3.They are not allowed to go in public even after treatment and recovery.

4.They are teased as they got infection by their own mistake.

Effects of stigma and discrimination with corona positive:

1.Family members of COVID-19 positive patients who have been tested
COVID-19 negative will also face trouble in society and will be considered as
guilty which in result will affect them mentally.

2.A treated patient will also feel insecure in the society as everyone will look at
him as a risk for society.

3.Family members even after getting symptoms similar to COVID-19 will
neglect the test in fear of social discrimination.

4.Affected family might be having trouble in fulfilling their needs.

5.After all this bullying and ignored by society they may take a step towards
suicide.

8. Mental disorder and COVID-19

Mental disorders are the conditions that affect your thinking, feeling, mood and
behavior. They may be occasional or long lasting. They can affect our ability to
relate to others and function each day.

There is no single cause ofmental disorder, factors causing it in case ofCOVID-19 are:

1.having few friends and feeling lonely.

2.having a serious medical condition.
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3. life experience as person having symptoms like COVID-19 is started to be
discriminated.

4.use of alcohol and recreational drugs.

Some common type of disorders being faced during COVID-19 pandemic:

1.Eating disorders: these are serious mental health disorders. They involve
severe problem with your thought about food and your eating behavior, you
may eat less or more than you need. They affect ability of our body to get
proper nutrition. Causes of eating in this case are psychological and social
factors. In long term it can result in some problems like: Muscle weakness,
low blood pressure, brain damage, multi-organ failure, feeling tired all time
and infertility [13].

2.Depression: depression is serious medical illness. it’s more than just a feeling
of being sad. Symptoms may include: loss of interest in favorite things,
overeating, feeling hopeless, irritated, digestive problems and thoughts of
death or suicide. Depression is a disorder of brain which can be caused at any
stage of life but it begins often in teens and adults. It can be treated by being
socially active or going to psychiatrist [14].

3.Obsessive compulsive disorders: it is a disorder in which we have
thoughts of something again and again, but one cannot control them.
Obsession are repeated thoughts such as fear of infection in case of
COVID-19, fear of losing and misplacing something as one might have
fear of losing their parents of family member during this pandemic.
Compulsions are the behaviors that you feel like you need to do repeatedly to
try to reduce or stop your obsession thoughts. Some compulsions include:
excessive cleaning hands and items, ordering and arranging things in a
particular way [15].

9. India vs. global situation

This pandemic not only impacted India, but its impact can be seen worldwide.
In terms of mental health, the situation globally was also similar. Children,
adults, and aged people were facing same type of problems. The pandemic impact
can be seen both on developed and developing countries. Initially mortality rate
was very high in both developed and developing countries. But due to high popula-
tion and less resources, India faced more challenges during this situation. The
medical facilities were also not as good in India as they are in other developed
countries.

10. Conclusion

COVID-19 causes strong mental health issues, as number of deaths, death
of family members and friends and lockdown are factors affecting the thought of a
person. During the pandemic people facing the problem with inadequate supplies,
inadequate information, financial loss, stigma and infection fear. According to our
survey children are having lesser knowledge about pandemic while they are
curious to know but are not able to understand scientific complexities. Children are
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little bit irritated locked at home but mostly happy with their families and do not
have any anxiety or fear of death. While teenagers are not much happy and worried
for their family and friends’ health. They were eagerly waiting to meet their friends
as being unsocial makes them lonely, irritated and anxious which motivates them to
fight with other family members. Adults are most mentally affected, as they have
load on their shoulder and see whole life been affected due to corona virus. This
group has people mostly worried about its effect on studies/jobs/financial condition.
They are not very easily irritated and annoyed but hard to sit still. Most people in
this age group are accepting situation, eating well and keeping themselves active.
Aged are mostly facing loneliness, anxious and irritated due to being separated from
other family members. They watch news channels for atleast one hour a day and
afraid that something awful might happen. The number of person infected and died
were increasing every day. Even isolation, lockdown and physical distancing are
prolonged. Opportunities are decreasing and as a result financial problem are
increasing. This leads to increase of mental health issues exponentially. There is
stigma related to COVID-19 among people which might be initiating factor of
mental health issues. To avoid stigma one can believe that not all who are having
symptoms like cough and sneeze have COVID-19, despite precautions if anybody
catches COVID-19 its not their fault, one should face fear and anxiety with facts not
discrimination, stay positive and remember COVID-19 will heal but stigma and
mental trauma left behind will not. In India there is lack of clear and effective
communication and a knowledge-based stigma reduction strategy that can
translate into public education, community engagement and trust in the health care
system. Firstly, we should have knowledge that virus will not be going away any
time soon. Any long term strategy must be introduced, broad based and
transparent with key public figures who can help the state to communicate on this
daily. Secondly, we must move from language of fear and paranoia to one of
empathy. We can stop using terms such as “infected” “carrier” and switch to
“affected” and “acquired.” This reminds people that patients and those at risk are
people like us. A public awareness campaign around breaking stereotypes that harm
social cohesion and empathy is the need of the hour. We have already seen sections
of mainstream media demolishing certain communities and ethnicity. This is not
just unethical, but also has an impact on disease control and people lives. There is
need to understand the side of mental health during the pandemic, increase the
number of researches and find the actions to cope with issues for their effective
management.

A. Appendix

A.1 Questionnaire

Dear Sir/Madam,
I request you to please take a few minutes of your precious time to complete

the questionnaire of study on “COVID-19 IN INDIA: PROBLEMS,
CHALLENGES AND STRATEGIES, PSYCHOLOGICAL ASPECTS”. Hence, your
participation in the survey will be highly appreciated. I ensure the anonymity of
all the participants and complete confidentiality of responses collected. The
responses will only be used for my research and not for any other commercial
purposes. The study aims at surveying the Mental health of people during
COVID-19 pandemic.
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Please put a tick mark against the most appropriate choice.
Section A: Demographic Profile

1.Name:

2.Age (in years):

a. 1–17

b. 18–24

c. 25–44

d. 45 or above

3.Gender:

a. Male

b. Female

4.Occupation?

a. Medical staff/security/police

b. Full time employed (except above)

c. Part time employed (except above)

d. Unemployed

e. Homemaker

f. Student

g. Others

5.Does anyone in your home belongs to medical staff/security/police?

a. Yes

b. No

6.Do you have option to work from home?

a. Yes

b. No

c. Partially (need to go at least once a week)

d. Not applicable
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Section B: Inferential Analysis
Awareness:

7.How much you know about Coronavirus?

a. 0

b. 1

c. 2

d. 3

e. 4

Attitude:

8.Are you feeling nervous, anxious on edge?

a. Not at all

b. Many times

c. Mostly

d. Everytime

9.Are you worrying too much about affect on your health and safety?

a. Not at all

b. Many times

c. Mostly

d. Everytime

10.Are you worrying too much about its affect on your family’s health and
safety?

a. Not at all

b. Many times

c. Mostly

d. Everytime

11.Are you worrying too much about its effect on studies/jobs/financial
conditions?

a. Not at all
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b. Many times

c. Mostly

d. Everytime

12.Are you worrying about its affect on nation or world?

a. Not at all

b. Many times

c. Mostly

d. Everytime

13.Are you afraid as if something awful might happen?

a. Not at all

b. Many times

c. Mostly

d. Everytime

14.Are you feeling bad for not being able to help yourself, your family or the
community in difficult time?

a. Not at all

b. Many times

c. Mostly

d. Everytime

15.Are you feeling helpless or annoyed?

a. Not at all

b. Many times

c. Mostly

d. Everytime

People Behavior:

16.Are You restless that it is hard to sit still?

a. Not at all

b. Many times
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c. Mostly

d. Everytime

17.Are you easily irritated or annoyed?

a. Not at all

b. Many times

c. Mostly

d. Everytime

18.How often you fight with family members?

a. Not even once in last month

b. Once in a week

c. Often

d. Daily once

e. More than once in a day

19.Was there any type of domestic violence in your home?

a. Yes

b. No

20.Are you loosing interest in doing things?

a. Not at all

b. Many times

c. Mostly

d. Everytime

21.Are you facing trouble in falling asleep or stay asleep or sleeping
too much?

a. Not at all

b. Many times

c. Mostly

d. Everytime
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22.Are you feeling tired or having little energy?

a. Not at all

b. Many times

c. Mostly

d. Everytime

23.Are you over eating or experiencing poor appetite?

a. Not at all

b. Many times

c. Mostly

d. Everytime

24.Are you having trouble in concentrating on things such as reading books or
newspaper or playing games?

a. Not at all

b. Many times

c. Mostly

d. Everytime

25.Are other people noticing that you are moving or speaking slowly or moving
around usually?

a. Not at all

b. Many times

c. Mostly

d. Everytime

26.Do you miss someone or want to meet?

a. Not at all

b. Yes but can wait to meet

c. Cannot wait anymore

d. Missing badly
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27.Number of hours you watch news?

a. Not at all

b. one hour a day

c. More than one hour a day

d. most of the time

28.How are you looking after your mental health? (Select atleast 3 things you do)

a. Accepting situations

b. Doing meditation or yoga

c. Eating well

d. Drink sensibly

e. Caring others

f. Doing Something I am good at

g. Keeping active

h. Being in touch with family and friends

i. Talked about my feelings with friends

j. Contacted person you have not been talking earlier

29.Any comment or suggestions: …………………………………………………………
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Chapter 17

COVID-19 and Multiorgan 
Dysfunction Syndrome
Jitendra D. Lakhani, Sajni Kapadia, Rohit Choradiya, 
Roop Preet Gill and Som J. Lakhani

Abstract

Severe acute respiratory syndrome (SARS) is the leading cause of death in 
COVID-19 infection, however, multi-organ dysfunction due to COVID-19 and/or 
because of co-morbidities is a usual accompaniment causing unfavorable outcome. 
Early detection of organ failure and giving appropriate organ support may improve 
the chances of survival. Arterial Blood Gas (ABG) analysis; electrolytes coupled 
with clinical picture and with organ related laboratory investigations may help in 
diagnosis of MODS and sepsis in COVID-19 SEVERE SYNDROME. Acute kidney 
injury (AKI), myocarditis, thromboembolism, acute liver de-compensation, hospi-
tal acquired infections, cardiac arrest, glycemic variability, thyroid dysfunction and 
other organ failure may lead to MODS. As patients having multiple organ syndrome 
requires ICU admission and interventions like intubation, hemodialysis and other 
extracorporeal treatment support knowing holistically about “COVID-19 MODS” is 
important for treating physicians.

Keywords: COVID-19, SARS-CoV-2, Multi-organ dysfunction, cytokine storm, 
sepsis

1. Introduction

Corona viruses (CoVs) are a group of spherical/pleomorphic, enveloped, single 
stranded RNA viruses having club shaped glycoprotein projections, having four 
genera: alpha, beta, gamma and delta. Alpha and beta corona viruses infect many 
mammalian species ranging from bats to humans. Gamma and Delta Corona viruses 
affecting mainly birds known as Avian corona viruses [1]. First corona virus was 
isolated in chick embryo in 1937 and is known as Avian infectious bronchitis virus. 
The virus affects various organs as it is replicating in epithelial tissues of respira-
tory, genitourinary and enteric tracts of birds [1, 2]. Evolution of corona virus as 
etiological agent of avian bronchitis to present COVID-19 pandemic is known to 
cause involvement of various organs like lung, intestine, liver and brain of animals 
and humans [2].

SARS-CoV-1, human beta-corona virus was first identified in 2003 as a causative 
agent of Severe Acute Respiratory Syndrome (SARS) outbreak of China which 
spread to four other countries [3, 4]. Number of corona viruses were identified then 
after which included Middle East Respiratory Syndrome (MERS) named MERS-
CoV-2 which had features of acute respiratory distress with acute renal failure 
which was reported in large number of severe MERS cases [5, 6].
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In December 2019, cases of pneumonia of unknown etiology were reported from 
Wuhan, China, which was identified to be caused by virus referred as “novel corona 
virus (NCV)-2019”/“2019-nCoV”and lung manifestation as “novel corona virus 
pneumonia (NCP)”. WHO declared disease caused by new corona virus as COVID-19  
(Corona Virus Disease) which appeared in 2019 [7]. As main manifestations of 
COVID-19 causing virus is Severe Acute Respiratory Syndrome, SARS-CoV-2 was the 
accepted name of the virus causing COVID-19. This new corona virus, had genetic and 
phylogenetic similarity to SARS-CoV-1 and MERS-CoV. All these three new corona 
viruses; SARS-CoV-1, MERS-CoV and SARS-CoV-2 are Beta corona virus causing 
human disease have some similarity and also having some dissimilarities, which is 
important to be noted as to understand pathogenicity and manifestations [8].

Though severe respiratory distress is an important feature of COVID-19 infection, 
it also causes acute kidney injury (AKI) like MERS virus and leads to multi-organ 
dysfunction syndrome (MODS). Multiple organ dysfunction in SARS-CoV-2 can be 
designated as MODS-CoV-2 which can represent multi-organ involvement of COVID-
19 infection [9]. Like other viruses, genomic sequence of SARS-CoV-2 (COVID-19 
virus) is changing over time and such variants are of concern (VOC); as it may cause 
rapid transmission, more severe disease and insufficient host response (Table 1) [10].

2. Pathogenesis and profile of various organ involvement in COVID-19

COVID-19 disease affects all organs of the body, predominantly lung, manifest-
ing in form of severe acute respiratory syndrome (SARS) [11–14]. Multiple organ 
dysfunction is reported in severe manifestation of COVID-19 infection and is 
considered as late manifestation, while loss of sense of smell and of taste; a neuro-
logical manifestation, is reported as an early sign [11]. Mechanisms of COVID-19 
induced multi-organ dysfunction is multi factorial.

Angiotensin-converting enzyme-2 (ACE 2) receptors, inflammatory mediators, 
rouge antibodies (autoantibodies), and dysregulated host response play important role 
in pathogenesis of COVID-19 organ involvement [12]. COVID-19 can also regarded as 

Corona Virus Genera Year of 
isolation

Organ involved/syndrome 
manifested

Avian infectious bronchitis virus Gamma 
and Delta 

Corona 
viruses

1937 Chick Embryo / infectious 
bronchitis

Further evolution of Avian corona 
virus

Gamma 
and Delta 

Corona 
viruses

Poultry 
outbreaks

Epithelial tissues of respiratory, 
genito-urinary and enteric tracts 

of birds.

SARS-CoV-1 Beta 2003 Severe Acute respiratory 
syndrome (SARS)

MERS Beta 2012 SARS with Kidney involvement

SARS-CoV-2 Beta 2019 SARS/Multi-organ involvement

SARS-CoV-2Variants: 
B.1.1.7, B.1.351P.1,B.1.427 
B.1.429,B.1.617(delta Variant)

Beta 2020-2021 Variants of concern(VOC) 
having increased 

transmissibility, more severe 
disease

Table 1. 
Evolution of corona viruses and their relation to organ involvement [1–10].
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autoimmune disorder in which auto-antibodies formation leads to organ dysfunction 
and severe disease and are called Rouge antibodies”. They are auto- antibodies which is 
non-protective and may play part in targeted longer term organ demage [12].

SARS-CoV-2 virus enters human respiratory epithelial cells through attachment 
of its spike (S) protein to the human angiotensin converting enzyme-2(h-ACE2). 
Angiotensin-converting enzyme 2 (ACE2) is a key player in pathogenesis of lung 
involvement leading to SARS. ACE-2 also works as a receptor site and entry point 
of virus to host cells. Disruption of ACE/ACE2 balance and RAAS activation is 
responsible for COVID-19 progression which can lead to severe disease and result in 
multi organ dysfunction especially in patients having co-morbidities like diabetes 
mellitus, hypertension, and cardiovascular disease [13]. Massive cytokine release, 
immune depression, cytopathic effect of virus are other mechanisms by which 
severe COVID-19 disease develops which can result in multi-organ dysfunction [14].

3. Various organ involvement in COVID-19

Various organ and systems are involved in COVID-19 infection. Lung can be 
entry site, can cause atypical pneumonia and may results in ARDS. Liver, Kidney, 
Blood, Heart, Brain, Endocrine glands, Gastro-intestinal tract, and Skin are 
involved which is discussed in sections 4 to 11 of this chapter. Table 2 summarizes 
manifestations of various organ involvement and their surrogate markers.

4. Hepatobiliary involvement

The hepatic injury has been found in increasing number in COVID-19 patients 
[15–18]. It has been evident from altered liver enzymes and total bilirubin. It ranges 
from mild to severe hepato-cellular damage. It was observed and reported by 
American college of gastroenterology News Team, that 20-30% individuals with 
COVID-19 infection had raised transaminases on admission [15]. Liver injury can 
be attributed to multi-organ dysfunction or the disease process itself causing viral 
induced hepatitis. The mechanism underlying the liver injury is yet not clear, but 
few theories might explain the patho-physiology. Firstly, critical illness and immune 
mediated injury and secondly ACE2 mediated direct hepatocyte injury by the virus 
itself [16]. The role of ACE2 receptor in infecting the cells by COVID-19 virus has 
been well established and these receptors are highly expressed in gastrointestinal 
epithelial cells which can infect cholangiocytes as well [17]. With severe COVID-19 
infection, severe hepatic injury has been observed [18]. In severe infection, liver fail-
ure can occur due to hypotension and immune mediated mechanisms. Liver dysfunc-
tion is heightened in COVID-19 infection due to cytokine storm. Patients who already 
have underlying chronic liver disease like hepatitis B infection, alcohol induced 
hepatitis, primary biliary cholangitis may get decompensated during COVID-19 
infection. As these patients are at increased risk of acquiring infection due to their 
immuno-compromised status, liver enzymes should be carefully monitored [18].

5.  Renal system involvement and electrolyte imbalance in COVID-19 
infection

COVID-19 infection and kidney injury has been well observed and reported. In 
one study by Chen et al., in 710 patients, 15.5% had raised creatinine on admission 
and 44% had hematuria and proteinuria [19–24]. It implies that kidney involvement 
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can be direct; perhaps in the form of glomerulonephritis that can be immune complex 
mediated or secondary to hypotension and multi organ dysfunction. The mechanism of 
injury can be multi-factorial. The presence of co-morbidities also play role in pathogen-
esis, as underlying renal injury in patients with diabetic nephropathy can get exacer-
bated due to decreased renal perfusion owing to shock. It has been found that this virus 
can have direct cytopathic effect on renal cells, as ACE2 is highly expressed in kidneys as 
well [20]. As cytokine storm can affect other organs due to increased pro-inflammatory 
markers like IL10, IL7, TNF alpha etc., which can result in injury to kidneys [21].

The electrolyte imbalances have also been found in form of hyponatremia and 
hypokalemia. In patients requiring ICU care, the strong association of electrolyte 
imbalance with severity of illness has been found [22]. In one multicenter case-
control study in adult patients presenting in emergency department conducted in 
France, they found that 20.4% patients with infection had hyponatremia whereas it 
was found only in 12.3% controls [23]. Again, the possible role of ACE2, which is an 
important enzyme of RAS system can be postulated. As many patients have co-mor-
bid conditions like hypertension and heart failure and are on diuretics, their water 
excretion is already disturbed and above that the severe COVID-19 infection with 
severe acute respiratory illness requiring ventilatory support renders these patients 
more dehydrated with fluid and electrolyte imbalance. In above mentioned French 
study, they found that hyponatremia was associated with most severe presentation 
of the disease and that it can be linked to increased ADH secretion in response 
to dehydration and volume depletion. Also, the syndrome of inappropriate ADH 
secretion occurs secondary to ARDS in such patients. The urinary loss of potassium 
was the primary cause of hypokalemia in these patients [24].

6. Hematologic system and COVID-19 infection

The COVID-19 infection has significant impact on hematopoietic system like 
other viral infections such as varicella, dengue, MERS-CoV, etc [25–33]. The most 
common haematological changes observed are lymphopenia, neutrophilia and 
eosinopenia [25]. It has been found that lymphopenia, thrombocytopenia and 
leucocytosis have been associated with increased severity and fatality in COVID-19 
cases [26]. The ACE2 receptor is expressed on lymphocytes and this virus directly 
infects lymphocytes causing cell lysis [27]. Also the cytokine storm promotes the 
lymphocyte apoptosis. It has been recommended that the serial assessment of 
lymphocyte count must be ensued as an indicator of prognostic outcome [28].

The changes in haemostasis tests like prolonged prothrombin time, activated 
partial thromboplastin time and elevated D-Dimer levels has been found during the 
COVID-19 infection [29]. Increasing D-dimer levels and formation of microthrombi 
in peripheral blood vessels have been associated with severe forms of COVID-19 infec-
tion [30]. Also increased ESR, CRP and Serum LDH has been found. Liu et al reported 
that the severity of COVID-19 infection can be predicted by lymphopenia, neutro-
philia and high levels of CRP and Serum LDH [31]. These altered coagulation profiles 
also suggest that this virus stimulates a low grade DIC state and resulting thrombocy-
topenia due to consumption [32]. Few researchers also believe that virus infect bone 
marrow hematopoietic cells directly inducing growth inhibition and apoptosis [33].

7. Cardiovascular involvement

The epicenter of COVID-19 infection is pulmonary complication, however, 
accompanied cardiovascular complications contributes to mortality [34–45]. 
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Cardiovascular complications commonly found to be associated with COVID-19 
are myocardial injury, myocarditis, dysrhythmias, heart failure, acute myocardial 
infarction (AMI) and venous thromboembolic events (VTE). Myocarditis as the 
cause of death was reported in 7% of 68 fatal COVID-19 of total 150 cases studied 
[35]. Another study of 191 patients from Wuhan reported 54 deaths; of which 28 
(52%) had heart failure, overall prevalence being 23% (44 of 191) [36].

Various mechanisms are postulated for CVS manifestations like destabilization 
of vascular plaques due to systemic inflammation, viral infection induced increase 
in cytokine activity leading to increased cardiac demand and direct damage to the 
heart by utilizing ACE2 receptors of cardiac tissue by virus [37, 38].

Many patients already may have pre-existing cardiovascular disease like coronary 
artery disease, hypertension and others which leads to greater severity of COVID-19 
infection. A meta-analysis of 1527 patients of COVID-19 infection, showed that the 
prevalence of hypertension and cardiac disease was 17.1% and16.4% respectively, 
and all of them were more likely to develop more severe illness requiring ICU care 
[39]. Previous viral infections, including Middle East respiratory syndrome coro-
navirus (MERS-CoV), have been linked with myocardial injury and myocarditis 
with increased troponin concentration [40]. Acute cardiac injury can be recognised 
by increased troponin levels which were reported to be present in 7 to 17 % patients 
who are admitted with COVID-19. Cardiovascular complications are life threaten-
ing; proper monitoring by following trend of troponin level can be useful. Many 
such patients may require admission to intensive cardiac care unit [30, 36, 41]. 
Knowing such complication as part of multi-organ involvement is important for 
clinicians, as it may improve outcomes [42]. Palpitations may manifest as initial 
symptom in around 7% of patients with COVID-19 [43]. Patients with COVID-19 
are also has increased risk of venous thrombo-embolisms (VTEs) [44, 45].

8. Nervous system involvement and COVID-19 infection

With dreadful presentation of SARS-CoV-2 infection with acute respiratory fail-
ure requiring ventilatory support, it also has been implicated in activation of pro-
thrombotic pathways leading to cerebrovascular stroke and Central nervous system 
(CNS) affection in form of parenchymal and vascular inflammatory responses lead-
ing to various neurological manifestations [46–55]. The commonly found (80%) 
early symptom of anosmia and dysgeusia despite absence of nasal congestion and 
discharge, suggests the involvement of olfactory bulb and tract [47]. The virus may 
invade CNS through olfactory epithelium and neuro-mucosal interface [48]. There 
can be neurological dysfunction due to metabolic derangements due to organ failure 
and hypoxemia in the form of encephalopathy. In one multicenter study conducted 
in 69 ICUs across 14 countries, it was found that 55% patients with COVID-19 
admitted in ICU had delirium [49]. The authors also found high prevalence of acute 
brain dysfunction in these patients [49]. Also, encephalopathy can be the primary 
symptom especially in elderly patients [50].

The direct injury to cerebral blood vessels due to invasion of virus into endothelial 
cells has also been reported in few autopsy findings, with similar findings in other 
organs – lungs, kidneys, heart and liver [51]. These findings are evidence suggesting 
direct invasion of nervous system. Patients with COVID-19 infection are at increased 
risk of cerebrovascular events. Cerebral venous sinus thrombosis, ischemic stroke, 
subarachnoid hemorrhage and intraparenchymal hemorrhage have been reported, 
among them ischemic stroke being the most common [52]. Besides the presence of 
traditional risk factors for vascular thrombosis, COVID-19infection per se is associ-
ated with a hypercoagulable state which is reflected by elevated levels of D-dimer [53].
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Isolated cases of meningoencephalitis, acute hemorrhagic necrotizing encepha-
lopathy, acute disseminated encephalomyelitis (ADEM) and GBS have also been 
reported. In one case report of meningoencephalitis in 24-year-old male who 
presented with seizures and altered mental status, virus was isolated from CSF [54]. 
There are increasing number of patients with hemorrhagic encephalomyelitis, with 
MRI features of hemorrhagic lesions in medial temporal lobes, bilateral thalami and 
sub insular regions [55].

9. COVID-19 and Pancreas; Diabetes

Diabetes is the most prevalent co-morbidity in COVID-19, second only to 
obesity. If those with diabetes do contract COVID-19, they are indeed likely to 
develop more severe form of the disease particularly if the diabetes is uncontrolled 
[56–68]. Data from Wuhan, China confirms that approximately 20% of severe cases 
of COVID-19 do show diabetes, as co morbidity [36]. According to reports from 
India, of the first 125 deaths on COVID-19, 56% had diabetes, 47% had hyperten-
sion, and over a third had both diabetes and hypertension [57]. An Indian study of 
231 patients of COVID-19 infections, 21.2% had co-morbidities of which diabetes 
mellitus and hypertension was the most common [58]. In some stable diabetic 
patients with COVID-19, there was rapid worsening of glycaemic control requiring 
high insulin dose. Possibility of pancreatic affection due to virus is postulated as 
high level of ACE2 was found in the pancreatic islet beta cells [59–61].

Wang et al demonstrated that 9 of 52 admitted patients in Wuhan with 
COVID-19 pneumonia developed pancreatic injury as evidenced by abnormality 
in serum amylase or lipase levels [62]. After viral entry into the beta cells, there is a 
downregulation of ACE2 leading to increased angiotensin level, which also impairs 
insulin secretion [63]. Possible mechanisms on pancreatic injury include (i) direct 
cytopathic effect of SARS-CoV-2 replication, (ii) systemic response to respiratory 
failure, and (iii) harmful immune response induced by SARS-CoV-2 infection [62].

An important feature of type 2 diabetes is low grade inflammation. There is long 
term immune system imbalance, metabolic syndrome, or nutrient excess associated 
with obesity [64, 65]. Also, in individuals with diabetes, there is an exaggeration 
of pro-inflammatory responses, especially IL-1, IL-6 and TNF-alpha. This may be 
further worsened in those with severe COVID-19. Prolonged hyperglycaemia alters 
the host immune system. Dysfunctions in leukocytes, monocyte and macrophage 
chemotaxis and phagocytosis, and damaged specific immunity have also been 
reported in subjects with diabetes [66, 67]. Moreover, diabetes shares common 
features promoting disease progression with infectious disorders such as pro-
inflammatory state and endothelial dysfunction [68].

10. COVID-19 and Gastro-intestinal involvement

Though pulmonary manifestations such as fever and cough are the commonly 
reported presenting symptoms in patients with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), the presenting symptoms in other organs such as the 
GI tract and hepatobiliary, including nausea/vomiting and diarrhoea, were also 
reported [69–77]. The entry of SARS-CoV-2 in human cell is through protein ACE-2 
which is found on the surface of lung alveolar epithelial cells and also on enterocytes 
of the small intestine [70]. One of the study of 1099 patients with COVID-19 in ret-
rospective analysis showed that the main presenting symptoms were fever (87.9%) 
and cough (67.7%), followed by diarrhoea (3.7%) and vomiting (5.0%) [69]. Out of 
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all the GI symptoms, there was higher incidence of diarrhoea and abdominal pain 
present in severe COVID-19 patients than that in patients with mild COVID-19 [69]. 
In one of the larger studies, systematic review and meta-analysis of 35 studies on GI 
manifestations, consisting of 6686 patients of COVID-19infection, the three com-
monest symptoms include nausea and/or vomiting, diarrhoea and loss of appetite 
with the pooled prevalence of all GI symptoms was 15% [71].

Currently, loss of appetite was reported, ranging from 1.0% to 79% [71]. It can 
be explained by taste dysfunction up to some extent, which was found in as high 
as 88.0% in group of 417 mild-to-moderate COVID-19 patients in Europe. Also 
taste dysfunction almost go hand in hand with olfactory dysfunction with a high 
prevalence of 85.6% and may further aggravate loss of appetite as identified in the 
study [47, 72].

Furthermore, SARS-CoV-2 RNA was first detected in a stool specimen from the 
first reported COVID-19 case in the United States (US) [73]. In a study of Chinese 
cohort with 73 COVID-19confirmed hospitalised patients, 53.42% of the patients 
had detected viral RNA in the stools, after the complete clearance from the respira-
tory tract with undetectable viral RNA but still it had been identified in the stool 
specimen [74]. SARS-CoV-2 has also been detected in stool samples of the patients 
in one of the studies without having GI symptoms [75].

Many a times diagnosis of COVID-19 has been missed as initial presenting 
symptom may be involving GI tract rather than respiratory tract. Many researchers 
proposed that patients with GI symptoms might have a bad prognosis than those 
without digestive symptoms, hence clinician had to give importance to patients 
presenting with GI symptoms such as diarrhoea for early diagnosis [76, 77]. In the 
same study, rate of severity of disease was also significantly increased in patients 
with GI symptoms as compared with those without GI symptoms [76]. Pan and 
colleagues also showed the same result that as the severity of the disease increased, 
there is worsening of GI symptoms [77].

11. COVID-19 and Skin involvement

Skin manifestations of COVID-19 include a wide variety of skin disorders 
which may include specific COVID-19 related dermatoses and a variety of other 
skin disorders that may be worsened by COVID-19 infection [78–85]. Like other 
viral infections, skin rash is the most common manifestation, which is described 
as confluent, erythematous, morbilliform, maculopapular rash. Urticarial rash 
is found in one fifth of the skin manifested cases. Early lesions can be in form of 
vesicular eruptions which may appear before symptoms also. Pseudo-chilblain like 
lesions is described as late manifestation in which acral areas will have red vesicles 
or pustules. Livedo reticularis/racemose-like pattern can appear with COVID-19 
symptoms. Purpuric “vasculitic” pattern is associated with severe COVID-19 
infection [78, 79]. Acute urticaria is well known to be triggered by viral infections 
and COVID-19 is no exception [80]. Urticarial vasculitis has also been well dem-
onstrated in a few patients. Urticarial vasculitis differs from urticaria and in that 
the lesions tend to persist beyond 24 hours and can be painful instead of pruritic 
[81]. Confluent maculopapular rash is also a well known manifestation of viral 
infections. Monomorphic vesicular exanthema is often considered an important 
clue to COVID-19infection. It differs from chicken pox in the fact that chicken pox 
rash tends to be polymorphic. Chilblain like acral pattern often manifests with cold 
sensitivity and purplish discoloration of the extremities. This is believed to be a 
manifestation of hypercoagulability and prothrombotic consequence of COVID-
19. Livedo reticularis is believed to be often of similar aetiology. Purpuric lesions 
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are one of the most common manifestations of COVID-19. Purpuric lesions involv-
ing the heel known as “COVID-19 heel” is one the specific markers of COVID-19 
infection [82–85].

The mutant strains of COVID-19 are believed to cause more extra pulmonary 
symptoms and thus skin manifestations of COVID-19 too could become more 
evident.

12. Lung involvement, ARDS and Multiorgan dysfunction

COVID-19 infection may start with influenza like illness with mild symptoms 
which can progress to severe acute respiratory distress in around 5.6–13.2% patients; 
a pooled estimate being around 9.4% [86–92]. A systematic review and meta-
analysis reported risks of severity and mortality estimated from 18.0 and 3.2%, 
respectively. If we extrapolate the data of this meta-analysis, additional around 9% 
will have risk of severe disease other than ARDS [86]. ABG analysis data of criti-
cally ill COVID-19 patients showed mixed ABG picture, suggesting multi-organ 
involvement [87]. If only lung involvement was the cause of severe disease and/
or death, ABG picture should have been of respiratory acidosis or in patients with 
hyperventilation and CO2 washout of respiratory alkalosis which was not the case 
in this study [87]. Accompanied metabolic acidosis in a mixed ABG pattern can be 
because of sepsis, AKI, lactic acidosis ketoacidosis which is reported in COVID-19 
patients and in sepsis [87–89].

In lungs, diffuse alveolar damage (DAD), a pathological hallmark of ARDS, has 
been observed in direct viral invasion of cells and lytic effects [90]. In a systemic 
review by Bao et al. of 2700 patients of COVID-19, most common abnormalities 
found on HRCT Chest were ground glass opacifications (83%), ground glass opaci-
fication with mixed consolidation (58%) and adjacent pleural thickening (52%) 
followed by interlobular septal thickening (48%) and air bronchograms (46%) [91]. 
ARDS can be related to inflammatory markers and also to glycaemic variability, and 
thus ARDS can be one of the spectrums of MODS and may result in a vicious circle 
of metabolic derangements [92].

13. Cytokine storm as cause of mods

The cytokine storm caused by COVID-19 has been proposed to be associated  
with the severity of COVID-19 which is multisystem inflammatory syndrome  
[30, 93, 94]. The early symptomatic presentation of COVID-19 mainly include fever, 
cough, myalgia, fatigue, or may have dyspnoea. With the progression of disease in 
later course, dyspnoea may worsen in susceptible host to acute respiratory distress 
syndrome (ARDS) or multiple organ failure (MOF) [95]. Severe acute respiratory 
syndrome (SARS) and Middle East respiratory syndrome (MERS) is known to be 
associated with a cytokine storm like many other infectious diseases [95, 96].

One of the major reasons for the deaths in this infection is suspected to be due 
to the “cytokine storm” [also called “cytokine storm syndrome”(CSS)]. Cron and 
Behrens bring the current knowledge of CSS. They define that “cytokine storm” 
is an activation cascade of auto-amplifying the production of cytokines due to 
dysregulated host immune response. The triggering factors for the host immune 
response may be due to infections, rheumatic disorders, malignancy, etc [97]. It is 
also thought that cytokine storm is a systemic inflammatory response to infections 
and drugs and leads to excessive activation of host immunity which further leads to 
activation of pro-inflammatory cytokines [98].
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Cytokine Release Syndrome (CRS) is a similar entity which is mainly due to 
acute systemic inflammatory syndrome characterized by multiple-organ dysfunc-
tion (MOD). It has been said that chimeric antigen receptor (CAR)-T-cell therapy 
would be helpful to differentiate CRS from a cytokine storm [98]. For patients with 
COVID-19, C-reactive protein (CRP), and other inflammatory cytokines and che-
mokines are markedly elevated in the intensive care unit (ICU) patients [99, 100]. 
Many studies showed link between pro-inflammatory cytokines, especially inter-
leukin 6 (IL-6), with the severity of illness in COVID-19 [30, 101–103]. Increased 
D-dimer levels are also found in severe disease [104]. The higher concentration of 
cytokines also has a poor prognosis in COVID-19 [102, 105]. Activation of both 
innate and adaptive immune responses by SARS-CoV-2 infection can lead to dys-
regulated inflammatory responses which ultimately results into the cytokine storm 
[106]. Furthermore, the cytokine storm leads to apoptosis of epithelial cells and 
endothelial cells, and dysfunction of endothelial cells causing vascular leakage and, 
finally, result in ARDS, MODS and other severe syndromes, and even death [107].

Many therapies are targeted to reduce the cytokine storm which can results 
in one of the life-saving measures in severely ill COVID-19 infection. Out of 
many therapies, Corticosteroids, Hydroxychloroquine (HCQ ) and chloroquine 
(CQ ) and Tocilizumab (TCZ) (IL-6 Inhibitor) are widely used in the recent past. 
Corticosteroids inhibit the host inflammatory response and suppress the immune 
response and pathogen clearance [108]. In a retrospective study of 401 patients 
infected with SARS-CoV, the rational use of corticosteroids shortened hospital stays 
and reduced the mortality of seriously ill patients without complications [109]. In 
view of their in vitro antiviral effects and anti-inflammatory properties, CQ and 
its analogue HCQ are most potential therapies against COVID-19. CQ and HCQ 
can reduce CD154 expression in T cells and suppress the release of IL-6 and TNF53 
[110]. TCZ, an IL- 6 receptor (IL-6R) antagonist, can inhibit cytokine storms by 
blocking the IL-6 signal transduction pathway [111].

14. Sepsis and Multi-Organ Dysfunction Syndrome (MODS) in COVID-19

Patho-physiology of SARS-CoV-2 infection is complex and is known to involve 
activation of the immune and hematologic systems [112–118]. Endotoxin and tumor 
necrosis factor-alpha (TNF-alpha) trigger the production of interleukin-6 (IL-6) 
and IL-8, which is followed by the cytokine storm. Further events lead to activation 
of the coagulation cascade through endothelial and tissue factor (TF) pathways, as 
well as systemic inflammatory activation [94, 112]. Moreover, SARS-CoV-2 binds to 
angiotensin-converting enzyme-2 (ACE-2) receptors, which are widely distributed. 
not only in lung alveolar epithelial cells and oro-nasopharyngeal mucosa but also in 
the endothelium as well as vascular smooth muscle cells, in the brain, in the gut and 
in peripheral organs such as liver and kidney [113]. This suggests that the clinical 
spectrum of COVID-19 is not limited to local pneumonia, but rather represents a 
multisystem illness with involvement of different organs and potential for systemic 
complications [113]. It seems that the highly pathogenic SARS-CoV-2 is associated 
with rapid virus replication and a tendency to infect the lower respiratory tract, 
resulting in an elevated response of IL-6-induced severe respiratory distress.

Most SARS-CoV-2 infected patients admitted to ICU showed a dysregulated 
host response characterized by hyperinflammation, alterations in coagulation, 
and dysregulation in the immune response that further contribute to MODS, like 
occurs in sepsis [114, 115]. Due to virus infection and to MODS in some cases, many 
patients with severe COVID-19 meet the Third International Consensus Definitions 
for Sepsis (SEPSIS-3), which define sepsis as “a life-threatening condition that 
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arises when the body’s immune response to infection damages the host’s own 
tissues” [116]. Also, when performing specimen cultures in septic patients from a 
COVID-19 cohort, about 80% of patients had no bacterial or fungal infection and 
so viral infection would seem to be the only reason for sepsis which was reported 
in 50% of their 191 COVID-19 patients. This retrospective study from Wuhan 
reported Sequential Organ Failure Assessment (SOFA) score of 5·65 on admission 
[36]. SOFA score may increase on day 3 to 7as reported in one series of 50 patients 
of bacterial and malarial sepsis [117]. It may be due to release of mediators that 
there may be upward trend of SOFA score, development MODS and in mortality 
in sepsis patients who has unfavourable outcome. COVID-19 sepsis which can 
be called as viral sepsis or secondary sepsis which can be hospital acquired; may 
worsen the clinical phenotypes of these critically ill COVID-19 patients [118].

15. Co-morbidities, MODS and COVID-19

Co-morbidities like hypertension, diabetes, cardiovascular diseases and respira-
tory disorders are associated with COVID-19 infection and they serve as additional 
risk factors for severity and can have deleterious effect [119–122]. Significant 
difference was noted in COVID-19 outcomes in those who had co-morbidities and 
those without it [87, 121]. Multi-organ dysfunction could be due to COVID-19 or 
may be because of resultant deterioration of co-morbidities associated end–organ 
acute injury [87]. Drugs used for co-morbidities and for COVID-19 can also lead 
to multi-organ dysfunction [122]. Table 3 shows list of co-morbidities commonly 
encountered in COVID-19 patients leading to organ/multi-organ involvement.

Co-morbidity Presenting features Organ involved/
pathological feature

Consequences

1. Sepsis/Hospital 
acquired Sepsis

Fever, Shock, 
Hypotension, 
decreased output, 
respiratory failure, 
Hospital/ventilator 
acquired pneumonia.

Lungs, Bloodstream 
infection, 
Cardiovascular and 
circulatory collapse, 
Renal shutdown.

ARDS, Septic shock, 
AKI, sudden cardiac 
arrest, and even 
death.

2. Diabetes Unaware of diabetes, 
Hyperglycemia, 
Hypoglycemia, 
Glycemic variability.

Multiorgan, Liver, 
Diabetic Ketoacidosis, 
Hospital acquired 
sepsis

Lactic acidosis, AKI, 
poor outcome

3 Hypertension Unaware about 
hypertensive state, 
dyspnea, giddiness, 
headache, vomiting.

Kidneys, 
cardiovascular 
system, more chances 
of severe infection 
and SARS.

Hypertensive 
emergency, CVA 
(hypertensive bleed), 
AKI, Acute lung 
injury.

4 Cardiovascular 
Disease

Fever, palpitations, 
dyspnea, chest 
tightness, dry cough, 
nausea and vomiting.

Multiorgan-Heart, 
Kidneys, lungs, CNS

Coronary 
artery disease, 
Myocardial injury 
and myocarditis, 
dysrhythmias, heart 
failure, venous 
thromboembolic 
events (VTE), 
Cardioembolic 
stroke, renal 
infarction.
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16. Drugs used in COVID-19 and cause of MODS

Various drugs are used in COVID-19 which can alter immunity, can cause 
organ damage like acute liver and kidney injury, may lead to electrophysiological 
disturbances in heart and can contribute to pre-existing MODS or may become 
the risk factor [9]. Tocilizumab (TCZ), a monoclonal antibody which inhibits the 
interleukin-6 receptor may predispose COVID-19 patients to secondary infec-
tions [123]. Tocilizumab (TCZ) can cause liver dysfunction, lead to induction and 
reduction of cytochrome P450 enzyme and can cause allergic reaction apart from 
secondary infection [124, 125]. Use of HCQ and Azithromycin may be responsible 
for QT prolongation, which can in turn lead to torsades’ de pointes [126]. Use of 

Co-morbidity Presenting features Organ involved/
pathological feature

Consequences

5 Cerebrovascular 
disease

Loss of smell 
(Anosmia) and 
taste (dysgeusia), 
headache, dizziness, 
myalgia, neuralgia, 
fatigue, delirium, 
encephalopathy, 
seizures.

CNS, Spinal cord, 
Cranial and peripheral 
nerves.

Cerebral venous 
sinus thrombosis, 
ischemic stroke, 
subarachnoid 
hemorrhage and 
intraparenchymal 
hemorrhage, 
meningoencephalitis, 
acute hemorrhagic 
necrotizing 
encephalopathy, 
acute disseminated 
encephalomyelitis 
(ADEM) and GBS.

6 COPD/Other 
respiratory 
diseases

Fever, cough with 
expectoration, 
dyspnea, chest pain, 
shortness of breath, 
fatigue.

In lungs, diffuse 
alveolar damage 
(DAD), is a 
pathological hallmark 
of ARDS.

ARDS, poor 
prognosis, MODS.

7 Epilepsy Seizures, fever, 
altered mental status, 
status epilepticus.

Hemorrhagic lesions 
in medial temporal 
lobes, bilateral 
thalami and sub 
insular regions.

Exacerbation of 
seizures.

8 Chronic Kidney 
Disease

Hematuria, 
proteinuria, 
vomiting.

Kidneys, 
cardiovascular system.

Metabolic acidosis, 
hypertension, 
decreased renal 
perfusion leading to 
shock,pulmonary 
odema,. heart failure.

9 Chronic Liver 
Disease

Diarrhea, abdominal 
pain, loss of appetite, 
vomiting.

In severe infection, 
liver failure can occur 
due to hypotension 
and immune mediated 
mechanisms which 
are heightened in 
COVID-19infection 
in the form cytokine 
storm.

Decompensation of 
hepatitis B infection, 
alcohol induced 
hepatitis, primary 
biliary cholangitis in 
COVID-19 infection 
can occur leading to 
liver failure.

Table 3. 
Co-morbidities commonly encountered in COVID-19 patients leading to organ/multi-organ involvement.
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corticosteroids in COVID-19 patients can also induce secondary bacterial and 
fungal infections and such patients may need more antibiotic coverage [127]. It is 
imperative to see the drug contribution in MODS of COVID-19 infections.

17. Fighting the COVID-19 pandemic; key messages

• Human Corona viruses can lead to Severe Acute Respiratory syndrome with 
other multiple organ involvement.

• Pathogenesis of COVID-19 MODS can be multi-factorial. Virus entry to the cell 
through human Angiotensin-converting enzyme-2 (ACE 2) receptor plays an 
important role in lung and in other organ affection. Inflammatory mediators, 
rouge antibodies, and dysregulated host response also play role in pathogenesis 
of COVID-19 organ involvement.

• Various organ and systems are involved in COVID-19 infection. Lung can be 
considered main but Liver, Kidney, Blood, Heart, Brain, Endocrine glands, 
Gastro-intestinal tract, and Skin are also involved.

• COVID-19 infection may start with influenza like illness, can lead to SARS 
with or without multiple organ involvement.

• Cytokine storm as cause of MODS which can lead to unfavourable outcome.

• COVID-19 per se is a sepsis syndrome as per recent definition of sepsis as there 
is dysregulated immune response. Secondary nosocomial sepsis is also not 
uncommon. Sepsis due to inflammatory mediators can cause MODS.

• Co-morbidities in patient having COVID-19 infection may serve as additional 
contributor to MODS.

• Drugs used in COVID-19 may be responsible for acute organ injury or predis-
pose to infections which may be responsible for MODS.

• “FIGHTING THE COVID-19 PANDEMIC” is for better tomorrow.
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Abstract

One year after the beginning of the epidemic, mortality continues to be high 
despite several different protocols being tried. Critical patients with Covid 19 in 
some degree of organ failure and thrombotic events meet the diagnostic criteria of 
a complete or incomplete catastrophic antiphospholipid syndrome (CAPS) or at 
least we may need to consider a partial form of it. The findings of autopsies and the 
involvement of different organs and systems are similar to those of CAPS. Currently 
the only therapy that has been shown to reduce mortality include steroids, anti-
coagulation and an antinuclear antibody. The same therapy has been shown to be 
effective for CAPS.

Keywords: COVID-19, multiorgan failure, thrombosis, antiphospholipid antibodies, 
catastrophic antiphospholipid antibodies syndrome

1. Introduction

After the COVID-19 outbreak in December 2019, a clinical picture was identi-
fied in most critical patients that was diagnosed as a cytokine storm associated with 
high mortality. Hypoxemia was also justified in those patients with severe ARDS 
who did not respond to the usual ventilation maneuvers such as a reflex of pul-
monary hypoxic vasoconstriction, which subsequently lost value or there were no 
more reports in this regard when thrombosis of pulmonary microvasculature was 
demonstrated.

After more than a year the medical community has been fighting COVID-19 and 
having published a number of articles perhaps like never before talking about the 
same subject in such a short time. We continue with almost the same mortality and 
with many unanswered questions about the fatal presentation with other systemic 
manifestations of the disease in patients who develop a serious clinical picture [1].

Obesity, hypertension, diabetes mellitus, cancer, and other chronic diseases have 
been clearly identified as risk factors for developing severe disease with complica-
tions. Just as after large studies it has been shown that the use of steroids, antico-
agulation and antinuclear antibodies considerably reduce mortality, being the only 
recommended treatment in critical patients. Antiviral treatment has been shown to 
help in ‘converting’ SAR-COV-2 virus positive patient into having a negative PCR 
result but has not been shown to modify mortality from the disease [2].

Severe and critical cases of COVID-19 generally present with multi-organ 
failure, evidence of thrombosis, marked elevation of ferritin, cytokine storm, some 
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patients with DIC but this is generally not a frequent event in the final stages of the 
disease.

Since March 2020, upon seeing this clinical presentation that appeared sud-
denly with high mortality, we began to raise the possibility initially in The Lancet 
rheumatologic, later in Expert Review of Respiratory Medicine about the possibility 
of taking into account the diagnosis of Catastrophic Antiphospholipid Antibody 
Syndrome (CAPS). However despite several studies having been carried out, espe-
cially relating to the presence or absence of antinuclear antibodies in patients with 
COVID-19, we have not found any that has made this diagnosis even after meeting 
the criteria, much less has it been treated as such. However, drugs have been used 
in COVID-19 that have been shown to reduce mortality in that are part of the CAPS 
therapeutic arsenal, even in children with multisystemic inflammatory syndrome, 
immunoglobulins have been used with good results [3].

The presence of antiphospholipid antibodies have been reported in patients 
with COVID-19 with a percentage that ranges from 9–96% depending on sever-
ity of condition and the presence of thrombosis. Overall figures are around 54%, 
however, in few studies its presence is associated with failure of more than three 
organs, thrombosis, and even elevated ferritin which meets the criteria for making a 
diagnosis of CAPS [4].

Catastrophic Antiphospholipid Antibody Syndrome or Asherson’s syndrome to 
honor Ronald A. Asherson for his impressive work on this condition was named in 
1992 when catastrophic was added to define an accelerated form of the antiphos-
pholipid syndrome (APS). CAPS is a rare phenomenon, according to the CAPS 
registry, it occurs in around 1% of all antiphospholipid syndromes, however, since 
it is a little-studied entity and at the same time little known by doctors, we infer 
that it is underdiagnosed [5].

2. Precipitating factors in CAPS

Infections
Postpartum or recent fetal loss
Minor surgical procedures or surgery
Other: malignancy, medication, anticoagulation withdrawal, and SLE 

exacerbation.
Although the pathogenesis of CAPS continues to be insufficiently understood, 

antiphospholipid (aPL) antibodies (Ab) belong to the immunoglobulin (Ig) family 
and are directed against phospholipid-binding plasma proteins such as Beta2 
Glycoprotein1 (B2- GP1), prothrombin, annexin V, PS, PC, etc.

As a consequence of initial damage, anionic phospholipids would be exposed on 
the cell surface B2-GP1. If there are circulating anti-B2-GP1 Ab, they will bind to 
this complex, inducing cell activation with the release of tissue factor (TF), adhe-
sion molecules, IL-8, C3b, C5a, among others, such as the activation of leukocytes 
and platelets. This increases their adhesion to the vascular endothelium, promoting 
microthrombosis and promoting the release of proteases and free radicals. Multiple 
vascular occlusion triggers necrosis tissue with excessive release of cytokines. A 
present marker is ferritin, which is elevated in 71% of CAPS patients and according 
to a recent study could play a role in the pathogenesis of APS and as a follow-up 
marker in CAPS [6, 7].

Kitchen postulates that vascular occlusion triggers additional thrombosis 
(“thrombotic storm”), which leads to increased thrombin and decreased fibri-
nolysis. As her son proposes the theory of “molecular mimic-cry” (molecular 
imitation), where on one hand the anti-B2-GP1 Ab when bound to the B2-GP1 of 
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the endothelial cell generate a procoagulant state and on the other hand, certain 
viruses and bacteria that have an amino acid sequence similar to that of B2-GP1. 
This therefore favors the synthesis of more Ab. Furthermore, B2-GP1 could activate 
the immune response through interaction with a membrane receptor TLRs (toll-
like) and from this a series of signals are generated, which increase the production 
of proinflammatory cytokines (TNF, IL-1B, IL-6, IL.8) and FT, PAI-1, PAF, etc. 
leading to multi-organ failure [8].

3.  The criteria for the classification of catastrophic antiphospholipid 
antibody syndrome

1. Evidence of involvement of three or more organs, systems, or tissues.

2. Development of manifestations simultaneously or in less than a week.

3. Confirmation by histopathology of small-vessel occlusion in at least one organ 
or tissue.

4. Laboratory confirmation of the presence of antiphospholipid antibodies 
( lupus anticoagulant or anticardiolipin antibodies) [5].

4. Probable catastrophic antiphospholipid antibody syndrome

1. All four criteria, except only two organs, systems, or tissues are involved

2. All four criteria, except for the absence of laboratory confirmation at least 
6 weeks apart because of the early death of a patient never previously tested 
for aPL before the catastrophic event.

3. Criteria 1, 2, and 4

4. Criteria 1, 3, and 4, and the development of a third event in more than a week, 
but less than a month, despite anticoagulation.

There are several reports during this pandemic where a high incidence of 
antiphospholipid antibodies has been demonstrated in patients with COVID-19. 
In addition, multiorgan failure and the presence of microthrombosis in critical 
patients have been associated with cytokine storm and the elevated ferritin. From 
the first reports in Wuhan, elevated ferritin was identified as a marker of severity 
in critically ill patients with COVID-19. Four well-recognized clinical conditions 
may be associated with high ferritin levels: the macrophage activation syndrome 
(MAS), adult-onset Still’s disease (AOSD), catastrophic antiphospholipid syndrome 
(CAPS), and septic shock. The presentation of critical patients with COVID-19 does 
not meet the criteria to make a diagnosis of any of these diseases, however, they do 
meet the criteria to make the diagnosis of complete or incomplete CAPS [9, 10].

However a study by the American society of Hematology (ASH) in which they 
performed an antiphospholipid antibody (aPL) screen in 27 patients with COVID-
19. Only four of these patients were positive for lupus anticoagulant. None of these 
patients were positive for anticardiolipin or anti-β-2 glycoprotein I antibodies. 
Given the fact that antiphosholipid antibodies may transiently be elevated during 
acute infections, thrombosis or inflammation, the American Society of Hematology 
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has strongly recommended against routinely testing for these antibodies (aPL) in 
COVID-19 patients unless clinically indicated by the history.

It is however important to note that most studies that have been published in this 
regard do not report findings specific for critical patients with COVID-19. Inclusion 
criteria have been more generalized targeting patients with COVID-19. This could 
lead to recording lower positivity rate for aPL antibodies. Also, most of these stud-
ies have only tested specifically for lupus anticoagulant which is the least sensitive 
among the different types of antiphospholipid antibodies which could be positive 
among this group [11].

This recently led Amezcua-Guerra et al. to test a panel of aPL antibodies in 
blood specimens from 21 patients hospitalized in the intensive care unit due to 
severe or critical COVID-19. Anticardiolipin, anti-β2 glycoprotein I, antiprothrom-
bin, antiphosphatidylserine, antiphosphatidylinositol and antiannexin V antibodies 
were measured, each in IgM and IgG isotypes. Subsequently, demographic and clin-
ical data were obtained from electronic medical records. Samples (sera) collected 
before the SARS-CoV-2 pandemic from 12 healthy individuals, matched for age and 
sex, were tested as controls. A total of 19 patients (90%) had dyspneoa while on 
admission, 57% eventually required mechanical ventilation (invasive) during their 
stay in the hospital. All of these patients had elevated levels of D-dimer, ferritin and 
C reactive protein at time of presentation.

Out of the 21 patients with COVID-19, 12 of them tested positive for at least one 
aPL antibody with only 1 of the 12 controls yielding a positive result. Age and num-
ber of comorbidities tended to be lower in patients with aPL antibodies. In contrast, 
levels of D-dimer, ferritin and C reactive protein were higher both on admission 
and throughout the hospital stay in the patients. Patients who were positive for aPL 
demonstrated elevated levels of interleukin-6 (>40 pg./mL) [12].

Interestingly, significant levels of circulating anticardiolipin and anti-β-
2glycoprotien I antibodies have recently been described in three severely ill COVID-
19 patients with multiple cerebral infarctions by Zhang et al. This is suggestive that 
coagulopathy associated with COVID-19 could be within or close to the spectrum 
of antiphospholipid syndrome. A higher-than-expected number of thrombotic 
episodes have been reported involving both veins and arteries (pulmonary throm-
boembolism, deep venous thromboses, myocardial infarction and stroke even with 
the use of anticoagulant therapy or prophylaxis [13].

It is now established that vascular changes are well associated with COVID-19. 
Formation of fibrin thrombi has been observed in some patients. Many patients 
with severe illness have shown elevated levels of D-Dimers with other clinically 
relevant findings suggesting thrombotic microangiopathy such as cutaneous 
changes in the limbs. Autopsy finding of four out of seven patients with COVID-
19 showed that thrombi were consistently present in all pulmonary vessels with 
a diameter of 1 mm- 2 mm. Also, microthrombi were 9 times more likely to be 
found in the alveolar capillaries of patients with COVID-19 than in patients with 
influenza [14].

5. Clinical manifestations of CAPS

Renal (70%): usually accompanied by hypertension and acute renal failure.
Pulmonary (65%): severe dyspnea, frank adult respiratory distress syndrome 

(ARDS), pulmonary emboli, sometimes multiple pulmonary infarction, interstitial 
infiltrates, and intraalveolar hemorrhage.

Central nervous system (55%): major cerebral infarctions, cerebral sinus throm-
bosis, encephalopathy and seizures.
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Cardiac (50%): typical myocardial infarction, diffuse myocardial involvement 
with congestive heart failure or valve lesions.

Gastrointestinal (45%): vascular occlusions of mesenteric, portal and inferior 
vena cava, arterial occlusions accompanied by gangrene of the bowels and splenic 
infarctions, hepatic involvement and pancreatitis.

Skin (40–45%): livedo reticularis, ulcerations, gangrene, purpura, acrocyanosis 
or digital ischemia.

Other manifestations: adrenal thrombosis, testicular infarction, necrosis of the 
prostate gland [7].

The clinical manifestations are described in multiple reports during the coronavi-
rus pandemic including skin involvement, so we believe, according to the evidence, 
that a high percentage of critically ill patients meet the diagnostic criteria of this entity.

Coagulation disorders were initially thought to be due to diseminated intravas-
cular coagulopathy (DIC), but with the current evidence from all autopsies it has 
been shown to be due to a procoagulant phenomenon together with a severe inflam-
matory state. These findings may explain the events of venous thromboembolism 
observed in some of these patients and support antithrombotic prophylaxis/treat-
ment. The cumulative incidence of thrombotic complications (mostly PE) is high 
between 25 and 30%.

The incidence of cerebral thrombosis in two weeks is almost 10 times higher in 
patients with COVID-19 than in the normal population in patients under 50 years of 
age. In a report of 3 patients with ischemic stroke the association with antiphosphil-
ipid antibodies was 100% [15, 16].

This multisystem inflammatory syndrome is caused by cytokine activation [7]. 
Cytokines involved include tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-6, 
IL-18 and macrophage-migration inhibitory factor. These cytokines are responsible 
for acute lung inflammation via increasing neutrophil migration and lung vascular 
permeability, not only for ARDS but also for the cerebral edema, which may be a 
factor in the initial confusion and deterioration of consciousness in these patients, 
as well as myocardial dysfunction encountered.

In 6 autopsies performed in a hospital in France it was found that one patient 
presented a lymphocytic viral pneumonia that could be considered as type L. For 
five other patients with a phenotype H, the histologic pattern was an acute fibrinous 
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and organizing pneumonia (AFOP), characterized by an extensive intra-alveolar 
fibrin deposition called fibrin “balls”, rather than hyaline membranes. AFOP, a rare 
form of acute lung injury. This pattern differs from the diffuse alveolar damage 
(DAD) found in the classic ARDS by the fact that organizing intra alveolar fibrin 
constitutes the dominant histological finding in AFOP, especially in its subacute 
presentation by contrast to the fulminant presentation, is a cortico-sensitive 
pathology.

Kidney histopathology was examined in an autopsy series of 26 patients who 
died of respiratory failure secondary to COVID-19. All patients had evidence of 
acute tubular injury (of varying severity); a range of other histopathology findings, 
such as erythrocyte clusters and pigmented casts, were also present [17].

Myocardial involvement has been described since the first reports adding an 
increase in the incidence of ACS and arrhythmias in these patients. Reports vary 
20–30% of myocardial involvement, even higher percentages of troponin elevation 
have been found as a marker of myocardial damage [18].

The slightly rarer skin manifestations in this entity, especially when it is second-
ary to an infectious process, have been reported in two articles, even during the 
autopsy of these patients with purpuric skin rash. The conclusions of this study 
were severe COVID-19 may define a type of catastrophic microvascular injury 
syndrome mediated by activation of complement pathways and an associated 
procoagulant state.

In the CAPS Registry, CAPS as the initial manifestation of antiphospholipid 
syndrome occurred in 86.6% of children with infections being the triggering factor 
in 60.9% of the cases. Cardiac involvement was present in 57.4% of children and 
included cardiac failure, heart valve lesions, lung 63%, skin 37% and gastrointesti-
nal 17.4% [19, 20].

Infections in children are more frequent than adults, which have been shown to 
play a role in the theory of “molecular mimic-cry” (molecular imitation) where cer-
tain viruses and bacteria that have an amino acid sequence similar to that of B2-GP1 
result in an immune response producing antiphospholipid antibodies. B2-GP1 could 
activate the immune response through interaction with a membrane receptor TLRs 
(toll-like) and from this a series of signals are generated, which increase the produc-
tion of proinflammatory cytokines. The medical community recognizes the MIS but 
most do not agree with the diagnosis of kawassaki disease [16].

Given the data made available from the various studies mentioned earlier, we 
can say that there is some evidence that critically ill patients with COVID-19 are 
demonstrating a disease form that meets the criteria for making the diagnosis of 
complete catastrophic antiphospholipid antibodies syndrome, or at least show-
ing a disease form that is within the spectrum of manifestation of this syndrome. 
CAPS registry was created in 2000. As of 2012 it had been updated with data from 
over 400 patients. Not much advancement has been made in the area of this poorly 
understood syndrome after that. This interesting phenomenon observed during this 
pandemic which has become the largest public health emergency in recent times 
calls for more research work in the area of Catastrophic antiphospholipid syn-
drome. More awareness is required in the medical community in this area [21–23].
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Abstract

The coronavirus disease-19 (COVID-19) virus has infected many people across the 
globe. The health system particularly medical laboratory has been overwhelmed by 
the pandemic, and many health professionals including medical laboratory profes-
sionals have lost their lives during the fight against the virus. Medical laboratory 
science is the bedrock of medical practice and the role of medical laboratory science 
in containing the COVID-19 pandemic cannot be overemphasized as they are also 
behind the testing of clinical specimens from infected and any recovered patients. As 
disease detectives, Medical laboratory scientists and other medical laboratory profes-
sionals’ role in the fight against the COVID-19 pandemic include; diagnosis, monitor-
ing, development of vaccines, testing protocols, testing kits, offering advice to the 
guide government policy on containment of the virus.: Various methods and tech-
niques such as virological cell culture, genomic sequencing, amplification, polymerase 
chain reaction (PCR) /gene Xpert systems, immunological testing, biosensors and 
rapid diagnostic techniques (RDTs) have been employed towards discovery, testing 
and epidemiology since the onset of COVID-19. The medical laboratory workers and 
other health workers are so visible at the COVID-19 frontline and are being recog-
nized and applauded for the role played in the recovery of patients affected with the 
virus. The medical laboratory component is very germane in the COVID-19 vaccine 
research and vaccination so as to provide pre- and post-vaccination laboratory data.

Keywords: COVID-19, laboratory testing, medical laboratory, involvements, 
interventions, technologies, medical laboratory scientists

1. Introduction

Medical laboratory is a very important component in public health practice and 
operation especially in case of COVID-19. Medical Laboratory Science practice 
involves the analysis of human specimen like body fluids, excretion and various body 
swabs for the purpose of medical laboratory diagnosis, treatment and research [1] of 
which coronavirus is the one under study. It is important to note that medical labora-
tory science can also be called Clinical Laboratory Science or Medical Laboratory 
Technology depending on the nomenclature in the countries of practice [2].

The historical trend of COVID-19 pandemic [3–6] has adequately placed medical 
laboratory services in a very critical aspect in containment of the disease across the 
globe. The medical laboratories play a critical role in the detection, management, 
disease surveillance and control in provision of accurate health data for national 
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planning and decision making and COVID-19 is not an exception. Timely access and 
geographical availability of COVID-19 diagnostic testing remains a challenge in the 
health system and could affect ongoing containment measures [7] for the COVID-19.

The first medical diagnosis made by humans were done by ancient scientists 
through observation with their physical senses. The ancient Greek attributed all 
diseases to disorders of bodily fluids called humors, and during late medieval 
period, then later with the advent of microscope, the microscopy procedure on such 
specimens have revealed more [8] followed by later technologies, automations, 
sophistications and molecular testing in the current age.

This chapter shall review the medical laboratory involvement and interven-
tion during COVID-19 era and the ongoing efforts towards supporting laboratory 
surveillance and response to COVID 19. It will equally show the capacity of medical 
laboratory perspectives in COVID-19 and provide more information on the medical 
laboratory testing strategy, towards developing and managing sudden capacities 
for testing relevant specimens at all levels of health system. Also, the approaches 
for ensuring laboratory testing sustainability in identifying new and suitable 
methods consistent with maximizing testing reagents, mobilizing human resources 
and guide towards implementation of public health measures towards COVID-19 
containment, while exploring the recognition and protection policies for medical 
laboratory professionals during COVID-19 shall be presented.

2.  Importance of medical laboratory during pandemic and public health 
issues

Obeta et al. [1] highlighted some importance of medical laboratory in public 
health matters to include rapid, accurate and prompt diagnosis for proper treatment 
and effective monitoring of patients’ response to treatment. Medical laboratory 
provides up to 70% informed decisions regarding patients’ hospital admissions and 
discharge. It guides physicians, nurses and other healthcare workers in choosing the 
correct laboratory tests and ensure the proper sample collection. Medical labora-
tory services equally carry out equipment installation, validation and repay in the 
healthcare laboratories. Medical laboratory component is key in infectious diseases 
surveillance like Ebola, Tuberculosis, HIV, Malaria and now COVID-19. Quality 
assurance of a healthcare facility and public health in general is made possible by 
medical laboratory research towards quality improvement.

Researches [1, 8–10] have shown the main functions of medical laboratory  
during the COVID-19 pandemic to include the following:

• Establishing appropriate accurate, and sustainable diagnostic testing capacities 
to respond to COVID-19 needs

• Ensuring surge (sudden) capacity to process a large volume of specimens to 
cope with COVID-19 epidemiological response needs.

• Conducting virological monitoring of the pandemic at local, state, national, 
regional and global levels.

• Ensuring timely release of laboratory data and linking data with surveillance 
data to inform public health decision making and response activities.

• Tracking the genetic evolution of COVID-19 and contributing in research and 
development of vaccines by characterization of viruses
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To achieve adequate COVID-19 monitoring and surveillance, there is need for 
widespread and continuous testing of not only suspected cases or contacts, but 
even asymptomatic and apparently healthy population in order to achieve adequate 
COVID-19 trend monitoring in context of rapid human-to-human spread, and 
prompt identification of cases.

Undoubtedly, there are many benefits of large-scale population testing for 
COVID-19 as demonstrated in many high-income countries. For countries that have 
numerous challenges in their health care delivery system in terms of medical labora-
tory diagnostics, house-to-house case searching and community contact tracing for 
infectious diseases surveillance is adequate.

Medical Laboratory plays a crucial role in monitoring co-morbidities, diagnosing 
complications, assessment of treatment responses and assessing the disease preva-
lence in the community. Advancement of molecular techniques is mainly relying on 
understanding the genomic and proteomic composition of COVID-19.

WHO [5, 7] emphasizes “detect, protect and treat” to break the chain of trans-
mission of SARS-COV-2 and COVID-19. Early medical laboratory testing and 
immediate treatment significantly decrease future COVID-19 cases. Medical labora-
tory assessment reveals diagnoses, confirms or rules out prognosis based on signs 
and symptoms, determines severity, monitors treatment responses or complications 
in COVID-19. The role of medical laboratories is more evident globally today as the 
battle against COVID-19 rages.

3. Medical laboratory and research towards discovery of COVID-19

On December 31, 2019, China alerted the WHO about the occurrence of several 
cases of an unusual pneumonia caused by an unknown virus among persons who 
had either visited or had consumed food from the live animal market in Wuhan 
city of China, the epicenter of the outbreak. Since then, the infection has spread to 
other Chinese cities as well as internationally, resulting in the current pandemic. On 
January 7, 2020, the WHO announced they had identified a new virus. The novel 
virus was named 2019-COV and was identified as member of the coronaviridae 
family which also includes SARS and MERS. China announced its first death from 
the virus on January 23, 2020 as rail and air departure were suspended on January 
30, WHO declared the outbreak a global health emergency [4, 5, 7].

The medical laboratory has been duly involved and its involvement ranges from 
the discovery the pneumonia like virus to the description as SARS and MERS in 
nature, viral characterization and sequencing and the naming of the viral disease 
as new coronavirus and COVID-19 [11]. The role of the medical laboratory services 
from COVID-19 discovery to the management cannot be over emphasized.

4.  Challenges and way forward for medical laboratory practice in 
COVID-19 era

There is no doubt that COVID-19 is new and so are the technologies for testing and 
research. COVID-19 era is filled with operational differences between the medical 
laboratory developed protocols and new commercial consumables protocols follow-
ing the COVID-19 pandemic. However, the implementation of those new protocols 
is challenging and requires continuous training for the laboratory staff [12]. Another 
challenge is limited access to COVID -19 reagents. This restricted the number of testing 
of citizens to those that were having symptoms or at risk as there is fear of exhausting 
the limited COVID-19 reagents and consumables. In the testing proper, there is delayed 
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outbreak detection and reporting of COVID -19 cases maybe due to distance from 
testing and collection sites and the technicalities involved. Also there is limited access to 
clinically validated or regulatory approved molecular and serologic tests either through 
the WHO network, national regulators or through commercial manufacturers [13, 14].

As COVID-19 ravages the world, there are shortages and difficulties in 
importing large diagnostic kits in the country. There is also poor knowledge and 
research capacity on COVID-19. Aside from technical difficulties associated with 
COVID-19 testing, certain seasonal changes might equally affect the number 
of tests [9]. Table 1 discusses the challenges and way forward towards offering 
COVID-19 medical laboratory services.

5.  Medical laboratory methods, techniques and technologies applied for 
COVID-19 testing

The medical laboratory methods and technologies applied in testing COVID-19 
includes: neutralization/virological cell culture test, COVID-19 genomic sequencing, 
nucleic acid testing (NAT) /amplification testing, polymerase chain reaction (PCR), real 
time PCR (RT- PCR) and Gene Xpert systems, immunological testing, biosensors, rapid 
diagnostic techniques (RDTs) [15]. These methods are illustrated in Figure 1.

S/N Challenges Way forward

1 Misdiagnosis of COVID-19 due to 
poor training or use of quacks

Adequate training of qualified professionals

2 Poor working environment Construct modern Medical Laboratory working 
environment

3 Poor working tools and 
equipment

Procure modern tools and equipment

4 Unstable power supply Stabilize power supply and have a standby power supply or 
an alternative power

5 Poor team work among health 
professionals

Instill team spirit among practitioners

6 Lack of political will towards 
medical laboratory practices

Politicians should learn from COVID-19 lockdown to have 
the will to update medical laboratory facilities as they could 
be clients in such facilities

7 Corruption Kill corruption surrounding COVID-19

8 Haphazard quality system Standardize quality system

9 New technologies and 
technicalities associated with 
COVID-19

Imbibe new technologies and technicalities from the 
producers

10 Paucity of fund in COVID-19 
laboratory services

Fund the medical laboratory services to the full with 
regards to COVID-19 and associated services

11 Unavailability of local testing kits Give grant and fund research for production of local testing 
kits

12 Different countries have little no 
validated rapid kits

Mandate the regulatory bodies to validate more rapid kits 
to boost testing

13 Poor knowledge and research 
capacity

Encourage more research in laboratories

14 Non-involvement of medical 
laboratory component in COVID-
19 vaccination

Involve medical laboratory component to give a basal 
parameter before vaccination and after some days of 
vaccination to assist in post vaccine research

Table 1. 
Challenges and way forward for medical laboratory practice in COVID-19 era.
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Basically, virological cell culture test is the gold standard for virus discovery, 
pathogenesis research and strategy evaluation but since the emergence of COVID-19, 
PCR has been adopted as the gold standard and has been in use globally considering 
the shorter turnaround time. Genomic sequencing uses sophistication to track the 

Figure 1. 
Diagnostic methods and technologies employed in COVID-19 testing. KEY: CBPB, cell-based potentiometric 
biose; CLIA, Chemiluminescence immunoassay; ddPCR, droplet digital PCR; E-gene, envelope protein gene; 
ELISA, enzyme-linked immunosorbent assay; FET, field effect transistor; IFA, Immunoflorescence assay; 
LAMP, loop mediated isothermal amplification; LFIA, lateral flow immunoassay; LSPR, localized surface 
plasmon resonance (sensor); MCLIA, magnetic Chemiluminescence enzyme immunoassay; M, membrane 
protein gene; N-gene, Nucleocapsid protein gene; NAT, nucleic acid testing; PCR, polymerase chain reaction; 
ORF, open reading frame; OSN-qRT, PCR - one step nested RT-PCR; qRT-PCR, real-time quantification PCR; 
RDT, rapid diagnostic technique; RdRp, RNA-dependent RNA polymerasegene; S, spike proteins.
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pandemic and aids vaccine development [16]. Immunological testing is based on the 
quantification and detection of antigen and antibody interactions. Biosensors use 
selectivity features of a bimolecular and sensitivity of physiochemical transducers in 
COVID-19 testing. Rapid Diagnostic Techniques (RDTs) are new technologies which 
apply some of the above mentioned techniques to achieve shortest turnaround time 
and accessibility. Although each method has its advantages and disadvantages, it is 
advisable to employ at least two methods [15, 17–19] for quality medical laboratory 
testing especially when using RDTs as shown in Figure 2.

6. Medical laboratory interventions in COVID-19

As part of the global response to the COVID-19 pandemic, medical laboratory 
diagnosis has remained the corner stone to this intervention. Molecular assays 
performed on nasopharyngeal swab or other upper respiratory tract specimen are 
the most commonly used and reliable test for the diagnosis of COVID-19. A variety 
of RNA gene targets are used by different molecular assays.

The processes from sample collections, sample transport and actual testing 
for COVID-19 remains very important including all quality system measures put 
in place to ensure reliability and sensitivity. The medical laboratory research uses 
samples from nasopharyngeal swabs, oropharyngeal swabs, throat swabs, saliva, 
sputum, bronchoalveolar lavage fluid, conjunctival swabs, rectal swabs, whole 
blood, serum/plasma, stool, and urine [15].

It is evident that medical laboratory parameters have been adequately employed 
to access diagnosis like increased neutrophil, aspartate aminotransferase, alanine 
aminotransferase, C-reactive protein, lactate dehydrogenase and urea. There is also 
decrease in procalcitonin, albumin, and white blood cells like leukocytes, and lym-
phopenia and eosinopenia have been noted among COVID-19 patients. Also, medical 

Figure 2. 
NCDC medical laboratory testing algorithm in Nigeria while using RDTs.
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laboratory parameters have been employed in the assessment of the severity of the 
COVID-19 such as interleukin-6 (IL-6), d-dimer (d-D), glucose, fibrinogen, throm-
bin time, and C-reactive protein and fibrinogen. Some parameters are predictors 
during prognosis like IL-6 and D-Dimer, absolute lymphocyte count, lactate dehydro-
genase, creatine kinase and absolute monocyte count which can predict whether the 
patient can be admitted into intensive care unit or not. During treatment, laboratory 
parameters are used to assess improvement in treatment and complications. For 
example; reduction in aspartate aminotransferase, alanine aminotransferase, creatine 
kinase and dehydrogenase shows response to treatment while increased procalcitonin 
and C-reactive protein indicates liver abnormality, high D-dimer, fibrinogen, pro-
thrombin time predicts thromboembolism and new-onset renal failure [17, 20].

A medical laboratory, irrespective of location, modern, sophisticated or molecu-
lar in nature in the aspect of COVID-19 fight, has a huge role to play especially in 
the local certain where COVID19 testing has not reached. Many in such area may 
not know their status and no wonder the presence of a knowledgeable Scientist shall 
corroborate the medical laboratory implications of COVID-19 to be able to approach 
every client and sample in a safe and professional way.

There is always a manual that help members, states and partners as they set 
up comprehensive quality assurance measures for COVID-19 testing laboratory 
network. The guidance emphasizes the use of standardized registration formats as 
quality tool, Quality control (QC), enrollment of laboratories in external quality 
assessment (EQA) schemes and issues of external quality assessment performance 
data for continuous quality improvement of COVID-19 testing laboratories. It is an 
essential resource for a medical laboratory personnel to be involved in day-to-day 
testing of COVID-19.

Figures 2 and 3 shows testing Algorithm for Nigeria while using RDTs and 
approved medical laboratories (75–25 Gene Xpert and 50 PCR Labs) for COVID-19 
respectively as released by Nigeria Centre for Disease Control (NCDC).

In medical laboratory testing of COVID-19, each country adopts their protocol 
based on targeted proteins as it suits them based on available testing techniques 
and methodology and as well the laboratory set ups and environment. For instance, 

Figure 3. 
NCDC approved medical laboratories for COVID-19 as at 23rd February, 2021.
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USA protocol for testing targets N (N1, N2, N3) genes and Rp-RNase; China targets 
ORF 1ab and N-genes, Nigeria targets N-genes and ORF 1ab; Germany RdRp, E and 
N-genes, Japan and Thailand targets N-genes while Hong Kong targets ORF 1b-nsp-
14 and N-genes [15, 17].

7. Recognition of medical laboratory professionals during COVID-19

The world biomedical day of 2020 awareness was solely dedicated to medical 
laboratory professionals across the globe because of their unique role in COVID-19.

In Nigeria and other countries, the emphasis on Testing is more of the recogni-
tion of the medical laboratories and professionals who toil to discover, test, monitor 
and research further towards COVID-19 elimination. Usually, medical laboratory 
professionals are not noticed for their great contribution to healthcare. They are 
rarely seen by people for their heroic contribution to patients’ healthcare but can-
not be underestimated as they perform series of tests that are crucial to ensuring 
accurate diagnosis and treatments that can help save patients’ lives.

Medical laboratory professionals play a critical role in the diagnostics and test-
ing of COVID-19 which they perform every day. A collaborative committee of 17 
medical organizations including American Society for Clinical Laboratory Science 
(ASCLS), Association of Medical Laboratory Scientists of Nigeria (AMLSN) and 
American Society of Microbiology (ASM) in the year 2020 helped to coordinate 
the celebration of annual Biomedical science day in April, 2020 to increase public 
understanding of and appreciation for clinical laboratory personnel as COVID-19 
rages worldwide [21]. Such recognitions usually come from government, organiza-
tions or various individuals all over the world.

Laboratory professionals use specialized instruments and techniques to analyze 
patient samples, such as blood, urine, body fluids, tissues and stool. They may be 
in a laboratory located in the hospital where the patient may be hundreds of miles 
away in a reference laboratory, however, no matter their distance to the patient, they 
produce results that directly affect the patient care. In addition to their day to day 
activities, laboratory professionals tackle threats to our national security and health 
such as disease outbreaks. They have played critical roles in fight against COVID-19. 
These effort have been appreciated by many governments across the globe [22, 23].

“We really need to hail the pathologist, medical technologists, and other laboratory 
professionals who are becoming unsung heroes of the COVID-19 pandemic” [21].

Now more than ever, is the chance for people all round the world to thank our 
unseen medical laboratory heroes and heroines. Each year medical laboratory 
professional’s week celebrates the people who provides critical diagnostic informa-
tion to help save lives and shows appreciation for the vital work they performed. 
Across the world, everyday people are applauding the brave health care workers on 
the front lines of the COVID-19 pandemic.

8.  Effort towards protection of medical laboratory and other health 
workers during COVID-19

Protecting Health Care Workers (HCWs) during routine care of suspected or 
confirmed COVID-19 patients is of paramount importance during the pandemic. 
The protection ranges from adequate provision of personal protective equipment 
to provision of temporary accommodation to carter for during testing and treat-
ment of COVID-19 patients outside homes, Life insurance packages, Special Hazard 
Allowances and other allowances and Commencement of Vaccination among 
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laboratory professionals/healthcare workers. In Nigeria, life insurance to medical 
laboratory scientists during the COVID-19 was given by the government through 
the Federal Ministry of Health (FMOH) as seen in Figure 4 as a clarification that the 
profession is among the front line healthcare workers targeted in the programme.

Countries may differ in their approach to laboratory and healthcare workers pro-
tection and care during the COVID-19 as documented by several authors [24–30] 
and analyzed in Table 2. Such support may involve mental health support provided 

Figure 4. 
Medical laboratory scientists clarified as frontline health workers covered for life insurance during COVID-19.
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by psychiatrists and psychologists to medical laboratory staff and other healthcare 
workers working on the frontline which may be in form of counseling or in-house 
psychologists outreach.

Employee support programme (ESP) or employee assistant programme (EAP) 
cannot be exhausted and depends on the government, private institutions or the 
healthcare workers involved. The list may include: mental health, salary, childcare, 
COVID-19 allowance, insurance, food, transport, accommodation, continuous 
professional development (CPD) units, online training, spiritual support in form of 
prayers, social lives using music and dancing and others as may be necessary.

Financial support, payment of salaries and job retention for Medical Scientists 
and other healthcare workers is a sine qua non, so that healthcare workers who were 
required to stay at home on preventive quarantine or levels of exposure are pro-
tected to receive their basic pay and class/grade allowances. Special allowances for 
COVID-19 are paid to frontline workers in Nigeria and other countries.

9. Conclusion

No doubt the COVD-19 is now a pandemic and the virus is really testing the 
resilience of our health delivery system. Medical laboratory science as the bedrock 
of diagnostic medicine and the role of medical laboratory science in containing any 
pandemic cannot be relegated to the background, not now or in the future. There is 
an urgent need to re-strategize in the effort towards fighting COVID-19 especially 
with regards to medical laboratory diagnosis as well as major component in infec-
tious disease control globally.

All healthcare providers remain in the dark until the release of the medical 
laboratory test result on any new public health challenge COVID-19 as an example. 
Quality tools/equipment and conducive working environment provides quality 
results during public health challenges as noted during this COVID-19 pandemic.

The development of local medical laboratories to international standard are 
very germane to politicians as COVID-19 discourages medical tourism. Medical 
laboratories could do better with motivational packages such as recognition, hazard 
allowances and life insurance policies.

Severe Acute Respiratory Syndrome coronavirus-2 (SARS-COV-2) infection is a 
global pandemic. Health care workers role in patient management is predisposing 
and can serve as the means of hospital and community transmission.

Vast majority of health care workers are taking precautionary measures such 
as avoiding crowded places, washing of hands and the use of personal protective 
equipment (PPE) against coronavirus infection. This knowledge and attitude of 
health care workers shows excellent knowledge and possessed a positive attitude 
and good health practice towards the prevention of COVID-19. It is recommended 
that health care education of health care workers should continue in order to 
prevent and control infection.

Medical laboratory testing is very vital in public health emergencies [19] and in 
COVID-19 in particular thereby encouraging medical laboratory strengthening [31, 32], 
towards overcoming all laboratory associated challenges in COVID-19 [33–36].

This chapter hereby recommends the following:

a. Healthcare providers should always rely on the medical laboratory testing 
results in all public health issues and not only on COVID-19

b. There is need to update and quality crosscheck of all COVID-19 testing kits and 
equipment
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c. Adequate construction and update of medical laboratory facilities in use for 
COVID-19 and other public health issues

d. Institutions involved in COVID-19 should sort for scientific and empirical data 
for all public health issues and vaccination as guide to public health policies

e. Government should provide and pay good hazard allowances and life insurance 
to all medical laboratory professionals

f. Train and retrain all medical laboratory professionals to be at the same pace 
with any upcoming wave of COVID-19

g. Adequate policies should be employed to stem out various challenges affecting 
optimum performance of various medical laboratories across the globe

h. Knowing fully well that Scientists contributed to the vaccine production 
research, it should be most appropriate that COVID-19 antibody testing should 
be carried out on individuals before vaccination to determine status. Not only 
that, various medical laboratory parameters should be carried out on all that 
are receiving vaccine before and after vaccine administration to help track 
changes and monitor health status of individuals who have received the vaccine 
candidates available currently for COVID-19.
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Chapter 20

Evolution of Diagnostic Methods 
and Prevalence Detection of 
COVID-19: A Review
Hemant Bherwani

Abstract

In clinical, research, and public health laboratories, many diagnostic methods 
are used to detect the coronavirus. Some tests directly detect infection by detecting 
viral RNA, while others detect the disease indirectly by detecting host antibod-
ies. Several studies on SARS-CoV-2 diagnostic methods have found varying 
throughput, batching capacity, infrastructure requirements, analytical efficiency, 
and turnaround times ranging from minutes to hours. Serosurvey studies have 
been conducted for antibodies to understand, model, and forecast the prevalence 
of the disease in an area. While on the research and predictive modeling side, 
sampling and analysis of sewage have been conducted to determine the number of 
RNA copies and hence the prevalence. Certain studies indicate usefulness of GIS 
(Geographic Information System) for understanding the pervasiveness of COVID-
19 in an area as well. The current chapter deals with the evolution of diagnostic 
techniques for COVID-19 and discusses use of specific techniques and appropriate-
ness in certain specified conditions. It also focuses on understanding the methods 
used for assessing the prevalence of COVID-19 in a particular region to extract miti-
gative strategies from it, either by prediction or management of the affected area.

Keywords: COVID-19, SARS-CoV-2, RT-PCR, GIS, wastewater treatment, 
biosensors, CRISPR

1. Introduction

Different testing methods are used in clinical, academic, and public health labo-
ratories to diagnose the coronavirus. These methods have different output, batching 
capacity, analytical result performance, specific requirement of infrastructure 
setting and worktime. Some tests, such as direct tests, detect viral RNA directly to 
determine infection, while indirect tests diagnose infection indirectly by measuring 
host antibodies. The methods that are used for the diagnosis of coronavirus should 
have enough accuracy and sensitivity to make proper clinical decisions quickly in 
this pandemic so that the spread of the virus can be controlled [1–3]. A number 
of experiments were carried out to determine economic loss as well as the urban 
microclimate [4, 5].

A number of methods that are used for diagnosis have been given an approval 
from World Health Organization (WHO) and by the US Food and Drug 
Administration (FDA), while due to the rapid spread of the virus, the Emergency 
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Use Authorization (EUA) has granted conditional approval to several new methods 
[1–6]. Several studies on sewage sampling and analysis as well as use of Geographic 
Information System (GIS) have also been conducted to understand the cause of 
epidemics, its spread pattern and to predict the occurrence of disease in an area. 
GIS acts as a useful tool in easing the fight against coronavirus with its advanced 
features such as mapping, location intelligence and spatial analysis providing a way 
to the government or public authorities in the determination of active COVID - 19 
cases, recoveries, fatalities and even creating containment/hotspots zones [7]. On 
the other hand the surveillance of wastewater with the help of water based epide-
miology [WBE] detects the RNA of the viral genome of SARS-CoV-2 enabling the 
further mitigation of the virus. The samples of the wastewater are collected and 
tested from the sewer lines indicating the more accurate location of coronavirus 
outbreak leading to the reorganization of area of concern [8]. It was also discov-
ered that air plays a significant role in the spread of the SARS-CoV-2 virus, as it is 
transmitted through air [9].

Apart from the equipment and the method used, the result also depends on 
collection of sample, use of reagents, and probability of cross-contamination and 
storage requirements for samples/reagents. While selecting any reliable and fast 
diagnostic method all these factors should be considered so that a proper decision 
and immediate action to public health can be made. This chapter focuses on the 
various types of COVID-19 diagnosis methods presently in use in a comprehensive 
manner and also the working efficiency of the different methods by checking vari-
ous parameters such as sensitivity, time of detection, specificity etc. in comparison 
to other methods. An attempt has been made to discuss the prediction methods 
used for COVID-19 prevalence detection and analysis. The broad areas focused in 
the chapter includes diagnosis of COVID-19 and surveillance system for disease 
prevalence.

2. Diagnosis of COVID-19

Coronavirus is detected by reviewing the affected person’s medical history, 
beginning with the point of contact and progressing through the findings of certain 
clinical examinations. Various respiratory problems and symptoms like pneumonia 
also comes under COVID-19 symptoms. Diagnosis methods like reverse transcrip-
tion – polymerase chain reaction (RT-PCR) are being used now a days. Day by day 
with passing time many more methods are being developed but are pending for the 
approval from the regulatory authorities. The diagnostic methods that are studied 
and discussed in the chapter are shown in Figure 1 and Table 1. These methods 
have been discussed in detail in the subsequent sections.

2.1 Reverse transcription – polymerase chain reaction (RT-PCR)

RT–PCR is currently the most commonly used laboratory methods for the 
detection of SARS-CoV-2. This method uses a technique derived from nuclear 
material to determine the existence of unique genetic material in any pathogen, 
including viruses. It’s also being used to identify other diseases including the Ebola 
virus and the Zika virus. This method necessitates the collection of samples from 
body parts where the virus has accumulated, such as the nose or the throat [10]. To 
extract only the RNA present in the sample, it is treated with different chemicals 
to remove substances such as proteins and fats. This RNA is a combination of the 
person’s genetic material and, if present, the virus’s RNA. The procedure continues 
with the technique of merging reverse transcription of RNA into complementary 
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DNA or cDNA, followed by polymerase chain reaction amplification of particular 
DNA (PCR) [11]. According to various studies, there are several advantages of the 
real time RT-PCR such as it is very highly sensitive, needs only a small amount of 
DNA and gives fast results in a duration of three hours as compared to other meth-
ods, which usually consumes six to eight hours [12, 13]. It is also the most precise 
method and gives accurate results after detection. This method, however, does not 
detect past infection, necessitating the use of other methods to detect, monitor, and 
study past infections, especially those that may have evolved and spread without 
causing symptoms. Other disadvantages includes its higher cost due to use of 
expensive apparatus, which makes it quite uneconomical [14, 15]. The flow process 
for virus detection using RT-PCR technique is given in Figure 2.

2.2 Next generation sequencing (NGS)

The method of determining the nucleic acid sequence – the order of nucleotides 
in DNA, i.e. the order of the four bases: adenine, guanine, cytosine, and thymine – 
is known as DNA sequencing [16]. There are several DNA sequencing approaches, 
one of which is NGS, also known as High-throughput sequencing (HTS). By NGS, 
in a single experiment it is possible to determine the genomic sequencing of more 
than 1 million base pairs and hence this method is used for diagnosing inheritable 
diseases, cancer, and infectious diseases [17, 18]. NGS technology employs array-
based sequencing, which utilitizes Sanger sequencing techniques to process millions 
of reactions in parallel, resulting in extremely high speed and throughput at a lower 
cost [19]. The first step in NGS is library preparation, which involves randomly 
fragmenting DNA to build libraries, followed by ligation with custom linkers. 
Amplification is the second step, in which the library is amplified using clonal 
amplification methods, and PCR Sequencing is the third step, in which DNA is 
sequenced by using one of the several strategies. This method for diagnosis is speci-
fied as it provides all related information and is also highly sensitive. It is helpful in 

Figure 1. 
Diagnosis approaches for COVID-19.
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identifying secondary infections and has potential tracing. However it is expensive 
and requires sophisticated laboratory for conducting test.

2.3 Computed tomography (CT)

A computed tomography scan (CT scan) is a medical imaging technique that 
uses computer-processed combinations of several X-ray measurements taken from 
various angles to create cross-sectional images of the body, enabling the patient to 
see inside the body without cutting it open. COVID-19 is a respiratory disease that 
affects the parenchyma, but several studies claim that extreme cases are linked to a 
pro-inflammatory cytokine storm that leads to systemic inflammation and sepsis, 
as well as involvement in other organs such as the cardiovascular system [20]. An 
integrated Computed Tomography (CT) method may provide useful information 
on the diagnosis of COVID-19 patients in such circumstances. The expression of 
acute interstitial lung damage and the subsequent parenchymal changes induced 
by the cytokine storm triggered by the virus’s internalization into the pneumocytes 
are normal CT findings in patients with COVID-19 [21–23]. During the early 
stages of the pandemic, CT was commonly used in China to diagnose COVID-19. 
Although the National Health Commission of China’s current recommendations 
do not include imaging findings in diagnosis of this disease [24]. Furthermore, the 
American College of Radiology does not consider using a chest CT scan to test for 
COVID-19 pneumonia as a first-line imaging modality. Patients with symptoms like 
pulmonary embolism, empyema, or co-infection should get a CT scan, according to 
the recommendations. Using RT-PCR as a reference standard, several studies have 
demonstrated the sensitivity of CT. CT scan is being appreciated for its accuracy 
in results however; extreme precaution must be taken with respect to COVID-19 
disease because of a negative CT scan. When compared to RT-PCR, a CT scan of the 
chest has a sensitivity of 89% and a Likelihood Ratio (LR) of 0.16, according to a 
study. With an LR+ of 2.81, specificity was moderate (68%) [25].

2.4 Loop mediated isothermal amplification (LAMP)

For the diagnosis of SARS–CoV-2, isothermal polymerase chain reactions 
methods such as loop-mediated isothermal amplification (LAMP) are supposedly 

Figure 2. 
Working process of RT-PCR method.
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a replacement for the RT-PCR process [26]. As compared to RT - PCR, LAMP is a 
powerful nucleic acid amplification method that works under isothermal tempera-
ture conditions and thus does not involve frequent temperature changes. To allow 
rapid amplification, this method involves designing assay primers and using a 
strand-displacing polymerase. LAMP reaction mix includes six primers that target 
eight different areas of the bacterial or viral genome. Currently RT-LAMP technique 
is being used for detecting COVID-19. RT- LAMP is a mechanism for auto cycling 
strand displacement DNA synthesis in which a polymerase uses one pair of inner 
and one pair of outer primers to carry out a reaction with high strand displace-
ment operation. This method uses six independent sequences at the start and four 
independent sequences at the end to identify the target sequences. Primer identi-
fication of the target genome leads to a strong colorimetric reaction. The nucleic 
acid sample, 4 (or 6) specially formulated primers, and the best DNA polymerase 
are all incubated in the same test tube at 60 to 65 degrees Celsius, depending on the 
optimum LAMP temperature [27]. The ORF1ab gene, S gene, and N gene are among 
the main areas of coronavirus genomes where the primers are built for this process. 
ORF1ab is responsible for viral genome replication, while the S gene is required 
for coronavirus to bind to human ACE2 protein, and the N gene is a nucleocapsid 
protein found in many coronaviruses [28]. RT- LAMP completes the detection just 
within 25–30 minutes hence making it more reliable & suitable as compared to the 
RT-PCR for monitoring. Although it projects lot of gains, it has limitations such 
as slightly lower sensitivity of RT-LAMP as compared to RT - PCR. Some ongoing 
research recommended that the addition of guanidine could improve the sensitivity 
of detection with RT-LAMP [29]. RT-LAMP has a sensitivity of 75% as compared 
to RT-PCR, but unlike RT-PCR, it does not produce false-positive results, and when 
the results of RT-PCR and RT-LAMP are combined, diagnostic sensitivity increases 
to 92–100% [30], proving it to be a good technique.

2.5 Rapid diagnostic test based on detection of antigens

Since antigen tests are simple to perform, they are in high demand for COVID-
19 diagnosis. For the evaluation of serious infections in samples, the novel rapid 
antigen detection test (RADT) is used. This test looks for and detects antigens 
generated by the SARS-CoV-2 virus in a sample taken from a person’s respiratory 
tract [31, 32]. If adequate concentrations of target antigens are present in the 
sample, it will merge with particular antibodies fixed on a paper strip attached to a 
plastic casing within 30 minutes, using either visual or visible. Since the antigens 
found in the body are only released while the virus is actively replicating, such tests 
are the best used to detect acute or the early infection. This test depends on factors 
such as quantity and quality of virus collected from the person’s body, duration 
from onset of one’s illness, reagent formulation in a test kit. The test is cost effective, 
determines results in minutes and reveal an actively infection. They are already 
being used for influenza, HIV, tuberculosis (TB) and other infectious diseases 
[33, 34]. Due to the limited data availability for this test currently WHO does not 
recommend the antigen test keeping in mind the patient’s health but encourages 
more research under this field.

2.6 Rapid diagnostics tests based on detection of antibodies

This is the most common type of test for the diagnosis for COVID-19. The work-
ing principle of this test includes the detection antibodies present in blood sample 
of people infected from COVID-19. It detects two types of antibodies isotopes 
namely: IgG and IgM [34]. The development of antibodies and their responses 



323

Evolution of Diagnostic Methods and Prevalence Detection of COVID-19: A Review
DOI: http://dx.doi.org/10.5772/intechopen.99241

varies from person to person accordingly. Some studies show that antibodies 
response is detected only in 2nd week from the development of COVID-19 symp-
toms [35] i.e. during the recovery phase. A COVID-19 antibody-based tests can 
cross-react with other pathogens, including other human coronaviruses [35, 36], 
resulting in false-positive results. The timing and type of antibody testing deter-
mines accuracy. One of the benefits of this testing is that people who have recovered 
from COVID-19 will donate their plasma, which is then used to cure those who have 
serious disease and improve their capacity to combat the virus. These tests can be 
conducted on blood, serum, or plasma samples, with results available in 30 minutes 
and a positive result after 7–10 days of infection [36, 37].

2.7 CRISPR/Cas

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats), a 
rapid approach for diagnosing COVID-19, was recently suggested by scientists 
and researchers. CRISPR is a family of DNA sequences found in the genomes of 
prokaryotic organisms including bacteria and archaea that function as an immune 
system against foreign elements in archaea and bacteria. CRISPR is also used poten-
tially to treat genetic diseases and cancer [38]. This approach employs gene-editing 
technology, which allows for the detection of the coronavirus in just 5 minutes and 
the delivery of results in just 45 minutes, attracting a lot of interest. The COVID-
19 CRISPR test identifies a 20-base RNA sequence by using a “guide” RNA that is 
complementary to the target RNA sequence and binds to it in the solution. When 
guide RNA binds to target RNA, CRISPR tools Cas 13 “Scissors” enzyme activates 
and cuts apart any nearby single – stranded RNA. Such cuts release a fluorescent 
particle separately in the test solution. The sample is then hit with a laser light 
and the released fluorescent particle if lighted up indicating the presence of coro-
navirus. This method for the diagnosis of coronavirus is currently being used by 
Sherlock Biosciences, US and in India by Tata group under the brand name ‘Feluda’. 
CRISPR does not require specialized or expensive laboratory apparatus and hence 
can be perfectly deployed in doctor’s office, schools and office buildings. Other 
advantages of this method include its great programmability and its speed [39]. 
However, there are certain drawbacks to the CRISPR - Cas9 diagnostic technique, 
such as off-target effects and unexpected mutations, which are a major worry, par-
ticularly when it is used for both therapeutic and diagnostic purposes. Because Cas 
proteins are obtained from prokaryotic origins, in vivo application of these proteins 
causes toxic effects in the human cells that contain them, as well as immunological 
activation and the creation of cas protein specific antibodies, which could obstruct 
the therapeutic application of CRISPR technology [40, 41].

2.8 Biosensors

Biosensors are new emerging technology for the rapid detection and diagnosis 
of mass population infected with SARS-CoV-2. Biosensors are made up of chemi-
cal or biological receptors that interact with the target analyte directly, as well 
as a transducer that translates the detection process into a quantitative signal. 
Biosensors target biological recognition of molecules such as enzymes, nucleic acids 
or antibodies and contain transducer and a detector detects the interaction with the 
analyte and generates an output digitally. Biosensors are classified into four types 
such as electrochemical biosensors, piezoelectric biosensors, thermal biosensors 
and optical biosensors. In the recent trend of biosensor, RT-LAMP is mediated with 
Nano particles biosensors (NBS). According to studies, with biosensors, RT-LAMP 
is less error prone and achieves higher specificity and low false positive result [42]. 
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CRISPR gene editing technology was recently updated as a biological sensor by 
combining a CRISPR chip with a Field of Effect Transistor (FET) to diagnose 
COVID-19 in under 40 minutes [40]. Plasmonic Photothermal (PPT) and local-
ized surface plasmon resonance (LSPR), a dual-function plasmonic biosensor, 
were designed for the ongoing detection of COVID-19 pandemic. For a few covid 
sequences, the LSPR biosensor has a higher sensitivity, with a detection maximum 
of up to 0.22 ppm concentration [43]. Biosensors are mostly designed on the basis 
of surface nucleoproteins. Piezoelectric immune-sensor and thermal biosensor 
are also being used for detecting the SARS-CoV-2 virus. The electrochemical 
paper-based biosensor uses the high –ultra charge transfer efficiency AuNPs with 
magnetic NPs (Fe204). These biosensors are biodegradable, sensitive, simple and 
economical [44].

In addition to the methods used to diagnose COVID – 19, some innovative tech-
niques are being used to forecast the source and frequency of the virus’s spread so 
that it can be monitored by implementing some mitigation steps, based on various 
surveys and studies.

3. Surveillance of COVID-19

3.1 Geographical information system (GIS) based study

GIS is an information system for capturing, gathering, analyzing and manag-
ing data into visual form. GIS has brought a new trend of revolution in the field 
of health and therefore it can be encouraged to be used as a support tool for 
the tracking of COVID -19 cases during this global pandemic [45]. The world 
health organization even uses the GIS technology to map and update number of 
COVID - 19 cases and also lists the deaths occurring all over the world on their 
dashboard regularly. The spatiotemporal algorithms present in GIS are helpful 
in identifying the COVID -19 outbreak faster. The algorithms therein are useful 
in assessing and recording the appropriate number of people infected with the 
virus. GIS assisted with remote sensing provides the real time aerial and satellite 
photographs which leads to the evaluation of the disease growth and fluctuations 
all over the world or in a particular area [46]. The above information captured 
through GIS is useful in analyzing and locating the area which is worst affected 
and the areas under risk zone where the virus is likely to spread rapidly in future. 
Through GIS technique we can became aware of the spread of COVID 19 in 
advance and hence can take strict decisive actions in areas facing serious COVID 
circumstances [47]. The ways in which GIS tools can be helpful are summarized 
in Figure 3.

The other ways in which GIS technology can be used for limiting the disease 
spread includes contact tracing, selection of sites for emergency treatment units and 
digital mapping that shows location and time-sensitive functions directly related 
to a spread of virus and hence alert the officials to cancel the particular public 
event, minimizing the number of persons affected. Web maps are also useful in 
solving the problem of acute supply of medical appliances signaling the distributors 
[48]. Researches have used GIS and modeling techniques to understand overlap of 
environmental parameters such as air pollution, microclimate, and impact on SDGs 
with COVID-19 prevalence [49]. The parametric and probabilistic modeling along 
with statistical tools available with GIS have also been used to understand disease 
prevalence and management in countries [50]. Currently many mobile/android 
applications are based on GIS technology such as Aarogyasetu (India), COVID-19 
symptom trackers, etc. launched by many countries, which are used for contact 
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tracing [51]. These applications are cost efficient, present accurate data and thus are 
more reliable.

3.2 Wastewater surveillance system

There is growing proof of presence of SARS-CoV-2 in the sewage [51, 52]. 
Multiple focused researches have been carried out to analyze the presence of virus 
in wastewater [53]. Many studies have proved wastewater based epidemiology as 
an eligible and effective tracking tool in detecting SARS-CoV-2 genome at ambient 
temperature of 45°C giving us a better understanding of the present spreading of 
the global pandemic. This has led to growing concern in public health authorities 
for the essential need of the analysis of sewage samples from the sewage treatment 
plants for computing the presence of viral genome of SARS-CoV-2. While this is a 

Figure 3. 
Role of GIS in disease prevalence mapping, analysis and management.

Figure 4. 
Analysis of disease prevalence using wastewater samples.
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grave concern, it has also presented as an opportunity for the utilization of water-
based surveillance system for monitoring and investigating the presence of virus 
in sewage. The detection of virus in the wastewater samples has created a further 
possibility that the wastewater containing the virus can also release the same virus 
into other water bodies such as sea, groundwater, etc. The samples can be collected 
from drains and sewage treatment plants to understand the load of virus being shed 
by a particular community [54, 55]. The samples once taken, can be analyzed for 
load of virus present in it, followed by data analytics to back calculate the disease 
prevalence in an area. Figure 4 represent the analysis of wastewater samples for 
COVID-19 prevalence.

Through wastewater sample analysis, the disease prevalence calculation can 
serve as an early warning for spreading pandemic in an area. This may give the 
authorities to act in timely manner for management of proliferation of COVID-19 
in the area considered for analysis. Wastewater surveillance comes along with many 
benefits such as it is an economical method and also acts as a early warning tool 
signaling the transmission of the disease by neglecting the other epidemiological 
indicators and gives successful evidences and results [55].

4. Conclusion

Taking into account the present situation of a pandemic it becomes extremely 
essential to develop a fast, effective, risk-free, and reliable method for diagnosis 
of COVID-19. There are several diagnostic methods available today for detecting 
the virus but each method has its pros and cons. Attributes such as accuracy level, 
complexity of instrumentation, the need for sample preparation & purification, 
operational and capital cost, time, geo-spatial availability, high technical skills and 
so on are to be considered before finalizing the best method of testing. The use of 
RT-PCR diagnosis for the virus is common and widely used everywhere due to its 
higher accuracy, sensitivity and reliability but due to its expensiveness, it cannot be 
afforded by lower incomes countries and is also a not suitable method for screening 
a large population at a time. Many new diagnostic methods such as RT-LAMP and 
CRISPR based technologies are also emerging which provide rapid, user-friendly, 
higher specificity & sensitivity, efficient and low-cost diagnosis of SARS-CoV-2 and 
can be deployed on the airports, office buildings, schools, etc. due to their nature of 
the simple operation, however, CRISPR has a little risk of contamination associated 
with it. Rapid serological methods based on antibodies/antigens are proving to be 
faster tests but not always give faster results and are not recommended because of 
their limited research. Currently to overcome the COVID-19 pandemic develop-
ing rapid, reliable, and novel biosensors for the detection of the virus is of much 
interest and will prove to be paradigm altering in surveillance, once perfected. 
The development of new SARS-CoV-2 biosensors is focused on the detection 
of biomarkers from human hosts, rather than antibodies or immunoglobulins. 
Developing sensitive, space-friendly, and portable biosensors can prove beneficial 
for the quick diagnosis of the virus.

With diagnosis, another important aspect is the assessment of disease preva-
lence in an area. The infection spread of SARS-CoV-2 is rapid and mostly happens 
through air, hence checking the prevalence of disease only after appearance of 
symptoms may not help in controlling the spread of virus. For that, advanced 
tools such as GIS or modeling techniques have to be used which can act as an 
early warning system. The GIS technology enables the local authorities as well as 
general public to recognize particular hotspots and take preventive measures in 
the right time. GIS based platforms and models can help in management of spread 
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of virus through visualization and data analytics. Many tools and techniques use 
GIS for contact tracing and identification of containment sites. Another way the 
early warning system can be established is through wastewater sample analysis for 
analysis of virus. The time lag functions can be developed for various areas through 
thorough sampling and analysis of wastewater and disease prevalence in the area 
in order to understand the disease progression and forecast in that area. While this 
chapter discusses major techniques used for diagnosis and prevalence of COVID-19 
among the population, the researchers are continuously working on finding better 
methods. The chapter comprehensively covers the methods being used currently 
for targeting and managing the spread of this virus and should helpful in getting an 
overview related to the tools and techniques being used for the assessment.
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Abstract

SARS-CoV2 infection has devastating consequences on healthcare systems and 
has caused 3 million deaths by April 2021. Identifying patients at risk of death is 
a priority. Moderate–severe COVID-19 cases seem to associate a cytokine release 
that follows endothelial injury, triggering a hyperinflammatory and procoagulant 
state in which leukocytes and platelets are protagonists. Our group has published 
some reports about the usefulness of the hemogram in COVID-19. Hemogram-
derived ratios, mainly the neutrophil-to-lymphocyte ratio (NLR) and the novelty 
neutrophil-to-platelet ratio (NPR), obtained on admission and their rate of change 
during hospitalization, can easily detect patients with high risk of mortality. 
Hemogram is a tool available to all hospitals and analyzing the hemogram-derived 
ratios would provide much more information than could be extracted by evaluating 
the counts in isolation. We now know that in COVID-19 it is essential to start early 
anti-inflammatory treatment when patient deteriorates and the hemogram could 
be a good indicator of this situation. More comprehensive studies are needed to 
determine how useful these hemogram-derived ratios and prognostic scores are. 
In the next chapter we will present information related to this aspect as well as our 
group’s research on the usefulness of the hemogram in COVID-19.

Keywords: COVID-19, neutrophil-to-platelet ratio, NPR, neutrophil-to-lymphocyte 
ratio, NLR, hemogram-derived ratios

1. Introduction

COVID-19 is a systemic disease, in which all organs can be affected. Several 
studies have emphasized an anomalous immune response as the starting point for 
hypercoagulability phenomena, endothelial damage and macro- and microthrom-
bosis, which would trigger life-threatening consequences in patients. White blood 
cell populations (monocytes, lymphocytes and neutrophils) play a crucial role 
in the systemic inflammatory response and platelets have a direct function in the 
thrombotic response.

Differential blood cell counts can be measured simply, are cost-effective 
and reliable, and therefore can be used as markers of severity of the immune 
and inflammatory, and even the procoagulant response. In this context, white 
blood cells and platelets as circulating biomarkers involved in inflammatory and 
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thrombotic responses could potentially predict clinical outcomes of patients with 
COVID-19.

Various hemogram parameters, including hemogram-derived ratios, have been 
used to try to identify patients with worse prognosis for COVID-19. In the following 
chapter the reader will find information related to this aspect as well as our group’s 
research on the usefulness of the hemogram in COVID-19.

2.  Pathophysiological basis for the potential usefulness of the blood 
count in COVID-19

The clinical presentation of COVID-19, ranges from a mild, self-limited form of 
the disease to multiple organ failure [1–4]. In the most severe cases, the disease can 
lead to severe viral pneumonia with dyspnea and hypoxemia that can evolve into 
severe respiratory distress syndrome, heart failure, obstructive thromboinflam-
matory syndrome, septic shock and multi-organ failure. This rapidly progressive 
deterioration causes the disease even fatal in some patients [5–11].

Several studies have emphasized an anomalous immune response as the start-
ing point of an obstructive thrombo-inflammatory syndrome in which all organs 
can be affected, especially vital organs such as the kidney or the heart, with the 
incidence of pulmonary embolisms being very high in COVID-19 patients [12–14]. 
The most severe middle-aged patients suffered more localized lung damage and 
coagulopathy [14].

Some of the variables that have shown significant correlation with poor out-
comes in COVID-19 include male sex, older age, smoking status, and the coex-
istence of comorbidities such as obesity, hypertension, diabetes, cardiovascular 
disease, cerebrovascular disease, chronic kidney disease, chronic obstructive 
pulmonary disease, hepatitis B infections and malignancy [1, 11].

Analytical parameters have also been widely used in early evaluation and moni-
toring of COVID-19 patients. Many of these parameters, specifically derived from 
white blood cell or platelet count values, provide information on both immunologi-
cal status and hemostasis in response to SARS-CoV-2 infection.

In fact, the host’s inflammatory response to SARS-CoV-2 infection appears 
critical in clinical evolution of COVID-19, and blood cell interactions are essential 
in the pathophysiology of inflammation, immune responses and hemostasis in this 
setting.

These interactions are complex, and it is often difficult to discriminate the  
specific roles of each cell type in the different phases of the same disease. Platelets 
are the main mediators of hemostasis while leukocytes are responsible for the 
immune responses.

White blood cell populations (monocytes, lymphocytes and neutrophils) are 
the main protagonists in the systemic inflammatory response to severe infection, 
injury, trauma and shock and therefore can be used as markers of this response [15]. 
Neutrophils are the most abundant white blood cells in circulation and represent the 
first line of innate immune defense, playing a fundamental role [7]. Furthermore, 
when this cell type is active, it has migratory capacity from the venous system to the 
affected organ or systems [11].

Accumulating evidence suggests that a portion of patients presenting with 
severe COVID-19 may have an underlying hyperinflammatory response that drives 
a cytokine release storm resulting in multiorgan failure and death [16]. A novel 
form of microvascular obstructive thromboinflammatory syndrome has been 
proposed as the pathophysiology underlying this hyperinflammatory response. 
Following SARS-CoV-2 infection, CD4+ T lymphocytes are rapidly activated to 
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become pathogenic T helper 1, cells that produce cytokines that stimulate inflam-
matory CD14 + CD16+ monocytes generating IL-6 expression and accelerating the 
inflammatory process [17]. The inflammatory response may stimulate neutrophil 
production and even accelerate lymphocyte apoptosis.

Autopsies of patients affected by COVID-19 revealed a significant infiltration 
of neutrophils in the pulmonary capillaries with extravasation towards the alveolar 
lumen. This existence of acute capillaritis together with the presence of tracheal 
neutrophilic mucositis demonstrates the existence of a general inflammation of the 
airways [7].

Neutrophils can release large amounts of oxygen free radicals, which induce 
cell damage and release of viral particles from cells. Antibody-dependent cells can 
directly destroy the virus by exposing the viral antigen and thus activating cell-
specific and humoral immunity. Neutrophils are also capable of producing large 
amounts of cytokines and signaling molecules such as endothelial growth factors 
(VEGF). Two of these factors, VEGF-A and VEGF-C, present significantly higher 
values in COVID-19 patients [11]. The accumulation of neutrophils associated with 
endothelial cell infection in COVID-19 disease induces endothelitis in different 
organs, thus contributing to systemic damage due to hypoxic microcirculation 
failure [7]. Increased neutrophils is an important risk factor and is closely related to 
increased patient severity, the development of acute respiratory syndrome (ARDS), 
and death in COVID-19 patients [18].

Infected pulmonary macrophages produce TNF-α and interleukins that cause 
T-cell apoptosis and lymphocyte recirculation, with massive recruitment into 
inflamed tissues [19, 20]. In addition, it is known that SARS-CoV-2 can directly 
infect lymphocytes, which have the angiotensin-converting enzyme 2 (ACE 2) 
receptor, so the virus can cause a decrease in their count, especially TCD8 + and 
TCD4 + lymphocytes [21, 22]. This triggers global lymphopenia, common in 
patients with severe COVID-19. It has been shown that the lower the lymphocyte 
count and the longer the duration of lymphopenia, the more severe the condition of 
infected patients and the worse the prognosis [19, 20].

Dysregulated immune cell responses are thought to play a notable role in the 
severity of disease [23]. Severe inflammatory responses result in a weak adaptive 
immune response, which translates into an imbalance of the immune response.

Several studies have shown that patients with COVID-19 who have higher levels 
of inflammatory cytokines and chemokines have greater disease severity, sug-
gesting the involvement of cytokine storm in severe forms of the disease [1, 24]. 
This uncontrolled cytokine production, which increases as the infection worsens, 
provides the setting for SARS-CoV-2 pathogenesis leading to viral sepsis, tissue dam-
age, disseminated intravascular coagulation, shock and even multi-organ failure. 
Proinflammatory cytokines induce apoptosis in lung epithelial cells, dendritic cells 
and macrophages, which impairs the pulmonary microvascular barrier and alveolar 
gas exchange. They increase vascular permeability, as well as the amount of fluid and 
inflammatory cells in the alveoli, causing dyspnea and respiratory failure [24, 25].

It has been hypothesized that an endothelial thromboinflammatory syndrome 
is triggered after alveolar viral damage [26]. SARS-CoV-2 uses the cell surface 
ACE 2 receptor to enter the interior of cells. ACE 2 is expressed in several organs, 
including endothelial cells [21, 22]. It has been reported that SARS-CoV-2 can infect 
genetically modified human blood vessel organoids in vitro, and the involvement of 
endothelial cells in the vascular beds of different organs has also been demonstrated 
in necropsies performed on deceased COVID-19 patients [27, 28].

Endothelial cell damage may be an important trigger of cytokine discharge, 
and moderate and severe COVID-19 cases appear to be associated with a large 
release of cytokines, leading to a hyperinflammatory and procoagulant state. Such 
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inflammation, associated with the disproportionate cytokine storm, spreads widely 
through the systemic circulation, affecting different organs with high mortality [29].

This procoagulant state is associated with thromboembolic phenomena, such 
as deep vein thrombosis and pulmonary thromboembolism, which carry a worse 
prognosis. Anatomopathological studies of the lungs of patients with COVID-19 
have shown frequent and systematic findings of thrombotic microangiopathy and 
hemorrhage [30, 31].

This new form of microvascular obstructive thromboinflammatory syndrome 
has been proposed as the pathophysiological basis underlying this hyperinflamma-
tory response. This endothelial thromboinflammatory syndrome can progressively 
involve the microvascular bed of several vital organs, leading to multiple organ 
failure and death [26].

In addition, individuals with pre-existing endothelial dysfunction and therefore 
with a more active base inflammatory state, could lead to worse evolution in COVID-
19. It has been observed that those patients affected by COVID-19 and with cardio-
vascular diseases had a greater probability of suffering myocardial injuries than those 
who did not present this type of previous injuries. Furthermore, those patients with 
chronic obstructive pulmonary disease (COPD) had a greater probability of suffering 
pulmonary coinfections and septic shock. Moreover, patients with previous kidney 
disease are also susceptible to developing COVID-19-induced worsening of kidney 
disease. The presence of these comorbidities may have increased mortality indepen-
dently of COVID-19 infection as a result of the worsening of comorbidities induced 
by the viral infection rather than by the direct damage produced by SARS-CoV-2 [14].

In this context, white blood cells and platelets would have a direct role in this 
inflammation and in the thrombotic response; therefore, circulating biomarkers 
representing inflammation and immune status could potentially predict clinical 
outcomes of COVID-19 patients [11, 32].

Following these findings, routine blood tests and differential white blood cell 
counts are easy to obtain at most healthcare centers and are affordable and cheap 
markers for predicting a worse prognosis in COVID-19.

Several studies have reported the results of blood tests in patients with COVID-19, 
and most severe cases present low lymphocytes counts, higher leukocytes counts and 
hemogram-derived ratios, as well as lower percentages of monocytes, eosinophils and 
basophils [24]. Some of these inflammatory markers have been evaluated and found 
to correlate with worse prognosis, including peripheral white blood cell count and 
hemogram-derived ratios.

3. Hemogram-derived ratios in COVID-19

The hemogram-derived ratios are parameters which amplify the value of 
neutrophils, platelets and lymphocytes and could be useful to predict prognosis 
and severity of the disease. Several hemogram-derived ratios as neutrophil-to-
lymphocyte ratio (NLR), derived NLR ratio (dNLR) (neutrophil count/leukocyte 
count−neutrophil count), platelet-to-lymphocyte ratio (PLR) and lymphocyte-to-
monocyte ratio have been used as inflammatory markers of COVID-19 [11, 32–34].

3.1 Neutrophil-to-lymphocyte ratio (NLR)

An available marker of great value for measuring the inflammatory status of 
an individual is the NLR, an easily measurable parameter that is obtained from a 
routine blood test. It is the ratio of the absolute neutrophil count to the absolute 
lymphocyte count of a routine blood count [33, 35, 36].
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It has been proposed as a prognostic marker of severity in many pathologies such 
as oncological processes, septic shock, infectious diseases, intracranial hemorrhage 
and cardiovascular disease among others [35, 36].

Moreover, NLR appears to be an indicator of endothelial dysfunction and an 
important predictor of cardiovascular mortality [23, 24].

The endothelial dysfunction could be one of the aggravating factors of SARS-
CoV-2 disease and would explain the evolution of the disease towards multiple 
organ failure [37–40]. Several studies have been published, incorporating NLR as a 
marker of poor prognosis in patients with COVID-19 [8, 11, 33, 41, 42].

The normal values of this quotient in an adult population, excluding the geriat-
ric population, are around 0.78 and 3.5. When the NLR result exceeds the normal 
maximum value, the probability of the disease going from a mild–moderate to a 
severe state dramatically increases.

A higher NLR value at admission is related to mortality in COVID-19, since high 
values have been observed at the beginning of admission in patients who did not 
survive [37]. This is because in more severe patients, the inflammatory response 
stimulates neutrophil production and therefore the neutrophil count is higher, 
while this response accelerates lymphocyte apoptosis and the lymphocyte count is 
low, and therefore the NLR value increases.

Our group has investigated the usefulness of this ratio being one of the first 
groups to publish on the implications of this ratio and its relationship with worse 
prognosis in COVID-19. In a small cohort of patients, we demonstrated how the 
evolution of NLR in terms of rate of increase and Peak NLR was associated with 
worse outcomes in COVID-19 with higher risk of ICU admission or death [38].

Subsequently, in a cohort of more than 2000 patients, we demonstrated that 
NLR is associated with in-hospital mortality as it is higher at baseline hospital 
admission and maintains significance after multivariable adjustment [43].

Moreover, patients requiring ICU admission had significantly higher NLR values 
at the time of hospital admission [44].

3.2 Platelet-to-lymphocyte ratio (PLR)

Some studies demonstrate the ratio of platelet count to lymphocyte count, called 
PLR, as a reliable marker of immune-mediated, metabolic, prothrombotic and 
neoplastic diseases.

Its use in combination with other complementary hematological ratios, in 
particular NLR, provides additional information on the degree of disease activity 
and helps to monitor the response to anti-inflammatory treatments. It could even 
help in the early detection of comorbidities that develop in the course of disease 
treatment [45–47].

PLR primarily reflects the level of systemic inflammation that translates megakaryo-
cyte activity in the hematopoietic tissue of the bone marrow, an important component 
in thrombosis. It also plays a very important role in the inflammatory response by pro-
moting the recruitment of neutrophils and other inflammatory cells to the site of injury.

This ratio reflects both aggregation and inflammatory pathways and is therefore 
considered by some authors to be more valid for predicting inflammatory pathology 
than platelet or lymphocyte counts alone [11]. However, relationship between PLR 
and mortality has been less explored.

It has been postulated that PLR may reflect the degree of cytokine release, which 
could be a useful indicator of the clinical course of COVID-19 patients [48]. SARS-
CoV-2 infection causes a cytokine storm in body fluids, aggravating the patient’s 
inflammatory response and stimulating platelet release. Some authors consider 
that platelet number and its dynamic changes during the course of COVID-19 and 
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treatment may correlate with cytokine storm, and consequently, with disease sever-
ity and prognosis [48].

Our group has also investigated the usefulness of this ratio in COVID-19 and 
we observed that patients who died presented significantly higher PLR compared 
with patients who survived at admission [43], like patients requiring ICU admission 
[44], but they did not maintain significance after more complex model of multi-
variable adjustment.

3.3 Systemic immune-inflammation index (SII)

The systemic immune-inflammation index (SII) is a hemogram-derived ratio 
defined as the count of neutrophils multiplied by the count of platelets and divided 
by the count of lymphocytes.

SII has recently been proposed as a prognostic indicator in the follow-up of 
patients with sepsis [49] and cancer patients [50, 51] as an index defining the 
instability in the inflammatory response.

This quotient derived from the hemogram has also been studied by our group 
in patients affected by COVID-19 and, like PLR, SII on admission is significantly 
higher in COVID-19 patients who died and required admission to the ICU, but it did 
not maintain statistical significance after multivariate adjustment [43, 44].

3.4 Neutrophil-to-platelet ratio (NPR)

The modulatory interaction between neutrophils and platelets has previously 
been described [52] and based on the biological plausibility of higher total neu-
trophils count and lower total platelets count observed among the most severe 
COVID-19 cases compared to more mild ones, we have investigated the utility of a 
novel parameter, the neutrophil–platelet ratio (NPR).

NPR is the ratio between the count of neutrophils (x 109 cells/L) and the count 
of platelets (x 1011cells/L), and may be useful in signaling a combination of hyper-
inflammatory response and microvascular occlusion that has been identified in 
moderate to severe COVID-19 cases [26, 53].

We hypothesize that a damaged and activated endothelium may increase the 
permeability and release of cytokines that would initiate chemotaxis of inflamma-
tory cells and also recruit other blood cells.

In this context, activated platelets and neutrophils play a determining role in 
microvascular occlusion during the thromboinflammatory phase of the disease 
[54]. These findings were observed in the most severe COVID-19 cases who died, 
especially higher neutrophil and lower platelet counts.

Our results have shown that NPR levels were significantly associated with in-
hospital mortality due to COVID-19 and their association remained significant even 
after multivariable adjustment.

Also, higher levels of NPR at admission are related to higher risk of ICU admis-
sion in COVID-19 patients [43, 44].

We are the first group in the world reporting the usefulness of this hemogram-
derived ratio in a disease and we believe that this novel finding merits further 
investigation.

3.5 Incorporation of rates of change of hemogram-derived ratios

Our group has also studied the rate of change in the ratios derived from 
the blood count during the first days of hospitalization in patients affected by 
COVID-19.
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The rate of increase has been shown to be a useful marker of severity and is 
associated with mortality.

Undoubtedly, these rates of change could be affected by the course of COVID-19 
and the treatments applied, but we hypothesized that some of these rates could be 
a valuable parameter in the control of patients without additional risk factors to 
assess modifying the treatment [38, 43, 44].

3.6  Incorporation of hemogram-derived ratios into clinical judgment 
nomograms

In most cases, the first assessment for a COVID-19 case takes place in the 
emergency department, where it is routine clinical practice to carry out a full 
blood panel.

Based on the usefulness of the hemogram-derived ratio, we have developed 
the Risk Score for Predicting In-Hospital Mortality in COVID-19 (RIM Score 
COVID) [53].

We have developed four models: two with NLR, the ratio more widely reported, 
and two with NPR, the novel hemogram-derived-ratio proposed by our group. 
No significant differences were found between NLR and NPR models; however, 
models using the NPR ratio showed more robustness in more complex multivariate 
analyses.

The RIM Score COVID includes following variables at hospital admission: age, 
sex, oxygen saturation, level of C-reactive-protein, NPR and NLR.

The AUC of models including NLR and NPR were evaluated for predicting 
in-hospital mortality by COVID-19 and both performed similarly in the validation 
cohorts: NLR 0.856 (95% CI: 0.818–0.895), NPR 0.863 (95% CI: 0.826–0.901).

Moreover, we have developed two models incorporating the rate of changes of 
both hemogram-derived ratios during the first week after admission, called Velocity 
of NLR (VNLR) and Velocity of NPR (VNPR).

The accuracy of the models were also evaluated for predicting in-hospital 
mortality by COVID-19 and the predictive ability of in-hospital mortality in both 
models improved slightly in the validation cohorts with respect to the values 
obtained at admission: VNLR 0.885 (95% CI: 0.885–0.919), VNPR 0.891 (95% CI: 
0.861–0.922).

According to our results, the RIM Score COVID models are useful for predicting 
the risk of in-hospital mortality from COVID-19.

The proposed RIM Score is a simple and widely available tool that can help 
identify patients at risk of fatal outcomes.

The parameters used in the nomogram are objective, easy to obtain and repro-
ducible in most healthcare facilities without additional cost or need for additional 
laboratory equipment.

These assessments provide a highly accurate predictive value of in-hospital 
mortality risk from COVID-19 [53].

4. Conclusions

The hemogram is an easily measurable, readily available, cost-effective and reli-
able test that could be very useful in establishing the risk of in-hospital mortality on 
hospital admission and in guiding therapeutic decisions in patients with COVID-19.

In this sense, the hemogram is a tool available to all healthcare centers that do 
not have the technical and material means to perform complex immunological 
studies, which usually involve late results.
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The combination of hemogram parameters and blood cell count ratios in 
COVID-19 patients could be a useful combined indicator of host immune and 
inflammatory status.

The ratios derived from the hemogram at the time of hospital admission and 
its increasing trend during the first days of hospitalization have shown their value 
in identifying patients with COVID-19 who have a worse evolution and could be 
useful as prognostic markers of the disease.

The NLR and the novelty NPR have been shown to be independent markers of 
mortality and worse prognosis in patients with COVID-19. These ratios should be 
included in future prospective studies and it would be advisable to start using them 
by physicians in the first evaluation of patients with COVID-19 in the emergency 
department to demonstrate their clinical utility.
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Chapter 22

COVID-19 Vaccine: A Way Out of 
Crisis
Aman Sachdeva and Arup Saha

Abstract

COVID-19 pandemic has taken toll on the entire globe at physical, emotional 
and administrative level; straining each and every aspect to its fullest. As on April 
19/2021, COVID-19 has infected more than 140 million people around world with 
around 3 million deaths worldwide. Covid-19 vaccine has emerged as an important 
direction to walk the world out of this crisis. This chapter covers the basic aspects 
and principles of vaccination and Immunology and its application in COVID-19 
pandemic. This chapter further covers the different type of vaccines being devel-
oped, their dosage schedule and route of administration, common adverse events 
and myths related to them.

Keywords: COVID-19, Pandemic, vaccine

1. Introduction

Immunization is a global health and development success story, saving millions 
of lives every year. Vaccines reduce risks of getting a disease by working with your 
body’s natural defenses to build protection. When you get a vaccine, your immune 
system responds. Immunization is a key component of primary health care and an 
indisputable human right. It’s also one of the best health investments money can 
buy. Vaccines are also critical to the prevention and control of infectious-disease 
outbreaks. They underpin global health security and will be a vital tool in the 
battle against antimicrobial resistance. The two terms vaccination and immuniza-
tion has been used synonymously over the time but the two terms differ in their 
meaning [1].

“Vaccination” as per definition is defined as the process of administer-
ing the biochemical product referred to as vaccine in the human body whereas 
“Immunization” is defined as the process by which body develops immunity against 
the disease [2].

Vaccines train the immune system to develop antibodies and protect against the 
disease. As per World Health Organization (WHO) there are number of vaccines 
which had been developed against number of diseases namely Diphtheria, hepatitis 
B, measles, mumps, pertussis, polio and many more. On similar grounds, to tackle 
the menace of COVID-19, various vaccines have been developed [3].
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2. Types of vaccines

Vaccines are of different types depending on the property of the pathogen/agent 
used in vaccine [4, 5].

a. On basis whether agent is live or killed.

i. Live attenuated vaccine.

ii. Inactivated vaccine.

b. On Basis whether part/entire agent used

i. Whole cell vaccine.

ii. Subunit vaccine.

c. On basis of Component of agent used.

i. Nucleic acid based vaccines.

ii. Protein based vaccines.

iii. Polysaccharide vaccines.

iv. Toxoid vaccines.

v. Conjugate vaccines.

d. Newer type of vaccines

i. Viral vector based vaccine.

ii. Recombinant vaccines.

1. Live attenuated vaccine: These are the type of vaccines which contain 
weakened form of the pathogen. Immunogenicity of the pathogen is  
maintained while lowering the virulence and thus the disease-causing 
potential.

2. Inactivated vaccine: This type of vaccine contain pathogen in killed form. 
The pathogen is inactivated chemically or by other means thus removing the 
disease-causing potential of the vaccine. These vaccines are safer as com-
pared to live attenuated vaccines as per the disease-causing potential of the 
vaccine.

3. Whole cell vaccine: In this type of vaccine agent is used in its complete form 
either live attenuated or killed.

4. Subunit vaccine: This type of vaccine uses a part of the agent rather than  
using the whole agent. This type of vaccine induces high and specific immune 
response as compared to other type of vaccines.
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5. Nucleic acid-based vaccine: These vaccines employ the genetic material as the 
active component of the vaccine. Based on the genetic material used, these can 
be either DNA based vaccine or RNA based vaccines. Further on the type of 
RNA used vaccines can be further divided into mRNA based and others. Most 
of the nucleic acid-based vaccines are of mRNA type.

6. Protein and polysaccharide-based vaccine: These vaccines use the pro-
tein part and polysaccharide portion of the agent as active component 
respectively.

7. Toxoid vaccine: Toxoid vaccines are special type of subunit vaccines in which 
the toxins produced by the disease-causing agent is chemically inactivated and 
the resulting toxoid is then used as active component of the vaccines. These 

Sr.No. Characteristics Primary Immune Response Secondary Immune Response

1 Definition Primary Immune Response is the 
reaction of the immune system 
when it contacts an antigen for the 
first time.

Secondary Immune Response is 
the reaction of the immune system 
when it contacts an antigen for the 
second and subsequent times.

2 Appearance Appears mainly in the lymph 
nodes and spleen.

Appears mainly in the bone 
marrow and then, in the spleen 
and lymph nodes.

3 Occurrence This occurs in response to the 
primary contact of the antigen.

This occurs in response to the 
second and subsequent exposure 
to the same antigen.

4 Antibody Peak The antibody level reaches its peak 
in 7–10 days.

The antibody level reaches its peak 
in 3–5 days.

5 Affinity of 
Antibody

Low affinity to their antigens. High affinity to their antigens.

6 Responding 
Cells

Naive B cells and T cells Memory B cells

7 Antibodies Both thymus-dependent and 
thymus-independent antibodies 
are involved in the primary 
immune response.

Only thymus-dependent 
antibodies are involved in the 
secondary immune response.

8 Lag Phase Long (4–7 days) Short (1–4 days)

9 Types of 
Antibodies

A large amount of IgM and a 
small amount of IgG are produced 
during the primary immune 
response.

A large amount of IgG, a small 
amount of IgM are produced 
during the secondary immune 
response.

10 Amount of 
Antibody

Few antibodies are produced in the 
primary immune response.

100–1000 times more antibodies 
are produced in the secondary 
immune response.

11 Strength of the 
Response

The primary immune response 
is usually weaker than secondary 
immune response.

The secondary immune response 
is stronger.

12 Antibody level Antibody level declines to the point 
where it may be undetectable.

The antibody level tends to remain 
high for longer time.

Table 1. 
Differences between primary and secondary immune responses.
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types of vaccines usually require booster doses after some interval to boost up 
the immune response.

8. Conjugate vaccine: This type of vaccines is subgroup under subunit vaccine. 
In these types of vaccines, a weaker antigen is combined with a stronger anti-
gen in order to boost immune response for weaker antigen.

9. Viral vector vaccine: These vaccines use the modified version of different 
viruses as vector. Several different types of viruses have been used as vectors; 
adenoviruses being most commonly used [4].

3. Immunological response to vaccine

Immune response is divided into two types:

1. Primary immune response.

2. Secondary immune response.

The differences between these two have been described in Table 1 [6].

4. Immunological responses to different type of COVID-19 vaccines

Inactivated vaccine: the genetic material is inactivated or destroyed in inactivated 
vaccine which after ingested by antigen presenting cell stimulate the helper T cells 
which in order stimulate B-cell to produce antibodies as described in Figure 1 [7].

Example: COVAXIN (Bharat Biotech).

Figure 1. 
Inactivated vaccine.
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Subunit Vaccine: In this vaccine only a part of the agent imitates like real infec-
tion and stimulate helper T cells which in turn stimulates B cells to produce antibod-
ies as described in Figure 2.

Example: Novavax (protein subunit).
Viral vector Vaccine: these vaccines use non-coronavirus vector modified to 

carry gene coding for the SARS-COV-2 antigen. This antigen gets expressed on 
the cells infected gets ingested by antigen presenting cell which then project the 
complex to helper T cells which then activates both the B-Cells and Cytotoxic T cell 
as described in Figure 3.

Example: AstraZeneca-oxford vaccine and Sputnik-V (Gamaleya Research 
Institute).

Figure 3. 
Viral vector vaccine.

Figure 2. 
Subunit vaccine.
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RNA Vaccine: RNA vaccines are antigen-coding strands of messenger RNA 
(mRNA) delivered inside a lipid coat. Once inside cells, the mRNA is translated 
into the protein antigen, which is secreted. The antigen is recognized, inducing an 
immune reaction. It induces T-helper and cytotoxic T-cells, and antibodies. mRNA 
also recognized by cells as ‘pathogen’ stimulating strong immune response as 
described in Figure 4.

Example: Pfizer/BioNTech and Moderna vaccine.

5. COVID-19 vaccines at glance

From February to June 2021, at least seven different vaccines across three 
platforms have been rolled out in countries [8–10]. Vulnerable populations in all 
countries are the highest priority for vaccination. At the same time, more than 
200 additional vaccine candidates are in development, of which more than 60 

Figure 4. 
RNA Vaccine

Sr. No. Name of vaccine/manufacturer Type of vaccine Age group Efficacy

1. Pfizer BioNTech mRNA Above 16 years 95.3%

2. AstraZeneca Viral vector Above 18 years 63.09%

3. Sputnik-V Viral vector Above 18 years 91.6%

4. Moderna mRNA Above 18 years 94.1%

5. Janssen/Johnson & Johnson Viral vector Above 18 years 66.3%

6. Covaxin Inactivated Above 18 years 78%

Table 2. 
Covid-19 vaccines rolled out in different countries for vaccination.
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are in clinical development. COVAX is part of the ACT Accelerator, which WHO 
launched with partners in 2020. Some of the vaccines which have been rolled out 
are described in Table 2.

6. Dosage and schedule for vaccination

Most COVID-19 vaccines are designed for a two-dose schedule. Two dose 
vaccination works by mimicking natural immunity. After a first vaccine dose, the 
immune system needs time to generate a response and to create memory cells that 
will recognize the pathogen if it is encountered again. The person is considered 
immune from COVID-19 disease 14 days after the second dose of vaccine in two 
dose vaccine schedule. All these vaccines are administered Intramuscularly in the 
deltoid muscle as described in Table 3.

7. Vaccine storage and cold chain maintenance

Delivering vaccines to all corners of the world is a complex undertaking. It takes 
a chain of precisely coordinated events in temperature-controlled environments 
to store, manage and transport these life-saving products. This is called a cold 
chain. Vaccines must be continuously stored in a limited temperature range – from 
the time they are manufactured until the moment of vaccination. This is because 
temperatures that are too high or too low can cause the vaccine to lose its potency 

Sr. No. Name of vaccine Dose Dosage schedule Route

1 Pfizer BioNTech 0.3 ml 0 + 21 days Intra-muscular

2 AstraZeneca 0.5 ml 0 + 28 days
(second dose can be taken 

as late as 8–12 weeks)

Intra-muscular

3 Sputnik-V 0.5 ml 0 + 21 days Intra-muscular

4 Moderna 0.5 ml 0 + 28 days Intra-muscular

5 Covaxin 0.5 ml 0 + 28 days Intra-muscular

6 Janssen/Johnson & Johnson 0.5 ml Single dose Intra-muscular

Table 3. 
Dosage schedule of COVID-19 vaccines.

COVID-19 vaccine Storage temperature requirement

Pfizer BioNTech -800c to -60oc

AstraZeneca +2oc to +8oc

Janssen/Johnson & Johnson +2oc to +8oc

Sputnik-V +2oc to +8oc (Dry form)
−18.5oc (Liquid form)

Moderna +2oc to +8oc (for 30 days)
-50oc to -15oc

Covaxin +2oc to +8oc

Table 4. 
Cold chain temperature requirements for COVID-19 vaccine.
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(its ability to protect against disease). Once a vaccine loses its potency, it cannot be 
regained or restored. This cold chain temperature differs for different vaccines. Any 
fault in the cold chain maintenance could lead to wastage of vaccine. Storage condi-
tion requirements for various type of vaccines are described in Table 4.

8. Adverse effects and contraindications of COVID-19 vaccine

Vaccination is the process of administering foreign agent in the body which is 
usually associated with various adverse effects which are mostly of mild intensity 
but may cause severe adverse events in some [11].

Some of the known adverse events following immunizations are fever, pain and 
swelling at injection site, fatigue, chills, and headache. Some of the vaccine recipi-
ents may experience some severe adverse events like Anaphylactic reaction but the 
incidence of this is rare.

Contraindication to COVID-19 vaccine include severe allergic/anaphylactic 
reaction to any ingredient of the vaccine or to the first dose of vaccine. COVID-19 
vaccine is also contraindicated in pregnant women or those suspected to be preg-
nant due to paucity of data in this group.

9. Myths related to COVID-19 vaccine

Myths preventing people from taking the vaccine are many and will be men-
tioned in another chapter, however one of these is:

COVID-19 vaccine was thought to cause infertility in women due to the resem-
blance of spike protein to the protein syncytin secreted by placenta. This was 
proved to be myth as the two protein have large difference in amino acid sequences 
hence ruling out the concern of infertility.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



355

COVID-19 Vaccine: A Way Out of Crisis
DOI: http://dx.doi.org/10.5772/intechopen.98736

References

[1] World Health Organisation. Vaccines 
and Immunization. Available from: 
https://www.who.int/health-topics/
vaccines-and-immunization#tab=tab_1 
[last accessed on April 27,2021].

[2] Centers for disease control and 
prevention. Vaccines and 
immunizations. Available from: https://
www.cdc.gov/vaccines/vac-gen/
imz-basics.htm [last accessed on April 
27 2021].

[3] World Health Organization. Vaccine 
preventable diseases. Available from: 
https://www.who.int/southeastasia/
our-work/vaccine-preventable-disease 
[last accessed on April 27 2021].

[4] U.S. Department of Health and 
Human services. Vaccine types. 
Available from: https://www.vaccines.
gov/basics/types [last accessed on April 
27, 2021].

[5] World Health Organization.Types of 
vaccine. Available from: https://vaccine-
safety-training.org/types-of-vaccine-
overview.html [last accessed on April 
27,2021].

[6] Parija S.Textbook of Microbiology 
and Immunology. 3rd ed. Elsevier;2016.

[7] World Health Organization. Update 
on COVID-19 vaccines and immune 
responses. Available from: https://www.
who.int/docs/default-source/
coronaviruse/risk-comms-updates/
update52_vaccines.
pdf?sfvrsn=b11be994_4 [last accessed 
on April 27,2021].

[8] Centers for disease control and 
prevention. Different COVID-19 
vaccines. Available from: https://www.
cdc.gov/coronavirus/2019-ncov/
vaccines/different-vaccines.html [last 
accessed on April 27, 2021].

[9] Logunov DY, Dolzhikova IV, 
Zubkova OV, et al. Safety and 

immunogenicity of an rAd26 and rAd5 
vector-based heterologous prime-boost 
COVID-19 vaccine in two formulations: 
Two open, non-randomised phase 1/2 
studies from Russia. Lancet 2020; 396: 
887-897.

[10] Food and Drug Administration. 
Pfizer-BioNTech COVID-19 Vaccine. 
Available from: https://www.fda.gov/
emergency-preparedness-and-response/
coronavirus-disease-2019-covid-19/
pfizer-biontech-covid-19-vaccine [last 
accessed on April 27,2021].

[11] World Health Organization. 
Coronavirus disease (COVID-19): 
Vaccine safety. Available from: https://
www.who.int/news-room/q-a-detail/
coronavirus-disease-(covid-19)-
vaccines-safety [last accessed on April 
27,2021].





357

Chapter 23

Myths: Barriers to Fighting the 
COVID-19 Pandemic
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Abstract

Myths are widely dispersed but false ideologies or misconceptions. With the 
thousands of deaths recorded daily and the negative toll of the novel coronavirus 
disease (COVID-19) on public health, national economy, and human interaction, it 
remains surprising how people are still being swayed by conspiracy theories. Due to 
the novelty of the disease, the quest for an answer, what works, and what does not 
work gave room for the propagation of misinformation, especially on social media. 
Identifying and debunking myths is very important in managing disease outbreak, 
since myths can negatively influence the response of people to preventive and 
containment strategies. Major proponents of COVID-19 myths have promoted their 
falsehood on the guise that it is a biological weapon engineered to control the world 
population. Others have also falsely claimed the use of antibiotics or other antiviral 
drugs in the treatment of COVID-19 and that COVID-19 is no worse than the com-
mon flu or it is just the disease of the elderly. This has promoted refusal to take up 
the COVID-19 vaccine and increased non-adherence to the preventive guidelines. 
Myths have been a major stumbling block to curtailing the menace of COVID-19. 
All hands must be on deck to fight this.

Keywords: Myths, COVID-19, preventive, debunk, curtail, media

1. Introduction

Myths are widely proposed false ideas or misconceptions. Since the start of the 
novel coronavirus disease (COVID-19), several misconceptions have arisen. Belief 
in the misconceptions could debar certain individuals from adhering to the preven-
tive guidelines leading to the rapid spread of the disease, low vaccine uptake and 
ultimately, unnecessary deaths. A myth is a story that was told in an ancient culture 
to explain a practice, belief, or natural occurrence. It is a story that is believed by 
many people but is not true. Myth is currently commonplace even among the popu-
lace, it is confusing and detrimental to the immense efforts put towards fighting 
the ravaging pandemic [1]. To say that certain stories are in circulation from ancient 
cultural beliefs from some ‘god’ or deity imposed/inflicted punishment is contrast-
ing to the facts and reality of the COVID-19 [2].

Ab initio of the COVID-19, which is gradually becoming an endemic, so many 
myths about the unprecedented outbreak have risen, though untrue, it has facili-
tated the spread of the virus to about 219 countries, continents, territories and 
communities with varying belief systems, ways of life and communal practice. 
However, as unrealistic as this is, it is widely believed by many. Unverified facts 
which have turned into truth for many have become insurmountable barriers 
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against the fight raised against COVID-19. Several myths ranging from the cause 
of the disease to those susceptible to it, to the assumed cure and even overrated 
known means of management exist in the premise of the COVID-19. These myths 
have blurred the line between management and cure, facilitated the rapid spread 
and even claimed the lives of many with millions of deaths recorded daily on a 
global scale. The pandemic has a negative toll on public health, national economy, 
and human interaction, it remains surprising how people are still being swayed by 
myths and conspiracy theories.

Knowing some of these myths would reveal the ignorance of many and shed 
more light on the real path to combating the disease [2]. First, if we agree that myths 
are propagated and perpetuated by ignorance, we must seek knowledge to terminate 
them, which is where the role of professionals is key in this fight. What we have 
known since the upsurge of the disease will help rather than what is assumed. Those 
known facts will then point out false stories or beliefs that must be eradicated.

Because it is safer to move from known to unknown in solving a problem, and 
there have been stories with unverified sources which are unknown, it is better 
to consider those facts that have been verified by professionals over the past few 
months to distinguish between mere myths and facts. In this chapter, we would 
highlight several myths that have been propagated around it stating how those 
myths have been a barrier in the fight against the pandemic and what are the 
reasons or factors responsible for the propagation of these myths, the aftermath 
and implication of the COVID-19 myths, how to curtail and debunk the myths with 
evidence or facts and general recommendations and conclusions.

2. Common myths about COVID-19

Myths and misinformation are non-validated concepts or ideologies that are 
believed by a group of people. Identifying and debunking myths is very important 
in managing a disease outbreak since myths can negatively influence the response 
of people to preventive and containment strategies [3]. Within few months of 
the viral outbreak, it has spread across all continents and has claimed millions of 
lives. As of June 02, 2021, 22:35 GMT, the death toll due to COVID-19 has reached 
3,683,305 deaths from 171,331,780 confirmed cases in 219 countries across the globe 
[4]. This has brought untold hardship, pressure, and pain to countless individuals 
across the globe.

The COVID-19 is a novel disease that caught everyone unawares. Due to the 
novelty of the virus, everyone was looking for an answer as to the origin of the 
virus, how it spreads, preventive mechanisms, and its mechanism of action, 
treatment or management of infection and symptoms and how best to curtail its 
menace. The quest for an answer, what works, and what does not work gave room 
for the propagation of information and misinformation about the pandemic, most 
especially on the social media space. Several efforts have been put in place by public 
health experts, researchers, governments, social response workers, and virtually 
everyone to understand and curtail the menace of the COVID-19 pandemic. The 
development, approval and administration of COVID-19 vaccines have brought a 
sort of relief and hope for almost everyone. Despite this, there are still thousands of 
confirmed cases and reported deaths on daily basis. Due to the high human-human 
transmission rate of the virus, the WHO instituted guidelines to help curtail the 
spread of the virus such as the washing of hands with soap frequently, the use of 
alcohol-based hand rubs and many more (Figure 1).

Since the outset of the pandemic, myths and misinformation about the pan-
demic have served as a stumbling block or hindrance to the populace acceptance of 
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instituted guidelines that can reduce the risk of infection. A study [3] on healthcare 
workers in South Africa identified that myths and misinformation influenced the 
public’s response negatively to the COVID-19 screening campaign. It is quite wor-
risome that despite the safety rate and promising action of the COVID-19 vaccines, 
many individuals have decided neither to adhere to the preventive guidelines nor to 
accept the vaccines. Such individuals do not only put themselves at risk but other 
thousands of innocent people in their community. Here we highlight common 
myths and misinformation about the pandemic and their implication in the fight 
against the pandemic (Figure 2).

2.1 COVID-19 is a hoax

Conspiracy theorists, religious fanatics, pseudoscience and science denialists 
have always been present in the online space looking for means to peddle their belief 
to unsuspecting individuals [5]. Policies like travel restrictions and total lockdown 
gave room for much reliance on social media and the internet for information, 
especially about COVID-19. The novelty of the pandemic and the quest for informa-
tion has given them a ground to catch many individuals unawares and get them to 
believe their claim. This has posed a major challenge to the fight against COVID-19 
by its generation of fake cure claims, dismissal of public health expert’s advice, 
stigmatization and spread of fear among many others [3, 6]. This is further aggra-
vated when this misinformation is propagated by celebrities and influential people 
[3]. Major proponents of this claim have promoted their falsehood on the guise that 
COVID-19 is a biological weapon that was intentionally engineered in a laboratory 
to control the world population or a means for government and/or public-private 
enterprise for selfish gains. This is a major stumbling block to curtailing the menace 
of COVID-19. This has promoted refusal to uptake the COVID-19 vaccines and non-
adherence to the preventive guidelines [6].

Figure 1. 
Instituted preventive guidelines against COVID-19.



Fighting the COVID-19 Pandemic

360

2.2 COVID-19 is a death sentence

Although there is a high transmission rate of the virus, it is good to note that 
the death rate due to COVID-19 is very low compared to other infections due to 
coronaviruses (MERS in 2012 and SARS in 2002) and other diseases like HIV/AIDS, 
cancer, and neurodegenerative diseases. Most COVID-19 infected patients will have 
no or mild symptoms and recover without any professional medical assistance or 
care. With appropriate care, most infected patients would recover. Most COVID-19 
related deaths have been reported in infected patients who are elderly or those who 
have a weak immune system due to co-morbid health condition like cardiovascular 
disease, diabetes, chronic respiratory disease, hypertension, HIV/AIDS, cancer 
etc. As shown in Table 1, the death rate increases across all age group among 
infected patients with underlying health conditions compared to those without 
co-morbidities.

Age Number of 
deaths

Share of 
deaths

With underlying 
condition

Without underlying 
condition

0–17 years 3 0.04% 3 0

18–44 years 309 4.5% 244 25

45–64 years 1581 23.1% 1343 59

65–74 years 1683 24.6% 1272 26

≥ 75 years 3263 47.7% 2289 27

Total 6839 100% 5151 137

Table 1. 
Comparison of COVID-19 death rate across age group.

Figure 2. 
Common myths about the COVID-19.
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2.3 COVID-19: a disease of the elderly

There have been several reports of young people who get infected and even die 
due to COVID-19. As earlier mentioned, COVID-19 seems to be more lethal in older 
people. However, anyone can get infected and develop severe symptoms including 
young people. The risk for severe symptom from COVID-19 increases with age, 
those with immune-compromising conditions and a weak immune system, which 
are more peculiar to older people. Severe illness implies the infected patient will 
require hospitalization, a ventilator, and professional medical care. Data from 
Table 1 provided by New York City Health [7] as of April 14, 2020, shows the 
disparity in the death rate among the different age group.

As shown in Table 1, anyone can be infected with COVID-19 and not only 
elderly people, although the mortality rate increases with increasing age.

2.4 Shielded by extreme weather conditions

There have been several proponents that the virus cannot survive in a very hot or 
cold region [8]. Regardless of the temperature or weather condition in the environ-
ment, the normal body temperature ranges from 36.5–37°C. More so, there has been 
a report of COVID-19 infection across all continents (even in countries with hot or 
cold weather condition).

2.5 Chloroquine, dexamethasone, vitamins and minerals for treating COVID-19

At present, there is no proven cure for COVID-19 [5] rather several vaccines have 
been developed with promising effectiveness. The best intervention, for now, is vac-
cination with any of the available approved COVID-19 vaccines. The use of micro-
nutrients (Zinc, vitamins C and D) is well advised to improve the immune system 
and in promoting overall health. However, there is no evidence of their effective-
ness as a treatment option against COVID-19. Dexamethasone, a corticosteroid, at 
a daily 6 mg dose has been shown to improve the health of some COVID-19 patients 
on ventilators. However, it showed no improvement for infected patients who had 
mild symptoms. Chloroquine is a potent antimalarial and rheumatoid arthritis 
drug, clinical trials have shown no impact in it preventing COVID-19 infection or 
death [9]. Hence, caution should be taken against stockpiling and self-medication, 
especially without professional oversight. Garlic and turmeric contain phytochemi-
cals that have antimicrobial properties with promising health benefits. However, 
there is no supporting evidence of its ability to prevent COVID-19 [8, 10].

2.6 Drinking very cold or hot drinks can prevent infection

Most infected patients will recover with little or no medical care. Taking lots of 
liquids with essential nutrient composition can help stay well hydrated, improve 
the immune system, and ensuring a balanced diet. However, there is no approved 
or proven drink (whether hot or cold) to protect against or cure COVID-19 
 infection [8, 10].

2.7 Strong disinfectant can protect against infection

Drinking hand sanitizers, ethanol, methanol, or strong disinfectants in a bid to 
protect against COVID-19 infection can result in very serious health complication 
[5, 8]. Frequent handwashing with soap and water under running water or rubbing 
with an alcohol-based hand rub has been recommended as important preventive 
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guidelines. These are meant to be used on the hand and not to be drunk or bathed 
with as they can result in eye irritation and skin damage. Rinsing the nose with 
saline has not also shown to offer protection against COVID-19.

2.8 COVID-19 can spread through flies or mosquito bite

COVID-19 is primarily transmitted through exposure to droplets from an 
infected person or touching a contaminated surface area. Proper handwashing after 
touching a contaminated surface can offer protection. It is likewise important to 
avoid touching body parts (eyes, nose and mouth) with unwashed hands and to 
frequently disinfect surface areas that are often touched or handled. Mosquitoes are 
vectors for fever. No evidence has linked COVID-19 transmission to either house 
flies or mosquitoes [5].

2.9 The use of antibiotics

Antibiotics are a potent treatment option for bacterial infection. COVID-19 
is caused by a virus, not bacteria. Antibiotics are only recommended for some 
COVID-19 patients that develop a bacterial infection.

2.10 Face mask can cause oxygen deficiency or carbon dioxide intoxication

Many proponents of this misinformation have held on to this to dissuade people 
from adhering to the use of face mask. The use of a face mask can be discomfort-
ing. When properly worn, a face mask does not result in either oxygen deficiency 
or CO2 intoxication. It is advised that face mask be properly worn, not to be worn 
during exercise activities or when swimming and disposable masks should not 
be reused.

2.11 Use of thermal scanners and hand dryers

High fever is one of the common symptoms of COVID-19. Thermal scanners can 
detect people who have high body temperature or fever but not COVID-19 [10]. It 
takes about 1–14 days for the virus to incubate and to show observable symptoms, 
hence, thermal scanners may not detect high fever in asymptomatic patients. There 
are diverse types and causes of fever. It is important to seek proper medical care or 
go for testing when a very high fever is observed. Hand dryers cannot kill COVID-19 
but are only recommended for use to dry hands after thorough and frequent hand 
washing.

2.12 5G Mobile network transmitted COVID-19

5G mobile network is an advancement in information technology. Viruses like 
SARS-CoV-2 cannot be transmitted via mobile networks, wireless internet or radio 
waves as being propagated [5]. Interestingly, COVID-19 transmission has been 
reported in many countries with no 5G mobile network.

2.13 Pneumonia vaccines offer protection

Pneumonia vaccines (Haemophilus influenza type B vaccine and pneumococcal 
vaccine) do not offer immunity or protection against COVID-19 [10]. Despite the 
novelty of the virus, researchers and public health experts have been able to design 
vaccines that have passed clinical trials and approved for use against the COVID-19. 
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Though there has been cause for alarm over the new emerging variants of the SARS-
CoV-2, existing studies show the effectiveness of these vaccines to a great extent.

3. Factors responsible for myth propagation

3.1 Ignorant belief and assumption

It is appalling that being the 21st century as it is, traditional archaic beliefs are 
still held in high esteem in certain parts of the world and these beliefs are spread 
quickly across the globe. Most of these ignorant beliefs are generated from underde-
veloped sources, and because most people who reside in these settlements have poor 
or low technological advancement, and they turn a deaf ear to latest information 
about the pandemic and are unwilling to adapt to change.

3.2 Fake news or false information peddled via the media

Since the outbreak of the pandemic, there has been the circulation of several 
untrue information about it reaching people from trusted platforms. Many believed 
the information and tried to work with it, they then discovered it was false, conse-
quently, there has been a guard against subsequent information targeted at fighting 
the pandemic. This has limited what can be done to alleviate the situation, the news 
then proceeds to become myths [6].

3.3 Socioeconomic vulnerability

This is another barrier to the fight that generates myths. The belief that the 
disease only affects the rich, especially those who are rich enough to travel via air 
route, is a factor that leads to myths. Most of the population in underdeveloped and 
developing countries are so poor that they prioritize their struggle to get food and 
basic means of livelihood to being sick or even death.

Most of these impoverished populaces believe that food comes first, then health, 
therefore the disease keeps moving as they move about seeking the basic means 
of livelihood they cannot afford and do not have access readily to face masks, 
sanitizers and soap for disinfection, with this condition, the myth is sustained. An 
earlier study [11] reveals two main categories of perceived facilitators of COVID-19 
spread in Ethiopia, they are behavioral non-adherence (55.9%) and lack of enablers 
(86.5%). Behavioral non-adherence was illustrated by fear of stigma (62.9%), not 
seeking care (59.3%), and hugging and shaking (44.8%). Perceived lack of enablers 
of precautionary measures includes staying home impossible due to economic 
challenges (92.4%), overcrowding (87.6%), inaccessible face masks (81.6%) and 
hand sanitizers (79.1%). Perceived inhibitors were categorized into three factors: 
two misperceived, myths (31.6%) and false assurances (32.9%) and one correctly 
identified; engagement in standard precautions (17.1%).

3.4 Poor housing facility/overcrowding

The popular belief that coronavirus does not survive in hot places is backed 
up by this condition. Probably due to financial constraint or outright ignorance 
of its dire consequences in the future, many housing facilities like slums used in 
underdeveloped and developing countries are promoting factors for the spread of 
COVID-19. These houses encourage neighbor-hood spread rapidly standing in the 
way of the fight against COVID-19. As people stay on in such an environment, the 
propagation of the myth is sustained.
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3.5 Disobedience/unhealthy curiosity

Some people are just simply disobedient to authority while others are curious to 
know what would happen if they do not keep the precautions. Because of this, the 
startup stories that suit them just buttress their act of disobedience. Either of these 
is unhealthy or are strong barriers to putting a stop to the spread of the disease.

3.6 Illiteracy or low level of education

Some people find it difficult to interpret information received and to comply 
with safety precautions because of low levels of education. They go about with 
untrue stories that contradict what is proven. Education breaks the barrier of igno-
rance, interprets possible consequences to the mind and facilitates easy adherence 
to precautions, the reverse is the case with a low educated person, thereby posing a 
barrier to fighting the pandemic.

Studies have shown that those with low levels of education have often misun-
derstood or taken with levity the public health guidelines which have prompted the 
spread of the virus. An earlier report [12] showed that men; black persons; those 
with lower health literacy, co-morbidities; those living below the poverty level; 
and persons who were unmarried, unemployed, or retired were less likely to make 
changes because of the coronavirus.

3.7 Government or leadership failure

Due to the previous failure on the part of the leaders, several myths have been 
generated to counteract the efforts being put into the fight against COVID-19, some 
just as a way of rebellion or some created as a belief of punishment for those leaders 
who are infected. These have caused many of the populace not to focus on their 
health but instead be on the lookout for the victim among the government officials 
that would be reported to have the virus or being dead because of the virus.

3.8 Belief in history repeating itself

As a result of the Spanish flu of 1918 which is a major pandemic that happened 
102 years ago, many historian manic believed history was simply repeating itself and 
there is no major effort that prevents the escalating potential of the pandemic with the 
slogan “whatever would be would be”. This hampers the initial effort that needed to be 
put in place in curtailing the spread and sensitization of the populace early enough.

4. Perspective and conclusion

From the hitherto discussed, one fact has been established. That the emergence 
of myths poses a great danger to the prevention and the halting of further spread of 
the COVID-19. Whether orchestrated by the different factors we have highlighted or 
because of other truisms our purview did not cover, fake news, a mythical approach 
to the novel virus is and has been detrimental to efforts to curtail it both nationally 
and globally. Combating the menace of misinformation must be a course of action 
any worthy academics must take seriously. That is what we have done here.

However, from another point of view, some may argue that how can we say for 
certain that what we generally refer to as unfounded myths about the coronavirus 
are unfounded? What exactly convinced us of their falsity? Is it because these other 
views regarded as myths are unpopular or because we have some facts indicating their 
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falsity? Is it not possible that the majority can be wrong? These are questions with 
far-reaching implications. The history of science is replete with examples whereby the 
whole scientific community was wrong, and the so-called lonely voices of dissidents 
were right. In some moments of history, only conspirators were promoting heliocen-
tricity, the real science of the time was touted as geocentricity. It is dissenting voices 
of the likes of Galileo, Copernicus, Newton, Einstein etc. that has sometimes proven 
what we have previously known to be false as true. Some may argue then that, it is 
possible that what seems to be legends of superstitious origin today may come to be 
flawless truth when further evidence appears. As the American writer Richard Rorty 
noted, declaring a viewpoint as true or false, one myth and another fact, are ways we 
condemn or praise views that we like or disagree with not that one is true or false [13]. 
Going by this, it can be argued then that since we do not have enough knowledge about 
the coronavirus, it will be too early to classify some views as fake, true, false or myths.

Nonetheless, we must correct any position or postulation presented in the 
fashion previously stated for two reasons. First, comparing scientific disagreement 
exemplified in the likes of Galileo, Newton or Einstein can and must not be likened 
to COVID-19 myths. The reason is conspirators and fake news peddlers have not 
given any evidence for their theories. They start and end with them postulating it. 
In the case of scientific dissidents like Galileo, evidence was presented, and, in the 
end, the truth prevailed. In the case of COVID-19 conspirators, it is not the case that 
evidence is not enough they are non-existent. Hence, they do not belong to the same 
category as the moment in which scientific postulation disagrees with known facts.

Secondly, although we do not possess enough knowledge on the COVID-19, it 
remains a fact that we know a lot already and based on what we currently know, 
conspirators can be declared false and mythical engagement as cheer falsity. We do not 
need to know everything about everything to distinguish between what is true or false. 
One does not need to be in New York to state that it is true that it is in the United States 
of America and that it is the most populated State therein. In like fashion, scientific 
knowledge is always open-ended. The reason, a future scientist will retest and re-
examine the findings of their predecessors. So, any view that states we cannot distin-
guish between what is true or false because we do not know all there is to know about 
COVID-19 is unfounded, illogical, and naïve. We can never know everything about 
something. Future evidence will either validate or invalidate our present knowledge 
but based on the authority of our present knowledge, we can always make an informed 
decision about what is true or false. Given what is presently available, therefore, some 
views as we have earlier highlighted cannot be vindicated of their mythical nature.

Conclusively, the emergence of fake news and misinformation about the novel 
coronavirus places a very stringent task on our shoulders. It is the task of always solic-
iting the truth. Just as the influx of true findings on the virus is enormous, the contin-
uous appearance of convincing conspiracies has crossed a barrier of obscurity into a 
limbo zone of our postmodern kitsch. Notwithstanding, the question we must always 
ask when faced with any postulation, comments, theory, or information on COVID-
19 is “where are the evidence?” Swallowing any theory either politically motivated or 
culturally and religiously infused is detrimental not only to individual survival but 
also to the overall interest of our ailing world. Myth, to be candid, is an amorphous 
concept rejecting classification either of truth or falsity, but when evidence is lacking 
or are incoherent, we can assertively declare not just that they are false but more so 
that they are dangerous and must be tenaciously fought into oblivion.
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Chapter 24

Myths Surrounding Covid-19 
Vaccine Candidates: A Guide to 
Fight Back
John Zizzo

Abstract

The Covid-19 pandemic has propelled public health officials into the  
socio-political sphere due to the need for constantly updated information on behalf 
of the public. However, many individuals choose to acquire health information/
guidance from indirect sources, including social media, news organizations, and 
general word of mouth. As a result, myths and false narratives about various 
essential health topics, including vaccine characteristics and protective measures, 
can circulate un-verified between millions of individuals with little recourse. These 
can further widen the “gap” between public knowledge and current research, 
resulting in lower vaccine uptake (vaccine hesitancy) and protective measure 
adherence. Such actions have profound implications as nations attempt to achieve 
herd immunity and end the pandemic once and for all. Thus, it is vital that public 
health officials, health providers, researchers, and the general public be able to 
differentiate common Covid-19 myths from facts and be prepared to approach such 
interactions via sound reasoning and research-based evidence. This chapter will 
serve as a guide to accomplish just that.

Keywords: Covid-19 vaccine, vaccine hesitancy, herd immunity, myths, mRNA 
technology, clinical trial

1. Introduction

Before the Covid-19 pandemic, vaccine hesitancy was a term reserved for indi-
viduals, primarily in developed countries, in which there is a significant refusal or 
delay in uptake despite vaccine availability/access. In this instance, the term minute 
might be misleading since vaccine hesitancy is in no way a monolith. Indeed, vac-
cine hesitancy can take many forms and stems from multiple etiologies. However, 
never in the past decade had individuals’ choices and personal convictions regard-
ing a vaccine had such a profound effect on the perceived ability of entire nations to 
effectively control a pandemic at large [1].

This “rise to fame” and increased recognition in the public health community 
was borne out of the realization that multiple vaccine candidates were nearing the 
later stages of clinical trials in the fall of 2020. After nearly nine months of social 
protective measures and economic turmoil, a clear disparity had been recognized 
between the rapid vaccine production process and public knowledge/acceptance 
toward eventual vaccine uptake. For instance, the first vaccine (Pfizer) against 
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Covid-19 was given emergency use authorization on December 11, 2020, in the U.S. 
A week later, a second vaccine (by Moderna) was also approved. However, unlike 
traditional vaccine rollouts, the U.S. government had pre-purchased hundreds of 
millions of doses from multiple manufacturers via Operation Warp Speed, hoping 
to speed up the initial delivery to essential frontline workers and high-risk individu-
als [2]. The program was considered an overnight success as over 6 million doses 
of each vaccine was shipped within a week of authorization, enough to vaccinate 
the entire U.S. healthcare worker population. Within a few weeks, reports began 
emerging that only 68% of healthcare workers, the supposed most informed subset 
of the population, had chosen to receive the vaccine when offered to them [3]. To 
put this in perspective, annual influenza vaccine uptake in the U.S. stands at around 
81% [4]. One might ask, what separates the two numbers? The answer is, of course, 
much deeper than surface level; however, one question has been proposed and 
proven highly appropriate in post-roll out public opinion polling: where was the 
vaccine marketing campaign? After all, the U.S. spent over $12 billion on vaccine 
candidates undergoing clinical trials before a single jab was given [2]. The first offi-
cial Covid-19 vaccination information campaign was not announced until January 

Figure 1. 
“COVID-19 vaccine acceptance rates worldwide. For countries with more than one survey study, the vaccine 
acceptance rate of the latest survey was used in this graph. The estimates were also based on studies from 
the general population, except in the following cases where no studies from the general public were found 
(Australia: parents/guardians; DRC: healthcare workers; Hong Kong: healthcare workers; Malta: healthcare 
workers).” Source: Reproduced from “Figure 2: COVID-19 vaccine hesitancy worldwide: A concise systematic 
review of vaccine acceptance rates” by Malik Sallam. Licensee MDPI, Basel, Switzerland. Made available 
under the CC by 4.0 license.
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27, 2021, over a month after the first vaccine approval. Multiple analyses of the U.S. 
vaccine timeline have dubbed this period, between the late summer of 2020 and 
early spring of 2021, the “lost time” in the fight against the Covid-19 pandemic [5].

Thus, a question emerges. What could have been done to quell the impend-
ing rise of vaccine-hesitant individuals (Figure 1)? Here we find a great model in 
annual influenza immunization campaigns. The initiatives are backed by decades 
of research showing that a multi-disciplinary collaboration consisting of provid-
ers, public agencies, and private sector companies is needed to adequately address 
questions and instill confidence in individuals regarding upcoming vaccines. The 
word upcoming is critical in this context, as the marketing campaign is kicked off 
months BEFORE the first jab is expected to be given. Consequently, a logical time to 
begin educating individuals on the developing Covid-19 vaccines likely would have 
been months before the first approval. Unfortunately, the movement did not catch 
enough support, and we may never know the difference this may have made on 
vaccine hesitancy levels during the rollout.

During this “lost time,” as mentioned, very little data exists surrounding vaccine 
hesitancy levels via traditional cross-sectional studies/surveys. Most statistics cited 
are taken from public opinion polling, which asked individuals their opinion on 
various aspects of the pandemic and, specifically, whether they intended to receive 
a Covid-19 vaccine if and when it is approved. To continue with the U.S. example, 
a poll taken in July 2020 showed that only 42% of Americans were considering 
getting vaccinated, with lower rates among minority groups, who are dispropor-
tionately affected by Covid-19 in both hospitalization and mortality rates [6]. Fast 
forward to November, and that number had not changed. However, the percent-
age of anticipated uptake among Black Americans had gone down [7]. Hence, we 
have our disparity: billions of dollars and public resources were given to vaccine 

Figure 2. 
Traditional vs. (accelerated) Covid-19 vaccine development timeline. Source: GAO analysis of Food and Drug 
Administration (FDA), pharmaceutical research and manufacturers of America, and Operation Warp speed 
information. | GAO-21-319.
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development, while virtually no attention was given to promoting the vaccine 
among its intended populations.

But what could have caused this? How did millions of individuals in one of the 
most developed nations in the world with access to social media, news outlets, and 
governmental information not warm to the greatest vaccine development feat in 
modern history? Well, aside from the missing vaccine marketing campaign, other 
factors must have been at play to erode public confidence and stall optimism in 
the wake of the surging pandemic. Of these factors, one was very preventable and 
remains a global barrier to vaccine administration: myths. That is, myths surround-
ing virtually every aspect of vaccine production, trials, administration, and long-
lasting effects. Such myths, circulated at large with the rise of unverified outlets 
(e.g., social media), have the ability to reach a mass audience with little recourse. A 
potent example lies in the fact that one false statement from a well-known celebrity 
can potentially reach hundreds of millions of viewers before any official rebuttal 
or correction is offered. Therein lies the challenge in combatting myths, reliant 
on the public’s level of trust in public health officials compared to those spouting 
such research-lacking claims [8]. To accomplish this on an individual level, like all 
delicate encounters, requires both first-hand knowledge and effective communica-
tion techniques. While the latter two are character traits that may or may not be 
improved (see Section 2), the first is an area that deserves a review.

2. Addressing vaccine myths

Before diving in, it is worth reiterating that countering vaccine hesitancy, 
similar to the definition itself, is not a one-size-fits-all approach. The knowledge 
laid out below will provide a foundation for providers and the general public alike 
to interact with and have fruitful conversations regarding common misconceptions. 
However, there are extraneous principles that are important and necessary to follow 
to maximize such opportunities. A 2018 study out of the Thomas J. Long School 
of Pharmacy and Health Sciences identified several successful strategies that can 
be used to improve confidence and decrease hesitancy levels in recipients. Even 
more impressive is that the study involved pharmacy students rather than licensed 
medical providers, decreasing the likely power differential and knowledge gap seen 
in clinical practice [9].

The first viable strategy found was that of rapport. For example, a commonplace 
argument for vaccine aversion is that “vaccine side effects are worse than the disease 
itself.” Instead of trying to ramble off a dozen facts and figures, a better solution 
was found in asking patients to boil the fear down to a specific side effect (e.g., 
headaches, diarrhea, etc.). Once this was done, the student could dig even deeper to 
determine if the patient had personally suffered or had a family history of suffering 
from such symptoms. From here, rapport could be established, and a risk–benefit 
analysis consisting of actual data would be much more appropriate than trying to 
combat the entire notion that vaccines should be “side-effect free.” Now, this may 
seem like a “no brainer.” However, one may not know as much as they think about 
their friend’s/family member’s health if they only interact once a year. Thus, it may 
be wise to take a deeper dive, regardless of relationship, before countering their 
pre-existing vaccine perceptions.

Once rapport has been established, a winning strategy is to start with the posi-
tives rather than harping on rare side effects and complications. A popular starting 
point would be explaining vaccine-driven herd immunity and how community 
protection is the basis for eradication/control of nearly all major outbreaks. Next, 
a solid turning point would be to suggest that they resist looking to unqualified 



373

Myths Surrounding Covid-19 Vaccine Candidates: A Guide to Fight Back
DOI: http://dx.doi.org/10.5772/intechopen.98714

personnel (on social media, television, etc.) and talk to an actual expert on the 
topic, such as their physician or pharmacist. Another important goal is to evalu-
ate an individual’s level of knowledge about the vaccine. Studies have shown that 
greater education simply about the vaccine itself and how it works can lower levels 
of hesitancy [10]. Thus, they do not need to walk away agreeing with you; simply 
informing them about how the vaccine works (mRNA technology, viral vector, 
etc.) is a step forward in our book. Then, it is important to assess their current 
risk–benefit stage. Two popular dimensions used are an individuals’ perceived 
likelihood of harm and perceived consequence severity if that harm were to occur 
[11]. Narrowing this down, similar to establishing rapport, is key to addressing 
underlying fears/aversions. Consequently, it is also important to establish their 
“best-case scenario.” They likely want the same endpoint for society (eradication/
negligible transmission). Using this as common ground and talking about realistic 
paths toward getting there is an excellent segway into discussing current research 
projections.

Two factors that cannot be ignored are that of socio-cultural pressure and 
religious convictions. Unfortunately, these are very hard to change in the long-
term, much less in the course of a single conversation. Leveraging the idea of social 
responsibility, where an individual has a sort of role to play in achieving herd 
immunity for the betterment of those around them, has proven effective. However, 
a fine line should not be crossed so as to force down a specific belief on individual 
behavior [12].

These research-driven strategies may or may not be enough to build your com-
munication arsenal the next time a patient, friend, or loved one mentions hesitancy 
toward vaccination. However, striving for rapport, providing judgment-free edu-
cational information, and being knowledgeable about all components of vaccine 
development and administration is a recipe for success in this fight toward ending 
the Covid-19 pandemic and future pandemics to follow. Speaking of knowledge, 
perhaps you are wondering what myths exactly are circulating about Covid-19 
vaccines. If so, let us address your eagerness (not hesitancy).

3. High-yield vaccine myths to know

Recent studies have identified five common myths surrounding Covid-19 vaccines 
[13, 14]. Let us break them down one by one, separating fact from fiction.

3.1 Myth #1: getting the Covid-19 vaccine will give you Covid-19

To date, no vaccine authorized or in development in the U.S. contains the live 
SARS-CoV-2 virus. Thus, receiving a Covid-19 vaccine cannot and will not cause 
Covid-19 infection. However, symptoms seen in common viral infections can arise 
due to the body’s immune response to the vaccine’s mechanism of action. Symptom 
presentation and timelines can vary among different vaccine types and recipient 
demographics. Generally, the most common symptoms seen in Covid-19 vaccinated 
individuals are injection site pain, fever, muscle pain, fatigue, and/or headaches. 
These are a completely normal and benign response as the immune system detects 
the vaccine components and begins adapting to fight off an actual Covid-19 infec-
tion, should that individual get exposed. These side effects typically occur within 
24–48 hours post-vaccination. Experts often refer to this as a “good sign” that your 
immune system is building a response to battle future infections. While this period 
generally contains a mild presentation, there are steps you can take to alleviate side 
effects that arise. The first is to use an ice pack or damp cloth to reduce injection 
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site pain/soreness. Next is to take an over the counter (OTC) pain reliever such as 
acetaminophen. Finally, finding ways to de-stress (e.g., taking off of work, self-care 
routine) is always a good idea to strengthen your immune system [15].

3.2 Myth #2: vaccine development was rushed and unreliable

In this instance, it is helpful to begin by confirming one of the assumptions of 
this myth: that the Covid-19 vaccine was developed in record time [16]. Yes, there is 
some merit to this assumption. However, the other two assumptions are where this 
myth fails to hold water: that corners were cut, and safety was inherently not ensured 
as in traditional vaccine development/supervision. There are two possibilities in this 
discussion that are important to recognize before diving in: (1) the individual holds 
this distrust regarding all vaccines (or at least the idea is not confined to the Covid-
19 vaccine development) or (2) the individual solely holds this belief surrounding 
Covid-19 vaccine production. If the former, then the individual needs to be coun-
seled about basic vaccine development facts as a whole. If the second is the case, then 
the argument becomes much more straightforward: how did/does Covid-19 vaccine 
development compare to previous vaccines? For this, we can look to historical data 
and the “usual” timeline, step by step (Figure 2). So how exactly are vaccines made?

3.2.1 Discovery (1-5 years)

The discovery phase generally consists of learning all aspects of the microbe 
we are trying to combat (e.g., structure, mechanism of action, etc.) Once SARS-
CoV-2 was identified as a type of coronavirus, researchers were able to sequence its 
genome. From here, the spike protein was selected as a unique target based on its 
function allowing the virus to penetrate host cells and cause infection. Additionally, 
the spike protein had been targeted before against the Middle East respiratory 
syndrome (MERS) coronavirus. This precedent allowed the discovery phase to be 
accelerated to weeks or months rather than years.

3.2.2 Preclinical (2-4 years)

The preclinical stage generally consists of sifting through potential antigens 
(such as the spike protein) and deciding which will produce the best immune 
response and long-lasting protection. This is determined by assessing the safety 
of candidates for each antigen in cell and tissue cultures as well as in live animal 
testing. Traditionally, studies are performed on rats and mice; however, the rise 
of transgenic “humanized” mice, genetically modified with human genetic com-
ponents, has aided in generalization toward human bodily responses. Researchers 
must also determine appropriate dosing and delivery form (e.g., injection, pill, 
etc.). Once this has been completed, the candidate vaccine moves on to the clinical 
stages. And how did this notoriously tedious process happen so quickly in the case 
of Covid-19? One example was found in March 2020, when Janssen reported that 
their novel technology platform, used in its Ebola and novel RSV and HIV viral 
vector vaccines, was effective against Covid-19. Thus, decades of research on the 
platform’s delivery mechanism, ideal thresholds, and animal study proof-of-concept 
were utilized to jumpstart the development timeline.

3.2.3 Phase I clinical trial (1-2 years)

The main goal of a Phase I trial is to show that the vaccine is safe in humans and 
how the body receives it. A small group of volunteers is enrolled. Careful attention 
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is given to signs of adverse events, such as toxicity, organ damage, and death. After 
the trial is completed, data is analyzed and submitted to the FDA for approval to 
begin Phase II trials. The FDA has the ability at any point to intervene if one or more 
serious adverse events are found. If a treatment has already been shown to work for 
a different condition, the Phase I trial can be shortened or accelerated to Phase II 
since the vaccine has proven safe in human patients. As was the case with Covid-19, 
multiple manufacturers were able to combine Phase I and Phase II trials since the 
steps can be done in parallel without compromising oversight. The experience with 
the delivery system used for Ebola in Janssen’s case is a key example.

3.2.4 Phase II clinical trial (2 years)

Phase II trials primarily focus on narrowing down the ideal dosage to maximize 
effectiveness and limit side effects. A larger patient population is used. Patients are 
assigned to multiple groups with varying doses, delivery methods, or controls to 
compare outcomes. All treatments given have been previously tested (including pla-
cebo or current vaccine standard), and this step is meant to pick a “best” scenario. 
When the trial concludes, the results of each group are compared to determine if 
the vaccine is better than current treatment/vaccine resources and, if so, ideal dos-
ing/delivery. This is a major checkpoint whereby the FDA can either discontinue the 
study due to adverse events/ineffectiveness or push it through to Phase III trials.

3.2.5 Phase III clinical trial (2-3 years)

The main hallmark of a Phase III trial is its size, typically around 3,000 par-
ticipants. Enrolling this many patients with a disease can be a drawn-out process 
depending on disease prevalence and geographical distribution, often lasting 
several years. Perhaps the most remarkable feat of the Covid-19 clinical trial race 
was the ability of vaccine studies to enroll record numbers of patients in record 
time. Take, for instance, the Pfizer Phase III trial, which recruited over 43,000 
participants in just four months. This magnificent accomplishment was able to both 
shave off precious time and instill greater confidence in the public and scientific 
community due to the sheer sample size. After all, the number of participants was 
over ten times greater than that of a typical vaccine candidate. One might argue 
that this was an invaluable marketing strategy given the shortened development 
timeline. While this is likely true, it is important to realize that corners were not cut 
in enrolling patients either. On the contrary, pharmaceutical manufacturers worked 
with epidemiologists to ensure that the patient population recruited for the studies 
was representative of the target population for vaccine administration. In layman’s 
terms, groups that are typically hard to reach in general studies (e.g., underserved 
groups, those at highest risk of transmission) were given priority in enrollment 
efforts. Once all trial data is compiled, a New Drug Application (NDA) is filed with 
the FDA, asking for consideration to bring the vaccine to market.

3.2.6 FDA approval/review (1 year)

One cannot understate the amount of administrative burden and patience that 
goes into reaching this point, much less achieving FDA authorization. A common 
question asked by patients after witnessing the Covid-19 spectacle is, “Why can’t we 
approve everything this fast?” An excellent question, indeed, given the abundance 
of vaccines needed for incurable diseases. To answer this, let us talk about what goes 
into the FDA’s decision once an NDA hits its desk. The first component a manu-
facturer must prove is that the vaccine is safe and effective throughout all clinical 
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trial data. From here, the decision moves toward logistics. Is there a manufactur-
ing process in place? Can this process consistently meet the needs of the general 
public? Are the batches equivalent to clinical trial data in terms of effectiveness and 
safety? If all of these boxes are checked, then approval is a possibility. Several panels 
meet to consider the vaccine data submitted for approval and licensure/regulation 
grants. The reason for the year timeline is based on a variety of factors. First, a large 
percentage of applications are incomplete, with required studies missing. Next, 
a candidate is put on a priority ranking list in which drugs are reviewed based on 
global need. Then, the FDA must meet with sponsors to ensure no corners were cut 
and that transparency was insured. Finally, an in-depth manufacturing analysis 
must be conducted to ensure that the vaccine distribution can meet the global needs 
of world populations (especially underserved and at-risk groups).

As another wonder of Covid-19 vaccine development, two decisions were 
made that cut the necessary FDA review period down to less than three weeks: 
parallel review and anticipatory manufacturing. Since the Covid-19 pandemic was 
logically considered priority #1, all possible resources were given to evaluate and 
approve/reject clinical trial data upon submission. Additionally, trial transparency 
and adverse reaction monitoring was performed concurrently to ensure proper 
oversight. These cut the typical six-month to one-year delay off of the majority 
of pre-NDA phases. Anticipatory manufacturing, the production of unapproved 
vaccines in anticipation of approval, was a previously unproven idea that investing 
in potential candidates would be cost-effective in the long run and shave previous 
months or even years off the vaccine distribution timeline. Consequentially, this 
could save millions of lives by slowing the pandemic morbidity and mortality. This 
gamble has proven largely successful in the early months of vaccine rollout, and 
specific examples can be found under the “Introduction.”

3.2.7 Manufacturing (6 months-3 years)

As mentioned, anticipatory manufacturing was the key to jumpstarting the vac-
cine production timeline. Currently, AstraZeneca/Oxford is producing an astound-
ing 200 million doses of their Covid-19 vaccine per month. To give perspective, 
during the H1N1 outbreak, AstraZeneca was able to produce only 17 million doses 
of their H1N1 vaccine. That represents a roughly twelve-time increase in production 
compared to the previous pandemic [17]. While this is not a perfect comparison 
given differing circumstances, it is both probable and likely that the jumpstart in 
production and massive funding overhauls contributed to maximizing vaccine 
production.

3.2.8 Phase IV clinical trial (optional)

Phase IV trials are studies of adverse serious events and safety hazards that arise 
once a vaccine is approved and made available on the market. The FDA carefully 
monitors such instances through MedWatch, a service allowing providers, patients, 
and the trial sponsor to report a suspicious event. At any point, additional Phase IV 
trials may be commissioned by the FDA or sponsor to examine vaccine effects for 
varying benefits, risks, and patient populations [18].

3.3  Myth #3: the only way to reach herd immunity and end the pandemic is by 
letting the virus spread

Herd immunity has risen to prominence in both the scientific community and 
the general public due to its unique role in infectious disease outbreaks. To set the 
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record straight, herd immunity is the only proven method of definitively prevent-
ing the spread of infectious diseases to the point of being statistically irrelevant. 
This is achieved by a large percentage of the population, called the herd immunity 
threshold, being protected from infection (Figure 3). Consequently, the unpro-
tected (e.g., uninfected individuals, individuals who cannot or choose not to get 
vaccinated) also become protected due to the interrupted transmission chain. This 
part, in most cases, is largely understood. Where the record gets bent is in HOW 
herd immunity is reached. It is important to understand that there are two routes by 
which herd immunity can be achieved: natural infection and vaccines [19].

3.3.1 Natural infection

When enough individuals in the population have recovered from a specific dis-
ease and developed lasting antibodies against future infection, herd immunity can 
theoretically be reached. However, the issue with this myth’s underlying assumption 
is that relying on natural infection alone ignores two common deviants: reinfection 
and health toll.

While admittedly, the evidence for reinfection risk is limited given the novel 
nature of the pandemic, there have been clear instances of Covid-19 reinfection in 
the community. This phenomenon is dependent on an individual’s antibody levels 
and appears to heighten in risk between six months to a year. Significant reinfection 
incidence can substantially harp a community’s progression toward herd immunity 
due to waning antibody responses.

While a community could theoretically remove all protective measures and 
allow the disease to run rampant until herd immunity is achieved, this would allow 
the full brunt of the disease to affect the community. In layman’s terms, this means 
that millions of individuals could suffer and potentially die unnecessarily. In July 
2020, experts predicted that approximately 70% of the U.S. population would need 
to recover from Covid-19 infection to slow disease spread. Underlying this number 
was the reality that more than five million individuals could perish before this feat 
was achieved. As you can probably guess, such a situation is unacceptable, and 
hence social protective measures were mandated/strongly encouraged until vac-
cines could fill their role in ending the pandemic [20].

3.3.2 Vaccines

As mentioned, a strong antibody response against the target disease is key to 
achieving herd immunity. Vaccines remain the quickest and most efficient way of 
promoting antibody responses on a mass scale. Unlike natural infection, vaccine-
driven immunity does not require illness to achieve protection. Herd immunity has 
been successfully reached against contagious diseases, including rubella, polio, 
smallpox, diphtheria, and many more. In the long run, vaccines offer a great way 
to protect newborns and immunocompromised individuals from disease without 
suffering from the disease itself. While vaccine-driven immunity is the gold stan-
dard in fighting back against pandemics such as the Covid-19 pandemic, it is not 
without faults. Several barriers remain in the fight against Covid-19 that need to be 
solved before the world can declare victory. First, vaccine hesitancy, as we hashed 
out in detail before, is a predominant risk to vaccine uptake. If individuals choose 
not to get vaccinated, herd immunity becomes much harder to reach. Please see 
“Introduction” for more details. Next is the issue of protection duration. While 
preliminary studies have shown adequate antibody levels for at least six months 
post-infection, the exact antibody level drop-off timeline is unknown. Thus, 
protection from vaccination may be insufficient and require a “booster” dose down 
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the road. Additionally, new variants of the Covid-19 virus may be less efficiently 
targeted by the existing vaccines and require uptake of new vaccines specially made 
to counter such variants. Finally, outbreak control, while traditionally thought of 
on a community level, relies on limited transmission in surrounding regions as well. 
Thus, uneven vaccine distribution and resulting low transmission rates around an 
area can impact the ability of that area to contain the virus assuming individuals 
travel to and from [21].

Figure 3. 
“The top box shows an outbreak in a community in which a few people are infected (shown in red) and the rest 
are healthy but unimmunized (shown in blue); the illness spreads freely through the population. The middle 
box shows a population where a small number have been immunized (shown in yellow); those not immunized 
become infected while those immunized do not. In the bottom box, a large proportion of the population have 
been immunized; this prevents the illness from spreading significantly, including to unimmunized people. In the 
first two examples, most healthy unimmunized people become infected, whereas in the bottom example only 
one fourth of the healthy unimmunized people become infected.” Source: Reproduced from Tkarcher under the 
creative commons attribution-share alike 4.0 international license.
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3.4 Myth #4: mRNA technology is brand new

Perhaps the easiest myth to explain, let us state the historical fact: mRNA technol-
ogy is not new, much less to fighting a pandemic. In fact, mRNA technology was pur-
sued in vaccine research for quick response to a novel pathogen, such as Covid-19. The 
first studies using mRNA technology were in the 1990s. At the time, experts widely 
recognized that conventional vaccine types (e.g., live attenuated, subunit, etc.) were 
not always sufficient to combat pathogens capable of evading the adaptive immune 
response. Additionally, development and large-scale deployment were obstacles in 
the face of pandemic-speed response. Early reports showed that the introduction of 
mRNA could stimulate protein production and therefore antibody production via a 
disease-specific immune response. While early trials did hit roadblocks due to toxicity 
and delivery failures, recent advances such as RNA carriers and synthetic delivery have 
made mRNA engineering much more efficient. Before the Covid-19 pandemic, mRNA 
technology had been used in vaccine trials for cancer and other diseases for over a 
decade. However, the Covid-19 vaccines by Moderna and Pfizer/BioNTech are the first 
mRNA vaccines to receive FDA emergency use authorization. The crucial point here is 
that the technology is not experimental, has been excruciatingly vetted (see Myth #2), 
and will likely be a mainstay in vaccine development for future pandemics [22].

Figure 4. 
A diagram showing the mechanism by which various Covid-19 vaccines/vaccine candidates induce an immune 
response. Source: Reproduced from Gavi https://www.gavi.org/vaccineswork/there-are-four-types-covid-19-
vaccines-heres-how-they-work under creative commons attribution 2.0. Licensee the Wellcome Trust: https://
wellcome.org/.
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3.5 Myth #5: Covid-19 vaccines can alter your DNA

This is a common misconception, likely stemming from the fact that certain 
vaccines utilize parts of viruses/bacterium as a vector or stimulus to jumpstart the 
immune system [23]. To give context, we first need to explain the different types of 
vaccines in use/development against Covid-19 (Figure 4).

3.5.1 mRNA

The Pfizer/BioNTech and Moderna Covid-19 vaccines utilize mRNA technology. 
mRNA is a messenger bridge between DNA and protein synthesis. This process is of 
high relevance since Covid-19 virus surface proteins, particularly the spike protein, 
were identified early on. Thus, genetically engineered mRNA can be produced 
capable of instructing one’s cells to make a partial piece of the spike protein that is 
completely harmless. By introducing raised levels of the spike protein fragments, 
the immune system will respond by making antibodies to the foreign particles. 
Upon infection with Covid-19, the body will have a large supply of antibodies ready 
to crush the virus. While the mRNA does influence body cells to produce protein 
fragments, it is rapidly degraded and does not enter the cells or influence DNA 
components [22].

3.5.2 Protein subunit

The Novavax vaccine is classified as a protein subunit vaccine. In this method, 
segments of a virus known to trigger the immune system are carefully selected. In 
the case of Covid-19, the vaccine consists of harmless spike proteins (cf. mRNA 
to stimulate spike protein production in mRNA vaccines). Once introduced, the 
immune system will recognize the spike proteins and mount an immune response. 
This will result in antibody formation, creating a reserve if that individual becomes 
infected. There is no effect on an individual’s DNA [24].

3.5.3 Vector

The Janssen/Johnson & Johnson and AstraZeneca/University of Oxford Covid-
19 vaccines utilize a vector-driven approach. This means that genetic material 
from SARS-CoV-2, the virus that causes Covid-19, is inserted into a live, weakened 
virus such as an adenovirus. The adenovirus serves as a delivery mechanism, 
allowing the genetic material to instruct your body’s cells to make copies of certain 
proteins. These proteins are pre-selected based on their ability to stimulate the 
immune system to make antibodies and white blood cells. Consequently, if an indi-
vidual is then infected with that specific virus (Covid-19), the immune system will 
be in an excellent position to fight back via rapid antibody production. Individuals 
who receive a Covid-19 vector vaccine cannot become infected with Covid-19 or 
the vector virus used as a direct result of vaccination. Additionally, the genetic 
material inserted does not integrate or become part of an individual’s DNA in any 
way [25].

3.5.4 All vaccine types

In summary, none of the vaccines currently used against Covid-19 have the abil-
ity to alter an individual’s DNA. Therefore, any such claim is a gross misrepresenta-
tion of both molecular processes and modern vaccine technology.
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4. Conclusion

The Covid-19 pandemic has brought vaccine hesitancy to the forefront of both 
public conversation and health marketing research. While global vaccine develop-
ment succeeded in launching several candidates against Covid-19, the missing 
link in such race was arguably a collaborative, targeted immunization campaign to 
inform and raise optimism toward the coming vaccines [2]. As a result, precious 
months were lost during a pandemic in which over three million lives have been 
lost [26]. Now, a few months after the initial vaccine rollout, nations are facing a 
declining yet formidable cohort of individuals who remain skeptical and/or averse 
to vaccine uptake due to a variety of factors [7]. This poses a serious challenge to 
communities attempting to reach herd immunity and crush the pandemic once and 
for all. Healthcare providers enjoy a unique position in society, capable of swaying 
public opinion through both direct and indirect interactions. Additionally, busi-
nesses, religious organizations, and loved ones represent promising avenues of 
outreach that should be empowered to combat vaccine hesitancy in their respective 
spheres [2]. While communication setting, skills, and personal relationship all play 
a role in one’s ability to “fight back” against hesitancy, knowledge has a direct corre-
lation with success in this endeavor. Thus, recognizing common myths surrounding 
Covid-19 vaccine candidate development, production, and administration is key to 
having fruitful discussions capable of persuading individuals to reconsider vaccina-
tion [9]. Herd immunity is closer than ever; it is up to us to band together and defeat 
misconceptions with research-backed knowledge, humility, and understanding. 
Together, we can and will crush the Covid-19 pandemic and any that dare to follow.
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Covid-19 Vaccines and 
Institutional Trust
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Abstract

Major public and private laboratories entered into a race to find an effective 
Covid-19 vaccine. With the arrival of the vaccines, governments have to implement 
vaccination programs to achieve the necessary immunization levels to prevent 
further transmission of the disease. In this context, the ethical dilemma of com-
pulsory vaccination vs. voluntary vaccination has been raised. Underlying this 
dilemma lies the problem of the ethical models on which the political decisions of 
governments in health matters based. The chapter proposes and argues the need to 
base health policy decisions on an ethical “first person” model, based on personal 
responsibility, that allows us to move from a normative ethic to an ethic of respon-
sible behavior. This change in the ethical model, together with certain proposals for 
political action, will help us to restore institutional trust, so that the necessary levels 
of collective immunity against Covid-19 can be achieved through the voluntary 
vaccination of the citizens.

Keywords: Covid-19, vaccination, ethics of responsibility, prevention,  
institutional trust

1. Introduction

While we are still suffering the effects of the Covid-19 pandemic, the major 
public and private laboratories have entered into a race to find an effective vaccine 
against Covid-19. A vaccine capable of generating immunity is the only tool that can 
stop the spread of the virus. As of April 20, 2021, 13 vaccines have been approved and 
used, and there other 60 vaccine development projects worldwide [1]. The develop-
ment of these vaccines has posed some serious ethical problems. Some groups were 
carrying out safety and efficacy tests on animals and humans in parallel, when the 
normal procedure would be to carry out the tests in animals and, once safety and 
efficacy have been proven, to carry them out in humans [2, 3]. Other groups had 
planned to inject the virus directly into healthy volunteers to test the efficacy of 
the vaccines [4]. In April 2020, the best forecasts spoke of a vaccine by the end of 
the year, and others by mid-2021 [5]. As we have already said, by mid-April 2021, 
we have 13 vaccines that are being applied all over the world. The truth is that each 
country, when the vaccines arrive, will face two successive scenarios: at first, two or 
three vaccines will arrive which have passed the safety and efficacy clinical trials, but 
with a limited production that will not allow the vaccination of the entire popula-
tion; later, when the safety and efficacy of the first vaccines have been verified in the 
vaccinated population, the production of the most effective and safe vaccines will be 
increased, and the mass vaccination of the population can be considered [6].
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In the first moment, when there is a shortage of available vaccine units, the ethi-
cal dilemma that arises is: whom to vaccinate? When there is a shortage of health 
resources, decisions must be made according to the principle of distributive justice, 
and the criteria for inclusion (prioritization) of the groups of users who can access 
vaccination will have to be determined.

In the second stage, when vaccine production has increased, mass vaccination of 
the population will be considered. In regard to the implementation of mass vaccina-
tion, two basic ethical dilemmas arise: the first is that of “free vaccination” vs. “paid 
vaccination”; the second is that of “non-compulsory vaccination” vs. “compulsory 
vaccination”. In the case of vaccination against Covid-19, it is clear that the concern 
will focus on mass immunization, and as a rule, governments will carry out vaccina-
tion at no direct cost to citizens, thus eliminating the first dilemma. In this context, 
the only ethical dilemma that will arise will be compulsory vs. non-compulsory 
vaccination.

In this chapter, we aim to demonstrate that underlying these dilemmas are a 
series of ethical models on which the political decisions of governments about 
health matters are based. From there, we propose and argue the need for a “first-
person” ethical model, based on responsibility, which allows us to move from a 
normative ethics to an ethics of responsible moral behavior, and which, together 
with certain proposals for political action, will succeed in recovering institutional 
confidence so that the necessary levels of collective immunity against Covid-19 can 
be achieved through the mass and voluntary vaccination of citizens.

2. Whom to vaccinate?

In the midst of a veritable forest of vaccine research projects, three are leading 
the way [7]. Therefore, a first scenario is presented with three or four approved 
vaccines with relative safety and efficacy, enough to reduce mortality, infections 
and the need for hospitalization. Thereafter, it will be necessary to initiate world-
wide production of them in unprecedented quantities. Some centers expect to pro-
duce 100 million vaccines per year, while the alliance between various international 
organizations is talking about achieving 2 billion doses per year. Despite all these 
efforts to expand production, it is certain that, initially, there will not be enough 
vaccine for everyone, and governments will have to decide whom to vaccinate as a 
priority.

Given the lack of availability of health resources, in this case vaccines, the 
principle of equal access to them cannot be applied. The principle of equity then 
appears. Equity is distributive justice understood not as the equal distribution of 
resources, but as justice in relation to needs, especially in the distribution of risks 
and benefits in society. Following this principle, at least two groups appear in the 
risk/benefit ratio, and should be the target of the first group of available vaccines: 
health professionals and users of the health system over 70 years of age.

During the first wave of the Covid-19 pandemic, we have seen in different 
countries that a large number of health workers has been infected. The infection 
of such workers has had important consequences for the management of hospitals 
and the care of patients [8]. Those over 70 years of age have the highest mortality 
rate from Covid-19 [9]. During the first wave, in some European countries, 66% of 
deaths officially attributed to COVID were in this population group. The specific 
case of nursing homes [10] was particularly dramatic, as stated by the WHO [11]. In 
this sense, the elderly over 70 years of age and those living in nursing homes, as well 
as their caregivers, should be included in the priority group from the first moment 
of vaccination.
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3. Compulsory vaccination?

Both in the first stage, of priority vaccination of risk groups, and in the second 
stage, that of mass vaccination once the production problems have been overcome, 
the possibility of compulsory vs. voluntary vaccination will be raised. Compulsory 
vaccination is an ethically controversial decision because it affects individual 
rights, including the individual’s right to self-determination about health matters. 
Consider the case of a healthcare professional who refuses to be vaccinated when 
the government wants to force all healthcare workers to be vaccinated. Would a 
government be obliged to assume the responsibility for possible side effects caused 
by such mandatory vaccination? It is clear that if, for example, a government forces 
health professionals to be vaccinated, the legal responsibility would be that of the 
government, which would be obliged to pay the corresponding indemnities in the 
event that these vaccinations produce serious side effects for the health of those 
vaccinated. On the other hand, it has been shown that, even in situations of serious 
infections, merely recommending a vaccine, instead of making it mandatory, has 
not produced good immunization results [12]. In the event that there are people 
who refuse to be vaccinated against Covid-19, can a government force them to be 
vaccinated? [13].

3.1 Ethical models in national health systems

Behind the question of whether or not vaccination should be obligatory lies a 
much broader debate, one that refers to the ethical model of reference when making 
political decisions about public and community health issues. The first model is 
that of a normative ethics (a third-person ethics) that defends the legal obligatory 
nature of vaccination. The second model is that of virtue ethics (a first-person 
ethics), which defends the individual protagonist in making decisions about his or 
her health, taking into consideration the realization of the common good of society 
through the realization of the personal good. We propose that when making public 
health policy decisions in regard to Covid-19, it is possible to move from a norma-
tive ethics to a virtue ethics, through an ethics of personal responsibility [14].

The objective of a normative ethics, or a third-person ethics, is the search for and 
establishment of a series of rules or moral norms to be observed when carrying out 
certain individual actions. Human action is thus governed by norms that disregard 
the subject who acts and express his own existence. The object of investigation of 
this ethics is neither how one “should” live nor what would be the desirable lifestyle, 
but only whether a certain action is licit or illicit from the observation of an external 
judge: the “third person”.

However, any conscious choice on the part of the individual, such as whether or 
not to be vaccinated against Covid-19, must be based on so-called “ the first-person 
ethics”, i.e., the search for the good of human life in its globality and complexity. 
Ethics would thus come to be configured as a kind of “discussion” on different 
lifestyles and different ways of living, and only secondarily on individual actions, 
with the aim of establishing what is the best life to lead and to desire.

3.2 “Responsibility” as an alternative

An appropriate way to move from a third-person ethics to a first-person ethics is a 
new reading of Hans Jonas’ “ethics of responsibility” [15]. Jonas presents the per-
sonal responsibility and duty towards the children we have begotten, and who would 
perish without the care they need, as the clearest example we find in everyday moral-
ity of a non-reciprocal elementary responsibility and duty, which are spontaneously 
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recognized and practiced. Jonas locates the origin of the idea of responsibility not 
in the relationship between autonomous adults, but in this relationship with off-
spring in need of protection. For Jonas, parental care for children is the archetype of 
responsible action. This archetype does not need to be deduced from principles, but 
is implanted in all of us by nature.

Along with parental responsibility, Jonas posits politics as another fundamental 
form of responsibility. Political responsibility and parental responsibility, although 
different, have the most in common. Jonas posits five elements in which these 
responsibilities coincide: totality, object, sentiment, continuity, and future. This last 
common element, the future, shows that in both parental and political responsibil-
ity, tomorrow is included in today’s concerns. In the context of total responsibility, 
every individual act that is concerned with the immediate also includes, as its 
object, the future existence of that child or that community. In this sense, personal 
responsibility cannot be determining but enabling; it must prepare the ground for 
the future and keep the greatest number of options open. It is a matter of keeping 
open the future of the subject for whom one is responsible, be it the future of the 
child, or of the individual who is part of the social community.

4. The concept of prevention

For this to be possible, governments and health authorities must change the 
concept of prevention that they normally use. In regulatory ethics, which would 
support, for example, mandatory vaccination against Covid-19, the concept of pre-
vention is identified with risk reduction. In this sense, a health system will achieve 
better prevention when the risk of contracting the disease is lower. In the case of 
vaccination against Covid-19, this will occur when the greatest possible number of 
individuals is vaccinated. This is an argument that, from a normative ethical point 
of view, would justify vaccinating as many people as possible against Covid-19 on a 
compulsory basis.

However, from the point of view of a normative ethics, all preventive medicinal 
measures, including vaccination against Covid-19, run the risk of becoming a 
set of obligations and prohibitions for citizens. These obligations and prohibitions 
can increase frictions between political decisions and the individual autonomy, 
and can increase personal frustrations, because these preventive measures are 
perceived only as an instrument for the good of society. Even worse, they can also 
potentially lead to a lack of motivation in regard to everything else related to one’s 
own health.

We propose a different concept of preventive medicine. For us, prevention 
consists in the acquisition by the individual of ethical behaviors - this is the novelty 
with respect to the thought of Hans Jonas - that allow the development of the per-
son towards a “first-person ethics” in the attainment, in general, of his or her own 
good, and in the particular case, of that which, as Descartes had already observed, 
is the “greatest” of one’s goods: health.

If citizens move from this perspective of personal responsibility in the pursuit of 
the collective health, compulsory vaccination against Covid-19 would be unneces-
sary: if the efficacy and the medical and social value of the new Covid-19 vaccines 
are guaranteed, and citizens are properly informed, vaccination would be, so to 
speak, a “moral responsibility,” a moral duty [16], and vaccination would be one 
more among the actions that direct the individual towards the achievement of both 
individual and community health. We believe that, through a first-person ethics, 
it is possible to create an alternative based on personal responsibility, one that, 
together with a series of legal actions of a political nature that we will enunciate 
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below, allows effective protection of the entire community and, at the same time, 
guarantees the expression of personal autonomy. For example, in order to institute 
confinement, a regime of sanctions was established by the government (normative 
ethics), but what has allowed confinement to have a high success rate has been the 
concept of prevention based on personal responsibility, exercised by the citizens 
according their own determination to cooperate, in a responsible manner, with the 
prevention measures (first-person ethics).

5. Is there a right to not be vaccinated?

The principle of respect for the autonomy of the individual, enshrined in the 
Spanish Patient Autonomy Law [17], allows the individual to refuse a treatment 
and, therefore, also to refuse vaccination [18]. It is clear, therefore, that an indi-
vidual has the right to choose not to be vaccinated. It is also true that some legisla-
tion in democratic countries contemplates the possibility of compulsory vaccination 
in exceptional circumstances. For example, in Spain, Organic Law 3/1986, of April 
14, 1986, on Special Public Health Measures, allows the approval of exceptional 
measures, such as compulsory vaccination, when there is a specific risk to the health 
of the population, such as an epidemic outbreak [19]. Knowing all this, we cannot 
forget that vaccination is a treatment applied to healthy people who are not suffer-
ing from a disease. Moreover, in the case of Covid-19, a large part of the population, 
those under 20 years of age and without previous health complications, has a very 
low percentage of serious complications. Therefore, the medical justification for 
vaccination, in many cases, would not be based so much on the protection of the 
individual as on the protection of the community (herd immunity) [20].

Before promoting compulsory vaccination protocols against Covid-19, the 
question which should be asked is: why is the percentage of individuals vaccinated 
voluntarily so low even in pandemic situations, as demonstrated with the H1N1 
virus? Or, in other words, why does a person refuse a vaccine that could save his or 
her life?

In August 2017, France’s health minister reported a decision to mandate vac-
cination against 11 diseases for minors starting in 2018. This measure was taken 
due to alarming data on low vaccination rates for diseases such as measles among 
the population of France [21]. In Spain, where vaccination is not compulsory, 
vaccination rates are among the best in Europe in the child population (between 
95 and 98% for childhood vaccines), dropping slightly with those administered 
during adolescence (especially in booster doses). The lowest data belong to seasonal 
influenza vaccination (54% in 2018).

The French case is not unique in Europe. Other European countries are seeing 
their vaccination rates decrease year after year [22]. Several factors have led to 
a change in the perception that part of the population has about vaccines [23]: a 
feeling that the economic and business motives of large pharmaceutical companies 
which put pressure on public institutions and governments are more important than 
healthcare [24]; the belief that user deaths are directly related to vaccines rather 
than mere coincidences [25]; the sometimes alarmist communication of risks and 
side effects in the media [26]; healthy individuals are, in general, more fearful of the 
risk caused by vaccines than of the use of the drugs that treat that disease, because 
the decline in the number of diseases against which vaccines are given has distorted 
the perception - through ignorance - of the seriousness of many of them (this was 
seen during the measles outbreak in European countries two years ago) [27]; there 
is a certain distrust in scientific knowledge, which seem to change and be surpassed 
with each new discovery [28].
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In the specific case of Covid-19, the two scenarios given above will give us differ-
ent situations in regard to public trust. On the one hand, the first vaccines to be put 
into circulation will not necessarily be the most effective or the safest. This may lead 
some people to doubt whether or not to administer the vaccine. On the other hand, 
at the second stage, that of mass vaccination, the efficacy data of previous vac-
cines will be available, and the vaccine with the best safety and efficacy data can be 
administered, thus increasing the population’s trust in the vaccines. In the scenarios 
described above, we may find different vaccines in different countries or even in 
different regions within the same country. In addition, trust in vaccines will depend 
on the evolution of the fake news that promote conspiracy theories about Covid-19 
and vaccines against the virus. All these factors will affect the levels of trust/distrust 
of the population towards institutions and towards vaccines against Covid-19.

6. The problem of institutional trust

Public trust in public health systems is critical, and affects the development and 
maintenance of individual, community and societal health and well-being. This 
is why health professionals, and especially politicians, need to take the concept of 
“institutional trust” seriously [29] if they want to improve both the commitment to 
health among the general population and their public health systems.

Both theoretical and empirical literature show that contemporary societies are 
built on very low levels of trust [30, 31]. In our societies, there are two types of 
trust: interpersonal and institutional. Interpersonal trust appears as the result of 
past interactions by which people learn to make decisions about future interactions; 
i.e., the individual, from his past experiences, learns whether or not to trust some-
one else in the future. “Institutional trust” refers to the trust placed by individuals 
in a system or institution such as a government, a political party, a non-governmen-
tal organization, or a particular public or private organization. Institutional trust 
is based on personal experiences, especially negative ones, that the person has had 
throughout his or her life, not so much with the institution, but with the people who 
represent the institution [32]. Research shows that in crisis situations, interpersonal 
trust tends to increase and institutional trust decreases [33].

Institutional trust is one of the most important concerns when carrying out 
mass vaccination campaigns [34], not so much because users distrust the public 
health system, but because they distrust government recommendations [35]. 
Maintaining institutional trust is critical for mass immunization programs against 
Covid-19. A clear example of this problem is the low levels of vaccination during 
the H1N1 pandemic; the lack of trust in the institutions involved in vaccination 
during the H1N1 pandemic led to an increase in vaccination skepticism. This, 
together with conspiracy theories, and speculation that the response to the pan-
demic by governments had been influenced by the commercial interests of big 
pharma, led to a disastrous failure in immunization levels in most countries [24]. 
It is clear that in the current period, both interpersonal and institutional trust 
have undergone changes. Studies point to an increase in interpersonal trust and a 
decrease in institutional trust during the Covid-19 pandemic [36]. It is necessary 
to increase the levels of institutional trust when vaccination processes are initiated, 
both at the first moment, when vaccination is restricted to risk groups, and at the 
second moment, when vaccines are available for the rest of the population. The 
recovery of institutional trust will be a key element in achieving vaccination levels 
that allow herd immunity.
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7. Proposals for political action

From a first-person ethics based on personal responsibility, at least two changes 
are needed before the relevant governments will consider mandatory mass vaccina-
tion programs against Covid-19.

The first change is to rediscover the leading role of each citizen in prevention 
policies, and more specifically in health decisions. It is not up to the government to 
decide for the individual; it is up to the individual himself to evaluate whether, 
when he makes the decision not to vaccinate himself, he does so with the aim of 
preserving his health and the health of the community. From this point of view, 
from an ethics of the first person, the subject will understand that it is his moral 
responsibility to be vaccinated against Covid-19, because vaccination is a valid 
instrument in the objective of achieving the good of “health” at both the indi-
vidual and community level.

The second change focuses on the role of governments. It is the responsibility of 
governments to promote prevention policies based on the ethics of individual responsibil-
ity in order to increase institutional trust and, therefore, a reduction in the possible 
distrust towards vaccination against Covid-19. It is clear that when a person decides 
not to be vaccinated, it is not with the intention of transmitting the disease, but out 
of fear and mistrust that the vaccine will be useful for his or her health. For this 
reason, responsible governments must implement a series of initiatives aimed at 
reinforcing institutional trust:

• ensure a policy of correct scientific information on the efficacy and safety 
of vaccines against Covid-19. John M. Barry wrote: “In the next influenza 
pandemic … the single most important weapon against the disease will be a 
vaccine. The second most important will be communication” [37];

• provide for the preparation of well-trained health professionals to offer 
vaccination to users of health systems, especially family physicians and 
pediatricians;

• eliminate socioeconomic barriers to allow access to the Covid-19 vaccination 
program for the entire population;

• prepare an adequate disease control system, both at regional and national 
level, and;

• provide for a responsible agency, at the political and scientific level, for the 
introduction, distribution and follow-up in the public health system of the new 
Covid-19 vaccine(s), both at the first moment of vaccination, of populations at 
risk and at the second moment, when the vaccine becomes available to the rest 
of the population.

These are all concrete actions that we propose to increase the population’s 
institutional trust when vaccine(s) against Covid-19 are presented. These measures 
will help each individual to assume his or her personal responsibility both in the 
first scenario, of priority vaccination (health professionals + risk groups), and in 
the second moment, in the mass vaccination campaign. These measures will make 
it possible to guarantee the necessary immunization levels against Covid-19 with 
voluntary vaccination.
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8. Conclusions

Before the responsible governments, both at the national and regional levels, 
promote vaccination campaigns against Covid-19, in the different scenarios that 
are foreseen in the future, it will be necessary to increase the levels of institutional 
confidence in the population, in order to guarantee the success of vaccination 
program(s). Only in this way will it be possible to achieve the desired levels of 
immunization in the population during this pandemic situation. This will only be 
possible if, together with the concrete measures that we have proposed to be imple-
mented by the different governments, a concept of prevention is promoted which 
encourages individual ethical behavior aimed at achieving the good of health for 
both the individual and for his or her community. This concept of prevention, based 
on individual responsibility, must include all preventive measures in the spread 
of Covid-19, including vaccination measures. The success of future vaccination 
programs against Covid-19 will depend on the assumption of this ethic of responsi-
bility, not only by individuals, but also by the various governments involved.
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Pharmacotherapy for COVID-19: 
A Ray of Hope
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Abstract

Most viral infections have limited treatment options available and the same 
holds for COVID-19, its causative agent being the SARS-CoV-2 virus. Drugs used 
in the past against Severe Acute Respiratory Syndrome (SARS) or Middle East 
Respiratory Syndrome (MERS) viruses, which belong to the same family of viruses 
as the novel Coronavirus included ribavirin, interferon (alfa and beta), lopinavir-
ritonavir combination, and corticosteroids. There remains controversy regarding 
their efficacy to date, except for the last one. Hence, large-scale multicentric trials 
are being conducted involving multiple drugs. Chloroquine and hydroxy-chloro-
quine were initially taking the race ahead but have now been rejected. Remdesivir 
was a promising candidate, for which the FDA had issued an emergency use autho-
rization, but now is not recommended by the WHO. Convalescent plasma therapy 
had promising results in the early severe viremia phase, but the PLACID trial 
made an obscure end. Only corticosteroids have shown demonstrable benefits in 
improving mortality rates among severe COVID-19 cases. Many new modalities like 
monoclonal antibodies and tyrosine kinase inhibitors are discussed. In this chapter, 
we review the therapeutic drugs under investigation for the COVID-19 treatment, 
their mode of action, degree of effectiveness, and recommendations by different 
centers regarding their use in current settings.

Keywords: antiviral, monoclonal antibody, coronavirus disease 2019, 
dexamethasone, immunomodulator, ivermectin, remdesivir

1. Introduction

Because of the high rate of infectivity of the COVID-19 virus, the global 
burden associated with the disease, and its impact on the economies of different 
countries, efforts are being made to find a possible cure for the disease as soon as 
possible [1]. As with most viral infections, limited options are available for the 
treatment of COVID-19. Since there is no efficient therapy available for the same, 
given the public emergency, efforts are ongoing to find drugs helpful in COVID-
19 infection. Drugs used in the past against Severe Acute Respiratory Syndrome 
(SARS) or Middle East Respiratory Syndrome (MERS), which also belong to the 
group of Beta coronaviruses, included ribavirin, interferon, lopinavir-ritonavir, 
and corticosteroids [2]. Most randomized controlled trials (RCTs) performed 
to test the effectiveness of these drugs have not shown any satisfying results, 
apart from corticosteroids. Many RCTs are still undergoing, the results of which 
are awaited. Studies about the virus-induced host immune response and viral 
processing within target cells have led to several potential therapeutic targets. 
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Figure 1. 
Site of action of different possible pharmacotherapeutics used in COVID-19 treatment.

Drug Mode of action Effectiveness Recommendation

Corticosteroids Immunosuppressant Decreased death rate 
in ARDS, no effect in 
non-ARDS

WHO, CDC, and IDSA 
recommendations

Remdesivir RdRp inhibitor Decreases recovery 
time

FDA approval in October, 
WHO issued a conditional 
recommendation against 
use in November, IDSA 
suggests the use

Convalescent 
plasma

Anti-COVID 19 antibodies No benefit FDA EUA issued

Monoclonal 
antibodies

Directed against COVID 
spike proteins

Benefit in Mild 
cases, no benefit in 
hospitalized cases

FDA EUA issued for OPD 
patients

Azithromycin Immunomodulation No benefit No recommendation, but 
widely used

Ivermectin Viral IMPα/β1(Importin) 
mediated nuclear import 
inhibition

Benefit in prophylaxis NIH: Insufficient data for or 
against the use

Melatonin Pineal gland hormone, 
anti-inflammatory

Benefit in critical 
patients

No recommendation
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We hereby discuss the potential therapeutic drugs under investigation for the 
COVID-19 treatment, their modes of action (Figure 1), degree of effectiveness, 
and recommendations (Table 1) by different centers regarding their usage in the 
current settings.

2. Review of pharmacotherapy

2.1 Chloroquine/hydroxychloroquine

The first studied drugs for COVID-19 were chloroquine and hydroxychloroquine 
(HCQ ). Chloroquine was found to be effective against Avian influenza A H5N1 virus 
in animal models [3, 4] and also had demonstrable activity resulting in in-vitro inhi-
bition of SARS-CoV [5]. COVID-19 infection showed high pandemicity in countries 
where malaria is the least prevalent and least pandemicity where malaria is highly 
prevalent. This observation led to the concept that chloroquine may be beneficial 
in COVID-19 since it is used as an anti-malarial. The mechanism of chloroquine 
action depends on the pathogen involved. Chloroquine increases the endosomal pH 
and interferes with the glycosylation of cellular receptor [Angiotensin Converting 
Enzyme (ACE) II] of SARS-CoV [6]. It also inhibits quinone reductase-2, which 
is involved in sialic acid biosynthesis. There is inhibition of MAO-kinase, virion 
assembly, and processing of M protein [7]. Besides its antiviral activity, it also has 
immunomodulatory effects that may be synergistic. HCQ was found to be equally 

Drug Mode of action Effectiveness Recommendation

Tocilizumab IL-6 R inhibitor Reduces inflammatory 
markers

Single-dose in addition 
to dexamethasone in 
critical patients with rapid 
progression of respiratory 
failure may be given: NIH

Favipiravir Inhibits RNA polymerase Faster viral clearance, 
improved imaging 
findings

No recommendation yet

Ribavirin Inhibits RNA polymerase No concrete evidence No recommendations yet

Chloroquine/ 
Hydroxy-
chloroquine

Increases endosomal 
pH, interfere with 
glycosylation of receptor, 
immunomodulator

Benefit in clinical 
parameter & 
virological clearance

Removed from 
Solidarity trial, no other 
recommendation

Lopinavir/ 
Ritonavir

Protease inhibitor: SARS- 
Cov-2 3CL pro

Not significant Removed from 
Solidarity trial, no other 
recommendation

Interferon Immunomodulation No concrete evidence Removed from 
Solidarity trial, no other 
recommendation

Tyrosine 
Kinase 
inhibitors

Inhibit STAT 
phosphorylation, decrease 
hyperimmune state

No concrete evidence Use with remdesivir 
if corticosteroids are 
contraindicated: NIH/IDSA

RdRp: RNA dependent RNA polymerase; ARDS: Acute respiratory distress syndrome; WHO: World Health 
Organization; CDC: Centers for Disease Control and Prevention; FDA: Food and Drug Administration; IDSA: 
Infectious Disease Society of America; EUA: Emergency Use Authorization; NIH: National Institute of Health;  
Il-6 R: Interleukin-6 receptor; STAT: Signal transducer and activator of transcription.

Table 1. 
Summary of various pharmacotherapeutics being considered for COVID-19 treatment.
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effective as chloroquine, although a study concluded that HCQ was more effective 
and less toxic than chloroquine [8]. Chloroquine inhibitory actions against SARS-
CoV were equal whether the primate cells were treated before or after exposure. 
This suggested that chloroquine could have both prophylactic and therapeutic 
applications [9]. One of the first studies performed to study the effect of chloroquine 
was done in the Chinese population. In this trial, patients in the study group who 
received chloroquine had reduced symptom duration, radiological improvement, 
and earlier seroconversion to the virus-negative state compared to controls [10]. 
Following this study, the National Health Commission of the People’s Republic of 
China included chloroquine in its guideline for the management of pneumonia due 
to Covid-19. In a study conducted by Gautret et al. in France, chloroquine treatment 
group had significant clearing of the nasopharyngeal swab viral load compared to 
the control [11]. The virological clearance day-6 post inclusion (primary outcome) 
with HCQ vs. controls was 70% vs. 12.5% (p < 0.001). The virological clearance at 
day 6 in HCQ plus azithromycin, HCQ and control arms were 100%, 57.1%, and 
12.5% respectively (p = 0.001) thus suggesting synergistic action of azithromycin 
to HCQ . Gradually the side effect profile of HCQ , that is QTc prolongation with 
concomitant use of Azithromycin, lead the American Heart Association (AHA) to 
recommend withdrawal/withholding these drugs in patients with QTc ≥ 500 mil-
lisecond (either baseline or developing during treatment). On 28 March 2020, Food 
and Drug Administration (FDA) had issued Emergency Use Authorization (EUA) 
for Chloroquine/HCQ . However, the Centers for Disease Control and Prevention 
(CDC) on April 7 issued a statement stating no drugs or other therapeutic measures 
were approved by the US FDA to prevent or treat COVID-19. In April, the FDA issued 
a Drug Safety Communication cautioning against the use of HCQ or chloroquine 
for COVID-19 outside the hospital setting or a clinical trial due to the risk of heart 
rhythm problems. In June 2020, it was announced by World Health Organization 
(WHO) that the HCQ arm of the Solidarity Trial (Multi-national trial including 
remdesivir, HCQ , lopinavir/ritonavir, and lopinavir/ritonavir with interferon beta-
1a) would be stopped [12]. This was keeping in view the lack of any mortality benefit 
of HCQ . Hence in June itself, FDA revoked the EUA of HCQ and chloroquine [13]. 
The pre-exposure prophylaxis benefit of HCQ needs further research.

2.2 Lopinavir/ritonavir

The combination of lopinavir/ritonavir was considered as an option for the 
treatment of Covid-19 during initial pandemic days. Lopinavir is an HIV-1 protease 
inhibitor, which is combined with ritonavir to increase its half-life through cyto-
chrome p-450 inhibition. Both anti-HIV drugs interact with residues at the active 
site of SARS-CoV 3C-like protease, suggesting the mechanism of action in COVID-
19 [14]. Its role was first evaluated in the treatment of SARS where patients treated 
with lopinavir/ritonavir for 14 days combined with ribavirin for 21 days. They had 
a milder disease in form of less diarrhea, fever, lymphadenopathy, the incidence of 
nosocomial infections, viral loads, demonstration of virus in the fecal sample by 
reverse transcription-polymerase chain reaction (RT-PCR), and 21 days adverse 
outcomes [15]. The combination was tested for MERS-CoV. It was postulated that 
the lopinavir/ritonavir combination may inhibit the 3C-like protease of MERS-CoV 
and may affect apoptosis in human cells. Results revealed that treatment with lopi-
navir/ritonavir led to clinical, radiological, and pathological improvement. Those 
animals treated with this combination had the lowest mean viral load detected 
by RT-PCR in lung and other extrapulmonary tissue [16]. There was only a single 
case report of a man being treated and recovered with a combination of lopinavir/
ritonavir, ribavirin, and interferon-α for the MERS [17]. Based on this data, an 
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urgent RCT was done to study the efficacy of lopinavir/ritonavir in the Wuhan 
province of China [18]. The analysis revealed no significant difference in terms of 
time for clinical improvement and mortality at 28 days. The median time for clinical 
improvement was just one day shorter in the lopinavir-ritonavir group compared 
to the standard care group. In July 2020, WHO discontinued the lopinavir/ritonavir 
arm of the solidarity trial due to a lack of any mortality benefit [19]. It causes QTc 
prolongation, just like HCQ  [20].

2.3 Azithromycin

Azithromycin is a broad-spectrum antibiotic belonging to the macrolide group, 
having anti-inflammatory properties also. It is commonly used for treating atypi-
cal respiratory pathogens. Azithromycin’s anti-viral efficacy against some RNA 
viruses has also been described. Its efficacy has been demonstrated in-vitro against 
Zika virus and rhinovirus, as well as SARS-CoV-2 [21, 22]. As described, azithro-
mycin also has immunomodulatory effects and can decrease acute exacerbations 
of chronic airway disease. Owing to its wide availability, excellent safety profile, 
and easy availability, azithromycin is one of the commonest drugs being used in 
the COVID-19 pandemic also. The Lancet reported the result of the COALITION 
II trial, [23] which was an open-label randomized trial evaluating azithromycin 
in addition to the standard of care (including HCQ ), against the standard of care 
alone in severe COVID-19 patients. Azithromycin demonstrated no benefit in 
clinical outcome including clinical status or mortality, as compared to the standard 
of care alone (OR 1·36 [95% CI 0·94–1·97], p = 0·11). There was no increase in 
adverse events with azithromycin. In a study published in NEJM, HCQ alone or 
in combination with azithromycin had no demonstrable improvement in clini-
cal status at 15 days compared with standard care in mild to moderate COVID-19 
admissions [24].

2.4 Ivermectin

Ivermectin is a commonly used drug for various parasitic infestations includ-
ing head lice, scabies, strongyloidiasis, ascariasis, and lymphatic filariasis. It 
is a macrocyclic lactone, which is derived from streptomyces avermitilis [25]. 
Its mechanism of activity against SARS-CoV-2 is believed to be via viral IMPα/
β1 (Importin) mediated nuclear import inhibition. This leads to a decrease in 
the multiplication of the virus and hence the viral load [26, 27]. Ivermectin and 
doxycycline combination also inhibit viral entry and increases viral load clear-
ance by the targeting of multiple viral proteins [28]. A recent study from India 
demonstrated that 2-dose ivermectin prophylaxis (300 micrograms/kg) within 
a gap of 3 days led to a 73% reduction in the number of COVID-19 infections 
among healthcare workers [29]. In studies conducted in Bangladesh also, the 
ivermectin-doxycycline combination was demonstrated to be highly effective in 
virological clearance in mild to moderate COVID-19 patients [30, 31]. National 
Institute of Health (NIH) stated in January 2021 that there was insufficient data 
to recommend either for or against the use of ivermectin for the treatment of 
COVID-19 [32].

2.5 Melatonin

Melatonin is a hormone, which is synthesized from tryptophan in the pineal 
gland of the body and also by mostly all the organs of the body, as its production 
is associated with mitochondria. Higher levels of melatonin have positive roles in 
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health and aging. Melatonin promises to be a great adjunctive drug for viral infec-
tions owing to its anti-inflammatory, anti-apoptotic, immunomodulatory, and 
antioxidant activities [33]. Sirtuin-1 (SIRT1) is the proposed mediator of melato-
nin’s anti-inflammatory action. This is via inhibition of high mobility group box-
echromosomal protein-1 (HMGB-1), leading to down-regulation of the polarization 
of macrophages towards pro-inflammatory type [34]. It inhibits the over-activity 
of the innate immune system. Hence, theoretically, the cytokine storm induced by 
COVID-19 can be suppressed by melatonin. But the use of melatonin in COVID-
19 is still very sparse, with only a few studies evaluating the same, hence further 
research is warranted [35]. Owing to melatonin’s anti-inflammatory, anti-oxidant, 
and anti-viral actions, its role in critical illness caused due to COVID has been 
studied. Melatonin has easy availability, is not expensive, and has an excellent safety 
profile [36]. A trial (EudraCT: 2020–001808-42) is ongoing for the identification 
of the doses of melatonin that may prove effective in this disease. It is a phase II, 
single-center, double-blind, RCT to address the efficacy and safety of intravenous 
melatonin in COVID-19 ICU patients [37].

2.6 Remdesivir

Remdesivir is a 1′-cyano-substituted adenosine nucleotide analog prodrug, 
which was found to be effective against several RNA viruses. It was initially devel-
oped in 2017 by Gilead science for the treatment of the Ebola virus [38]. It has 
demonstrated extensive antiviral activity & effective treatment of lethal Ebola and 
Nipah virus infections in nonhuman primates [39]. Subsequently, it was investi-
gated for SARS-CoV and MERS-CoV. Studies have shown that Remdesivir inhibits 
viral replication in human airway epithelial cell culture by affecting the early stages 
of viral replication through viral RNA synthesis inhibition, as an RNA-dependent 
RNA polymerase (RdRp) inhibitor [39]. This may be due to the absence of Exon-
mediated proofreading in viruses sensitive to Remdesivir [40]. One of the first trials 
of Remdesivir was performed by the Gilead sciences center in hospitalized patients 
with confirmed SARS-CoV-2 having oxygen saturation < 94% or a need for oxygen 
support. Till 28 days of follow-up, the cumulative incidence of clinical improvement 
was 84% (95% CI 70–99) by Kaplan–Meier analysis and it was less among patients 
receiving invasive ventilation compared to non-invasive ventilation [41]. In another 
randomized, double-blind, placebo-controlled, multicentre trial at 10 hospitals 
in Hubei, China, Remdesivir use was not associated with any difference in time to 
clinical improvement [42]. In February 2020, WHO cast a vote of confidence for 
remdesivir, indicating that it has great potential. In April 2020, the US National 
Institute of Allergy and Infectious Diseases (NIAID), announced that a clinical 
trial in >1,000 people showed that those taking remdesivir recovered in 11 days on 
average, compared with 15 days for those on a placebo, even adding that remdesivir 
may become a standard for COVID treatment [43]. US FDA had issued a EUA for 
remdesivir for severe COVID-19 disease. On 22nd October 2020, the FDA approved 
remdesivir for use in adult and pediatric patients (≥12 years, ≥40 kg) requiring 
hospitalization [44]. In October 2020 itself, an interim analysis of the WHO-led, 
open-label, randomized SOLIDARITY trial demonstrated that 301 (11·0%) of 2743 
patients who received remdesivir and 303 (11·2%) of 2708 patients who received 
standard care died by day 28 (Kaplan–Meier rate ratio 0·95, 95% CI 0·81–1·11; 
p = 0·50) [45]. The ACTT-1 study had also reported a 29-day mortality of 11·4% 
in patients receiving remdesivir as compared to 15·2% in placebo (hazard ratio 
0·73, 95% CI 0·52–1·03) [43]. Hence in November 2020, WHO issued a conditional 
recommendation against remdesivir utilization in hospitalized patients, regardless 
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of their disease severity. This was because they could not find evidence of remdesi-
vir improving survival and other outcomes in the patients [46]. Infectious Disease 
Society of America (IDSA) still suggests the use of remdesivir in severe and critical 
patients, as does NIH [47, 48].

2.7 Tocilizumab

Tocilizumab is an Interleukin-6 (IL-6) Receptor inhibiting monoclonal anti-
body. Studies have shown that infection with the SARS virus leads to a cytokine 
storm with the release of inflammatory cytokines like IL-6, Tumor Necrosis 
Factor- α (TNF –α), and IL-12 [49]. Further research done on MERS-CoV showed 
IL-6, IL-1β, and IL-8 were elevated in these patients. In patients with confirmed 
COVID-19 infection who were admitted to ICU, levels of IL-2, IL-6, IL-7, IL-10, 
granulocyte-colony stimulating factor (G-CSF), interferon-γ-inducible protein 
(IP10), monocyte chemoattractant protein (MCP1), macrophage inflammatory 
protein 1 alpha (MIP1A), and TNF-α levels were found to be high, suggesting pos-
sible cytokine storm [50]. The first trial involving tocilizumab was performed in 
China in February 2020. The National Institute for Infectious disease had recom-
mended tocilizumab in moderate to severe infections and IL-6 levels >40 pg/mL 
(or D-dimer levels >1000 ng/mL). However, it is not recommended by the CDC. 
In an RCT published in JAMA, in moderate-to-severe pneumonia, tocilizumab did 
not reduce the WHO Clinical Progression Scale scores. The proportion of patients 
with non-invasive or invasive ventilation or death at day 14 was 36% with usual 
care and 24% with tocilizumab. There were no differences in 28 days mortal-
ity. This meant tocilizumab could decrease the requirement for mechanical and 
non-invasive ventilation or death by day 14 but not mortality by day 28 [51, 52]. 
An RCT published by NEJM in October 2020, which included patients fulfilling 
at least two of the following: fever, pulmonary infiltrates, or the need for oxygen 
therapy to maintain oxygen saturation more than 92%, concluded that tocilizumab 
was not effective in preventing intubation or death in moderately ill hospitalized 
patients with Covid-19 [53]. Sarilumab, another IL-6 receptor antagonist was 
being tested in a multicentre trial for hospitalized patients with severe COVID-19 
[54]. It was concluded that at 28 days, clinical improvement and mortality in severe 
COVID-19 were not significantly different between sarilumab and standard of 
care [55]. Preliminary results from the Randomized, Embedded, Multifactorial 
Adaptive Platform Trial for Community-Acquired Pneumonia (REMAP-CAP) 
were released in a non-peer-reviewed report. REMAP-CAP is the largest trial to 
date investigating the use of IL-6 inhibitors in COVID-19. In February 2021, after 
reviewing the evidence from REMAP-CAP and other trials, the NIH Panel revised 
the recommendations on the use of tocilizumab and sarilumab, stating there was 
insufficient data to recommend either for or against the use of these drugs. But 
given the REMAP-CAP trial, some members suggested administering a single 
dose of tocilizumab (8 mg/kg of actual body weight, max 800 mg) in addition to 
dexamethasone in the ICU patients having high oxygen requirements/invasive and 
non-invasive mechanical ventilation and exhibiting rapid progression of respira-
tory failure [56]. The number of patients receiving sarilumab in the REMAP-CAP 
trial was too low to assess the efficacy.

2.8 Convalescent plasma

There was a hypothesis that plasma collected from the persons who have 
recovered from Covid-19 may contain antibodies against SARS-CoV-2, which may 
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be used as a treatment tool. A case series was done in China where 5 critically ill 
patients with confirmed Covid-19 and Acute respiratory distress syndrome (ARDS) 
were selected [57]. They received two consecutive transfusions of 200 mL to 
250 mL of convalescent plasma (total dose: 400 mL) with a SARS-CoV-2-specific 
antibody (IgG) titer more than 1:1,000. After receiving the plasma, the SOFA score 
of the patients decreased and ventilator parameters of the patients (pO2/FiO2 ratio) 
of the patient improved, and viral load decreased by day 12. ARDS resolved in four 
patients by Day 12 and 3 were weaned off the ventilators by 2 weeks. Further trials 
are needed the study the effectiveness of convalescent plasma. FDA is encouraging 
people who have fully recovered from COVID-19 for at least two weeks to donate 
plasma. FDA had issued guidance providing recommendations to health care 
providers & investigators on administration and study of COVID-19 convalescent 
plasma during the public health emergency. FDA issued a EUA for convalescent 
plasma on August 23, 2020, although convalescent plasma did not show any stop-
page of progression to severe COVID-19 or all-cause mortality in the PLACID trial 
[58, 59]. In a trial published in NEJM in November 2020, in 228 patients receiv-
ing convalescent plasma and 105 receiving placebo at 30 days, there was not any 
significant difference among the clinical outcome distribution (odds ratio [OR], 
0.83 (95% CI, 0.52–1.35; P = 0.46). Mortality in the plasma group was 10.96% as 
compared to 11.43% in the placebo group [risk difference 0.46% points (95% CI, 
−7.8 to 6.8) [60].

2.9 Favipiravir

Favipiravir (FPV) is a purine nucleotide that inhibits viral RNA polymerase. 
It was initially used against Ebola but later found to have in-vitro activity against 
other RNA viruses. The EC50 (concentration of a drug that gives half-maximal 
response) of FPV against SARS-CoV-2 in vitro in Vero E6 cells was found to be 
61.88 μM/L [6, 61]. A study investigated the effect of FPV vs. lopinavir/ritonavir 
on the treatment of COVID-19. FPV was independently associated with faster viral 
clearance and a higher improvement rate in chest imaging. These findings suggest 
that FPV has significantly better treatment effects on COVID-19 in terms of disease 
progression and viral clearance as compared with lopinavir/ritonavir [62]. In an 
RCT on moderate to severe COVID patients, FPV was compared with umifenovir 
(Arbidol) by measuring the clinical recovery at 7 days [63]. Results showed no 
significant differences between the 2 groups. At present, there are no recommenda-
tions for the use of FPV in Covid-19 patients. Just like HCQ & lopinavir/ritonavir 
combination, it also causes QT prolongation [20].

2.10 Ribavirin

Ribavirin, a guanine analog, inhibits viral RNA dependent RNA polymerase 
(RdRp). It has demonstrable activity against many coronaviruses, but when used 
against SARS-CoV it was found to have less effectiveness in vitro requiring higher 
doses with combination therapy. When used with interferon in the treatment of 
MERS-CoV, no benefits were observed in terms of clinical outcomes or the rate of 
virus clearance [64]. Ribavirin also causes dose-dependent hematological toxicity 
& transaminase elevation when used in SARS patients and being a teratogen, is 
contraindicated in pregnancy [65, 66]. A recent trial showed ribavirin not being 
associated with better negative conversion times for the SARS-CoV-2 test and not 
being associated with improved mortality rates [67]. Due to its lack of demonstrable 
efficacy against other coronaviruses and high toxicity profile, it has got a limited 
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role in the treatment of Covid-19. However, its combination with other antivirals is 
being tried in the SEV trial, the result of which is yet to be published [68].

2.11 Interferons

Studies with interferon-β had shown its activity against MERS. Most studies 
involved combination therapy with lopinavir/ritonavir or ribavirin. However, 
there was no concrete evidence showing its effect on SARS- CoV-2 in-vitro and 
the lack of clinical trials precluded the justification for its use in Covid-19 patients 
and hence there are no recommendations regarding its use [69]. In a study, it was 
shown that early triple antiviral therapy with lopinavir/ritonavir, ribavirin, and 
interferon beta-1b was safe and superior to lopinavir-ritonavir combinations alone 
in alleviating symptoms and shortening the duration of viral shedding and hospital 
stay in patients with mild to moderate COVID-19 [70]. In a trial utilizing interferon 
β-1a, clinical response time was not significantly different between interferon and 
the control groups (9.7 ± 5.8 versus 8.3 ± 4.9 days, respectively, P = 0.95). On day 
14, 66.7% versus 43.6% of patients in the interferon group and the control group 
respectively was discharged (OR, 2.5; 95% CI, 1.05–6.37). The 28-day overall 
mortality was significantly less in the interferon than the control group (19% versus 
43.6%, respectively, P = 0.015). Early administration significantly decreased mor-
tality (OR, 13.5; 95% CI, 1.5–1.18) [71]. Another trial testing interferon β-1b showed 
its effectiveness in reducing the clinical improvement time without any serious 
adverse events in severe COVID-19 patients. ICU admission and invasive ventilation 
need also decreased following administration of interferon β-1b [72]. The Lancet 
Respiratory Medicine showed the results of an RCT of nebulized interferon beta-
1a in 101 adults admitted to the hospital with COVID-19. It demonstrated better 
odds of clinical improvement than placebo (OR 2·32 [95% CI 1·07–5·04]; p = 0·03). 
No significant difference was there in the hospital discharge odds by day 28 [73]. 
Recently, the SOLIDARITY trial also showed no benefit of interferon therapy [74].

2.12 Corticosteroids

ARDS is a leading cause of mortality in Covid-19 pneumonia. Cytokine storm 
plays a key role in the pathogenesis of ARDS in Covid-19 patients and thus immuno-
suppression may have a role in the treatment of such patients [75]. Glucocorticoids 
modify the inflammation-mediated lung injury and hence can alter progression 
to respiratory failure and death. Studies on SARS and MERS showed that corti-
costeroids did not show any improvement in overall survival but showed delayed 
viral clearance from the respiratory tract and other steroid-related complications 
like Hyperglycaemia & Psychosis [76]. A retrospective study was carried out in 
Covid-19 patients in China who had developed ARDS. Those who received steroids 
had decreased death rates compared to those who did not [77]. In another study in 
non-ARDS patients, corticosteroid treatment did not influence virus clearance time, 
hospital length of stay, or duration of symptoms in mild COVID-19. Another study 
reported that early application of low-dose corticosteroid improves the treatment 
effect, presenting as improvement of hypoxia and fever, shortening disease course, 
and accelerating focus absorption [78]. Steroids are now the only therapy showing 
mortality benefit in COVID-19 severe disease. RECOVERY trial has concluded that 
dexamethasone 6 mg given once daily for up to 10 days decreased 28-day mortality 
in patients with COVID-19 on respiratory support. But a careful decision has to be 
made regarding severity as patients not requiring oxygen showed no benefit but had 
a possibility of harm with corticosteroid therapy. In the dexamethasone group, the 
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incidence of death was less than the usual care group among patients receiving inva-
sive mechanical ventilation (29.3% vs. 41.4%; rate ratio, 0.64; 95% CI, 0.51–0.81) 
and those receiving oxygen without invasive mechanical ventilation (23.3% vs. 
26.2%; rate ratio, 0.82; 95% CI, 0.72–0.94). No benefit was demonstrated among 
those who were receiving no respiratory support at randomization (17.8% vs. 14.0%, 
rate ratio, 1.19; 95% CI, 0.91–1.55) [79]. Subsequent RCTs also confirmed the same. 
Hence, all guidelines advocated steroids as first-line therapy in severe COVID-19. In 
due course, specific dose, route, and duration of therapy will be answered.

2.13 Monoclonal antibodies

Various novel monoclonal antibodies are under investigation for COVID-19. In a 
study published in NEJM, it has been described that LY-CoV555 (bamlanivimab) (also 
known as LY3819253), is a potent anti-spike neutralizing monoclonal antibody [80]. 
It binds to the receptor-binding domain of SARS-CoV-2. It was extracted from the 
convalescent plasma obtained from a COVID-19 patient. The protection of bamla-
nivimab against SARS-CoV-2 in primates has been reported [81]. In the interim analy-
sis of data, patients receiving LY-CoV555 reported fewer hospitalizations and a lesser 
symptom burden than placebo receivers. In November 2020, it got the FDA EUA [82]. 
According to FDA, bamlanivimab reduced COVID-19 related hospital admissions 
in patients who are at high risk for disease progression [83]. This authorization came 
even after the company making the drug, Lilly, had announced in October 2020 that it 
was holding the trial in the hospital admitted patients as it not showing any benefits in 
them (ACTIV-3 trial). Remaining studies of bamlanivimab remain ongoing, includ-
ing ACTIV-2 trial which includes the newly diagnosed mild to moderate COVID-19 
patients; BLAZE-1, including recently diagnosed COVID-19 patients in the ambula-
tory (non-hospitalized) setting, studying bamlanivimab as monotherapy and in 
combination with etesevimab; and BLAZE-2, a phase 3 study for COVID-19 pro-
phylaxis. Based on BLAZE-1 data, Lilly had submitted a request for EUA for bamla-
nivimab for the treatment of recently diagnosed mild to moderate COVID-19 patients 
to the FDA [84]. FDA reported 3% hospitalizations and emergency room visits in 
bamlanivimab treated patients compared to 10% in placebo. The FDA has approved 
bamlanivimab for patients age ≥ 12, and at high risk for progressing to severe covid-
19 or hospital admission. However, it is emphasized that bamlanivimab should not 
be given to in-hospital COVID-19 patients or those requiring oxygen therapy; as such 
monoclonal antibodies may worsen outcomes in these patients. Another potential 
antibody treatment for COVID-19, REGN-COV2, a combination of two monoclonal 
antibodies casirivimab and imdevimab (REGN10933 and REGN10987), also faced 
some issues among inpatients with high oxygen requirements. In November 2020, the 
FDA issued EUA to monoclonal antibodies casirivimab and imdevimab (REGN10933 
and REGN10987- against spike proteins of SARS-CoV-2) to be administered together 
for the treatment of mild to moderate COVID-19 in adults and pediatric patients 
(≥12 years of age) [85]. Although, in this case also, Regeneron Pharma had to halt its 
antibody cocktail trial in the admitted patients due to safety concerns, hence it was 
approved for non-admitted patients only [86]. Interestingly, US President Donald 
Trump had also received this regime when he tested positive for COVID-19 [87]. 
Astra Zeneca’s COVID-19 Long-Acting AntiBody (LAAB) combination AZD7442 
trial has also advanced into Phase III [88]. On February 9, 2021, the FDA has issued 
a EUA for bamlanivimab plus etesevimab for the management of mild to moderate 
COVID-19 in outpatients at high risk for disease progression. The data come from a 
randomized, double-blind, placebo-controlled clinical trial in 1,035 non-hospitalized 
adults with mild to moderate COVID-19, at high risk for progression to severe dis-
ease. Hospitalization or death occurred in 36 (7%) of placebo recipients compared 
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to 11 (2%) patients treated with bamlanivimab 2,800 milligrams and etesevimab 
2,800 milligrams administered together, demonstrating a 70% reduction [89].

2.14 Janus kinase (JAK) inhibitors

The kinase inhibitors are being proposed as a novel modality of COVID-19 treat-
ment. The rationale behind this being the prevention of phosphorylation of key pro-
teins that are involved in the signal transduction that in turn leads to immunological 
activation and inflammation. This includes the cellular responses to the pro-inflam-
matory cytokines like IL-6 [90]. JAK inhibitors interfere with the phosphorylation 
of signal transducer and activator of transcription (STAT) proteins [91, 92]. These 
proteins are in turn involved in cell signaling, growth, and survival. The immunosup-
pression may reduce the hyperactive immune state induced by COVID-19. Moreover, 
JAK inhibitors like baricitinib have a theoretical direct antiviral activity via interfer-
ence with viral endocytosis. This can prevent viral entry in the cells [93]. NIH has 
recommended that in the rare circumstances where corticosteroids cannot be used, 
baricitinib in combination with remdesivir may be used for the treatment of hospital-
ized, non-intubated patients requiring oxygen supplementation. IDSA guidelines also 
suggest the use of this combination in hospitalized severe COVID-19 patients [47]. 
Use of baricitinib without remdesivir is not recommended, except in a clinical trial 
[94]. As for the use of baricitinib in combination with corticosteroids, there is still 
insufficient data. Both baricitinib and corticosteroids cause immuno-suppression; 
hence, there is an additive risk of infection.

2.15 Other miscellaneous drugs with a possible therapeutic effect

In the pathogenesis of Covid-19, ACE 2 receptors play an important role by 
facilitating the entry of the virus into the cell [1, 95]. Thus it could be a possible 
therapeutic target with the use of ACE-inhibitors and ARB [1, 96]. However, there 
is a concern that the use of these drugs to stop virus replication may increase the 
expression of ACE-2 receptors and paradoxically worsen the infection. However, 
no in-vitro studies are available which show either definite detrimental or protec-
tive effect of these agents. As a result, the current guidelines state to continue these 
drugs in patients who are already taking them [97].

Umifenovir (also known as Arbidol) is an antiviral agent with a unique mecha-
nism of action targeting the S protein/ACE2 interaction and inhibiting membrane 
fusion of the viral envelope [98]. It is approved in Russia for prophylaxis and treat-
ment of influenza. Of particular interest is its demonstrable in-vitro activity against 
Covid-19 [99]. In an observational study in China, patients treated with umifenovir 
for a median duration of 9 days had a higher discharge rate and lesser mortality 
[100]. But as with other agents, the lack of RCT limits the justification for its use in 
Covid-19. However, ACE targeting therapy is a promising one [1].

Camostat mesylate is an agent used in the treatment of pancreatitis. It inhibits 
host serine protease, TMPRSS2.3, and has been shown to prevent viral cell entry 
in-vitro and thus could be a target for future studies [101].

Nitazoxanide, an anti-helminthic with a relatively favorable safety profile has 
shown in-vitro activity against SARS-CoV and MERS [102]. Besides it also has addi-
tional immunomodulatory action & thus can be used in trials in Covid-19 patients 
as a therapeutic option.

Many non-allopathic pharmaceuticals are also in pipeline as promising COVID-19  
therapy. In June 2020, yoga guru Baba Ramdev announced that his company Patanjali 
Ayurved had launched a drug called ‘Coronil’ that could cure COVID-19 [103]. 
However, no scientific basis for this claim is produced until now.
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3. Conclusion

The Global pandemic with COVID-19 is on. Drug therapy holds the key to the 
treatment and containment of the disease. Hence, large-scale multicentric trials are 
ongoing involving multiple drugs. Until now, no therapy is absolutely effective in 
the treatment of the patient as infection and death rates continue to mount all over 
the world. Corticosteroids have shown a significant effect on reducing the mortality 
in severe COVID-19 patients. It is hoped that the results of the ongoing trials will 
open further opportunities towards understanding the disease process and  
designing safe and effective treatments.
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Home Care as a Safe Alternative 
during COVID-19 Crisis
Heloisa Amaral Gaspar and Claudio Oliveira Flauzino

Abstract

High mortality rate for the coronavirus disease (COVID-19) has been reported 
worldwide in nursing home residents, and the global concern about the safety of 
patients and professionals in these institutions is relevant. A large part of post-acute 
and chronic patient care in Brazil is performed at home through Home Care (HC) 
services. The objectives of this chapter are to describe the main measures that can 
be implemented in patient homes in order to keep professionals, patients, and fam-
ily members safe and to analyze the safety of choosing the home as the place of care 
during a pandemic, especially in contrast to the results observed in long-term care 
facilities. COVID-19 infection data among home care patients, obtained after a year 
of severe epidemic in Brazil, demonstrate that home care is safe and is associated 
with a low incidence and low lethality related to the new coronavirus.

Keywords: Home care, safety, pandemic, COVID-19, professional protection 
equipment

1. Introduction

In Brazil, the first confirmed case of COVID-19 occurred on February 26th. 
Since then, the number of cases has grown exponentially and, despite recognized 
underreporting, the country ranked second in the world among countries with the 
highest number of cases and deaths due to COVID-19 [1, 2].

COVID-19 is a potentially severe acute respiratory infection caused by the novel 
coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The 
clinical presentation is generally that of a respiratory infection with symptom sever-
ity ranging from a mild common cold-like illness to a severe viral pneumonia leading 
to acute respiratory distress syndrome that is potentially fatal. Characteristic symp-
toms include fever, cough, dyspnea, and loss of taste/smell, although some patients 
may be asymptomatic. Complications of severe disease include, but are not limited 
to, multi-organ failure, septic shock, and venous thromboembolism. Symptoms may 
be persistent and continue for more than 12 weeks in some patients. After the acute 
phase and especially following hospital discharge patients may present with muscular 
weakness, oxygen dependency requiring extra-hospital rehabilitation and, still, may 
need continuous care for complications such as infectious, thrombosis or wounds [3].

1.1 How did the pandemic affect Brazil?

The pandemic struck Brazil in an overwhelming way. The lack of effective 
preventive measures added up to a poor coordination by the various spheres of 
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Figure 1. 
Most frequent therapies performed by home Care in Brazil.

government, resulting in a favorable environment for viral transmission and the 
emergence of new variants. The explosion in the number of infections, reaching 
more than 15 million Brazilians infected, a number that is underestimated due to 
the low availability of diagnostic tests especially at the beginning of the pandemic, 
led to the largest health and hospital collapse in the country's history. The ICUs were 
filled in several states both in the public and private system and patients died while 
waiting in line for a hospital bed.

In 2021 the country faced, and still faces, a shortage of human resources in 
hospitals, a shortage of medications, and a severe crisis in the supply of medicinal  
oxygen.

1.2  How did the pandemic affect patients with comorbidities and those who are 
more dependent?

Advanced age and the presence of comorbidities are associated with increased 
mortality due to the new coronavirus. The high prevalence of this combination, 
associated with physical environments that provide inadequate barriers to infection 
control, place patients in long-term care facilities at greater risks. Studies show that 
once the first case in these institutions exists, the possibility to have the infection 
spread to other patients is quite high [4–6]. There are several reports worldwide 
about high mortality related to COVID-19 among residents of long-term care 
institutions (LTCI) with up to 2/3 of patients affected within a period of 3 weeks 
and mortality reaching levels as high as 72% [7]. Dr. Grabowski’s [6] point of view 
highlights the elevated mortality rates due to COVID-19 among LTCI residents, 
representing 25% of the deaths from COVID-19 in the US. Percentages are even 
higher in some US states and European countries such as France and Ireland. The 
concern with the safety of patients and professionals at these facilities is extremely 
relevant and compels us to make a deeper reflection.

The HC sector has grown exponentially in the last few decades. Currently it is 
estimated that approximately one million patients/year from the public and private 
sectors use HC in Brazil, where much of post-acute care, rehabilitation, and long-
term chronic patient care is provided at home. Data from 2019 revealed that the 
number of patients treated at home was equivalent to 5% of the number of hospital 
beds in our country [8].
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This modality of treatment includes drug administration, enteral nutrition, 
wound care, rehabilitation, oxygen therapy, respiratory support, and more complex 
therapies such as parenteral nutrition and invasive or non-invasive mechanical 
ventilation (Figure 1).

Home care is available in both public and private health sectors and has been 
distinguished by humanized care, the patient’s reintegration into society, and low 
incidence of infections.

2. What did home care do differently in Brazil?

Home Care providers needed to take additional steps to keep patient care at 
home and to ensure a safe environment for patients and professionals. Each institu-
tion adopted targeted measures and Home Doctor, a private home care company, 
became a Brazilian reference on this topic. The main measures adopted were as 
follows:

2.1 Environment measures

With regard to the COVID-19 pandemic, patients in home care have an advan-
tage. As they are naturally in isolation at home, it is possible for them to strictly 
follow the recommendations of keeping distance from other people, especially 
those with any suspicious symptoms while staying in a ventilated and clean 
environment with rigorous hand hygiene and the use of individualized materials 
(Figure 2).

Figure 2. 
Main environmental benefits: A - ventilated environment; B - environment cleaned with 70% alcohol;  
C - strict hand hygiene; D - individualized kitchenware; E - individualized hygiene utensils; F - face mask; 
G - privative room; and H - social distancing.
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Physically, the home environment is the best place to reduce the circulation and 
spread of the virus and patients in home care take advantage of this evident benefit.

2.2 Professionals and training

Patients under home care are treated by a team of skilled professionals in a 
directed way in order to receive exactly the assistance needed by a qualified team 
trained in the use of personal protective equipment (PPE) with rational optimiza-
tion of the number of home visits depending on the patient’s clinical condition.

These professionals receive training on topics related to the pandemic so as to 
inform professionals regarding the recommended protocols, as well as to provide 
the emotional and psychological support necessary for caring in this critical 
scenario (Figure 3).

2.3 Personal protective equipment (PPE)

The professionals who work at home care services undergo periodical training 
about how to use PPE, regarding the criteria of indication, and in the techniques for 
putting on and taking off the PPE (Figure 4).

2.4 Telemedicine

Telemedicine was regulated in Brazil on an emergency basis at the beginning of the 
pandemic. In this way, home care companies that were not structured for virtual care 
had to quickly prepare themselves, acquire secure telemedicine platforms, train their 
employees, guide patients and family members, and implement this resource in practice.

Virtual consultations have become routine for many professionals in order 
to reduce the flow of professionals in patient homes and the circulation of these 
professionals (Figure 5).

Telemedicine played an important role in home care during the pandemic in 
Brazil because it made it possible to replace regularly scheduled visits and to mini-
mize the circulation of professionals in the patient homes. It also showed itself to 
be a valuable resource for more rigorous and close follow-up of patients with more 
complex clinical conditions and patients infected with COVID-19. The monitoring 
done by the physician using telemedicine enabled a faster decision-making process 
at the first sign of clinical decompensation, optimizing treatment, reaching a 
rational use of scarce ambulance resources, and ultimately providing a better care 
of the patient at home with reduced levels of hospitalization.

Figure 3. 
Two training spheres.
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2.5 Remote devices for monitoring

Vital signs such as blood pressure, heart rate, temperature, and pulse oximetry 
can be measured by the patient using Bluetooth wireless devices, which are trans-
mitted in real time to a monitoring center (Figure 6).

Figure 4. 
Definition of PPE use and training protocol regarding putting on and taking off PPE.

Figure 5. 
Teleconsultation.

Figure 6. 
A COVID-19 patient remote monitoring (blood pressure, heart rate, temperature, glycemia, oxygen saturation).
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Additionally, patients using mechanical ventilation may have their ventilation 
monitored remotely through equipment with this real-time transmission feature. 
This resource, which had already been utilized on a smaller scale for home care 
in Brazil, began to be used more widely during the pandemic. It allows real-time 
visualization of patient ventilation monitoring so that decompensations are quickly 
identified, allowing adjustments to be made in an agile manner, and consequently 
improving patient care and optimizing the deployment of resources to the home 
(Figure 7).

2.6 Use of oxygen concentrator

In Home Care, it is classically recommended to use oxygen concentrators instead 
of oxygen cylinders in order to reduce the risks related to the physical factors of 
explosion and of shortages due to delayed cylinder substitution. During the pan-
demic, the scarcity of oxygen and gas cylinders for recharging was intense in Brazil, 
but Home Care treatment managed to safely keep oxygen therapy in the homes due 
to having oxygen concentrators in most households. There was no need for hospi-
talization of patients because of lack of oxygen. All patients were able to be safely 
maintained under home oxygen therapy and, additionally, more patients under 
oxygen therapy could be transferred to home care, contributing to the availability 
of hospital beds for more severe patients (Figure 8).

2.7 What have been the results of home care during the COVID-19 pandemic?

During the first year of the pandemic (from March 2020 to March 2021), one of 
the largest home care providers in Brazil treated a total of 4,500 patients at home and 
registered only 179 confirmed cases of COVID-19 among patients who were already 
receiving home care during this period, 91 (50,8%) in women and 88 (49,2%) in 
men, with a mean age of 61.1 years [9]. COVID-19 had an incidence of 3.9% in the 
population studied, which is below the Brazilian incidence of 6%. There were 56 
(31.2%) hospitalizations with 21 (11.7%) hospital deaths and 4 (2.2%) cases of home 
death, which represents a lethality of 13.9% (25 total cases of death). The number, 
clinical outcomes, and geographical distribution of the confirmed COVID-19 cases 
were reported daily to all healthcare teams through a case panel [10].

Apart from COVID-19, more than 2,500 patients per day were treated at home, 
which allowed hospital beds to be dedicated to critically COVID-19 patients and 
contributed to reduce total hospital occupancy.

Figure 7. 
Image representing remote monitoring of the mechanical ventilation of a patient under home care.
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On the other hand, acute COVID-19 patients with mild and moderate symptoms 
were taken care of at their homes, and also patients in the recovery phase of the 
disease were admitted for rehabilitation after hospital discharge. During this 1-year 
period, 64 new patients with a diagnosis of mild or moderate COVID-19 were 
successfully treated at home and 123 post-COVID patients were admitted to home 
care after hospital discharge to receive rehabilitation therapy and treatment for 
complications.

Home care assumed an important role in avoiding hospitalization of non-critical, 
suspected, or confirmed cases of COVID-19 and in providing care to patients 
through home monitoring of oximetry, oxygen supplementation, home medical sup-
port, daily medical telephone monitoring, and the provision of a medical emergency 
center available daily round-the-clock.

3. Conclusion

Home care in Brazil has undergone a profound transformation as a result of the 
pandemic. Significant and rapid technological advances were needed and training 
of the team became crucial. This, associated with the physical benefits of distanc-
ing by staying at home, boosted home care, which played a key role in treating 
COVID-19 and non-Covid-19 patients during the pandemic, resulting in liberating 
hospital beds and contributing to the sustainability of the Brazilian Health System 
in this catastrophic health crisis.

COVID-19 infection data in home care patients obtained after a year of severe 
epidemic in Brazil demonstrate that home care is safe environment for patients and 
professionals with low incidence and lethality related to SARS-CoV-2.

Figure 8. 
Oxygen concentrator.
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Chapter 28

Tackling COVID-19 through the 
One Health Approach
Ayodele Oluwaseun Ajayi, Olawale Peter Odeleye  
and Oluwabukola Atinuke Popoola

Abstract

The Covid-19 pandemic is currently ravaging the globe with enormous  
morbidity and mortality. This pandemic, caused by the SARS-CoV-2 started from 
China and has spread across the globe. Initial reports indicated that the SARS-
CoV-2 initially emerged among animals from where they transfer to humans. 
Different strategies deployed to curtail the pandemic have yielded little result. 
Therefore, the One-Health concept may compliment existing strategies. The One 
Health places emphasis on the between the animal-human-ecosystem interface and 
how this can be used to tackle public health problems, including the COVID-19 
pandemic. One Health Surveillance will involve tracking viral pathogens in animals 
to access risk of transfer to humans. It will also stimulate targeted approaches 
for prevention and treatment of viral zoonotic infections. There should be an 
integrated and interdisciplinary One-Health surveillance that should incorporate 
veterinary, medical or public health and environmental scientists to synergise 
surveillance effort to track emergence of infectious diseases in the future.

Keywords: Surveillance, One-Health, COVID-19, SARS-CoV-2

1. Introduction

The One Health is an interdisciplinary concept that encompasses animal 
health, human health and the ecosystem with huge emphasis on how public health 
problems can be solved at the interface between these entities [1–3]. The interface 
between humans, animals and the ecosystem are intricately interconnected to the 
extent that whatever happens in any of these entities most likely affects others 
[4]. Therefore, the concept of One Health relies on the understanding that human 
health, animal health and the environment are intricately linked together and they 
can be affected simultaneously [5]. Historically, the nature of the intricate interac-
tions between animals, humans and the ecosystem have continued to shape human 
events and local or global public health [6].

There has been a historical consensus that some factors that affect human health 
can be traced to animal factors and origins [7]. Humans have coexisted with animals 
and this has formed the basis for studying the human-animal interface [8, 9]. For 
example, it has been confirmed that close to 70% of all infectious diseases have 
zoonotic origins [10–12]. It has also been implied in some scientific contexts that the 
control of aetiological agents in animals could prove effective in controlling such 
agents within the human population to improve public health [13, 14].
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Another imperative of the One Health is the growing interconnectedness 
between the ecosystems of humans, animals and the environment, which may 
include wildlife, urban areas and farming systems [15, 16]. The increasing anthro-
pological activities of humans have diminished the delineation between these 
ecosystems and have increased the frequency of contact between animals and 
humans [17]. Humans now stand at increased risk of having contact with animals 
that have been displaced from their original ecosystems. This has further increased 
the risks of emerging and re-emerging infectious diseases and their attendant 
burdens on humans and global economy [18]. Some infectious diseases that were 
hitherto absent in human populations are now common due to the increased contact 
of humans with animals [19].

It has also been noted that some environmental factors affect the health of 
humans and animals [20]. The increasing anthropogenic activities have led to a 
distortion of the delicate natural environmental balance [21]. Intense industrial 
activities release greenhouse gases into the environment, leading to climate change 
and increased risk of respiratory problems among humans and animals. The 
activities of chemical and pharmaceutical industries have also been linked with the 
release of chemicals into the environment, particularly soil and water; and they can 
be absorbed by humans, animal and plants [22]. For instance, some studies have 
confirmed the residual amounts of antibiotics found in urine of animals are partly 
due to the release of pharmaceutical wastes into the environment [23]. Several 
pathogens, particularly viruses and bacteria, have been confirmed to be carried 
by environmental reservoirs and matrixes from where they can be transmitted to 
humans and animals to cause diseases [24]. One of the fallouts of globalization is the 
increased speed and frequency of travels by different channels of transportation, 
namely air, sea and land. This has facilitated the massive movement of humans and 
animals across transcontinental boundaries [25]. Unfortunately, humans that carry 
active infectious diseases serve as reservoir through which infectious pathogens can 
be transmitted or transferred across international boundaries [26, 27]. In addition, 
massive demand for protein and animal products increases the number of animals 
that are transported across international borders with increased risk of transfer of 
resident zoonotic flora and pathogens across international boundaries [28]. This 
factor has contributed to the increased interface between animals and humans.

It is within this context that different countries and international organizations, 
particularly the World Health Organization, (WHO), Organization for Animal 
Health (OIE) and Food and Agricultural Organization (FAO) agreed on a global 
consensus that some problems of global importance can be tackled through the 
One Health approach [29]. It places emphasis on multi-sectoral collaborations and 
frameworks to solve pertinent global health problems, both nationally and interna-
tionally. They also encourage different countries to come up with their One Health 
policies with a view to enhance the quality of their public health. Many countries 
across the globe have responded to this challenge and institutionalized One Health 
into their surveillance systems to improve public health. For instance, the African 
Center for Disease Control has incorporated the One Health framework into its 
activities with a view to tackle the periodic problem of emerging infectious diseases 
within the continent.

2. Brief review of zoonotic viruses and their epidemiology

Zoonotic infections are those infections that originate from animals and are 
transmitted through the agency of animals or insects to humans [30, 31]. It has 
since been on record that the vast majority of emerging infectious diseases have 
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zoonotic origins [32, 33]. It has also been established that many viruses have animals 
as their reservoirs and some even exist as part of the natural flora of the animals. 
Many animals that have served as proven reservoirs of viruses include bats, dogs, 
primates, and many other exotic species of animals [34]. It has been recognized 
that the knowledge of viruses and their natural hosts or ecosystems is important 
to effectively recognize measures to combat zoonotic infections, including those 
caused by viruses [35]. Such knowledge will enable scientists determine the pos-
sible viral flora of such animals, detect any seasonal changes in the carriage of such 
viruses that may negatively impact public health and allow medical practitioners, 
veterinary physicians and epidemiologists to predict possible emergence of viral 
infections, risks and threats to humans and public health [36–38].

A vast majority of infectious diseases that have significant toll on public 
health, in terms of mortality and morbidity, have zoonotic origins [39]. Similarly, 
viral zoonoses contribute a significant proportion of infectious diseases across 
the globe with significant economic burden running to billions of US dollars 
annually [37]. Furthermore, Africa and other developing countries appear to have 
the highest burden of viral zoonotic infections, with significant mortality and 
morbidity [40, 41]. The diminishing demarcation between the animal wildlife and 
human ecosystems increases the risk of contact and interaction between humans 
and animals with consequent increase in the surge of emerging and re-emerging 
infectious diseases in Africa and across the globe [42]. As stated above, Africa 
has its fair share of zoonotic viral diseases with well documented mortality and 
morbidity attributed to them. The following are examples of past or recent wave 
of zoonotic viral diseases in Africa.

i. Ebola virus disease: This is a usually fatal disease caused by the Ebola 
virus. It has been established that this disease is usually transmitted through 
contact of apparently healthy individuals with the body fluids of individuals 
infected with the virus [43, 44]. Earlier and recent reports suggest that the 
virus was originally found in primates and bats in wildlife from where they 
were transmitted to humans that came in contact with them [45, 46]. It can 
also be transmitted from wild animals such as fruit bats and porcupines 
[47]. The earliest reported case of the diseases was in 1976 in the Democratic 
republic of Congo [48]. The most pronounced outbreak of this disease was 
reported in 2014 in Liberia, Sierra Leone and Guinea with combined mor-
tality of approximately 11,000 deaths [49]. The fatal nature and the huge 
mortality reported in the recent outbreaks draws attention to the zoonotic 
origin of the disease and how it can be tackled through one health.

ii. Lassa fever: This disease is caused by the Lassa fever virus and is endemic 
mostly in Nigeria and other neighboring countries, including Cote d’Ivoire, 
Guinea, Central African Republic, Mali, Senegal and Congo [50]. The 
natural host of the virus is the rodent Mastomys natalensis, which is mostly 
found in tropical environments in West Africa [51]. This rodent is originally 
resident in the bushes and tropical rainforest but the increasing and massive 
urbanization in most parts of Nigeria and West Africa dislodge these rodents 
from their natural habitat, increasing the risk of transmission of this virus 
to humans [42]. Epidemiologically, the annual incidence of this disease in 
Africa is estimated at 200,000, with estimated mortality of 500 with 60 
million people at risk of contracting the disease [52, 53].

iii. Rabies: This disease is caused by the Rabies virus and it is found mostly 
in Africa and Asia [54]. It is a fatal disease with high mortality in endemic 
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regions where the disease is common. Relative to the high mortality associ-
ated with this disease, it is estimated that 99% of close to 59000 deaths 
caused by this disease are originated from dogs [55]. The virus also circulates 
in wildlife, especially wild bats and racoons where they can also be transmit-
ted to domestic animals that come in contact with them [55]. The strong 
knowledge of the transmission link of the virus between dogs and humans 
led the effective control of the disease through vaccination of dogs and this 
has proven effective till date [56–58].

iv. Human Arbovirus infections: This represents the categories of infections 
that are caused by mosquitoes and ticks that feed on blood and transmit 
viruses to susceptible hosts during the process [59]. These Arboviruses still 
present a huge threat to public health especially in developing countries [60]. 
The morbidity and mortality associated with diseases caused by arbovi-
ruses is significant [61]. However, the increasing rate of urbanization and 
other related anthropogenic forces increase the chance of transmission of 
arboviruses to humans [62]. The most prominent arboviral infection among 
humans is the Dengue fever caused by the Dengue virus which accounts 
for more than 40.000 deaths per annum [63]. Around 2015, the Zika virus 
infection caused some morbidities and mortalities in Brazil and neighboring 
countries and still a threat till date [64].

It has been noted that the zoonotic origins, epidemiological burden and trans-
mission cycles of the viral infections emphasize the need for effective control of 
zoonotic viral infections through the One Health approach, especially in the para-
digm of other measures that have been adopted and have not effectively controlled 
the diseases.

3. Brief review of the COVID-19 pandemic

A new viral disease emerged in China and has since spread to different parts 
of the world with more than 145 million people infected and more than 3 million 
deaths. After extensive molecular studies, the etiology of the virus was identified 
as SARS-COV-2 with innate ability to spread rapidly among humans [65–68]. 
Furthermore, new variants of the virus were later identified in different countries 
with enhanced abilities to spread faster than the previous wild types discovered. 
This implies that more people will be infected and more may likely die of this 
disease. These new variants therefore appear to have altered the epidemiology of 
the disease in some parts of the world [69–72].

Different countries, international and scientific organizations responded 
swiftly to the spread of the pandemic with an array of measures to limit the spread 
of the disease across national and international boundaries [73, 74]. Such measures 
included isolation and quarantine, restriction of international flights, social dis-
tancing and personal hygiene, which include hand washing and use of nose masks 
[74–78]. Following global agreement that vaccines may likely end the pandemic, 
different companies and research organisations have developed vaccines and the 
largest and unprecedented vaccination drive have since commenced in different 
countries and millions more people have been projected to be vaccinated over time 
[79, 80].

However, the different initiatives intended to control the spread of the disease 
shortly before the vaccines were discovered appeared to have limited effects in 
controlling the spread of the disease. For instance, strict hand washing remains 
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a challenge in many poor and developing countries due to lack of adequate water 
supply [78]. Furthermore, the screening measures at international airports only 
captures symptomatic carriers while asymptomatic carriers can escape the screen-
ing routines [77]. Also, most of these measures appear short term and may not be 
sustained on these long run [81]. Inadequate logistics for distribution of masks 
and other sanitary materials limit access by people in remote areas. The limited 
success achieved in limiting the spread of the disease calls for more deliberate and 
innovative approaches towards controlling the spread and even eliminating the 
disease.

4. Zoonotic origin of COVID-19

The preliminary investigations in China that followed the onset of the pandemic 
revealed that bats and exotic animals at a popular market are the initial sources of 
the organisms [82, 83]. It was also hypothesized that the humans that initially came 
into contact with the animals may have triggered the pandemic [84]. The coronavi-
ruses are a large family of viruses that has been found to be common among animals 
and wildlife, including bats [82]. The initial strains of the virus were genomically 
correlated with that of bats. This implies that the virus may have originated from 
bats, although the exact transmission to animals remains relatively unknown [84]. 
The extensive zoonotic origin of these types of viruses heightens the risk of their 
transfer from the wildlife to the human population [85]. The growing urbaniza-
tion, anthropogenic pressure and climate change encroaches the original wildlife, 
resulting in the spillover of the viruses as the animals migrate to areas inhabited by 
humans [86].

5. The imperative of one health surveillance

The initial transfer pattern of the virus from animals and wild life to the envi-
ronment and humans confirms that the One Health approach can be applied to 
tackle the spread of the diseases, in view of the outright failure or limited success 
achieved with other preliminary methods deployed to control the transmission of 
the disease [81, 87]. Animals serve as the reservoir of the virus from where they can 
be shed into the environment. Such animals, usually in wildlife, frequently come 
into contact with humans and they transmit the virus in the process. Furthermore, 
humans can serve as conduit to transfer to other humans and this scenario is 
particularly problematic in the case of the SARS-CoV-2 [88]. In addition, humans 
can also transmit the virus asymptomatically to other humans and the environment 
[89]. The virus has been found on surfaces, foods and sewages [90].

There is a strong consensus in the global scientific arena that the One Health 
concept provides a stronger approach to tackle the spread of infectious diseases 
including those caused by zoonotic viruses. In response, different international 
organizations have put up strong statements in support of the One Health 
approach to tackle the current surge of infectious diseases. They further encourage 
different countries to prioritize this concept and come up with policies to tackle 
the spread of infectious diseases, which can be extended to the current COVID-19 
pandemic.

In major effort to solidify the One Health footprint on global public health, three 
major international organizations, namely the World Health Organization (WHO), 
Food and Agricultural Organization (FAO) and the Organization for Animal Health 
(OIE) produced a joint and strategic framework aimed at reducing infectious 
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diseases at the animal-humans-ecosystem interface. With strong link of the coro-
navirus with wild life and the environment, viral diseases of zoonotic origins also 
fall with the scope of infectious diseases that can be tackled through the One-Health 
policy [91].

Several countries have since keyed into the strategic initiatives and have rec-
ognized it as an important approach to tackle the surge of emerging infectious 
diseases, including the current COVID-19 pandemic. For instance, the African 
Center for Disease Control has incorporated it into its public health programmes 
in the continent [29]. The European Union (EU) have since produced its own 
One Health action plan to tackle different public health problems most especially 
antibiotic resistance and zoonoses [92]. Similarly, the Asia continent has the One 
Health Tripartite frame work the comprises of the Asia region of the WHO, FAO 
and OIE to give full attention to One Heal issues with a view to tackle public health 
challenges that most especially antibiotic resistance and zoonoses [93].

However, it appears there is no standard approach for tackling COVID-19 as a 
means to prevent further spread of the pandemic. This can be viewed from the fact 
that the pandemic is relatively new and it may take some time to design One health 
policies that will specifically suit the pandemic. One of the key peculiarities of the 
current pandemic is the easy spread of the COVID-19, compared with the other pub-
lic health threats that are currently being addressed by One Health. Also, the massive 
mortality and morbidity of the current pandemic is another peculiarity for which 
custom made One Health policies should be designed to tackle the current pandemic. 
Generally, the One Health approach recognizes that scientific expertise should be 
drawn from disciplines, most especially, medicine, veterinary science and environ-
mental science in order to public health threats including the current COVID-19.

6. Surveillance for infectious diseases

The surveillance for infectious diseases is a very crucial epidemiological tool 
that serves different purposes in public health. More specifically, infectious dis-
eases surveillance can be used to determine the current prevalence of infectious 
diseases at a given time. It also assists in the monitoring of changes in infectious 
diseases trend over time. It helps to determine or reveal risks of emergence of 
infectious diseases and how such risks can be mitigated. More importantly, infec-
tious diseases surveillance allows targeted policies for prevention and control of 
infectious diseases within particular groups within a population [94].

Within the COVID-19 pandemic, the extensive surveillance capacities and pro-
tocols developed over the years have assisted in tracking the spread of the pandemic 
and helped to determine the massive threat it has posed in terms of morbidity and 
mortality [95, 96]. The massive surveillance efforts put forward, most especially by 
developed countries and China has enhanced targeted policies to tackle the spread 
of the disease and treatment. For instance, the United Kingdom recently announced 
massive vaccinations for the entire country. China was able to track sporadic 
emergence of the diseases and targeted quarantine followed such efforts. In con-
trast, African countries seem to have limited capacities for surveillance of infectious 
diseases and this may partly explain the low prevalence of the diseases in Africa.

7. One health surveillance

The paradigm of surveillance for the COVID-19 pandemic within the one health 
concept is somewhat different. Due to the interdisciplinary nature of one health, 
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surveillance efforts and policies should be designed to encompass human health or 
population, animal health and the ecosystem. In fact, this surveillance approach has 
been recognized as a crucial component of One Health and this integrated approach 
can be used to track emerging and re-emerging diseases. Surveillance efforts 
targeted at animals and wild life has revealed that coronaviruses, including the 
SARS-CoV-2 constitute part of the flora of such animals. Although the immediate 
animal to human transmission of the SARS-CoV-2 could not be established, direct 
human to human transmission has been established and this has been attributed 
to the vast majority of the transmission of the virus. The virus has also been found 
in solid household waste, sewage and hospital droplets and these carry the risk of 
transmitting the virus to susceptible individuals [97].

8. Conclusion

The One Health concept is a relatively new approach being promoted as a 
 strategy to tackle some public health problems at the human-animal-ecosystem 
interface. Consequently, its application is gradually gaining traction and some 
time is needed to really access its benefits. Currently, there are few evidence of the 
potential and practical benefits of this approach to tackle public health challenges on 
the scale of those posed by the COVID-19 pandemic.

That notwithstanding, few instances of the immediate, potential and practical 
benefit of using the One Health approach have emerged. The United States Agency 
for International development recently developed a PREDICT One Health surveil-
lance system to track potential emergence of pathogenic viruses and their possible 
spill-over to the human population. The successful application of this project has 
led to the improvement of our understanding of evolution of viruses on a global 
scale [98]. Furthermore, another coordinated One Health simulation study using 
the Rift Valley virus was used to demonstrate the potential applicability and success 
of this approach. The study concluded that a multidisciplinary investigation using 
this approach can yield a higher statistical power and reveal complex relationships 
between regarding the epidemiology of the virus in animal and environmental 
settings [99].

It is evident from the foregoing that the One Health surveillance initiative can be 
applied at the human-animal-ecosystem interface to track any emerging infectious 
diseases. The incorporation of molecular techniques can be used to establish the 
clonality between the viral strains among animals, humans and the ecosystem. Due 
to the massive and devastating nature of the COVID-19 pandemic, the One Health 
surveillance must be globally envisioned in order to effectively track and control the 
spread of the disease [100].
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