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Abstract

Introduction: Starting in late 2019, a novel coronavirus rapidly spread throughout the world,
resulting in a global pandemic. aim of the work: The virus was designated severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and the illness it caused coronavirus disease 2019 (COVID-
19). Patients and methods: The clinical spectrum of COVID-19 ranges from asymptomatic infection to
mild respiratory tract symptoms to severe pneumonia with acute respiratory distress syndrome and

multiorgan dysfunction.
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Introduction

The 2019 coronavirus pandemic (COVID-
19) was caused by the SARS-CoV-2 virus,
which led to a worldwide outbreak of sickness.
Symptoms such as cough, fever, chills, and
subsequent difficulty breathing and low
oxygen levels are the acute manifestations of
the condition. Ischemia, arrhythmias, venous
thromboembolism, acute coronary syndrome,
myocardial damage, and other cardiovascular
problems may occur in adults due to this
infection. 9.

In adults infected with SARS-CoV-2, the
risk of morbidity and death is higher if they
have preexisting cardiovascular disorders.
However, the majority of SARS-CoV-2
infected children and teenagers either show no
symptoms at all or have a mild case of the
illness. Acute cardiac dysfunction, arrhythmias
or conduction anomalies, and coronary artery
dilatation may be caused by the uncommon but
severe post inflammatory consequence of

SARS-CoV-2 infection in children, known as
multisystem  inflammatory  syndrome in
children (MIS-C).

Fig. (1) “.

Patients in their youth who have a history
of congenital or acquired cardiac disease may
need specialised evaluation and care, but there
is still a lot we don't know. This scientific
statement summarises the current
understanding of COVID-19 and MIS-C in
children and young adults, including its
epidemiology,  pathophysiology,  clinical
manifestations, therapy, and prognosis. We
assess the public health burden and distribution
of COVID-19 infections, review the current
knowledge regarding the health consequences
of this virus in children and young adults with
congenital and acquired heart disease, and
review the COVID-19 vaccine in relation to
myocarditis in this age group.

Fig. (1) © 9.
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Fig. (1) Reduced function, pericardial effusion, myocarditis, arrhythmia, dilated coronaries or
aneurysms are some of the cardiovascular consequences of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). ©
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Epidemiology

People of various ages, colours, and
nationalities have been impacted by the
COVID-19 pandemic. Compared to adults,
children and young adults were less likely to
contract and have a milder case of COVID-19
in the early stages of the pandemic. In the US,
as of February 24, 2022, around 17.6% of all
cases were attributed to persons under the age
of 18, and about 0.1% of all fatalities were
recorded in this age group. Similarly,
according to the CDC, young people (18-29
years old) accounted for 21.3% of cases and
0.8% of fatalities. ©**?).

While most cases of clinical COVID-19
do not affect children and young adults, there
are those who are more susceptible to
contracting the virus and may have serious
complications as a result. When looking at the
percentage of infected and severely ill persons,
Black and Latino people have been hit the
worst by the COVID-19 epidemic.

Children with preexisting medical issues,
such as obesity or chronic lung illness, as well
as those with impaired immune systems, are at
increased risk of hospitalisation, 1CU
admission, and mortality due to COVID-19,
just as they are in adults. When it comes to
congenital heart disease, there have been
mixed findings on the likelihood of severe
COVID-19 in children and young people.
While some research has shown a slightly
higher risk of severe COVID-19 in patients
with congenital heart disease, especially those
with cyanotic congenital heart disease and
pulmonary hypertension, other studies have
shown a variable risk of severe disease in this
population. More research is required to fully
comprehend the dangers of congenital cardiac
disease. 319

An extremely uncommon and severe
inflammatory disease known as MIS-C may
develop in children and young adults 2 to 6
weeks after contracting SARS-CoV-2. This
illness has the potential to impact several
organ systems, including the heart. Over 2,600
cases of MIS-C were reported to the CDC in
the first year of the pandemic, with an
estimated incidence of 1 case every 3,164
cases of SARS-CoV-2 infection in children.
Among children infected with SARS-CoV-2,
the majority of cases of MIS-C were found in
Black children (1 case every 16,23 cases) or
Hispanic/Latino children (1 case per 21,141
cases). Certain racial and ethnic groups
continue to be disproportionately affected by
MIS-C, even after accounting for overall
COVID-19 rates. 719

1.The presence of MIS-C is higher among
non-Hispanic Black children and lower
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among non-Hispanic White children that

meet expectations.
2.MIS-C is more common among Hispanic

children and less common among non-

Hispanic Asian children, contrary to

expectations based on COVID-19 rates. ®%.
Pathophysiology

The SARS-CoV-2 virus attaches itself to
the host cell's surface via the angiotensin-
converting enzyme (ACE) 2 (ACE2) receptor
using the viral spike protein. The virus is big,
enveloped, and has single-stranded RNA.
After binding to the ACE2 receptor, the viral S
protein triggers the activation of the SARS-
CoV-2 protein, which in turn activates the host
cell's type 2 transmembrane serine protease,
facilitating viral uptake and coronavirus
entrance into the host's alveolar epithelial type
Il cells. Some possible ways that SARS-CoV-2
infection affects the cardiovascular system
include @V

cellular damage that occurs directly in
cardiomyocytes due to the increased
expression of ACE2 receptors.

cytokine storm and overactive immune
response causing cardiac myocyte damage.

damage due to a lack of oxygen, which
causes myocardial ischemia. Children may
have milder acute SARS-CoV-2 infections
due, in part, to lower ACE2 levels, as ACE2
receptors grow with age.

According to other research, SARS-CoV-
2 has a lower binding affinity in children
because there are less ACE2 receptors in their
noses. This, in turn, leads to milder sickness. It
is possible that the increased susceptibility of
adults to SARS-CoV-2 infection is due to the
fact that one research found that expression
profile for type 2 transmembrane serine
protease was much higher in adult mice
compared to juveniles. .

Children who do not experience severe
iliness may also benefit from a distinct
cytokine response compared to adults, as well
as trained immunity from exposure to live
gg)ccinations and numerous virus infections.

Researchers have shown that vaping
increases the expression of the ACE2 protein,
which in turn increases the risk of SARS-CoV-
2 infections and worsens the condition in
young people and children who use e-
cigarettes regularly. Contrary to popular belief,
there is no correlation between the use of
angiotensin receptor blockers and an increased
risk of infection or severe illness while treating
SARS-CoV-2. ACE inhibitors and angiotensin
receptor blockers are safe to use during
infection. .
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Acute and hyperinflammatory phases,
often known as cytokine storms, are the two
distinct clinical manifestations of COVID-19.
During the acute phase, SARS-CoV-2 infects
type Il lung alveolar epithelial cells via the
host ACE2 receptor, setting off a chain
reaction that involves the activation of
macrophages in the lungs.7 Acute respiratory
distress syndrome and other respiratory
symptoms might manifest in otherwise
asymptomatic patients. The severity of the
sickness is correlated with the cytokine storm
that is produced when the virus replicates and
initiates the hyperinflammatory phase, which
is characterised by tissue destruction caused by
the host's innate immune response. @,

Acute respiratory  distress syndrome
(ARDS) is a clinical manifestation of SARS-
CoV-2 infection, which may damage the
alveoli throughout the body via perivascular T-
cell infiltration and severe endothelial
destruction caused by intracellular virus.
Interferon y-induced protein 10, granulocyte-
macrophage colony-stimulating factor,
macrophage inflammatory protein-1lo, tumour
necrosis factor-a, and monocyte
chemoattractant protein-1 levels in the blood
are greater in patients admitted to the intensive
care unit compared to those who were not
admitted to the ICU. @,

In severely sick individuals, inflammation
of the pulmonary endothelial cells may cause
microthrombi to develop, which in turn
increases the risk of deep vein thrombosis,
pulmonary embolism, limb ischemia, ischemic
stroke, and myocardial infarction. There was a
notable increase in biomarkers linked to
myocardial damage in the adult group that did
not survive, including creatine kinase MB,
myoglobin, and high-sensitivity cardiac
troponin 1. | can reliably foretell unfavourable
results on my own. @,

While our understanding of the
pathophysiology of MIS-C is limited, what
little is known suggests that the immune
response to MIS-C differs from that of acute
SARS-CoV-2 infection. A  genetically
vulnerable child's hyperimmune reaction to the
virus is thought to be the pathophysiology of
MIS-C. One research found that compared to
children  with  moderate  SARS-CoV-2
infection, those with MIS-C had much less
CD8+ T cells. @,

Despite the usual occurrence of substantial
lymphopenia at first presentation with MIS-C,
children with MIS-C exhibited more robust T-
cell activation and proliferation, particularly of
CD8+ T cells, when contrasted with seriously
sick adults with COVID-19. Further,
autoantibody binding to proteins involved in

immune cell signalling and structural proteins
in heart and blood arteries was discovered
using global autoantibody screening. ¢®.
Researchers have discovered that children
with MIS-C have a distinct repertoire of T-cell
receptors, which is in line with the presence of
a superantigen. Currently, there is no evidence
that children with MIS-C have a T-cell
deficiency. The pathophysiology of MIS-C
may include a decrease in exhausted cytotoxic
T lymphocytes and natural killer cells,
according to recent RNA sequencing of blood
from individuals with the disease compared to
control people. 2.
Clinical symptoms of COVID-19 in children
These days, it's obvious that SAR-CoV-2
strains, coexisting diseases, age, race/gender,
genetics, immune response features, and so on
all have a role in how COVID-19 manifests
clinically. €2,
The serious sickness caused by COVID-
19 and the genetic variables that influence
susceptibility have just been reported. Multiple
genome-wide association studies have shed
light on the role of shared genetic variants.
COVID-19 revealed a link between 12-15
locus and a number of genetic loci, most
notably 3p21.31 locus 12-16, and between
SARS-CoV-2 severity and infection risk. ©%.
At the outset of the COVID-19 pandemic,
there was a general belief that children often
had a mild or asymptomatic illness and a
limited fraction of confirmed cases in this
cohort. The literature reports that between 1%
to 16% of children and adolescents have a new
coronavirus infection, which is far lower than
the adult population. The majority of children
infected with COVID-19 have mild cases, and
between fifteen and forty-two percent of those
Egected youngsters show no symptoms at all.
Some  writers have provided an
explanation for the lack of T and B
lymphocytes in the population by pointing to
mild COVID-19 in children. The prevention of
TB has been proposed by several writers as a
protective function. According to some
research, variations in the expression of the
ACE2 receptor, which is essential for the
attachment of SARS-CoV-2, may explain why
E:Sgi;%ren often have mild cases of COVID-19.
Further differences in the disease's
presentation in children can be attributed to
differences in the innate and adaptive immune
responses, a lack of co-morbid illnesses, and,
to a lesser extent, the presence of cross-
reactive T cells resulting from prior
coronavirus infections (HCoV-229E, -OC43, -
NL63, and -HKU1). Nevertheless, there have

Benha Journal of Applied Sciences, Vol. (9) Issue (7) (2024)



been instances of serious infection
accompanied by other disorders, much as in
adults. ©9.

There have been instances of children
developing multisystem inflammatory
syndrome (MIS-C) as a result of COVID-19
since  April  2020. MIS-C is a
hyperinflammatory viral illness that manifests
in children after an infection. More than 2,600
cases of MIS-C were reported in 2020 by the
Centres for Disease Control and Prevention.
There were 86,390 reported instances of this
illness and 70 fatalities in the United States
alone by the end of June 2022. ©®.

An intriguing finding emerged from the
MIS-C analysis: it manifested in both
asymptomatic and severely COVID-19
infected infants. So yet, research on what
causes MIS-C following SARS-CoV-2
infection is lacking. While some writers have
suggested that individuals who are overweight
may be more likely to acquire MIS-C, the
exact function of co-occurring disorders in this
condition is still unclear. Numerous studies
have shown that individuals tend to have a
history of good health and very seldom suffer
from chronic conditions like autoimmune
disease or bronchial asthma. "),

It is worth mentioning that some case
series include a disproportionate number of
African American and Latino patients. A
hyperinflammatory response to COVID-19
causes MIS-C to develop in genetically
susceptible people, and it impacts several
organs, including the cardiovascular system,
according to some evidence. ©®.

As a consequence of  systemic
hyperinflammation or vasodilation, significant
myocardial dysfunction, hypotension, and
shock (20-100%) were seen in some
individuals. Arrhythmia occurred in 7-60% of
patients, while coronary artery enlargement or
aneurysms were reported in 6-24%. Nearly all
children diagnosed with MIS-C had systolic
left ventricular dysfunction (LVSD). Take the
first case series of MIS-C recorded in the UK
as an example. Six out of eight patients (or
75% of the total) had cardiac dysfunction.
Ventricular dysfunction was documented in
35-100% of cases in children with MIS-C in
subsequent studies.

Conclusions:

Only troponin stood up as a strong
predictor of left myocardial disease among the
cardiac biomarkers studied. It is also possible
that Procalcitonin and Pro-BNP are very
sensitive and specific predictors of left
myocardial affection. In patients with COVID-
19, these results point to the possibility that
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Troponin, Procalcitonin, and Pro-BNP are
valuable biomarkers for tracking cardiac
involvement.
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