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Preface

This book includes six chapters organized into four sections: “Introduction”, “Ethio-

» «

Pathogenetic Factors”, “Epidemiology,” and “Clinico-Pathological Factors™

In Section 1, Chapter 1 discusses the importance of COVID-19 epidemiology in chil-
dren. Knowing the factors that play a role in the epidemiology of this disease will help
us to develop measures against them in possible future endemics and/or pandemic
conditions.

In Section 2, Chapter 2 examines the role of angiotensin-converting enzyme 2 (ACE2)
receptor expression in SARS-CoV-2 and its effects on COVID-19 epidemiology in
children. The role and importance of ACE2 expression in the involvement of SARS-
CoV-2 infection and COVID-19 disease has always been a point of discussion since the
beginning of the pandemic.

In Section 3, Chapters 3-5 investigate the prevalence of COVID-19 in South Africa,
Mexico, and Tiirkiye compared to other countries in the world, risk factors and
changes in the care/treatment of the disease, and innovations and country-dependent
approaches. The chapters give examples of pandemic prevention studies, treatment
modalities, and vaccination studies developed according to the conditions of the
regions discussed.

In Section 4, Chapter 6 discusses the link between 4-hydroxynonenal (HNE) and
sleep and cognitive disturbances in children with COVID-19. Protein adducts of
4-hydroxynonenaline, a product of lipid peroxidation, have recently been inves-
tigated in studies of fatality in patients with COVID-19. Due to its relevance to the
oxidant-antioxidant system, it can vary dynamically in the body in cases such as
severe infection and chronic inflammation.

I would like to thank Publishing Process Manager Karla Skuliber and the staff at
IntechOpen for their assistance throughout the publication process. I would also like
to thank my wife Seval Hiilya Ozdemir and my daughter Berrin Nikame Ozdemir for
their support during the preparation of this book.

Oner Ozdemir, MD

Division of Allergy and Immunology,
Department of Pediatrics,

Sakarya University Medical Faculty,
Research and Training Hospital,
Adapazari, Sakarya, Tiirkiye
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Chapter1

Introductory Chapter: The
Importance of COVID-19
Epidemiology in Children

Oner Ozdemir

1. Introduction

In this book, apart from the section on the pathogenesis of COVID-19 disease,
the factors that play a role in the etiology of the disease in different countries will be
evaluated.

2. Discussion

The role of the renin-angiotensin system (RAS) in the pathogenesis of COVID-19
has been known from the beginning. The disproportion between angiotensin II (Ang
II) and angiotensinl-7 (Angl,7) occurred by the interplay between SARS-CoV-2 and
angiotensin-converting enzyme 2 (ACE2) receptors is very important on the clinical
table and prognosis. Other angiotensinases such as PRCP (prolyl carboxypeptidases)
and POP (prolyl oligopeptidase) can lessen the deleterious effects of interplays between
ACE2 and spike proteins of SARS-CoV-2. The deficiency of counter-regulatory RAS
mechanisms in the acute phase of COVID-19 is presented by a decline in ACE2 expres-
sion due to unaffected activity of other angiotensinases and cannot prevent Ang II
accumulation. Again, COVID-19 vaccines augment the endogenous synthesis of SARS-
CoV-2 spike proteins. Therefore, unwanted effects of COVID-19 vaccination linked
with Ang IT buildup occur. Comprehension of the associations between the diverse
mechanisms of Ang II degradation and buildup provides a chance to understand the
pathophysiological cycle between the risk of development to severe types of COVID-19
disease and the possible unwanted effects of COVID-19 vaccination [1].

A zoonotic virus that causes severe respiratory diseases, three major outbreaks of the
coronavirus including SARS-CoV, MERS-CoV, and most lately SARS-CoV-2, has been
reported since 2002. Over the past few decades, the virus has been capable of mutating
and changing, causing it to bypass the animal-to-human species barricade and infect
humans. The appearance of SARS-CoV-2 created a serious global public health threat
and caused major pandemic outbreaks. The latest pandemic of COVID-19, a disorder
produced by SARS-CoV-2, in Wuhan, China’s Hubei Province, has diseased more than
690 million people worldwide and caused fatality more than 6.8 million lives as of June
18, 2023. It has infected 213 other countries/regions worldwide. The virus constantly
evolves and changes and spreads through asymptomatic carriers [2].
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Epidemiologically, elderly individuals and people with predominant comorbidities
are highly susceptible to grave health effects of COVID-19, comprising of cytokine
upregulation and acute respiratory distress syndrome (ARDS) [3].

Multiple variants of the SARS-CoV-2 are known worldwide. This book discusses
the overall picture of the pandemic in Latin America and several other countries,
including its most common variants, how they affect surveillance at the genomic
level, and the epidemiology of the disease. Again, the effect of COVID-19 vaccina-
tions in Latin America and other countries on the epidemiology of the disease and
how it can help alleviate the pandemic were also evaluated [4].

On March 5, 2020, South Africa registered its first imported patient of COVID-19.
Since then, patients in South Africa have augmented exponentially with noteworthy com-
munal spread. The situation in South Africa is also discussed in detail in our book [5].

A chapter in our book deals with the link of 4-hydroxynonenal (HNE) with sleep
and cognitive disorders due to COVID-19 in children. As is known, protein adducts
of the lipid peroxidation produce HNE was also found to be greater in the plasma
of cases who died from the disease, while the total antioxidant capability was lower
than the detection limit for most of the serum specimens. This suggests that the
patients have active oxidative stress reaction mechanisms that respond to COVID-19
aggression. This may enable options to use antioxidants with a tailored, integrative
biomedicine method to avert the initiation of a vicious cycle of HNE-mediated lipid
peroxidation in cases with aggressive inflammatory disorders such as COVID-19 [6].

3. Conclusion
We hope that this book will help to understand the effects of lipid peroxidation
elements such as HNE, which are little known, on the clinical picture, as well as their

effects on the etiopathogenesis via the ACE-2 receptor, which is well known about
COVID-19 disease.

Author details

Oner Ozdemir

Division of Allergy and Immunology, Department of Pediatrics, Sakarya University
Medical Faculty, Research and Training Hospital, Adapazari, Sakarya, Tiirkiye

*Address all correspondence to: ozdemir_oner@hotmail.com
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SARS-CoV-2 Angiotensin
Converting Enzyme 2 (ACE2)
Receptor Expression and Its Effects

on COVID-19 Epidemiology in
Children

Kevin M. Kover

Abstract

Children account for less than 2% of COVID-19 cases around the globe, and
children experience relatively minor symptoms compared to the adult population.
Various theories have been proposed to explain this phenomenon. One such theory is
the involvement of angiotensin converting enzyme 2 (ACE2) in the pathogenesis of
COVID-19. Previous studies have found a direct relationship between the abundance
of pulmonary ACE2 receptors and the age of patients. Since Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) binds to the ACE2 receptor to infecta
patient, it is hypothesized that the low abundance of pulmonary ACE2 receptors in
children relative to adults accounts for both the mild symptoms experienced as well as
the difference in the number of identified cases.

Keywords: COVID-19, ACE2, RAAS, SARS, children, epidemiology, cases

1. Introduction

The World Health Organization (WHO) declared a global pandemic in March
2020 as COVID-19, an illness caused by SARS-CoV-2, was spreading rapidly around
the globe, causing severe illness and death. There are numerous theories regarding
the pathogenesis of COVID-19; however, it’s pathogenesis is not completely under-
stood due to the novelty of SARS-CoV-2. Various studies have been performed to
determine how SARS-CoV-2 infects human cells so we can better understand its
pathogenesis and, therefore, potential targets for medications and effective immuni-
zations. COVID-19 is less prevalent in children than adults, accounting for less than
2% of cases. A few studies have demonstrated the potential involvement of ACE2,

a component of the renin-angiotensin-aldosterone system (RAAS), as an explana-
tion for the drastic difference between the number of COVID-19 cases in children
versus adults. Multiple studies confirm that SARS-CoV-2 binds to ACE2, and there
is a higher abundance of pulmonary ACE2 receptors in adults compared to children.
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These two conclusions together could provide insight into the lower number of
COVID-19 cases and the lower severity of symptoms in children.

2. The coronavirus disease (COVID-19)

In December 2019, pneumonia of an unknown origin was linked to a seafood
wholesale market in Wuhan, Hubei Province, China. Scientists isolated a novel
coronavirus related to SARS-CoV. Therefore, it was named SARS-CoV-2, and the
disease that it causes was named coronavirus disease 2019 (COVID-19). This novel
disease began to spread globally due to its high rate of infectivity. Because of the high
rate of mortality caused by COVID-19, the WHO declared a global pandemic in March
2020 [1, 2]. As of November 2022, the total number of cases in the United States was
98,481,551 including 305,082 new cases. The total number of deaths due to COVID-19
was 1,075,779 as of November of 2022, including 2,644 new deaths, and the number
of hospitalizations was 25,224 with an average of 3,915 new admissions daily [3].

On December 14, 2020, the U.S. COVID Vaccination Program began where vaccines
from Pfizer, Moderna, and Johnson & Johnson were administered around the globe
[4]. Pfizer and Moderna each initially required 2 shots to be fully immunized, whereas
Johnson & Johnson required 1 shot [5]. At that time, Pfizer vaccines were given to
patients ages 12 and older, while Moderna and Johnson & Johnson vaccines were given
to patients ages 18 and older [5]. As of December 2022, Pfizer and Moderna vaccines
were being offered to children as young as 6 months of age [6].

3. COVID-19 illness symptoms and severity in children

Like adults, COVID-19 infection in children can cause severe illness, especially if
they have an underlying health condition such as congenital heart disease, asthma,
type 1 diabetes, obesity, cystic fibrosis, cancer, or immunosuppression [7-9]. In rare
circumstances, children with severe COVID-19 infection may develop a condition
known as multisystem inflammatory syndrome in children (MIS-C) [8].

MIS-C is a severe post-infectious inflammatory complication of COVID-19 in
children where most patients (about 68%) required mechanical ventilation and ICU
admission. The most common presentation of MIS-C was gastrointestinal symptoms
such as diarrhea and abdominal pain. The majority MIS-C cases demonstrated neu-
trophilia and an elevated inflammatory marker called c-reactive protein (CRP) [10].
MIS-C commonly affects children ages 5-13 and has been associated with coronary
artery aneurysms, left ventricular cardiac dysfunction, atrioventricular block, and
multiorgan failure [11, 12]. New evidence suggests MIS-C infection in neonates, now
termed multisystem inflammatory syndrome in neonates (MIS-N) [11, 13-17]. As of
November 28, 2022, the CDC reports 9,139 confirmed cases of MIS-C and 74 deaths.
Half of these cases were children ages 5-13 years old with a median age of 9 years old.
98% of children tested positive for COVID-19; the remaining 2% were exposed to
COVID-19 [18]. Figures 1 and 2 demonstrate the weekly cases of MIS-C throughout
the pandemic and the number of cases per age range, respectively.

Recent research regarding COVID-19 infection in children versus adults is contro-
versial. Children often experience a milder course of illness or are asymptomatic [19,
20], making it difficult to establish the number of pediatric cases. Research has shown
that a component of the RAAS, ACE2, has been linked to lower COVID-19 infection
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Figure 1.
Weekly MIS-C Cases and COVID-19 Cases Reported to CDC [18].
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Figure 2.
MIS-C Patients by Age Group [18].

rates and milder symptoms of COVID-19 infection in the pediatric population com-
pared to the adult population.

4. Renin-angiotensin-aldosterone system (RAAS)

Blood pressure is regulated by the kidneys via the RAAS. Juxtaglomerular (JG)
cells in the kidney release renin, a protein that helps to increase blood pressure. A
rise in blood pressure is accomplished when renin acts on angiotensinogen, which is
released from the liver, to convert it into its active form, angiotensin I. Angiotensin
Iis then converted to angiotensin II via ACE in the lungs. Angiotensin II serves to
increase blood pressure and blood volume by triggering the release of aldosterone
and antidiuretic hormone (ADH). Aldosterone and ADH reabsorb sodium and water,
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Diagram of the RAAS [22].

respectively, from the kidney. As water follows sodium into the body, blood volume
increases; therefore, blood pressure increases. Angiotensin II also causes vasoconstric-
tion that leads to an increase in blood pressure. Because of these effects, classes of
medications known as ACE inhibitors (ACEi) and angiotensin receptor blockers (ARB)
can be used to manage the blood pressure of hypertensive patients (Figure 3) [21].

5. Biochemical comparison of ACE to ACE2

ACE2 was discovered in 2001 and was named ACE2 due to its structural similar-
ity to ACE. Consequently, it was hypothesized that ACE2 could be another potential
target for the treatment of hypertension. Despite its similarity to ACE, studies
determined that ACE2 did not convert angiotensin I to angiotensin II, and ACEi were
unable to inhibit ACE2 [23].

Studies determined that the major structural difference between ACE and ACE2
was that ACE is a carboxy-dipeptidase that removed C-terminal dipeptide, while
ACE2 acted as a carboxy-peptidase that removed only a single amino acid. ACE2
hydrolyzes angiotensin I more poorly when compared to ACE; however, it was deter-
mined that ACE2 hydrolyzes angiotensin II with a catalytic efficacy of about 400-fold
compared to ACE2 hydrolysis of angiotensin I [23, 24]. Originally, the main tissue
sites that expressed ACE2 receptors were the testes, heart, and kidney [23, 25].

It is now known that ACE2 receptors are present in the respiratory tract, specifi-
cally the olfactory epithelium, the nasal septal epithelium, the nasal conchae, and the
paranasal sinuses [26].

6. ACE2 and SARS-CoV-1

In 2003, a novel coronavirus known as SARS-CoV-1 [27] was identified as a
distinct etiological agent for SARS [28-32]. SARS is known to be a lower respiratory
tract disease, and numerous coronavirus particles were found in pneumocytes [32,
33], cells that are located in the alveoli of the lungs. Furthermore, a large number of
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ACE2 receptors were found in type I and type II pneumocytes [32, 34], and few ACE2
receptors were discovered in the bronchial epithelium [32]. This evidence supports the
hypothesis that SARS is likely linked to the ACE2 receptors as both were associated with
each other in the alveoli.

The spike proteins of SARS-CoV-1 were found to target several ACE2 receptors
located in various organs, including the immune system and respiratory tract, which
can result in immunosuppression and respiratory distress, respectively. Therefore,
it was concluded that SARS-CoV-1 was linked to the ACE2 receptor; consequently,
ACE2 was hypothesized as a potential target for treatment of SARS.

7. ACE2 and SARS-CoV-2

As previously mentioned, recent research shows that ACE2 is linked to SARS-
CoV-2. The binding affinity is vastly different due to amino acid differences at the
biochemical level between ACE2 and ACE. There are stronger hydrophobic and salt
bridge interactions between SARS-CoV-2 and ACE2 compared to those between
SARS-CoV-2 and ACE. This was hypothesized as the explanation for the larger global
influence COVID-19 has had compared to SARS-CoV-1 [35-37].

As stated above, the spike protein (S-protein) of SARS-CoV-2 and SARS-CoV-1is
what binds to the extracellular domains of ACE2 in the lungs. This leads to subsequent
downregulation of ACE2 receptors which allows SARS-CoV-2 to be endocytosed into
the cell it is infecting. ACE2 receptors have been found to protect the cells where they
are expressed; therefore, their downregulation upon binding of SARS-CoV-2 is what
allows endocytosis and subsequent COVID-19 infection [37-40]. Figures 4 and 5
demonstrate the interactions between ACE2 and SARS-CoV-2 as well as the pathogen-
esis of COVID-19 and the human immune response.

The human immune system responds to the loss of ACE2 receptors via an
imbalance of Th17 and Treg cell function leading to an overactivation of immune
cells [37, 41-43]. The imbalance of the RAAS system along with ACE2 receptor loss
in COVID-19 patients are additional factors that contribute to tissue and systemic
inflammation [37, 44, 45].

ACE2 Expression
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Location of various organs that contain ACE2 receptors with their function (A) and ACE2 binding to SARS-
CoV-2 (B) [37].
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8. COVID-19 infection, children versus adults

As previously stated, the diagnosis of COVID-19 in children is more difficult than
that of adults and can be controversial. This is because children who are infected with
SARS-CoV-2 are often asymptomatic or mildly symptomatic; consequently, they are
not typically tested for COVID-19. Anosmia and ageusia are not frequent in children,
but when present, they are the strongest predictors of SARS-CoV-2 infection [46].

Data from the World Health Organization (WHO) from December 2019 to
September 2021 showed that children under 5 represented 1.8% of global COVID-19
cases and 0.1% of global deaths. Children ages 5 to 14 years of age were 6.3% of global
cases and 0.1% of global deaths [47, 48].

9. ACE2 receptor expression, children versus adults

It is known that the number of global COVID-19 cases in children is significantly
less than that of adults. A proposed mechanism for this distribution is the hypothesis
that the ACE2 receptor is expressed to a higher degree in the lungs of adults than it
is in children. Data has shown that SARS-CoV-2 binds to ACE2 receptors before it is
endocytosed into pneumocytes located deep in the lungs and into cells of the nasal
epithelium; therefore, a lower expression of ACE2 receptors in children could explain
the drastic difference in the number of cases between children and adults.

A 2020 retrospective study by Bunyavanich and colleagues involved 305 subjects
between the ages of 4 to 60 years of age. They found that ACE2 receptor expression
was age-dependent where the lowest number of ACE2 gene expression was found in
children less than 10 years of age [49].

The number of ACE2 gene expression significantly increased as age increased [49].
Thus, the researchers proposed that this data could potentially explain why COVID-
19 is less prevalent in children than in adults [49, 50].
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Furthermore, it was previously mentioned that severe cases of COVID-19 in
children, such as those seen in MIS-C and MIS-N, mainly exhibit gastrointestinal
symptoms while severe cases in adults affect the pulmonary system more than the
gastrointestinal system. A 2022 study by Schurink and colleagues found that as
age increases, ACE2 receptor expression increases in the lungs and decreases in the
intestines [51], which could explain why older individuals experience more severe
pulmonary complications compared to children. Gastrointestinal issues in children
can be caused by a variety of pathogens and can potentially be overlooked as a
severe COVID-19 infection, which can also contribute to lower cases of COVID-19
cases in children.

10. Conclusion

The COVID-19 pandemic caused by SARS-CoV-2 has had a significant impact on
the global population. Countless efforts have been made to decrease transmission of
and eradicate the virus, including medications and vaccines. Several different studies
have been performed to determine the pathogenesis of SARS-CoV-2 so we can better
understand how it infects the population and to find targets for medications that can
hopefully treat the infection and prevent severe illness.

Not only has COVID-19 significantly impacted the global population, but it has
impacted children to a much lesser degree than adults with children representing less
than 2% of global COVID-19 cases. A proposed mechanism for explaining why cases
are much less prevalent in children is the lower expression of pulmonary ACE2 recep-
tors, a component of the RAAS, in the nasal epithelium and alveolar pneumocytes
of children compared to adults. Studies have shown that SARS-CoV-2 binds to ACE2
before being endocytosed into cells to cause infection. Studies also show the number
of ACE2 receptors in the pulmonary system is directly related to age.

This proposed mechanism is controversial at this point in time, especially since
COVID-19 cases in children may also be likely lower because they experience mildly
symptomatic or asymptomatic illness. Future studies should involve compounds that
specifically inhibit pulmonary ACE2 in adults to determine if the number of COVID-
19 cases significantly decrease. Eventually, these developments can lead to medica-
tions to treat the virus at its early stages to decrease likelihood of transmission and,
therefore, prevent severe illness.
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Abstract

The first case of coronavirus disease of 2019 (COVID-19) in South Africa (SA) was
first reported at the beginning of March 2022, and then further spread from Gauteng,
Western Cape, and KwaZulu Natal to the rest of the provinces. It is caused by severe
acute respiratory syndrome coronavirus 2. In SA, COVID-19 is less prevalent in
children less than 18 years. Only a few studies describe the epidemiology, risk
factors, and clinical manifestation of COVID-19 among children in SA in compari-
son to other countries including China, North America, and Europe. South African
children are affected by conditions including poverty, tuberculosis, and human
immunodeficiency virus which predispose them to COVID-19. Overcrowding and
limited healthcare facilities and resources also complicated the diagnosis and clinical
and pharmacological management of COVID-19 in SA. The current review discusses
the prevalence, risk factors, and management of COVID-19 in South African children
in comparison to other continents in the world.

Keywords: COVID-19, epidemiology, children, management, South Africa

1. Introduction

The World Health Organization (WHO) reports that virus-causing diseases are still
a serious public health issue [1]. Apart from the global pandemic caused by the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the twenty-first century has
experienced a flood of viral infectious diseases [2]. The severe acute respiratory syn-
drome coronavirus outbreak occurred in 2003, followed by the 2009 swine flu pandemic,
the Middle East respiratory syndrome coronavirus 2012 outbreak, the West Africa Ebola
Virus disease epidemic between 2013 and 2016, and the 2015 Zika virus disease epidemic
in various countries [2]. WHO declared the Coronavirus disease 2019 (COVID-19) a
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global emergency on January 30, 2020 [3]. The highly communicable respiratory disease
COVID-19 is caused by SARS-CoV-2 belonging to the family Coronaviridae capable

of causing infections in humans and vertebrate animals [4-6]. A bat is reported to be
the natural host for SARS-CoV-2 but the pandemic-causing infections that occurred

in humans were because of the intermediate host, the pangolin [7, 8]. The COVID-19
pandemic began in Wuhan, the capital of Hubei province, China on December 31, 2019
[8], and within five months had progressed worldwide and reached South Africa (SA)
in March 2020 [8, 9]. Currently, there are a limited number of studies reporting on the
epidemiology and clinical manifestations of COVID-19 in South African children [10].
However, most studies focus on children residing in China, Europe, Australia, North
America, South America, Iran, and the Democratic Republic of Congo. Therefore,

their findings might not be generalizable to SA due to the differences in risk factors
predisposing children to COVID-19. Furthermore, identified risk factors in South
African children include, human immunodeficiency virus (HIV), tuberculosis (TB),
malnutrition, childhood obesity, overcrowding, and limited access to quality healthcare
facilities for effective prevention and management of COVID-19 [10]. In SA, changes

in the epidemiology of SARS-CoV-2 among children and adolescents less than 18 years
in comparison to adults were reported [11]. During the first wave, the rates of infection
were higher in infants, and the rates increased in all age groups during the second and
third waves. However, significant changes were observed during the omicron BA.1/BA.2
wave where the number of infections dropped in individuals in less than one year and
increased in those over one year [10]. These changes could be attributed to the variation
in the population’s immunity from natural infection, vaccination, and the characteristics
and potential effects of the emerging variants on SARS-CoV-2-related illness in children
[11]. SARS-CoV-2 infection in children is in most cases asymptomatic or causes milder
symptoms than in adults, and as a result, children are less likely to be tested or receive
clinical management [10, 12]. Other studies have reported that SARS-CoV-2-infected
children can also be seriously ill and manifest the signs of the multisystem inflammatory
syndrome in children such as persistent fever, severe gastrointestinal (GIT) symptoms,
systemic excessive inflammation, multiple organ involvement, and symptoms like toxic
shock syndrome (TSS) [13]. Treatment of COVID-19 in children includes supportive
care and pharmacological management with antiviral drugs, vitamins, corticosteroids,
anticoagulants, and antibiotics based on the condition of the child [13]. Recently, the

US Food and Drug Administration (FDA) has approved the use of the Pfizer-BioNTech
COVID-19 vaccine in children aged 12 years, and older, and children between 5 and

11 years are also covered for the prevention of COVID-19 [14].

2. Comparison between the prevalence of COVID-19 disease in South
African children and children from other countries

COVID-19 is reported to have been transmitted by the intermediate host pangolin

to an adult human being in China and the rest of the world and South Africa [7-9, 15].
COVID-19 in children is mainly transmitted through contact with those infected with
SARS-CoV-2 (Figure 1) and the period of virus incubation is from 24 hours to 14 days
[13, 16]. The virus spreads through contact with respiratory droplets, and COVID-19 in
most children can also be excreted through urine, feces, aerosols, and body fluids that
also contaminate the environment and continue the circle of infection (Figure 1) [13].
Children with COVID-19 have milder symptoms affecting the respiratory, gastrointesti-
nal tract, and neurological systems [13, 16]. COVID-19 symptoms and signs in children
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Figure 1.

SARS-CoV-2 transmission from the environment, animals, humans, and children.

include fever, cough, nasal congestion, headache, dyspnea, sore throat, ageusia, anos-
mia, abdominal pain, diarrhea, nausea, vomiting, lack of appetite, malaise, and myalgia
[17]. Other children can become critically ill, and require hospitalization, intensive care,
or mechanical ventilation or die, or in rare cases develop multisystem inflammatory syn-
drome (MIS) [13, 15, 16]. MIS is characterized by hypotension, pulmonary edema, and
edema of other organs, necessitating intensive care to support the heart and lungs [16].
The first case of MIS-C in SA was reported in August 2020 in Cape Town [17]. COVID-
19 is more prevalent in adults than in children less than 18 years [11, 16, 18].

2.1 Worldwide distribution and SA

There is still the continuation of the COVID-19 pandemic in Africa and globally [9].
WHO global COVID-19 reports on January 06, 2023 indicated that there are 657,977,736
cases of morbidity and 6,681,433 cases of mortality, and Europe has the highest number
of confirmed cases of COVID-19, whereas Africa has the lowest cases [18]. The first
positive case of COVID-19 in the African continent was confirmed on February 14,
2020 in Egypt, followed by Nigeria on February 28, 2020, and in SA on March 5, 2020
[5, 9]. There are currently 9,453,366 confirmed cases of COVID-19, 4,049,319 cases of
morbidity, and 102,568 cases of mortality in SA as on January 06, 2023 [19, 20].
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2.2 COVID-19 distribution in SA children and children from other countries
2020-2023

The prevalence of COVID-19 in children is lower than in adults worldwide
[13, 21-24]. However, severe cases of morbidity and mortality have occurred in
children [23]. In comparison to adults, there are few studies on COVID-19 in children
[25]. There are gaps in the knowledge of the epidemiology of COVID-19 among
children and adolescents worldwide [26]. In SA, on September 2020, the total labo-
ratory-confirmed COVID-19 cases in South African children were 228 per 100,000
and were lower than the 829 per 100,000 children in the United States. COVID-19
cases in children in SA were higher compared to rates of less than 100 per 100,000
children in Norway and Australia [10]. UNICEF report from 96 countries in 2020 has
indicated that children and adolescents less than 20 years have accounted for 21% of
the COVID-19 cases and 33% of the 2020 population [27]. According to the UNICEF
data, at the beginning of January 2023, there were 4,400,000 mortality reports glob-
ally. From those reports, 17,200 deaths occurred in children and adolescents less than
20 years, and 53% of those cases occurred in adolescents aged 10 to 19 years, whereas
47% of the cases occurred among children aged 0 to 9 years [28].

3. Risk factors predisposing South African children to COVID-19 disease
compared to other countries

There are few studies conducted on the epidemiology and clinical manifestation
of COVID-19 in African children in comparison to continents such as China, Europe,
and North America [10, 21, 29]. The findings of studies from other countries can-
not be generalizable to South African children because of the differences in the risk
factors predisposing children to COVID-19, mostly the burden of infectious diseases
[10]. SA children are affected by HIV, TB, malnutrition, childhood obesity, over-
crowding, chronic kidney disease, malignancy, heart conditions, asthma, diabetes,
and limited access to quality health care [10]. However, the study conducted in six
African countries namely SA, Congo, Ghana, Kenya, Nigeria, and Uganda from
March 01, 2020, to December 31, 2020 on COVID-19 children and adolescents has
revealed the highest mortality and morbidity rates due to comorbidity with non-
infectious diseases [21]. In the United States, and North America, important risk
factors in children include hypertension, obesity, neuropsychiatric disorders, cardiac
or circulatory anomalies, chronic lung disease, and immunosuppression [21, 22]. In
China, children are at risk of developing severe COVID-19 cases due to underlying

SA China North America
Risk HIV, TB, malnutrition, Circulatory or cardiac Hypertension, obesity,
factors childhood obesity, congenital anomalies, obesity, diabetes, neuropsychiatric
overcrowding, limited essential hypertension, disorders, cardiac, or
access to quality healthcare, epilepsy, malnutrition, circulatory anomalies [21]
diabetes, asthma, heart asthma, Down syndrome,
conditions, malignancy, neuropsychiatric disorders,
chronic, kidney disease, and leukemia, hydronephrosis, and
hypertension [10, 30, 31] intussusception [13, 22].

Table 1.
Comparison of the risk factors predisposing South African children to COVID-19 in comparison to other countries.
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conditions such as circulatory or heart congenital anomalies, obesity, essential
hypertension, epilepsy, malnutrition, asthma, Down syndrome, neuropsychiatric
disorders, hydronephrosis, leukemia, and intussusception (Table 1) [13, 22].

4. Diagnosis, prevention, and treatment of COVID-19 disease in children
in South Africa and other countries

4.1 Diagnosis of COVID-19 disease in children in South Africa and other countries

COVID-19 diagnosis is defined based on clinical manifestations, laboratory testing,
and chest radiograph imaging, including asymptomatic infection, as mild, moderate,
severe, or critical [24]. According to WHO, clinical diagnosis depends on disease sever-
ity, where (1) non-severe indicates the absence of signs of severe or critical disease,
and (2) severe by oxygen saturation less than 90% on room air, signs of pneumonia, or
respiratory distress, and (3) critical, the patients require treatment and presents with
acute respiratory distress, sepsis, or shock [32]. The laboratory diagnosis of COVID-19
in SA (Table 2) is by using the SARS-CoV-2 reverse-transcription real-time polymerase
chain reaction (rRT-PCR) on a respiratory sample obtained from a nasopharyngeal
or oropharyngeal swab and SARS-CoV-2 antigen-based testing [10, 11, 30]. In other

Continent/Country Diagnosis
Laboratory diagnosis
1.SA rRT-PCR, SARS-CoV-2 antigen-based test [10, 11, 33]
2. China RT-PCR, viral antigen test, and serology test [12, 16, 23, 32]
3. America RT-PCR, viral antigen test, and serology test [12, 16, 23, 32]
Continent/Country Prevention
COVID-19 Vaccines
1.SA Pfizer-BioNTech, BNT162b2 [11, 14, 34]
2. China BNT162b2 [34]
3. America Pfizer-BioNTech, BNT162b2, Sinovac [14, 25, 26, 34]
4. Argentina BNT162b2, Sinopharm [34, 35]
5. Colombia AstraZeneca, Moderna, Sinopharm, Johnson, and Johnson [35]
6. El Salvador Sinovac [35]
7. Ecuador Sinovac [35]
8. Brazil BNT162b2 [34]
9. Finland BNT162b2 [34]
10. Poland BNT162b2 [34]
11. Turkey BNT162b2 [34]
12. Spain BNT162b2 [34]
13. Germany BNT162b2 [34]
14. Europe Spikevax [34]
Table 2.

Diagnosis and prevention of COVID-19 for South African children and adolescents versus children and
adolescents from other countries/continents.
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places such as China and the American continent, laboratory diagnosis (Table 2) is
by reverse transcription-polymerase chain reaction (RT-PCR) of nasopharyngeal and
oropharyngeal swabs, viral antigen, and serology test [12, 16, 23, 33].

4.2 Prevention of COVID-19 disease in children in South Africa and other
countries

The worldwide COVID-19 vaccine nation strategies had initially focused mainly
on adults because children were less affected [14]. However, the emergence of muta-
tions in the SARS-CoV-2 genome such as delta and omicron variants increased the risk
of infections in children and adolescents in various countries [11, 14]. In SA, various
variants emerged during the first and fourth waves of the COVID-19 epidemic; the
Wuhan-Hu in the first wave between weeks 24 and 34 of 2020, the Beta variant dur-
ing the second wave between week 47 of 2020 and week 5 of 2021 [11, 36]. The Delta
variant caused the third wave between weeks 19 and 37 of 2021, and the omicron
variant was responsible for the fourth wave between week 48 of 2021 and week 5 of
2022. Currently, several countries have approved the use of COVID-19 vaccines in
children and adolescents (Table 2) [14]. The FDA has approved the use of the Pfizer-
BioNTech COVID-19 vaccine in children aged 5 to 12 years [14, 25, 26]. Furthermore,
SA approved the use of the Pfizer-BioNTech COVID-19 vaccine in children aged
12-17 years on October 20, 2021 (Table 2) [11, 14]. The Spikevax vaccine is approved
by the European Medicines Agency to be used in adolescents aged 12 to 17 years
(Table 2) [34]. FDA has authorized the emergency use of the BNT162b2 vaccine in
children and adolescents aged 12 years and above in countries including, the United
States, China, Finland, Spain, Turkey, Poland, Germany, Brazil, Argentina, and SA
(Table 2) [34]. Other licensed vaccines for children and adolescents in Latin America
include the Sinovac COVID-19 vaccine in Chile for children over 6 years, and in El
Salvador for children aged 6 to 11 years, the Sinovac COVID-19 vaccine (Table 2)
[35]. Sinopharm COVID-19 vaccine is licensed in Argentina for children as young as
three years old and the Sinovac vaccine is used in Ecuador for children from six years
old (Table 2) [35]. COVID-19 vaccines from AstraZeneca, Moderna, Sinopharm,

Treatment of COVID-19

drugs

Remdesivir Methyl-

prednisclone

Amexicillin

vir/l i
Lopinavir/Ritonavi Gk

Favipiravie Azithramycin —Tocilizumab

Figure 2.
Drugs used in the treatment of COVID-19 in adults and children worldwide.
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and Johnson and Johnson are used in Colombia for children 12 years and older, and
vaccination in Costa Rica is from 12 years (Table 2) [35].

4.3 Treatment of COVID-19 disease in children in South Africa and other
countries

The treatment of COVID-19 is still evolving, and the clinical trials are ongoing, and
the current recommendations depend on previous experiments and clinical trials [31].
Moreover, pharmacological management in children and adolescents is extrapolated
from adult studies [31]. Management of COVID-19 is based on categories including
(1) no treatment for asymptomatic cases, (2) antipyretic therapy in moderate and
mild cases, and (3) for critical cases several drugs [37]. COVID-19 pharmacological
management in children includes antiviral drugs (remdesivir, lopinavir/ritonavir,
and favipiravir), antibiotics (amoxicillin, ceftriaxone, and azithromycin), vitamins,
corticosteroids (methylprednisolone and dexamethasone), immunomodulatory drugs
(anakinra and tocilizumab), anticoagulant (heparin), antipyretic drug (paracetamol),
and hydroxychloroquine, based on the condition of the child (Figure 2) [13, 37].

5. Conclusions

The current review documents the prevalence, risk factors, and management of
COVID-19 disease in South African children and adolescents in comparison to other
countries in other continents. There is limited literature, and few studies covering the
epidemiology of COVID-19 in SA and other countries in Africa and other continents.
COVID-19 is less prevalent in children across the countries covered in this review
when compared to adults. The burden of COVID-19 is higher in children in countries
like the United States when compared to SA. There are similarities in the risk factors
which predispose South African children to COVID-19 and children in other coun-
tries, except that the burden of bacterial and viral infection is higher in Africa and SA.
Moreover, living conditions, poverty, and quality and access to healthcare facilities
are still a challenge in SA and other African countries. Clinical and laboratory diag-
nosis is similar and laboratory diagnosis in SA and other countries is mainly through
rRT-PCR, RT-PCR, SARS-CoV-2 viral antigen, and serology tests. Various vaccines
including Pfizer-BioNTech COVID-19 vaccine, Spikevax, BNT162b2, AstraZeneca,
Moderna, Sinopharm, and Johnson and Johnson are approved and licensed for use in
children and adolescents in various countries including SA. There are limited studies
defining country-based pharmacological management of COVID-19 in children.

Acknowledgements

We acknowledge Walter Sisulu University, Department of Internal Medicine and
Pharmacology, and the Central University of Technology, Department of Health
Sciences, and National Research Foundation.
Conflict of interest

The authors declare no conflict of interest.

29



Epidemiological and Clinico-Pathological Factors of COVID-19 in Children

Author details
Moleboheng Emily Binyane' and Polo-Ma-Abiele Hildah Mfengwana®

1 Department of Internal Medicine and Pharmacology, Walter Sisulu University,
Mthatha, South Africa

2 Department of Health Sciences, Central University of Technology, Bloemfontein,
South Africa

*Address all correspondence to: pntsoeli@cut.ac.za

IntechOpen

© 2023 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.

30



A Review on the Prevalence, Risk Factors, and Management of COVID-19 Disease in South...

DOI: http://dx.doi.org/10.5772/intechopen.110297

References

[1] Cascella M, Rajnik M, Cuomo A,
Dulebohn SC, Di Napoli R. Features,
Evaluation and Treatment Coronavirus
(COVID-19). StatPearls: NCBI
Bookshelf; 2020. pp. 1-17. Available
from: https://www.ncbi.nlm.nih.gov/
books/NBK554776/?report= print able
[Accessed: April 1, 2023]

[2] Baker RE, Mahmud AS, Miller IF,
Rajeev M, Rasambainarivo F, Rice BL,
et al. Reviews infectious disease in an
era of global change. Nature Reviews
Microbiology. 2022;20:193-205.

DOI: 10.1038/s41579-021-00639-z

[3] Nicola M, Alsafi Z, Sohrabic C,
Kerwand A, Al-Jabird A, Iosifidisc C,

et al. The socio-economic implications
of the coronavirus pandemic (COVID-
19): A review. International Journal of
Surgery. 2020;78:185-193. DOI: 10.1016/j.
ijsu.2020.04.018

[4] Binyane ME, Mfengwana PH.
Traditional medicinal plants as the
potential adjuvant, prophylactic and
treatment therapy for Covid-19 disease:
A review. IntechOpen. 2022:4:53-73. DOL:
10.5772/intechopen.104491

[5] Lone SA, Ahmad A. COVID-19
pandemic—an African perspective.
Emerging Microbes and Infections.
2020;9:1300-1308. DOI:10.1080/
22221751.2020.1775132

(6] Chali BU, Melaku T, Berhanu N,
Mengistu B, Milkessa G, Mamo G, etal.
Traditional medicine practice in the
context of COVID-19 pandemic:
Community claim in Jimma zone,
Oromia. Ethiopia. Infection and Drug
Resistance. 2021;14:3773-3783.

DOI: 10.2147/IDR.S331434

[7] Singla R, Mishra A, JoshiR, Jha S,
Sharma AR, Upadhyay S, et al. Human

31

animal interface of SARS-CoV-2 (COVID-
19) transmission: A critical appraisal of
scientific evidence. Veterinary Research
Communications. 2020;44:119-130. DOI:
10.1007/s11259-020-09781-0

[8] Mahdy MAA, Younis W, Ewaida Z.

An overview of SARS-CoV-2 and animal
infection. Frontiers in Veterinary Science.
2020;7(596391):1-12. DOL: 10.3389/fve
t5.2020.596391

[9] Giandhari J, Pillay S, Wilkinson E,
Tegally H, Sinayskiy I, Schuld M,

etal. Early transmission of SARS-CoV-2
in South Africa: An epidemiological and
phylogenetic report. PubMed Central.
2020;2020:1-17. DOI: 10.1101/
2020.05.29.20116376

[10] Kufa T, Jassat W, Cohen C, Tempia S,
Masha M, Wolter N, et al. Epidemiology
of SARS-CoV-2 infection and SARS-
CoV-2 positive hospital admissions
among children in South Africa. Wiley.
2021;16(1):34-47. DOI: 10.1111/irv.12916

[11] Chiwandire N, Jassat W,

Groome M, Kufa T, Walaza S, Wolter N,
et al. Changing epidemiology of COVID-
19 in children and adolescents over

four successive epidemic waves in

South Africa, 2020-2022. The Lancet.
2022;2022:1-25. DOI: 10.2139/
ssrn.4169800

[12] SuL, Ma X, YuH, Zhang Z,

Bian P, Han Y, et al. The different clinical
characteristics of corona virus disease
cases between children and their families
in China — The character of children
with COVID-19. Emerging Microbes and
Infections. 2020;9(1):707-713.

DOI: 10.1080/22221751.2020.1744 483

[13] Wang L, Li G, Yuan C, Yang Y,
Ling G, ZhengJ, et al. Progress in the



Epidemiological and Clinico-Pathological Factors of COVID-19 in Children

diagnosis and treatment of COVID-19 in
children: A review. International Journal
of General Medicine. 2021;14:8097-8108.
DOI: 10.2147/1]JGM. S335888

[14] Govender K, Nyamaruze P,
McKerrowN,Meyer-WeitzA,CowdenRG.
COVID-19 vaccines for children and
adolescents in Africa: Aligning our
priorities to situational realities. BMJ
Global Health. 2022;7(e007839):1-8.
DOI: 10.1136/bmjgh-2021-007839

[15] Wiersinga W], Rhodes A,

Cheng AC, Peacock S, Prescott HC.
Pathophysiology, transmission, diagnosis,
and treatment of coronavirus disease
2019 (COVID-19) a review. Journal of
the American Medical Association.
2020;324(8):782-793. DOI: 10.1001/
jama.2020.12839

[16] Melo MM, Neta MMR, Neto ARS,
Carvalho ARB, Magalhdes RLB,

Valle ARMC, et al. Symptoms of
COVID-19 in children. Brazilian Journal
of Medical and Biological Research.
2022;55(e12038):1-7. DOI: 10.1590/
1414-431X2022€12038

[17] Saggers RT. COVID-19 and multi-
system inflammatory syndrome in
children. Wits Journal of Clinical
Medicine. 2021;3(1):43-48.

DOI: 10.18772/26180197.2021 v3nla6

[18] Pierce CA, Herold KC,

Herold BC, Chou J, Randolph A, Kane B,
et al. COVID-19 and children. Science.
2022;377(6611):1144-1149. DOI: 10.1126/
science.adel675

[19] World Health Organisation (WHO).
Health Emergency Dashboard
(COVID-19). Available from: https://
covid19who.int/. [Accessed: August 01,
2023]

[20] Johns Hopkins University Center for
Systems Science and Engineering (JHU

32

CSSE). COVID-19 Dashboard statistics
new cases and deaths South Africa.
Available from: https://www.google.
com/search?sxsrf=AJOqlzX]JEr5sXlbv6b
fMLSCG8ZsXS_cYfQ:1673188761516&
q=COVID19&si=AEcPFx7eHRJUOtWb
jC5cc2C2rVygfPuoetC2JDcOIDqLp89f-
Ps4nHnOQ1RU8-xfCXL9ib2X30cyRoV
TgouLhPGOLpiFNLabOH5KOFW40]7q5
0YOdrNFuM%3D&biw=13668&bih=657
&dpr=1. [Accessed: August 01, 2023]

[21] Sam-Agudu NA, Rabie H, Pipo MT,
Byamungu LN, Masekela R, van der
Zalm MM, et al. The critical need for
pooled data on coronavirus disease 2019
in African children: An AFREhealth call
for action through multicountry research
collaboration. Clinical Infectious
Diseases. 2021;73(10):1913-1919.

DOI: 10.1093/cid/ciab142

[22] Nachega JB, Sam-Agudu NA,
Machekano RN, Rabie H, van der

Zalm MM, Redfern A, et al. Assessment
of clinical outcomes among children
and adolescents hospitalized with
COVID-19 in 6 Sub-Saharan African
countries. Journal of American

Medical Association Paediatrics.
2022;176(3):€216436. DOI: 10.1001/
jamapediatrics.2021.6436

[23] Tsabouri S, Makis A, Kosmeri C,
Siomou E. Risk factors for severity in
children with coronavirus disease 2019.
Pediatric Clinics of North America.
2021;68(1):321-338. DOI: 10.1016/;.
pcl.2020.07.014

[24] Woodruff RC, Campbell AP,
Taylor CA, Chai S], Kawasaki B,
Meek J, et al. Risk factors for severe
COVID-19 in children. Pediatrics.
2022;149(1):e20210534. DOI: 10.1542/
peds.2021-053418

[25] Dong Y, Mo X, HuY, Qi X, Jiang F,
Jiang Z, et al. Epidemiology of
COVID-19 among children in China.



A Review on the Prevalence, Risk Factors, and Management of COVID-19 Disease in South...

DOI: http://dx.doi.org/10.5772/intechopen.110297

Pediatrics. 2020;145(6):1-12.
DOI: 10.1542/peds.2020-0702

[26] Guo C-X, He L, Yin J-Y, Meng X-G,
TanW, Yang G-P, et al. Epidemiological
and clinical features of paediatric COVID-
19. BMC Medicine. 2020;18(250):1, 250-7.
DOI: 10.1186/512916-020-01719-22020

[27] Unicef data. COVID-19 confirmed
cases and deaths age and sex-disaggregated
data [Accessed: January 17, 2023]

[28] Unicef data. Child mortality and
COVID-19. Available from: https://
seotest.buzz/topic/child-survival/covid-
19/. [Accessed: January 17, 2023]

[29] Coker M, Folayan MO, Michelow IC,
Oladokun RE, Torbunde N, Agudu NA.
Things must not fall apart: The ripple
effects of the COVID-19 pandemic on
children in sub-Saharan Africa. Pediatric
Research. 2021;89:1078-1086.

DOI: 10.1038/s41390-020-01174-y

[30] Brooke B, Frean J, Blumberg L,
Cohen C, Govender N, Ismail N, et al.
Epidemiology and clinical characteristics
of laboratory confirmed COVID-19
among children and adolescents aged
<18 years, South Africa, 1 March —19
September 2020. The National Institute
for Communicable Diseases 2020;2020:1-
14. Available from: https://www.nicd.
ac.za/wp-content/uploads /2020/10/
Monthly-Covid-19-In-Children-
Surveillance-Report-2.pdf. [Accessed:
November 1, 2023]

[31] Parasher A. COVID-19: Current
understanding of its pathophysiology,
clinical presentation and treatment.
Postgraduate Medical Journal.
2021;97(1147):312-320. DOI: 10.1136/
postgradmed;j-2020-138577

[32] World Health Organization (WHO).
Clinical management of COVID-19.

33

2023:1-182. Available from: file:///C:/
Users/moleb/Downloads/ WHO-2019-
nCoV-clinical-2023.1-eng%20(2) .pdf.
[Accessed: January 21, 2023]

[33] Yousaf AR, Cortese MM, Taylor AW,
Broder R, Joshua M, Wong JM, et al.
Reported cases of multisystem
inflammatory syndrome in children aged
12-20 years in the USA who received a
COVID-19 vaccine, December, 2020,
Through August, 2021: A surveillance
investigation. Lancet Child Adolescent
Health. 2022(6):303-312. DOI: 10.1016/
S2352-4642(22)00028-1

[34] Lv M, Luo X, Shen Q, Lei R, Liu X,
Liu E, et al. Safety, immunogenicity,
and efficacy of COVID-19 vaccines in
children and adolescents: A systematic
review. Vaccine. 2021;9(10):1102-1114.
DOI: 10.3390/vaccines9101102

[35] Rodriguez-Morales AJ, Ledn-
Figueroa DA, Romani L, Mchugh TD,
Leblebicioglu H. Vaccination of children
against COVID-19: The experience

in Latin America. Annals of Clinical
Microbiology and Antimicrobials.
2022;21(14):1-5. DOIL: 10.1186/
s12941-022-00505-7

[36] Mwangi P, Okendo J, Mogotsi M,
Ogunbayo A, Adelabu O, Sondlane H,
et al. SARS-CoV2 variants from
COVID-19 positive cases in the Free
State Province, South Africa from July
2020 to December 2021. Frontiers in
Virology. 2020;2:935. DOI: 10.3389/
fviro.2022.935131

[37] Venturini E, Montagnani C,
Garazzino S, Dona D, Pierantoni L, Lo
Vecchio A, et al. Treatment of children
with COVID-19: Position paper of the
Italian Society of Pediatric Infectious
Disease. Italian Journal of Pediatrics.
2022;46(139):1-11. DOI: 10.1186/
s/3052-020-00900-w






Chapter 4

Epidemiology of SARS-CoV-2
Infection in Mexico and Latin
America

Nicolds Padilla-Raygoza, Gilberto Flores-Vargas,

Maria de Jesiis Gallardo-Luna,

Efrain Navarro-Olivos, Guadalupe Irazi Movales-Reyes
and Jessica Paola Plascencia-Rolddn

Abstract

This chapter presents some insights into COVID-19 in children. We begin by
summarizing the fundamental aspects of SARS-CoV-2 and COVID-19. We also cover
issues about the severity of the disease and fatality and factors associated with the
outcome of pediatric patients with COVID-19. Most evidence treated in this chapter
comes from reports in Mexico, but a general landscape in Latin America is pictured.
COVID-19 does not seem to be so severe among children. It is worth noting that those
at higher risk are the children between 0 and 2 years who develop pneumonia. In this
chapter, we did not discuss extensively the Multisystem Inflammatory Syndrome nor
the social impact that the COVID-19 pandemic has had on children. Many studies
used for this chapter relied on open data sources resulting from a surveillance system
designed for the general population. Therefore, specific variables for children were
not analyzed.

Keywords: COVID-19, SARS-CoV-2, children, pneumonia, epidemiology, fatality

1. Introduction

In November-December 2019, several cases of pneumonia of an unknown ori-
gin were reported in Wuhan, China, and the World Health Organization (WHO)
declared a public health emergency of international concern [1].

From then until October 2022, the outbreak spread to 237 countries, with
626,565,321 confirmed cases, of which 6,566,037 died [2].

The Pan American Health Organization (PAHO) [3] reported on November 5,
2022, the confirmed cases, of all ages, in the Americas region (Table1).

In Mexico, until 31 October, 2022, 7,111,119 confirmed cases had been reported,
and from them, 330,393 had been reported dead, with a Case Fatality Ratio (CFR) of
4.65% [2].
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Region Confirmed cases Deaths Case Fatality Ratio
North America 107,924,403 1,439,525 133
Central America 4013, 243 53,616 13.30

South America 64,184,548 1,329,987 0.20
Caribbean and Atlantic 4,239,152 35,327 0.83

Ocean Islands

Null 10,869,300 219,088 2.02

Total 191,230,646 3,077,543 161

Source: Pan American Health Ovganization [3].

Table 1.
Distribution of confirmed cases, deaths, and Case Fatality Ratio for COVID-19 by area of America.

Since the beginning of the pandemic, it was reported that the highest frequency
of cases and case fatalities were in men aged 45 years and older [4]. The affectation in
children under 18 years of age was lower than in the general population, and the form
of COVID-19 was less severe [5].

In China, Dong et al. [5] reported 728 confirmed cases, mostly men, with a
median of 7 years. Approximately 90% of the cases were asymptomatic, mild, or
moderate.

2.SARS-CoV-2

Two new coronaviruses emerged and induced severe illnesses during the last
20 years. One of them is the severe respiratory syndrome coronavirus (SARS-CoV-1).
It appeared in 2002 in Guangdong, China, and spread to 29 countries, with 8098
confirmed cases and 774 deaths, with a CFR of 9.6% [6, 7], and 135 reported pediatric
cases (1.7% of cases) with no deaths [8].

In 2012, Middle East Respiratory Syndrome Coronavirus (MERS-CoV) emerged
in Saudi Arabia, resulting in 2494 cases with 858 deaths in 27 countries, with a CFR of
34.4% [9].

Coronaviruses belong to the Coronaviridae family in the Nidovirales order [10]. In
nature, four coronavirus subfamilies have been identified: alpha, beta, gamma, and
delta. Alpha and beta coronaviruses apparently develop in mammals—specifically
in bats—while gamma and delta have been found in pigs and poultry [10]. Corona
represents the crown-like spikes on the outer surface of the virus; thus, it was named
a coronavirus, which is small (65—125 nm in diameter) and contains a genome (RNA)
that varies between 26 kb and 32 kb [11].

The SARS-CoV-2 was identified and characterized by Zhu et al. [12]. It uses the
same cell entry receptor—Angiotensin-Converting Enzyme.

2 (ACE-2)—as SARS-CoV, highly expressed in airway epithelial cells and in other
organism cells [8]. Also, Zhu et al. [8] reported the cytopathic effects and morphol-
ogy. It is a member of a family of coronaviruses that infect humans. This virus grows
more in human airway epithelial cells than tissue culture cells, suggesting the poten-
tial for increased infectivity in the respiratory tract.

The glycosylated spike (S) protein of SARS-CoV-2 has a 10-fold greater affinity to
bind to ACE-2 than SARS-CoV-1 [13, 14].
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Initially, transmission occurred from an intermediate zoonotic host to humans and
later by effective human-to-human [15]. The primary transmission route is through
respiratory droplets when a sick person coughs, sneezes, or speaks [16].

There are no reports of transmission of the infection through transfusions or
organ transplants [17].

3. Coronavirus disease (COVID-19)

Cui et al. [18] reported in a meta-analysis that 17% of COVID-19 cases were in
children less than 1 year, 24% between 1 and 5 years, 20% between 6 and 10 years,
20% between 11 and 15 years, and 18% from 15 or more years. 55% of the sample was
male. Regarding the severity of COVID-19, 20% were asymptomatic, 33% mild, 51%
moderate, and 7% severe, and they did not report any deaths [18]. Table 2 shows the
predominant clinical data according to Cui et al. [18].

Dyspnea has been reported in 13% of the cases [19], and other reports have
mentioned headaches and chills (both in approximately 28%) [8].

Not testing widely in many countries made it difficult to quantify the burden of
SARS-CoV-2 infection in children [17].

In Mexico, the subjects who meet an operational definition undergo a COVID-19
test (RT-PCR or antigen detection). A suspected case of viral respiratory disease is
anyone with cough, fever, dyspnea (severe), or headache, having at least one of the
following: myalgias, arthralgias, odynophagia, chills, chest pain, rhinorrhea, anosmia,
dysgeusia, or conjunctivitis. In children under five years, irritability is interchangeable
with headache [20, 21].

Clinical data % CI95%
Fever 51 45-57
Cough 41 35-47
Sore throat 16 7-25
Tachycardia 12 3-21
Rhinorrhea 14 8-19
Nasal congestion 17 6-27
Tachypnea 9 4-14
Diarrhea 8 6-11
Vomiting 7 5-10
Myalgia or fatigue 12 7-17
Hypoxemia 3 1-4
Chest pain 3 0-5

CI95% Confidence Interval 95%.
Source: Cui et al. [18].

Table 2.
Distribution of clinical data in childven under 18 years old.
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4. COVID-19 severity

One limitation in Mexico and other countries was that RT-PCR was performed
only for symptomatic patients. It led to underestimating the burden of the pandemic
and underreporting of children with mild or asymptomatic COVID-19 [17]. Ina
joint WHO-China work, it was reported that of 55,924 confirmed cases, 2.4% were in
children under 19 years of age, and of them, 2.5% developed severe disease and 0.2%
critical illness [22].

In China, when studying 728 pediatric patients with confirmed COVID-19, 12.9%
presented asymptomatic symptoms, 43.1% mild, 40.9% moderate, 2.5% severe, and
0.4% critical [5]. In Italy, 1.2% of the COVID-19 cases were in children under 18 years
of age, and no deaths were reported [23]. In the USA, 1.7% of the cases were in
children under 18 years of age [19]. In Spain, only 0.8% of the cases were in children
under 18 years of age [24].

Multisystem Inflammatory Syndrome (MIS-C) was reported as related to
COVID-19 and is associated with Unit Intensive Care admissions and death [25, 26].
In Latin American children, the age where the MIS-C occurred most frequently was
over 10 years (35.8%) [27].

There are features in common between MIS-C and Kawasaki disease [28]. In
Europe, a thirty-fold increase in the incidence of Kawasaki disease has been reported
[25]. Nevertheless, a more severe Kawasaki disease was reported in children older
than 5 years and was called atypical Kawasaki disease [29]. In Latin America, up to
August 2020, 95 cases of MIS-C in children were reported; 54.7% were men, 11 had
a pre-existing medical condition before MIS-C, 21% were admitted to intensive care,
and two died [27].

5. Pneumonia

Pneumonia is considered a leading cause of death in COVID-19 patients of any
age.
The development of pneumonia was the chief risk factor for mortality, with a risk
of 6.45%. For those who required intubation, it increased to 8.75% [30].

In Mexico, up to May 2020, of 1443 children with COVID-19, 9.8% had pneumonia
[30]. Among 141 children with pneumonia and COVID-19, the higher effect was in
children under 1 year (OR = 5.83 CI95% 3.56-9.54). The male sex manifested itself as a
weak protective factor for developing pneumonia (OR = 0.73 CI95% 0.51-1.04); dia-
betes showed a strong effect (OR = 12.61 CI95% 4.62-34.41), and the same happened
with immunosuppression (OR = 7.35 CI95% 3.97-13.61) [31]. Antinez-Montes et al.
[27] also found a statistically significant relation between pneumonia and pediatric
ICU admission.

6. Fatality of cases

In Mexico, until May 2020, the CFR was 0.23% for those between 0 and 5 years
and 0.06% for those between 6 and 11 years [32].

Navarro et al. [33] reported that of 48,505 confirmed cases up to December 31,
2020, the CFR was the highest for children between 0 and 2 years of age (3.99), the
highest among the Mexican child population. For pneumonia, the CFR was 15.46%,
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Country Confirmed cases in less than Deaths inless than19 years old
19 yearsold

n % n %
Argentina 1003 1.2 0 0.00
Bolivia 446 116 ND ND
Brazil 4019 34 94 0.24
Chile 4348 94 0 0.00
Colombia 2087 11.8 6 0.95
Costa Rica 55 6.1 0 0.00
Cuba 238 12.5 0 0.00
Ecuador 490 14 6 0.21
El Salvador 102 6.4 1 313
Guatemala 278 122 ND ND
Haiti 44 73 2 9.09
Honduras 204 7.2 0 0.00
Mexico 1376 24 9 0.15
Panama 830 84 ND ND
Paraguay 184 22.0 ND ND
Peru 4350 4.7 17 0.64
Dominican Republic 544 59 4 151
Uruguay 14 19 ND ND
Venezuela 145 17.5 ND ND

Source: Taken and modified from [34].

Table 3.
Distribution of confirmed cases of COVID-19 and deaths from this cause in Latin American countries.

but the OR was 63.90%, showing the strong effect of pneumonia on mortality in
Mexican children.

Confirmed cases of SARS-CoV-2 infection and deaths, in Latin America, in
children under 19 years are reported in Table 3, up to May 2020.

Case fatality ranged from 0 to 9.09%. The countries with recorded deaths were
Brazil, Colombia, Ecuador, El Salvador, Haiti, Mexico, Peru, and the Dominican
Republic. These cases might have had some underlying comorbidity. For children,
mortality is infrequent, and those admitted to intensive care units usually have a
chronic or preexisting condition [27, 34].

As reported, case fatality is lower among children (0.39%) than in later ages
(99.61%) [35].

7. Sex

In a report from China of SARS-CoV-2 infection confirmed cases, men predomi-
nated with 57.4% [5]. Among 50 children from India with co-signed SARS-CoV-2,
64% were males [36].
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Up to May 2020, in Mexico, 48% of the children with COVID-19 were males, and
44.4% of those who died were men [30]. Moreno-Noguez M et al. [31] report similar
results on close dates.

In Mexico, until December 31, 2020, among 48,505 confirmed cases of COVID-19,
males (50.43%) and females (49.57%), the CFR was 96% for males and 0.80% for
females under 18 years of age [33].

It is important to note that these reports are from the same public database of
the Mexican government at different times, and there is not much difference in the
results.

8. Age

Dong etal. [5] reported that among 728 confirmed cases of infection by SARS-
CoV-2, 24.7% were 11—15 years old, followed by 6—10 years old (23.4%).

In Mexico, the CFR was 3.99% in children under 2 years and 0.45% in those
between 12 and 17 years of age [33].

9. Comorbidities

Navarro et al. [33] report that comorbidities representing a risk of dying in adults
do not have this role in the pediatric population. Tsankov et al. [37] report in a meta-
analysis that comorbidities increase the risk of severe COVID-19 and mortality in
children. Nevertheless, studies in the meta-analysis only included one Latin American
population.

10. Conclusions

SARS-CoV-2 is a coronavirus that emerged in late 2019. Its associated disease,
COVID-19, spread to almost all the world. COVID-19 seems to be mild in children.
Up to May 2020, infections by SARS-CoV-2 were scarce among children in Latin
America, and so were the deaths by COVID-19. The children at higher risk are
those between 0 and 2 years. Most deaths were among the ones with pneumonia.
Comorbidities commonly associated with poor outcomes in adults did not play a
crucial role in children. The societal impact of COVID-19 on children was not treated
in this chapter.
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Chapter 5

COVID-19 Epidemiology in
Tirkiye

Emine Aylin Yilmaz and Oner Ogzdemir

Abstract

The World Health Organization declared the current pandemic, known as severe
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) infection, which began in
China in December 2019. SARS-CoV-2 has the third highest recorded pathogenicity,
with mortality rates varying from 6 to 10.5% based on comorbidity of the individual
infected with the virus. Epidemiologic studies have critical importance in the fight
against any disease. This chapter discusses demographic and epidemiologic literature
data including age, gender, reinfection, death, and vaccination rates reported in
numerous articles during the pandemic process from Tiirkiye.

Keywords: COVID-19, SARS-CoV-2, epidemiology, demographics, Tiirkiye

1. Introduction

Epidemiology is critical in the fight against any disease. Epidemiology, which is
the study of how diseases spread, and why, has played a significant role in the effort to
understand, contain, and respond to COVID-19. The pandemic has altered epidemiol-
ogy and expanded its scope. It is a cornerstone of public health, determining health
policy and evidence-based practice by identifying disease risk factors and preventive
healthcare targets.

The World Health Organization (WHO) declared a coronavirus pandemic in
March 2020, following the outbreak of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection in Wuhan, China, in December 2019. SARS-CoV-2 is one of
the members of coronavirus pathogens, e.g., SARS-CoV-1, MERS-Co-V (Middle East
respiratory syndrome) with mortality rates ranging from 6 to 10.5% depending on the
infected individuals [1, 2]. As long as SARS-CoV-2 continues to spread rapidly around
the world, a better understanding of the underlying level of transmission and infec-
tion severity is critical for guiding the pandemic response [3].

The value of quick diagnoses has been proven by the COVID-19 pandemic.

2. Characteristics of the SARS-CoV-2 and interaction with the host

SARS-CoV-2 is the one of the single-stranded RNA viruses in Coronavirus family,
which includes nearly 40 species [2].
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As a result of sequencing analysis, between SARS-CoV-2 and SARS-Co-VS proteins
similarity was detected up to 80%. Based on this analysis, SARS-CoV-2 is classified in
the p-coronavirus cluster [2]. The SARS-CoV-2S protein has a 15-fold higher affinity
for the human angiotensin-converting enzyme 2 (ACE2) receptor [4]. ACE 2 receptor
as well as transmembrane protease serine 2 (TMPRSS 2) enzyme plays a role in the
induction of S protein. The S protein’s scission regulates the entire mechanism.

3. Transmission

The primary mode of SARS-CoV-2 transmission is person-to-person respiratory
transmission [5]. It is considered to spread mainly through intimate interaction via respi-
ratory particles; a virus released in respiratory secretions in an infected person coughs,
sneezes, or speaks can infect another person if inhaled or comes into direct contact with
mucous membranes. Transmission can also occur via touching contaminated surfaces.

SARS-CoV-2 has been detected in non-respiratory specimens including stool,
blood, ocular secretions, but their role in transmission is unknown.

4. Incubation period

The incubation period of an infectious disease is the time between exposure to an
infectious agent and the appearance of signs and symptoms of the disease. A disease’s
incubation period can vary greatly from person to person. Understanding the incuba-
tion period data for a novel infectious agent is useful for estimating the transmission
potential and pandemic, locating active cases, assessing the effectiveness of entry
screening and contact tracing, and determining the pathogen’ relative infectiousness. It
is assumed to have a 14-day incubation period after being exposed to the pathogen [6].

5. Cytokine storm of SARS-CoV-2 infection

The severity of SARS-CoV-2 disease is linked to cytokine storming, which occurs
when IL-2R, IL-6, IL-10, and TNF-a levels rise [7]. It is linked to the development of
severe alveolar damage and lung inflammation as a distinct pathological picture of
acute respiratory distress syndrome [7].

6. Incidence of SARS-CoV-2 infection in Tiirkiye

On March 10, 2020, the first COVID-19 case was diagnosed in Tiirkiye. Since the
outbreak’s inception, the city with the highest population density in the country,
Istanbul, has reported the greatest number of cases [8]. According to last data, in
Tiirkiye, coronavirus cases 17.042.722 and 101.492 coronavirus deaths were reported
(https://wwwworldometers.info/coronavirus/country/turkey/).

7. Clinical findings and symptoms

SARS-CoV-2 infection causes acute and highly fatal pneumonia with fever
(83-99%), dry cough (60-82%), dyspnea, and bilateral ground-glass opacity on
radiological thorax imaging [9]. The severity of the disease was determined primarily

46



COVID-19 Epidemiology in Tiirkiye
DOI: http://dx.doi.org/10.5772/intechopen.112664

by clinical features and laboratory testing and was categorized as asymptomatic infec-
tion, mild, moderate, severe, and critical disease [10].

8. Distribution by age and gender in SARS-CoV-2 infection

COVID-19 can be seen in all age groups. In elderly persons and patients suffering
from chronic diseases, COVID-19 may be more severe and mortal. The number of
reported cases in pediatric population and the rate of serious illness are low. COVID-
19 is commonly asymptomatic in children, and it is an important matter of attention
during the pandemic. This situation contributes to the spread of infection.

The infection fatality ratio is estimated to be lowest among 5- to 9-year-old chil-
dren, with an increased rate by age among individuals older than 30 years [3].

In Tiirkiye, children account for around 1-5% of COVID-19 cases [11]. Considering
SARS-CoV-2 patients, it is noteworthy that the number of pediatric patients is con-
siderably less than adults. The first reason that comes to mind to explain this situation
is ACE activity [6]. It appears that COVID-19 causes less severe disease in children
than in adults. The asymptomatic, mild, or moderate disease affects an estimated 90%
of pediatric patients. Even so, 6.7% of the cases were severe. Severe disease has been
reported in patients younger than one year of age, including children with an underly-
ing disease [11, 12]. Various studies on the disease management strategies in pediatric
patients are being conducted. One research examined 220 pediatric COVID-19
patients, 48.2% of whom were male, with a median age of 10 years, and 9.5% of whom
had underlying diseases. The authors concluded that the course of COVID-19 seemed
to be mild and management strategy primarily should consist of supportive care [13].

The death rate in men is higher than in women. As an explanation for this situa-
tion, the contribution of smoking rate, consumption of alcohol rate, and other risk
factors to disease severity were considered in the etiology.

9. Protection

Based on previous experience with other respiratory virus, it is critical to use
personal protective equipment (PPE) on a consistent basis to reduce nosocomial
transmission [14].

10. COVID-19 prevalence in healthcare workers

According to the data of the Ministry of Health, research assistant doctors (12.3%)
and nurses (11.1%) had the highest seropositivity rates, respectively. It has been
suggested that the reason for this may be that health workers who actively participate
in patient sampling, diagnosis, and treatment have greater rates of SARS-CoV-2
exposure [15].

11. MIS-C syndrome

Multisystem inflammatory syndrome in children (MIS-C) is a rare post-
infectious hyperinflammatory disorder associated with SARS-CoV-2 [16]. MIS-C
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syndrome should be considered as a differential diagnosis in cases where persistent
fever, fatigue, hypotension, cardiac dysfunction, and gastrointestinal symptoms are
prominent [17]. Referring to research done on 101 patients in Tiirkiye, the median
time of hospitalization was reported as 10 days. In the same study, the rate of need
for intensive care was reported as 37.6% and the rate of need for mechanical ventila-
tion was reported as 10.8% [17]. Procalcitonin, C-reactive protein, international
normalized ratio, D-dimer, and creatinine levels were also found to be higher

in children who needed intensive care unit stay [17]. Nearly half of the patients
received anticoagulants and aspirin to prevent the potential risk of thrombosis
caused on by SARS-CoV-2 infection. Intravenous immunoglobulin was applied to
treat the majority of patients; the dosage was 2 g/kg in 82% of cases and 4 g/kg in
10%. Echocardiography was performed in 85 patients and abnormal findings were
noted in 45 (52.9%) patients [17].

12. Anosmia

Anosmia and ageusia are particular symptoms reported in COVID-19 patients.
According to the data obtained by examining a large case series across Tiirkiye, anosmia
(43.3%) and ageusia (44.5%) were frequently observed after general symptoms [18].
There is no definitive treatment regimen specified in the guidelines against anosmia
associated with COVID-19. It was observed that anosmia resolved at a rate of 91.6% [18].

13. Vitamin D status

As aresult of the study conducted with 155 participants (COVID-19 patients n:75,
control group n:80) in Tiirkiye, mean vitamin D level was greater in the control group
than the COVID-19 patient group [19]. There are other study results confirming this
situation [20]. Patients with low vitamin D levels experienced greater instances of
respiratory distress, weakness, anosmia, headache, myalgia, and ageusia but signifi-
cantly lower instances of fever and cough [19]. Comparing the low vitamin D group to
the normal vitamin D group, the mean lymphocyte count was considerably lower in
the low vitamin D group [19]. The number of days of hospitalization was negatively
correlated with vitamin D levels [19].

14. Mental health

In order to establish COVID-19 precautions in Tiirkiye, a scientific committee
was set up. The day following the first case was announced, on March 12, all schools
and institutions were closed. Online education for students was quickly put in place.
Anxiety brought on by COVID-19 has affected everyone’s mental health. During the
lockdown, people began to experience tension in their relationships with others asa
result of increasing anxiety. As people attempt to adjust to the new circumstances,
avariety of different behaviors have been reported. These behaviors include com-
munication issues between spouses, conflict between parents and children, an
increase in irritability and outbursts, depressive and anxious moods, excessive use of
social media, and binge eating. Additionally, eating and sleeping habits significantly
disturbed [21].
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15. COVID-19 incidence in chronic disease patients in Tiirkiye

At least one-quarter of patients with COVID-19 have one of the chronic diseases as
a comorbidity such as diabetes mellitus, hypertension, and asthma [22]. In a Turkish
study, the most common comorbidities were hypertension (9.1%), diabetes (7.6%),
and coronary artery disease (6.9%) [23].

16. Mortality in Tiirkiye

In Tiirkiye, which has a powerful health system, the majority of hospitals
have been converted into pandemic hospitals, scheduled procedures have been
postponed, and medical professionals have been reassigned to treat COVID-19.
According to study, the overall mortality rate was 1.4% [23]. Re-infection caused
death in 2% of the cases [23].

17. What is a reinfection and how are the rates in Tiirkiye?

A reinfection occurs when an individual becomes infected with COVID-19,
recovers, passes a certain amount of time, and later becomes infected again. If a
person tests positive again in >90 days after their first-positive SARS-CoV-2 RT-PCR
test, they are considered to have been reinfected. The study included 58,811 patients
diagnosed with COVID-19 between March 2020 and August 2021. Re-infection
rate was reported in 421 patients (0, 7%) [23]. The cases had an average age of
38.0 + 16.0 years, with 51% of them being female. About 17.6% of all re-infected cases
were healthcare workers. The prevalence of chronic diseases was reported to be 31.1%
[23]. While the hospitalization rate for the first infection was 15.9%, it was 9.1% for
re-infection. The re-infection admission rate to the intensive care unit was higher
(2.9%), than the first infection (0.5%) [23].

18. Vaccination in Tiirkiye

The SARS-CoV-2 pandemic, which started in 2019, has been a very difficult global
pandemic process. Vaccination is among the most effective public health interven-
tions that modern medicine has to offer [24]. Vaccination is regarded as the most
important tool in controlling the pandemic [25].

In addition to vaccination, vitamin D supplementation plays an important
role in immune system modulation by suppressing proinflammatory cytokines
[26, 27]. There were no hospitalizations or deaths among fully vaccinated patients.
Furthermore, none of the fatal cases had completed their vaccination schedule [23].

Unvaccinated individuals make about 2/3 of re-infection cases. About 5.6% of
cases were fully vaccinated. In fully vaccinated patients, no hospitalization or mortal-
ity was observed. Some of them, which were fully vaccinated, were performed a chest
CT and had no radiological sign was found in any of them [23].
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Chapter 6

4-Hydroxynonenal Is Linked to
Sleep and Cognitive Disturbances
in Children: Once upon the Time of

COVID-19

Sherine Abdelmissih

Abstract

The better prognosis of COVID-19 in children conferred a higher survival rate,
but a higher prevalence of post-COVID sequalae, including insomnia and defective
cognition. COVID-19 triggered oxidative stress, with hyperlipidemia correlated
with susceptibility to severe COVID-19. Consequently, lipids peroxidation could be a
likely candidate for disease progression and sequalae. Hence, this overview explored
one of the commonly studied lipid peroxides, 4-hydroxynonenal (4-HNE), in terms
of gamma-amino butyric acid (GABA) and glutamate. Higher glutamate and lower
glutamine, a GABA substrate, triggered severe COVID-19. Increased glutamate and
inflammatory cytokines induced GABA endocytosis, reducing the anti-inflammatory
and antioxidant effects of GABA. Defective glutathione antioxidant was detected in
Down syndrome, the latter was associated with severe COVID-19. Increased 4-HNE,
due to consumption of electronic devices and flavors containing 1-bromopropane,
was increased in inflammatory neurologic disorders. A higher hippocampal 4-HNE
triggered excitotoxicity and cognitive deficits. Hippocampal inflammation and
loss were also evident in COVID-19. 4-HNE might play role in disturbing sleep and
cognition in children during COVID-19, a hypothesis that could be verified in future
research by redeeming 4-HNE in the sputum and urine of children. Currently, sup-
plying children with optimum dietary antioxidants, while rationalizing the use of
flavors is to be encouraged.

Keywords: COVID-19, insomnia, 4-Hydroxynonenal, cognition, GABA, lipid
peroxidation

1. Introduction

Until early January 2023, over 660 million cases were diagnosed with coronavirus
disease (COVID-19), most cases residing in Europe with much less cases in Africa,
and the United States being the most affected country [1]. When first recognized in
late 2019 and early 2020, COVID-19 was thought of as an ‘adult and older’ disease,
exempting the younger population. Later, this revelation was falsified by positive
infected cases found among neonates and children. Despite lower death rates at
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younger ages, COVID-19 survivors are mainly those in the pediatric age group. The
milder disease was related to lower immune responses in children [2].

Knowing that COVID-19 has affected 6.3% of children aged 5-14 years old
from December 30, 2019 till September 13, 2022 [3] would give us clues about the
magnitude of post-COVID in children, even if definite evidence is still missing [4].
Reports outlining the possibility of asymptomatic disease occurring in children [5]
suggest that the global prevalence of COVID in children may be much higher than the
registered cases. In contrast, other studies highlighted that children were especially
afflicted by hyperinflammatory multisystem syndrome [6-8]. The issue arose when
some studies detected that recurrent infection is likely to occur in school children,
compared to pre-school age, and that some of the affected children tested negative
for viral antigen and antibodies and they did not shed the virus [9-11], which can
lead us to infinite unexplored areas of research targeting whether the virus remains
dormant or not, for how long and where, in the neurological system and/or elsewhere.
Are there late-onset sequalae that could affect the future quality of life of young
generations or even be transmitted to their offspring after decades? The anonymous
fate of viral infection in children who survived but did not shed the virus should draw
the attention of investigators toward the outcomes of COVID-19 on various aspects,
including cognition as one crucial vector in childhood determining the ability to
learn, develop new skills, and have a future fruitful life.

During the post-COVID period, survivors suffered neuropsychiatric symptoms,
including anxiety and mood disturbances [12]. Such neuropsychiatric sequalae were
attributed to the viral invasion of the brain [13] and neural control over the immune
system [14]. In their retrospective cohort study, Taquet, Geddes, et al. [15] noticed a
higher liability for insomnia during 6 months post-COVID, one plausible explanation
was the impact of inflammatory cytokines over neuroendocrine sleep mediators [16].

Although a direct link between insomnia and liability for a more severe COVID-19
was not conclusive, yet inferences could be made based on previous studies show-
ing that persons who had less than 7 hours of daily sleeping were three times more
vulnerable to getting a flu attack [17]. An association between disturbed sleep or even
prolonged sleep and a state of low-grade systemic inflammation was suggested [18, 19],
the latter impaired the immune defenses against the respiratory pathogens [16, 20, 21],
added to a higher risk of developing pneumonia [22]. The deleterious effects of dis-
turbed sleep over immunity were also emphasized in Module 2 of The National Institute
for Occupational Safety and Health (NIOSH) [23] declaring more than 50% decline in
the production of antibodies following influenza vaccination in presence of sleep shift-
ing, compared to regular sleep.

As the susceptibility to COVID-19 is higher with cardiovascular diseases, diabetes
mellitus (DM), and obesity, and as dyslipidemia is common among these vulner-
able groups [24-26], a causal relationship might exist between lipid metabolism
and COVID-19 morbidity. Apart from the structural, non-structural, and accessory
proteins identified for severe acute respiratory syndrome virus (SARS-CoV-2),
lipid-based structures remain to be identified, especially when knowing their pivotal
role in viral fusion, entry, and replication and that the host lipid profile is altered
following COVID-19 [27, 28]. The involvement of lipids in promoting the creation of
severe acute respiratory syndrome (SARS-CoV-2) progeny is becoming increasingly
an interesting entity that awaits further exploration. Interestingly, insomnia has been
reported to alter lipid metabolism and trigger lipid peroxidation [29]. Both insomnia
and lipid peroxidation were associated with cognitive decline [30, 31]. In this con-
text, this overview will focus on the relationship between COVID-19, insomnia, and
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4-hydroxynonenal (4-HNE), as the most studied among lipid peroxides, on one side,
and cognitive defects, on the other side.

2. COVID-19 in children: insomnia and cognitive defects

The American Academy of Sleep Medicine [32] has quoted from the Centers of
Disease Control (CDC) that sleep disturbances among middle- and high-school stu-
dents were highly prevalent. This prevalence was also noticed in survivors of COVID-
19 who experienced long-term insomnia [33] with younger age being more vulnerable
[34]. During COVID-19, higher liability to insomnia was also reported in students,
compared to workers, and in undergraduates, compared to postgraduates [35, 36].

Novel stressors were superimposed with the emergence of COVID-19, includ-
ing locking down at home, studying in an isolated environment with no social
interactions, lacking friends, missing both physical activities and teamwork-based
learning, having one or more of beloved family members affected, added to dealing
with stressed parents [37]. Learning at home has posed a greater stressful challenge
to parents whose anxiety was transferred to their children [38]. All these stressors
contributed to higher anxiety in children, and subsequent sleep issues [39], includ-
ing, inability to fall asleep, insufficient duration of sleep, excessive sleep duration,
nightmares, and unstable sleep timings. In turn, disturbed sleep, by triggering mood
swings, caused a further reduction in social interactions [40], and impaired psycho-
logical and physical well-being [41]. Interestingly, being home alone, using electronic
devices during studying, playing, or chatting, were associated with poor sleep quality
in children with autism spectrum disorder (ASD) [42].

Attention, as one of the cognitive domains, tended to decline with insomnia.
Focused attention, detected by responding to a specific stimulus while overlooking
other stimuli, was reduced with insomnia [43]. Vigilance (sustained attention) or
the ability to keep alertness over time [44] was negatively affected by insomnia with
reduced accuracy and prolonged time needed to perform vigilance-related tasks [45].
Similarly, shifting attention or the ability to adapt and modify the focus of atten-
tion, requiring a higher level of cognition [46], was defective in cases with insomnia
[47]. However, some other studies did not prove these correlations, especially for the
simplest form of attention, focused attention [48, 49].

Another cognitive domain, memory, was negatively impacted by insomnia
[50, 51], whether working memory or that of the implicit (procedural) or explicit
(declarative) categories. These three memory categories correspond to the inability
of keeping information for a short period [46], learning new skills, and recalling a
new learned material after a delay, respectively [52]. In a meta-analysis, there was a
mild correlation between insomnia and working memory, yet the authors declared
that results could be biased by the heterogenicity between studied groups in different
studies. Other studies denied such an insomnia-memory relationship [48, 53].

Whatever is the magnitude of controversy regarding the correlation between
insomnia and cognitive defects, most studies agreed about the correlation between
stress and both cognition [54, 55] and sleep, especially, at a young age [56].

What links cognition to sleep at the neuronal level? In terms of memory, the role
of glutamate, the main excitatory neurotransmitter in the brain, in the encoding and
consolidation of memory through binding to its ionotropic receptors, N-methyl-
D-aspartate (NMDA), and its metabotropic receptors (mGLuRs), respectively, has
been established [57, 58]. Li et al. [59] in a meta-analysis of the African population
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concluded that the higher glutamate, and the lower its byproduct, glutamine, the
more severe would be COVID-19 and related cognitive defects.

In astrocytes, glutamate is converted by glutamine synthetase to glutamine, the
substrate of both gamma-aminobutyric acid (GABA) and glutamate [60]. GABA,
the main inhibitory neurotransmitter in the mammalian brain, is also modulated,
through NMDA activation when glutamate is released, then presynaptic auto-recep-
tors GABAg stimulation, mediating GABA endocytosis [61]. In the brain, more than
50% of synapses are GABAergic [62], signifying the pleiotropic effects of GABA.

3. Gamma-aminobutyric acid linking sleep and cognition

GABA is an amino acid present in plants, bacteria, fungi, animals, and humans [63-65].
GABA in vertebrates is synthesized and metabolized (as shown in Figure1) [66, 67].
GABA acts on two types of receptors, the fast ionotropic or ligand-gated ion
channel, GABA,, and the slow metabotropic or G protein-coupled receptor, GABAg.
The binding of GABA to GABA, results in chloride influx and a fast hyperpolariza-
tion of postsynaptic neurons. While GABAg receptors are present in presynaptic
and postsynaptic [68]. Postsynaptic GABA stimulation produces a slow, but long-
term hyperpolarization. Presynaptic GABAg activation reduces the release of many
neurotransmitters, including GABA itself, yielding either an excitatory or inhibi-
tory brain signaling, depending on whether the suppressed neurotransmitter was

Hippacampus

S Newsgeoggs
Postsynaptic |\ GAD pLp  Presynaptic GABA—~—-HNE
G"fBAA GABA ATSGABAi%
GABA, \ / \\" o
Endocvtos‘s GABA Anti-inflammatory +

Insomnia

L 6T-QINOD ==

Presynaptic

& 4 Glutamate

\ Glutamate synthetase BAymphocytes
b

N . — — Glutamine
Hyperlipidemia ’}

Inflammation COVID-19 +—mHrno Anti-inflammatory

Postsynaptic L
Cognitive defects

4-HNE
Oxidative stress,

Figure 1.

GABA, glutamate, 4-HNE in COVID-19-related insomnia and cognitive defects. GABA in vertebrates is derived
from L-glutamic acid or its salts, glutamate, by a decarboxylation veaction, catalyzed by GAD, and using PLP as
a cofactor. After its release, GABA is uptaken by GATS 1, 2, and 3 as well as BGT-1 and metabolized by GABA-
transaminases (GABA-T). Upon glutamate velease, it simulates NMDA, with subsequent presynaptic GABAg
activation, mediating GABA endocytosis. Increased glutamate, along with reduced glutamine, aggravates COVID
severity. GABA is secreted from B-lymphocytes to exert anti-inflammatory effects. GABA promotes antioxidants,
reducing lipid peroxides, including 4-HNE. COVID-19 triggers inflammation and oxidative stress. Both COVID-
19 and increased hippocampal 4-HNE cause inflammation and neurodegeneration, precipitating insomnia and
cognitive decline, which could be antagonized by GABA anti-inflammatory and neurogenesis effects. GABA:
Gamma-aminobutyric acid; GAD: Glutamic acid decarboxylase; PLP: Pyridoxal 5'-phosphate; GATs: GABA
transporters; BGT Betaine GABA transporter; GABA-T: GABA-transaminases; Fe* Ferric; GSH: Glutathione;
NMDA: N-methyl-D-aspartate; 4-HNE: 4-Hydroxynonenal; COVID-19: Coronavirus disease.
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inhibitory or excitatory. This means that if auto-receptors’ presynaptic GABAg is
stimulated, GABA release is dampened leading to a depolarizing postsynaptic cur-
rent, or disinhibition. If a heteroreceptor GABAg was activated, glutamate release
could be suppressed, which would favor an inhibitory status [69].

From functional perspective, GABA is implicated in sleep regulation and memory
enhancement [70]. GABA deficiency can lead to insomnia, anxiety, and impaired
stress responses [71-73]. The established role of GABA in sleep and sedation led to the
wide use of benzodiazepines (BZs) as hypnotics and anxiolytics, acting by enhanc-
ing the binding of GABA to its receptors, GABA, [74, 75]. Unfortunately, BZs are
associated with a high risk of tolerance and dependence [76] which mitigated their
long-term use.

Despite the crucial role of GABA in the processes of sleep and cognition, it is
not the only one, as inflammatory factors seem to contribute as well. In COVID-19,
during the cytokine storm, excessive amounts of pro-inflammatory cytokines are
produced, of which the tumor necrosis factor-alpha (TNF-«) induced the endocytosis
of GABA,, possibly rationalizing the associated sleep disturbances.

In the cognition domain, fast-spike GABAergic interneurons play a crucial role
in the generation of electroencephalographic gamma rhythms [77], as well as hip-
pocampal theta rhythm, corresponding to exploratory behavior [78]. Inhibitory
postsynaptic potentials (IPSPs), generated by GABA, assist memory acquisition in
rodents and humans [79, 80], and the progression to memory consolidation requires
GABAg activation [81]. This GABA-cognitive function was experimentally verified
when the passive avoidance learning of mice and rats was inhibited after the blockade
of GABAp using baclofen [82, 83].

Furthermore, by promoting neurogenesis, GABA enriches long-term memory and
learning processing [84]. This was emphasized in stressful conditions when mice with
depressive-like symptoms exhibited defective neurogenesis and reduced microglia
[85], along with reduced survival in neural stem progenitor cell culture [86]. In ASD,
decreased glutamic acid decarboxylase (GAD), GABA, and GABAg were observed
in postmortem specimens [87], with GABA, reduction possibly underlying the
co-existing delayed linguistic abilities [88], along with behavioral deficits; the latter
being also demonstrated in transgenic animal models [89].

Although multiple sclerosis (MS) is mainly a disease of young adults, it is the
most common neurologic disorder due to immunologic dysfunction in children and
adolescents [90]. In MS, where 65% of patients have disturbed memory and atten-
tion, low plasma GABA was detected [91]. Recent reports revealed aggravated or
de novo symptoms of MS associated with COVID-19 [92]. Hence, GABA might be a
likely candidate for COVID-related cognitive derangement.

4. Inflammation, oxidative stress, and GABA: key targets in COVID

A growing body of evidence supports the secretion of GABA and its precursors,
glutamine, and glutamate, from murine and human B-lymphocytes, [93]. While
GABA , reduces T-cell response to antigens [94] and dampens inflammation, it
endorses regulatory T-cells [95]. In turn, T-cells enhance the expression of GABA
receptor subunits [96]. Additionally, GABA transporter-1 (GAT-1), found only on
antigen-primed T-cells, arrested the proliferation of CD4+ and CD8+ T-cells [97]. Such
GABA immunomodulatory effect could prevent the tissue damage elicited by inflam-
matory responses in cases of autoimmune diseases, as inferred from rodent models of
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DM and MS [98-100]. In patients with DM, the secretion of TNF-a and interleukin
(IL)-6 (IL-6) from T-cells was successfully inhibited using GABA [101, 102].

Such systemic anti-inflammatory potentiality of GABA was detected also in macro-
phages and dendritic cells of rodents and humans, expressing the respective fast GABA,
and slow GABAGg receptors [103]. GATs dampen the functions and release of pro-
inflammatory cytokines as demonstrated in a mouse model of autoimmune encephalo-
myelitis (EAE) [97]. Thus, it was not surprising to find that the most common subtype
of GABA, in the brain, («1p2y2), was also expressed in immune cells [104]. Conversely,
immuno-stimulation and cytokines release promoted the neuronal sequestration of
extracellular GABA [67]. In the brain, neuroinflammation, vascular insufficiency, and
the pro-inflammatory cytokines, such as TNF-a, interferon-gamma (IFN-y), IL-6 and
IL-1p enhanced GAT expression, favoring GABA degradation [105-108].

In the context of lung diseases, GABA, along with enhanced GABA, and GABAg
activities could limit acute lung injury in rodent models and ameliorate clinical
outcomes in humans on ventilation [109, 110]. As an inhibitor of platelet aggregation,
GABA, by inhibiting the formation of the thromboxane A2 [111], might have an addi-
tional clinical privilege in patients whose pulmonary thrombosis is attributed to the
severe COVID-19 [112, 113]. These assumed benefits of early treatment with GABA in
COVID-19 were verified in mice infected with mouse hepatitis virus (MHV-1) [114],
another coronavirus whose symptoms mimic those of COVID-19 [115].

The COVID-associated anxiety and stress could have resulted in lowered immu-
nity [116], which could be reversed using GABA as was emphasized in human volun-
teers when oral GABA administration resulted in electroencephalographic evidence
of relaxed alertness and anti-stress effects (higher alpha-to-lower beta) [117], while
increasing salivary IgA [118], as a non-invasive index of enhanced upper respiratory
immunity against bacteria and viruses [119].

Interestingly, extracellular glutamine, the GABA precursor, was implicated in
viral replication of both DNA and RNA viruses to which SARS-CoV-2 belongs, by
incorporation into the Kreb’s cycle after conversion by glutaminase (GLS) to alpha-
ketoglutarate (a-KG), so that the lack of glutamine hampered rhinoviruses replication
[120]. Presumably, if GABA synthesis is inhibited, glutamine would be redirected to
promote viral replication and, in case of viral infection, defective GABA synthesis
would be anticipated secondary to the incorporation of glutamine in the viral replica-
tion cycle.

Knowing that COVID-19 can precipitate oxidative stress [121, 122] while
GABAergic neurons are especially susceptible to the neuro-damaging effects of
the reactive oxygen species (ROS), generated during oxidative stress [123], makes
both GABA and oxidative stress likely candidates for aggravating the sequalae of
COVID-19.

Hypercholesterolemia might perpetuate viral infections as was the case in mice
infected with lymphocyte choriomeningitis virus (LCMV) [124]. Some viral infec-
tions and related treatments can induce long-term changes in lipid metabolism as
well. After 12 years of SARS-CoV, survivors had higher cell membrane phospholipids,
namely, phosphatidylinositol and lysophosphatidylinositol, attributed to cortico-
steroid administration during the infection [125]. In the post-infection period of
SARS-CoV, lysocardiolipin acetyltransferase (LCLAT), phosphoinositide phosphatase
(PIP), and diacylglycerol (DG) kinase, enzymes involved in lipid metabolism, were
upregulated [126].

Coronaviruses consume the intracellular membranes of host cells to build their
own replication nests called “double-membrane vesicles (DMVs),” where it preserves
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its own viral proteins and robbed host factors, to ensure a suitable lipid bedding for a
successful viral replication [127].

Of interest to our discussion is the increased total cholesterol (TC) in patients with
COVID-19, favoring viral invasion, with a positive correlation to the severity of symp-
toms [93]. The lipid changes might be attributed to hypoxia and were also shared with
patients having a chronic obstructive pulmonary disease (COPD) [128]. On the other
hand, normal lipid metabolism seems preemptive in the context of pulmonary and
neuronal disorders as sphingolipids were implicated in protection from a lung injury,
added to their anti-inflammatory, anti-coagulant, along with their neuroprotective
effects [129, 130]. Hyperlipidemia and oxidative stress during COVID make lipids
peroxidation likely candidates for post-COVID syndrome.

5. Lipid peroxidation

Oxidative stress is conceived as an imbalance between oxidants and antioxi-
dants, in favor of oxidation. In physiology, such oxidative stress is minimal and
well-equilibrated in a process known as “the redox potential.” It is noteworthy to
mention that an imbalance in the antioxidant direction is deleterious and causes
“reductive stress” [131].

Conversely, when the antioxidant mechanisms are overwhelmed, oxidative stress
occurs. The consecutive reversible oxidative stress and irreversible oxidative damage
are to be blamed for many pathologic conditions [132, 133]. With defective antioxidant
mechanisms such as in the case of vitamin E (alpha-tocopherol) or vitamin C deficiency,
excess reactive oxygen and nitrogen species are produced. The issue is that a propagation
chain reaction perpetuates lipid peroxidation [131] as shown in (Figure 2). The interrup-
tion of chain reaction occurs when two free radicals are conjugated or when antioxidants
break the chain.

Lipid peroxidation was formerly known for oils and fats in our diet. It involves
oxidative damage to cellular structures, including cell membranes in plants and
animals, causing cellular death. This destructive process includes the generation of
lipid radicals, the uptake of oxygen, the re-organization of double bonds in unsatu-
rated lipids, and the production of breakdown products such as alcohols, ketones,
alkanes, aldehydes, and ethers. Lipid peroxidation results in an easily breakable cell
membrane with plenty of polyunsaturated fatty acids (PUFAs) and transition metals.
Lipid peroxidation reduces membrane fluidity and makes it more permissible and
easily invaded. Apart from the loss of cell membrane integrity, protein synthesis is
disrupted, as well as macrophage function, along with derangement of chemotactic
signals and altered enzyme activity [134]. All membranes of cellular structures are
damaged, including those of mitochondria, microsomes, peroxisomes, and cell mem-
branes [135]. Lipid peroxidation toxicity affects the liver, kidneys, and to our interest,
neurological structures, where it takes part in neurodegenerative, inflammatory, and
infectious diseases [136].

Considering the brain as a susceptible organ to oxidative stress, the intracellular
antioxidant, free glutathione (GSH) plays a crucial role by eliminating peroxides
[137] in a reaction catalyzed by glutathione peroxidase (GSH-Px), oxidizing GSH
to GSH disulfide (GSSG) [138]. Thus, the GSH/GSSG can be used as a determinant
of the redox status of cells [139]. Defective GSH was previously correlated to Down
syndrome in children [140]. Recently, Down syndrome was correlated to severe
COVID-19 [141].
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Figure 2.

Pr%pugation reaction of lipid peroxidation. Lipid peroxidation is initiated with hydrogen subtraction and oxygen
addition. Hydrogen subtraction is promoted in PUFAs by the presence of a double bond of the RH group, leaving
the carbon with an unpaired electron. When combined with oxygen, ROO is produced, generating ROOH,
capable of repeating the hydrogen subtraction from another PUFA, perpetuating the chain reaction. When lipid
peroxides interact with Fe**, RO radicals ave produced, when the intevaction involves Fe*3, ROO radicals are
generated. These reactions will end up with cytotoxic aldehydes and hydrocarbon gases as ethane. The interruption
of chain veaction occurs when two free radicals are conjugated or when antioxidants, such as GSH, break the
chain. PUFA: Polyunsaturated fatty acids; RH: methylene; ROO: Peroxyl; ROOH: Hydroperoxide; Fe**' Ferrous;
RO: Alcoxyl; F" Ferric; GSH: Glutathione.

Most of brain GSH is derived from the reducing action of GSH reductase (GR)
over GSSG to get back GSH. Another less amount of GSH can be synthesized de novo
from glutamate, cysteine, and glycine [142].

In contrast to the antioxidant GSH, one of the lipid peroxides, 4-hydroxynonenal
(4-HNE), an «, p-unsaturated aldehyde, is a potent neurotoxin, derived from the
oxidation of w-6 PUFA of cell membranes [143], such as arachidonic acid, linoleic and
linolenic acid.

6. 4-Hydroxynonenal

4-Hydroxynonenal (4-HNE) is described as a short-chain reactive carbonyl
compound [144], having amphiphilic properties yet with lipophilic tendency
[143]. Its high electrophilicity makes it reactive to the amino acid residues, namely,
cysteine (Cys), histidine (His), and lysine (Lys), in a decrescendo order. 4-HNE
can adduct to the cysteine residue of the “flippase” enzyme (amino phospholipid-
translocase), an enzyme that maintains lipid bilayer asymmetry by an ATP-
dependent process [145]. Forming Michael adducts with nucleophilic sites, 4-HNE
can interact with cellular DNA, lipids, and proteins [146]. The destiny of
4-HNE protein adducts is either proteolysis or covalent cross-linking. Additionally,
4-HNE can inactivate GR, reducing the antioxidant ability of GSH [147]. In turn,
physiological concentrations of GSH can revert 4-HNE protein adducts to their
unadducted condition [148].
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The metabolism of 4-HNE occurs by oxidative and reductive processes, employ-
ing enzymatic and non-enzymatic pathways [144], in addition to conjugation to
GSH catalyzed by the glutathione-S transferases (GST), which contributes to a major
part in the detoxification process [149]. Although all these detoxifying processes are
present in the mitochondria [150], yet it seems that the mitochondria play little role in
4-HNE degradation in intact tissue.

In the lungs, GST is more active than the liver, then comes the brain in the third
place, however, the respiratory capacity to metabolize 4-HNE is limited by slow
oxidative-reductive pathways, unlike the liver [151, 152]. 4-HNE can be detected in
human breath and sputum [153] and its metabolites can be recovered in urine [154]. A
slow metabolism of 4-HNE was previously reported when dealing with rat hearts and
kidneys, along with other tissues [155].

To our knowledge, HNE concentration at or below 1 pM might be physiological,
with in vitro toxicity at 10 pM-1 mM [156]. The physiological roles of HNE include,
but are not limited to [see Table 1] [157-164]. Dianzani [156] mentioned that, in
pathologic conditions, the high concentrations of 4-HNE suppress mitochondrial
oxidation, lysosomal enzyme activity, adenyl cyclase, sodium pump, protein synthe-
sis, and cell proliferation. Also, while physiological 4-HNE concentrations can affect
proteins, favoring proteolysis of the deformed proteins [165], only extra-physiologic
concentrations of 4-HNE can increase membrane fluidity [166].

In inflammatory disorders such as osteoarthritis, 20 pM HNE suppressed the
high nuclear factor-kappa beta (NF-kB) induced by TNF-a overexpression in human

Targets of HNE Role

Neutrophils chemotactic factor [157] Increased inflammatory response to invading pathogens

AC [158] Catalyze the breakdown of ATP to yield cAMP

PLC [159] Hydrolysis of inositol phospholipids in cell membranes, yielding the

intracellular second messengers: IP; and DAG

Caspases [160] Protease enzymes that mediate programmed cell death, leading, for
example, to tumor suppression and axonal degeneration

Hsp 70 [161] Increased antigens delivery to APCs Suppression of inflammation

Aldose reductase [162] Cytosolic NADPH-dependent oxidoreductase that catalyzes the
reduction of monosaccharides, for example, the reduction of glucose
to sorbitol, the first step in glucose metabolism

Hem oxygenases [163] The degradation of heme to CO, biliverdin and heme iron, mediating
anti-inflammatory, anti-apoptotic, and potential anti-viral functions

y-GCS [164] Catalyzes the production of
y-glutamylcysteine from both glutamate and cysteine, and other
glutamylpeptides and can be used as predictor of defective GSH redox

AC: Adenyl cyclase; ATP: Adenosine triphosphate; cAMP: Cyclic adenosine monophosphate; PLC: Phospholipase C;
IP5: Inositol 1,4, 5-triphosphate; DAG: diacyl glycerol; Hsp 70: Heat shock proteins 70; APCs: Antigen-presenting cells;
NADPH: Nicotinamide adenine dinucleotide phosphate hydrogen; CO: Carbon monoxide; y-GCS: y-glutamyl cys
synthetase; GSH: Glutathione.

At physiologic concentration, HNE seems to exert immunostimulatory activity by enhancing neutvophils’ chemotactic
factor, increasing the production of multiple intracellular second messengers, such as cAMB, IPs, DAG, mediate tumor
suppression, and might promote axonal degeneration and aging, along with immune-stimulatory, anti-inflammatory,
anti-apoptotic, and possibly anti-viral functions. HNE catalyzes glucose metabolism and interestingly, can increase
antioxidant activity.

Table 1.
Physiological targets stimulated by hydroxynonenal (HNE).
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osteoblasts [167]. While most studies focused on the link between 4-HNE and hepatic
insult, few of them found that 4-HNE was also implicated in multiple respiratory and
neurological disorders, such as bronchial asthma, COPD [168], Alzheimer’s disease
(AD), and Parkinson’s disease (PD) [169]. The ability of 4-HNE to diffuse from one
organ to another [170] might indicate the accumulation of HNE in the lungs, for
instance, can affect the brain, and vice versa. Fortunately, GSH was able to suppress
4-HNE protein adducts in the liver, lungs, and brain [152].

In COPD, HNE adducts were increased in bronchial, bronchiolar, alveolar, and
endothelial cells as well as macrophages and neutrophils. In alveolar epithelium,
HNE adducts were inversely correlated to forced expiratory volume in 1 sec and
positively linked to the pro-fibrotic cytokine, transforming growth factor-beta
(TGF-B) [171]. In rat alveolar epithelial cells, HNE induced glutamylcysteinyl
glycine (GCS), the rate-limiting enzyme in GSH synthesis [172], and enhanced the
expression of antioxidants by recruiting nuclear factor erythroid 2-related factor-2
(Nrf2) [173, 174].

In vitro exposure to mild stress assisted the accelerated GSH-mediated removal
of HNE and enhanced resistance to oxidative stress [175], which might not apply to
chronic stress when antioxidants are consumed.

Measuring HNE in umbilical cord plasma, it was increased in full-term newborns
exposed to acidosis and in full—as well as pre-term neonates experiencing asphyxia
when compared to healthy controls [176]. A suggested role in autoimmunity was
reported in children with systemic lupus erythematosus (SLE) when plasma HNE was
increased, especially during the active disease stage [177].

The brain is a vulnerable organ that can be affected by oxidative stress owing to its
relatively lower antioxidant capacity against a higher oxygen consumption rate, added
to the abundance of PUFAs in neuronal cell membranes [178]. Upon 12-day exposure
of rats to oral 1- bromopropane (1-BP), a cleaning agent for electronic and optical
instruments and an intermediate in the synthesis of pharmaceuticals and flavors, the
animals demonstrated behavioral evidence of impaired cognition with underlying
oxidative stress as shown by the reduced level of GSH versus increased GSSG, owing
to the inhibitory effect of 1-BP over GR, with subsequently increased 4-hydroxynon-
enal (4-HNE) and malondialdehyde (MDA) [179]. The increased 4-HNE was also rep-
licated in patients with AD showing mild cognitive dysfunction [180]. It is to be noted
that while human exposure to 1-BP is by inhalation, yet, in experimental animals, the
inhalation route might not yield similar neurological effects as the oral route.

4-HNE can form adducts with glutamate transporter, excitatory amino acid
transporter 2 (EAAT?) [181], dopamine transporter, sodium pump [182], dopamine
1 (D1)-like transporter [183], and immunoglobulins [184]. In cultured rat cerebro-
cortical neurons, HNE uncoupled cholinergic and glutamatergic receptors from
the GTP-binding proteins [185]. In patients with ischemia-reperfusion and stroke,
plasma HNE was elevated [186]. Immunohistochemical assay of the brain lesions
in patients with the progressive demyelinating disease, multiple sclerosis, and the
dominant autosomal disorder, Huntington’s disease (HD), detected increased HNE
[187, 188], along with elevation of the inflammatory marker C-reactive protein in
serum of patients with advanced HD. In rat hippocampal cell culture, 10 pM HNE
hampered sodium pump activity, resulting in increased intracellular free Ca**
and predisposition to excitotoxicity [189]. The hippocampus is well known for its
relevance to both cognition [190, 191] and insomnia-related cognitive issues at
all ages, including children [192, 193], and inflammation and loss were recently
reported in COVID-19 [194].
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7. Hydroxynonenal- and GABA-targeted therapies

Based on the presumptive involvement of HNE in COVID-related insomnia and
subsequent cognitive dysfunction, HNE-targeted therapy might offer an exit door-
way that might rescue the young generation. For instance, carnosine, a dipeptide
(p-alanyl-L-histidine) abundant in mammalian skeletal muscle, can inhibit the cross-
linking of HNE protein adducts [195], and its analogs showed a similar neuroprotec-
tive effect as emphasized in rats [196].

Nutritional support seems crucial to sustaining the growth and development
of childhood processes, including those related to their emotional, cognitive, and
behavioral aspects. Above all, supplying dietary antioxidants, including vitamin
E, vitamin C, and glutathione, could be helpful. The consumption of wheat germ
oil, sunflower oil and seeds, hazelnuts, and peanut butter, as sources of vitamin E,
and red and green pepper, orange, kiwi, and broccoli, providing vitamin C, with
recommended daily dietary allowances at 4-13 years old of 7-11 and 25-45 mg,
respectively [197].

Despite the controversies regarding the extent of systemic GABA to cross the BBB
[198-200] as quoted by Tian et al. [114], supplying dietary GABA could add some
benefit as an adjuvant to COVID treatment, especially since GABA has antioxidant
properties [201, 202], GABA can be obtained from tomatoes, rice, soybean, and
fermented food [70]. It is worthwhile that this policy can be adopted in the context
of cognitive affection in children whose anxiety and insomnia could be the major
contributing factors to the post-COVID syndrome.

8. Conclusion

Lipid peroxidation, along with inflammatory crisis, plays a crucial role,
not only in the prognosis of COVID-19 but also in neurological sequalae,
namely, sleep and cognitive issues, by affecting both GABA and glutamate
neurotransmission.

4-HNE might have some role in both COVID-19 and its neurological sequalae,
triggering hippocampal inflammation and neurodegeneration, by disturbing gluta-
mate/ GABA neurotransmission.

Perhaps a nutritional supply of antioxidants and abstaining from the consumption
of flavors could support our children to maintain optimal sleep and develop cognitive
skills. The rationale use of electronic devices is also recommended. A more vigorous
investigation is still needed to verify the hypothesis of 4-HNE involvement and to
explore the feasibility of GABA—and HNE-targeted therapy in children who survived
COVID-19 with residual issues regarding sleep and cognition.
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Notes

* COVID-19 triggers insomnia and cognitive defects.
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* Higher glutamate, with subsequent low GABA, was associated with severe
COVID-19.
¢ Electronic Devices and flavors could lead to increased 4-HNE.

* Increased 4-HNE caused hippocampal inflammation, an area implicated in sleep
and cognition.

* Supplying pediatric nutrition with antioxidants and abstaining from flavors

consumption and overuse of electronic devices might prove preemptive in
COVID-19, and related sleep and cognitive issues.
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