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Abstract:

The coronavirus disease (COVID-19) is a viral respiratory disease caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2). The COVID-19 infection in pediatric population has not
been studied much because of the comparatively less number of cases among children during COVID-
19 pandemic. As less number of cases in pediatric population has been documented, less is known
about the epidemiology of virus among children. However, the other coronaviruses are comparatively
more understood. As the SARS-CoV-2 has progressed, the mutations have been occurred and
reported. The current study explores mutants’ infection in infants and children, as well as concerns,
problems, management, and mitigation measures based on therapeutic targets of the virus. The articles
were searched using keywords (COVID-19 among children, SARS-CoV-2 infection among children,
pediatric infections, coronavirus therapies for children, therapeutic management of hospitalized
pediatric patients) from Google scholar, PubMed, Scopus, MDPI and Web of Science data bases. The
most important outcomes and clinical features of viral infections in children and adolescents were
studied. The current study also explores the rate of infection, clinical manifestations, clinical findings,
and transmission dynamics for SARS-CoV-2 in children. Drug repositioning might be the sole answer
to the outbreak of unexpected contagious illnesses because of the delayed mechanism of new drug
expansion. The current review systematically compared the proteins expressed by the SARS-CoV-2
genes to those produced by other coronaviruses. This research will also provide novel lead compounds
and targets for additional SARS-CoV-2 in both in-vitro and in-vivo investigations. The new insights
for medications already in clinical trials, and possibly new drug repositioning techniques will be
known to treat SARS-CoV-2 infections in more better ways.

Keywords: Children; Infants; Health concerns, Coronavirus, therapeutic targets, mutations.

1. Introduction

Before December 2019, there were six types of coronaviruses (CoVs) identified which were affecting
humans and producing respiratory illnesses. The human coronavirus (HCoV)-HKU1, HCoV-229E,
HCoV-0C43, HCoV-229E and HCoV-NL63 are coronaviruses that generally produce relatively
moderate upper respiratory infections in newborns babies, and young children [1]. Middle East
respiratory syndrome (MERS) COVID-19 & SARS-CoV are more harmful, as they may affect the
lower respiratory tracts and produce a serious breathing illness in people [2,3]. Certain coronaviruses
infect birds, bats, rodents, giraffes, whales, and a variety of more wild creatures, although they may
too affect cattle, resulting in significant economic damage [4,5]. Domestic animals may also serve as
intermediary hosts, allowing viruses to spread from natural, wild animal hosts to human beings [6,7].
Domestic animals may also be infected with bat-borne or nearly identical coronavirus infections. Bats
have been shown to contain genomic series, which are extremely identical to the porcine epidemic
diarrhea virus (PEDV). A HKUZ2-associated Bat-CoV, swine severe diarrhea syndrome CoV,
generated a huge-scale pandemic of a viral in piglets in south China in 2016 that killed 24,000 piglets
[8]. This was the first time a Bat-CoV virus has been linked to a serious sickness in animals.

A latest strain of coronavirus was recognized in the lavage of the broncho alveoli samples of a patient
with pneumonia of unidentified etiology in early January 2020 [9]. To distinguish it from the SARS-
CoV [10] and the Middle East respiratory syndrome coronavirus (MERS-CoV) [11], which were
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accountable for two past outbreaks in 2002 and 2012, correspondingly [12], the new virus was initially
named the novel coronavirus (“2019-nCoV?) [13,14]. The International Committee on taxonomy of
viruses (ICTV) designated it as SARS-CoV-2, and the sickness connected with it was dubbed “2019
coronavirus disease” or COVID-19. The World Health Organization (WHO) declared the infectivity
of epidemic on 11th March after the virus spread globally [15].

Since May 1st, 2020, there have been 3,519,901 cases recorded in 187 countries across the world
excluding Antarctica, with 247,630 fatalities [16]. Infants appear to be less impacted than adults;
however, proof on the epidemiological characteristics and medical aspects of COVID-19 in infants
are sparse and centered on restricted case reports [17,18]. Approximately 2% of all individuals in a
Chinese study of 72,314 cases were under the age of 19, but no medical findings details were provided
[19]. Italy was one of the initial country to be struck by the COVID-19 pandemic, accounting for 1.2%
of all cases [20]. Although the projected total case-mortality rates in Italy were greater than in China
[21], no deaths in the infant age group were recorded, demonstrating that fatality remained low and
that no particular risk factor has been discovered [22]. Other multicenter study involving pediatric
COVID-19 demonstrated the milder disease in children though having preexisting medical conditions
were associated with longer hospitalization [14].

SARS-CoV-2 infections in newborns are likewise uncommon, and there has been no indication of
intrauterine infections produced by vertical transmission [23]. Amniotic fluids, cord blood, newborn
throat swabs, and colostrum specimens that were taken from affected women were negative for
SARS-CoV-2, according to a case report and case studies [24]. Nevertheless, the issue remains
controversial, since IgM antigens were found in neonates of COVID-19-positive women, even if the
possibility of a false-positive should be considered. There is also a rising body of data that SARS-
CoV-2 disease is linked to newborn pneumonia [25]. In China, every newborn is isolated from the
affected mothers for at least 14 days, whereas the center for disease control and prevention (CDC)
recommends considering volatile isolation amidst the affected mother and the newborn on a case-by-
case pattern, depending on mutual decision-making among the patients and the medical organization
[26]. The current review offers a comprehensive and structured assessment of the existing medical
literature on medical, laboratory, and radiological observations in infants and children infected with
the virus.

1.1. Structure of SARS-CoV-2

This virus is related to beta coronavirus genus [3]. It comprises a ss, non-segmented RNA genome
with positive charges, and the N-proteins of the nucleocapsid, the transmembrane (M) proteins, the
envelope (E) proteins, and the spikes (S) proteins are the four key morphological proteins found in
the viral genome (Figure 1). Nevertheless, the whole array of structural protein is not required for the
formation of a full, contagious viral genome in certain coronaviruses; other proteins with overlapping
compensatory roles may be expressed [27,28].

Nucleocapsid (N)

Envelope (E)

Membrane (M)

ssRNA
(+sense, ~30kb in length)

Figure 1. Pattern of SARS-CoV-2.
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The N protein is the sole one that makes up the nucleocapsid and is accountable for attaching to the
coronavirus RNA genomes [29]. These N proteins are engaged in viral genome-associated functions,
but it also takes part in viral RNA replications plus the host's biological reaction to viral infections.
The N protein distribution in the endoplasmic reticulum has a role in assembling and splitting [28].
Moreover, N proteins expression is demonstrated to promote the formation of virus-like structures in
several coronaviruses. The host diversity of coronaviruses and the diversity of cell tropism are mostly
due to changes in the S glycoprotein. The S glycoprotein is a kind 1 membrane glycoprotein
containing operational regions at the amino (S1), carboxyl (S2) ends. S2 component is a trans-
membrane protein that mediates the union of viral and tissue surfaces, whereas the S1 sub-layer is a
surface protein involved in receptor binding [30]. Generally, the S glycoprotein aids viral attachment
to vulnerable tissues, promotes tissue merging, and triggers neutralizing antigens to be produced. S1
monoclonal antibody seems to arise more effectively of the two functional subunits including many
antigenic sites, S1 and S2, since it has a greater degree of neutralizing ability [31]. The coronavirus
M protein is important in virus assembly because it converts cell layers into factories wherein viral
and host components combine to generate unique virus particles. SARS-CoV-2, MERS-CoV, murine
and hepatitis viruses (MHV), FCoV, A Golgi apparatus-targeting M protein is found in the infectious
bronchitis virus (IBV), the transmissible gastroenteritis virus, and bovine coronaviruses. Reverse
genetic research and virus-like protein (VLP) accumulation research proposes as to the M protein
promotes accumulation by communicating among the viral ribonucleo proteins and S glycoprotein at
the budding spot and forming a system of M-M relations that neglect a few host membrane proteins
from the viral envelopes [32].

First supplement of the virus particle to the host tissue is started by communications among the S
proteins and its receptors. Receptor binding domain (RBD) positions enclosed the S1 area of a
COVID-19 S protein change based on the viruses. Several coronaviruses employ aminopeptidase N
as its receptors to penetrate human tissue [33]. Following receptor engagement, the virus should get
entry to the cytoplasm of the host tissue. It is commonly done by a cathepsin, or alternate protease
cleaving the S protein in an acid-reliant proteolytic response, succeeded by the union of the viral and
tissue layers.

0

| ‘ ’ 15,000 bp 29,903 bp
5 3
Polyprotein ORF3a ORF7b
Polyprotein S E ORF6 ORF10
M ORF8

ORFT7a

Figure 2. Genomic structure of SARS-CoV-2 [34]; ORF-Open Reading Frame, S-Spikes, E-
Envelope, M-Membranes, N-Nucleocapsid.

Chan et al., (2020) [35] discovered that the new HCoV genome, taken from a cluster of people who
suffered atypical pneumonia, shared nucleotides 89% with the bat SARS-likes CoVZXC21 virus and
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bipedel SARS-CoV viruses in 82% of cases. It was given the name SARS-CoV-2 because of its single-
strand RNA genome.

2. Diagnosis techniques of SARS-CoV-2

SARS-CoV-2 infections often misdiagnosed as influenza or any other seasonal virus of the upper
respiratory tract [36-38]. Due to treatment options and containment requirements, a timely diagnosis
IS necessary. Fever, sore throat, cough, chest and muscular discomfort, dyspnea, disorientation,
anosmia, and headache are all symptoms of COVID-19. The heart, kidney, liver, and neurological
systems may all be affected, and the condition can worsen to the point of being life-threatening [37].

2.1. Clinical diagnosis

Fever, tiredness, dry cough, dyspnea, and other indications of SARS-CoV-2 infection might occur
without or with runny noses, watery nose, or alternate upper respiratory signs [39]. Flu-like symptoms,
such as exhaustion, and trouble breathing, are experienced by the patients. The SARS-CoV-2 infection
often results in deadly pneumonia in individuals in more severe instances. Fire fighters with post-
traumatic stress disorder are more likely to have respiratory problems when they inhale smoke,
according to earlier research [40].

2.1.1.Physical analysis

All through the pandemic duration of COVID-19 in China, the general population experienced
moderate to severe psychological symptoms. Symptoms can be minor or severe, depending on the
degree of COVID-19 symptoms. Few individuals may have any symptoms at all. Spreading the
disease is possible even if you don’t show any symptoms at all (asymptomatic transmission).
Symptoms of a severe condition include difficulty breathing, wet coughing, diminished inhalation
sounds, lack of dynamism in the sound, and tactile speech tremors may be enhanced or diminished.
Muscle soreness, chills, sore throats, nosebleeds, headaches, chest pains, pink eye (conjunctivitis),
nausea, vomiting, diarrhea, and rashes are all possible side effects. Warning sign in children are
comparable to those in adults; however, they are usually less severe.

About a week after symptoms begin, some patients may notice worsening warning sign such as
worsening shortness of breath and pneumonia. In addition, those with pre-existing therapeutic
disorders may be great dangerous of developing a life-threatening disease. Tumor, chronic obstructive
pulmonary diseases, diabetics (type 1 or type 2), and some considerable heart disorders, like cardiac
failure, coronary artery diseases, cardiomyopathy, sickle thalassemia, chronic renal diseases, asthma,
incurable lung disorders like cystic fibrosis, pulmonary hypertensions, liver diseases, Down
syndromes, weakened immunity following bone marrow transplantations may raise the threat of grave
sickness of COVID-19 [41].

2.2. Laboratory diagnosis

As compared to influenza virus, para-influenza virus, respiratory syncytial virus, rhinovirus, and other
pneumonia viruses, the diagnosis of COVID-19 infections is quite different and advances. It must also
be separated from non-contagious conditions [42,43]. COVID-19 is identified initially by virus
separation and viral nucleic acid testing. Viral separation is the "gold standard" for viral analysis in
laboratories, in accordance. Nasal swab, oral swabs, nasopharyngeal swabs, oropharyngeal swabs,
saliva, nasopharynx extractions, and lung tissues can be used for the accurate diagnosis of COVID-
19 infection [44,45].

The greater essential aspect about viral nucleic acids is that they may be utilized for initial detection.
As aresult, we should look for SARS-CoV-2 nucleic acid. The ability to identify SARS-CoV-2 RNA
accurately in timey manners is important [46]. Also, there are now many Kkits available for gene
sequence for SARS-CoV-2 that may be performed with real time reverse transcription polymerase
chain reaction (RT-PCR), trying on persons suspected of having the COVID-19 infection [47,48].
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Additionally, in the earlier stages of the illness the overall count of leukocytes drops or stays ordinary
may also help out in confirming the diagnosis of COVID-19 [49].

Depending on the clinical picture of the suspected patients, local recommendations, and the
availability of testing facility, the recommended laboratory tests for COVID-19 diagnosis in children
varies [37]. Although, the reference standard test for the diagnosis of acute COVID-19 infection in
symptomatic or asymptomatic children exposed to COVID-19 is a PCR test, many other
antigen/antibody tests are available which might be less accurate and may need to be followed up,
especially if a child has COVID-19-compatible symptoms or negative antigen test findings [37,38].
One of the better options for the early and accurate diagnosis of COVID-19 infection in children are
use of antigen or antibody detection assays. But they need a high-quality sample with sufficient viral
loads. They might be employed as a complement to gRT-PCR tests if the accuracy of lateral flow
immunoassays using monoclonal anti-SARS-CoV-2 antibodies, which target SARS-CoV-2 antigens,
is comparable to that of real-time RT-PCR assays. Although the first commercial assay for SARS-
CoV-2-specific antigen testing was approved by the regulatory body in the middle of 2020, the market
pressure brought on by the pandemic has led to the commercial availability of several more tests [37].

2.3. Radiological imaging examination

Because of the wide availability of diagnostic options, the modalities such as chest CT scan, X-rays
and ultrasound are no longer used to assist with proper diagnosis. The patient's age, immune state,
illness phase during scanning, critical disorders, and pharmacological treatments influences the
imaging modality and results. COVID-19 may be diagnosed via a chest computed tomography (CT)
scan. SARS-CoV-2 has been routinely detected using CT scans. In the preliminary screening, CT
examination is needed for the auxiliary analysis This pandemic is often subjected to imaging tests as
part of their first assessment. For example, a CT scan or a pulmonary ultrasound may be performed
in addition to the chest X-ray (CXR). SARS-CoV-2 infection may be set up using any or all of these
methods [50].

2.3.1.CXR examination

After being exposed to the illness, individuals with COVID-19 infection developed a lung infection,
according to a clinical study of those who were infected. When it comes to identifying lung-related
issues, a chest CXR is more helpful. Ground glass opacity (GGO) and patchy reticular opacities are
common in non-ICU individuals, but impenetrable lung association are seen in ICU patients [51].
Small patchy shadows & interstitial abnormalities may be seen on chest CXR in the early stages of
pneumonia episodes [52], especially in the lung periphery. In acute situations, pleural effusion is quite
infrequent, however bilaterally multiple ground-glass opacity, infiltrate shadow, & lung aggregation
may occur in these cases [42].

2.3.2.Chest CT scan

Bilateral lung region with GGO and segmental accumulation, especially in peripheral region of the
lungs, are seen more strongly on CT than on X-ray scanning. Multiple lobar nodules in both lungs
might well be observed in children with a severe illness. Three of twenty-one individuals with SARS-
CoV-2 disease had ordinary CT images, 12 had ground-glass opacity alone, and 6 had an opacity of
ground-glass with accumulation, according to a research of CT scans [53,54]. On chest radiographs,
41 individuals with proven SARS-CoV-2 disease were shown to have bilateral lung engagement in
another investigation. Generally, imaging results for COVID-19 are comparable to those for SARS
[55] and MERS-CoV [56], which is not unexpected given that the viruses causative are coronaviruses.

3. SARS-CoV-2 mutant infection in pediatric population for COVID-19

The SARS-CoV-2-CHZJU sequencing identified from the infant is quite similar to existing strains
[57]. On November 24, initially recorded to the “World Health Organization” (WHQO). The WHO
designated the strain as a variation of concern (VOC) and called it Omicron on November 26, 2021,
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according to the advice of scientists from the WHO's technical advisory groups on SARS-CoV-2
Virus Evolution (TAG-VE). In correlation to the quadruple VOCs (Alpha, Beta, Gamma, and Delta),
Omicron diversity had the fewest mutations, with 50 mutations dispersed over the genome. The spike
protein in the Omicron variation has at least 32 mutations, which is double as often as the Delta variant
[29].

This isolate differs from the fifty familiar strains by 0.08-0.10 percent in sequencing. Except for the
orflab area that is extremely diverse in every SARS-CoV-2 strain globally, this isolate does not have
many mutations. Alone pentamerous missense variants like S, ORF3a, E, M, and ORF8 were
discovered, highly preserved area when contrasted to the reference sequence, and two of such variants
namely S and ORF8 happen regularly in several SARS-CoV-2 isolates. The 24435C>A series differs
from the one recovered from throat swabs. A missense A958D mutations in the S2 areas of S protein
is caused by a mutation found in the feces. Since A958 interacts with R1014 of the adjacent helix,
[57] anticipate that the A958D mutation would always result in the creation of a salt bridge among
D958 and R1014, greatly improving the spike protein's functional properties. Because A958 is found
on HR1 of the S2 sublayer, it probably influences tissue-tissue merging after viral connection to the
host tissue receptors. They hypothesize that the novel A958D mutation could be an issue in SARS-
protracted CoV-2's stay in the child’s intestine without causing syndromes. SARS-CoV-2
thermostability is improved by the novel A958D mutation of the S protein, which may impact cell-
cell merging following viral attachment to the host tissue receptors. In a genomic assessment of
SARS-CoV-2 isolates, [58] found that virtually all of them had the D614G mutation in the S protein.
When contrasted to other isolates in the GISAID dataset that revealed 10% predominance in Feb, 65
percent in Mar, and not reaching a relative predominance of 96 percent until Jun, the predominance
of this mutation in the individuals earlier in the pandemic was especially striking. The D614G
mutation has been linked to decreased CT numbers in vitro and in vivo, but not to infection intensity
or case mortality proportions in samples from North America and Europe [59]. The function of the
D614G mutation in the virus pathogenicity is still a hot topic of research. While certain researches
imply that such mutation shall enhance the risk of transmission, further research is needed [60]. The
mutation does not seem to be a key factor of disease intensity in this juvenile cohort, since it was
found in all stages of infection, from asymptomatic to severe illness. Figure 3 shows the schematic
representation of the D614G mutation.

D614G ./
mutation - I

Area affected by
the mutation

S
lq\\'§

Figure 3. D614G mutation of SARS-CoV-2.
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They also discovered two common mutations (F924F and P4715L) among the samples, as well as the
D614G mutation [61]. Nspl12, which is critical for viral replication, contains ORFlab P4715L.
P4715L and D614G mutations were shown to be affiliated with greater fatality rates in a study of
approximately 12,400 SARS-CoV-2 genome series from 28 nations [62]. The functional relevance of
these alterations, however, has yet to be completely examined. Sequencing and correlation analyses
of a larger number of juvenile COVID-19 instances would be required to verify these identified
variants and get a greater comprehension of their potential implications.

4. Clinical Analysis and Epidemiology of SARS-CoV-2 in Infants

Infants are considered children from the time they are born when they become a year old. SARS-
CoV-2 strains circulating in the preterm infants, when merged with demographic and clinical
evidence, indicate that on average four lineages circulated widely in the pediatric community during
the four COVID-19 waves. Children were also susceptible to SARS-CoV-2 in the society [63]. The
epidemiology and medical aspects of SARS-CoV-2 illness must be updated regularly. However, most
data come from adult patients, and many characteristics of the illness in youngsters are still unknown.
According to multiple case studies [64,65]

Infants are less prone than adolescents to develop severe CoV-19 symptoms, with 95 percent of every
case varying from asymptomatic to mild-moderate medical structures. Furthermore, just 2% of
individuals were admitted to the Pediatric ICU or needed mechanical ventilation [66]. Six fatalities
were documented (mortality rate of 0.08%): the majority of patients suffered problems, including a
premature infant who died of sepsis [67]. About 2/3" of individuals who died of CoV-19 in adulthood
had co-morbidity, but around 20 percent of infants with underlying illness were detected, and nobody
had a poor medical course of infection than earlier healthier individuals. The reduced death rate in
children may be due to more than just epidemiological factors. Some researchers proposed a
biological mechanism that might make youngsters less vulnerable to SARS-CoV-19 disease. The
connections between the human coronavirus's trans-membrane S protein and particular tissue
receptors of angiotensin-transforming enzyme Il are critical for the virus's pathogenesis [68]. Late
infancy seems to be the optimal time for the production of this enzyme, according to new research
[48], which may safeguard youngsters from the infection's most severe type.

Children, on the other hand, may not be tested for the virus as often as adolescents. Only symptomatic
individuals are tested and centralized in most countries. We may assume that just a limited number of
youngsters have been examined since they are usually asymptomatic and so confined to their homes.
Furthermore, RT-polymerase chain reaction on respiratory tract samples is the current gold standard
for identifying the virus. The analytical efficiency of the virus test might be limited by false virus-
negative owing to lower rates of infection, especially in asymptomatic or minimally symptomatic
individuals who potentially spread the illness [69]. According to new findings from German research,
viral loads in infants do not vary considerably from those in adolescents. It implies that, although
infants are less likely to show symptoms, they shall be just as contagious as adolescents [70]. COVID-
19 spreads within families, according to much previous research. Initial data revealed that at the
beginning and within & within family clusters, the degree of viral shedding varied, with adolescent
individuals staying positive for an extended period [58]. Further research with the viral genome
included might be worthwhile.

4.1. Multisystem Inflammatory Syndrome in Children

Typically, COVID-19 in children is not severe. However, in some of the cases the children might
sometimes be badly impacted by the infection, and their clinical symptoms could be different as
compared to adults [71]. Incomplete Kawasaki disease (KD) or toxic shock syndrome-like
presentations in children were were reported from the United Kingdom in April 2020. Since then,
there have been reports of children in other countries who have been similarly impacted. This
condition in children was called as multisystem inflammatory syndrome in children (MIS-C) which
is basically an uncommon post COVID-19 complictaion characterized by systemic inflammation,
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persistent fever, and multisystem organ dysfunction (MID). Primarily for shock and for vasopressor
and inotropic support, majority of the children with MIS-C requires intensive care unit (ICU) care.
The MIS-C may includes cardiac dysfunction (including myocarditis), thromboembolic events, acute
kidney injuy and neurological involvments [72].

Children with COVID-19 or MIS-C should typically be treated according to the standard paediatric
critical care standards. In reported cohorts of children with MIS-C, intravenous immunoglobulin
(IVIG) and glucocorticoids are the two immunomodulatory drugs that are most often used. Initial
diagnostic and therapeutic considerations for MIS-C have been defined by the American College of
Rheumatology, and for the majority of hospitalised children with MIS-C, first-tier therapy is IVIG
combined with glucocorticoids [73]. In comparison to front-line IVIG monotherapy, many
nonrandomized trials show that front-line IVIG combined with glucocorticoids is linked with less
treatment failure, quicker recovery of cardiac function, shorter stays in the ICU, and less need for
treatment escalation. Based on these findings, the recommendations are to give IVIG together with
low to moderate-dose glucocorticoids to children who are being treated with MIS-C in a hospital
setting [74].

4.2. Clinical features

Fever and cough are frequent indications of acute respiratory infections. According to some writers,
up to 1/3™ of symptomatic youngsters shall possess a higher temperature, although it is usually less
than 39°C. Extra-respiratory syndromes are more frequent in infants than in adolescents [75], with
diarrhea and vomiting being the most often identified symptoms. When present, gastrointestinal
symptoms have been shown to predict the normal respiratory structure [76]. Earlier research on
SARS-CoV affected individuals found the virus in gut biopsy tissues and recovered individuals’ faces,
suggesting a potential gastrointestinal tract tropism that might help explain additional-respiratory
syndromes and sustained viral shedding via the fecal-oral pathway [77]. There is mounting proof that
such excretion procedure is also common in this virus. The virus was still observed in rectal swabs
after nasopharyngeal swabs were negative, according to a case study of 10 affected children [78].
An extrapulmonary finding of viral RNA could not always imply the existence of a contagious virus,
however, two independent labs in China recently announced that they had profitably identified live
2019-nCoV from the feces of individuals. Furthermore, according to recent research, ACE2 was found
in the upper esophageal region and absorptive enterocytes from the lower digestive tract [79].
According to research, infants' clinical presentation differs somewhat from that of age infants, with a
larger percentage of them presenting with an acute structure [80]. Although the virus's vertical
transmission has yet to be verified, Although the mother was infected in 84 percent of neonatal cases.
Furthermore, nosocomial infection is a possibility, and careful precautions should be always taken to
minimize this risk [81]. 2019-nCoV infections or morbidities in infants might be connected to
hypoxemia of the contaminated mother, which may increase the danger of perinatal adversity
outcomes like natality hypoxia, early delivery. This assertion has yet to be backed up by any concrete
proof.

4.2.1. Laboratory findings

Generally, no major anomalies were found, which matched the findings of a prior study with a entire
sample strength of 66 infants with assured infections. The majority of those tested showed normal
levels of whole blood cell count, with just 2 cases showing significant proportions of lymphopenia.
This discovery, however, appears to be at odds with adolescent information, since fewer lymphocyte
counts have been reported in up to 80 percent of affected crucially sick patients. The non-appearance
of considerable lymphopenia in kids may be explained in segment by the small incidence of severe
COVID-19 infections. The previous study showed that inflammatory indices might be aberrant in
1/3"of infants with infections, although Henry et al., (2020) [82] reported just 10-13% of individuals
with elevated CRP. The substantial variation in setting a cut-off of abnormal scores across every
enclosed research possibly explains this divisive conclusion. In adolescents, however, a PCT score of
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less than 0.5 ng/mL has been linked to a nearly fivefold increment in the probability of severe CoV-
19 infection [83]. Higher CPK levels and liver enzymes were two other notable laboratory
investigations revealed 12.3%. During viral infections, these enzymes are often changed [84]. Higher
CPK degrees or aspartate aminotransferase activities were linked to more severe clinical structures in
adolescent sufferers [85]. Abnormal transaminase degrees might be a symptom of direct liver injury.
SARS-CoV-2 may cause direct injury to intrahepatic bile ducts, according to recently published
findings that showed ACE-2 expression in cholangiocytes [86].

4.3. Radiology findings

Although, the accurate diagnostics are widely available now and modalities such as chest CT scan,
X-rays and ultrasound are no longer used to assist with proper diagnosis, many of the previous studies
have reported radiological manifestations after the radiological examination of children. Depending
of the severity of infection, non-specific patchy peri-bronchial and peripheral opacity can be seen in
the lungs of children even using chest X-rays which are comparatively less accurate than CT images
[87]. Because the pattern of iliness among children is generally milder, the chest X-rays might not be
able to detect specific nodules. But the chest X-rays can be used to see the radiological manifestations
in new born babies. For the children with suspected COVID-19 infection, the commonly used method
for radiological diagnosis is CT scan [88].

One of the previous studies have found 15% of asymptomatic infants with aberrant radiological
manifestations. However, since the study was conducted on comparatively smaller population and
then the radiological examination was done on case-to-case basis, this percentage of individuals may
increase in studies with larger population. A ground-glass density nodule (GGN) was the most
common identifiable nodules, with unilateral or bilateral propagation [61]. In another study, more
than one-third of asymptomatic children who went under CT scan diagnosis were found normal [89].
Data from the recent study suggested that the sensitivity of CT scan diagnostic technique for suspected
COVID-19 individuals may be higher than that of RT-PCR in the diagnosis of infection [90].
However, the use of CT scan routinely has many apparent side effects, particularly in the pediatric
population, where the concerns about needless radiation exposure should be highlighted. As a result,
different parallel diagnostic imaging or clinical laboratory techniques might be employed for timely
diagnosis [37].

Lung ultrasound is favorably used in adolescents with COVID-19 infection [89]. A recent case series
from Italy reported the lung ultrasound observations in eight infants with COVID-19 infections. All
of the patients had sub-pleural consolidation and confluent B-line, and the results were counter
confirmed by chest X-rays and CT scan [21].

5. Treatment and mitigation strategies

The moderately or severely immunocompromised people (for example; children, old age people,
cancer patients etc.) are at high risk of acquiring severe COVID-19 infection which may lead to the
death. Additionally, comparing to the healthy people who are not immunocompromised, the COVID-
19 vaccination immune response may not be too strong [17]. For an increased protection against
COVID-19 variants and to help restoring the protection that has declined since the previous
vaccination, the CDC advises individuals with the age of 12 or above to get a COVID-19 booster
vaccine shot. The booster doses, (also known as bivalent boosters) target the original SARS-CoV-2
as well as the most current Omicron subvariants (BA.4 and BA.5) [91].

The CDC recommends Pfizer-BioNTech vaccine for 12-17 years old children with preferable 4 doses
(second dose after 3 weeks of first dose, third dose after 4 weeks of second dose and fourth dose is
after 2 months of third dose). Moderna is also recommended for 12-17 years old children with 4 doses
(second dose after 4 weeks of first dose, third dose after 4 weeks of second dose and fourth dose is
after 2 months of third dose). Novavax is recommended for 12-17 years old children with preferable
3 doses (second dose after 3 weeks of first dose, third dose after 2 months of second dose) [92].
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The recommended vaccine for children of 6 months to 11 years of age are Pfizer-BioNTech and
Moderna. For 5-11 years old children, the Pfizer-BioNTech have 4 doses (second dose after 3 weeks
of first dose, third dose after 4 weeks of second dose and fourth dose is after 3 months of third dose),
while 3 doses for children of age 6 months to 4 years (second dose after 3 weeks of first dose, third
dose after 8 weeks of second dose). The Moderna have 3 doses of vaccine for children of age 6 months
to 11 years (second dose after 4 weeks of first dose, third dose after 4 weeks of second dose) [92].
Symptomatic therapy is the basis of clinical management, including organ assistance in critical care
for very unwell individuals [93]. Bed rest and supportive treatments, such as anti-viral medication,
antibiotic applications, immune-modulating therapies [94], organ function assistance, respiratory
assistance, lavage of the bronchial tubes, blood purifications, and extracorporeal membrane
oxygenation [95], are some of the general techniques which may also help out. Controlling the
infection source, restricting the transmission pathway, and safeguarding vulnerable groups are all
critical infection control measures. The WHO and other worldwide public health organizations have
concentrated their unusual flurry of work on avoiding transmissions, infection preventive steps, and
traveler screenings [96].

The children have been enrolled in a few registered clinical trial studies for COVID-19 experimental
therapy [97]. In the majority of cases, symptomatic therapy was employed alone, particularly in
neonates. Only nebulized IFN and oral antiviral medications were recommended for pediatric patients,
with CCS for complications and 1VIg for acute conditions. None of these medicines has revealed a
demonstrable advantage in the medication of the virus in children [98]. The table 1 has described the
comparison of treatment options for COVID-19 positive children.

Table 1. Comparison of treatments for children who have been identified with SARS-CoV-2
infections.

S. | Referen | N | Paediat | Ventila | Noninva | Symptom | Antivi | Antibio | Intravenous | corticoster | Interfe | Other
n | ces ric tor sive atic alone | ral tic immunoglo oids ron S
0 ICU Oxygen bulin
1 [99] 17 | 4 4 Not Not Not Not Not specified | Not Not Not
3 specified | specified specifi | specifie specified specifie | specifi
ed d d ed
2 [70] 31 |1 1 1 1 21 1 1 1 1 1
3 [100] 1 1 1 3 3 1 1 1 1 1 1
4 [101] 3 1 1 1 3 1 1 1 1 1 1
5 [45] 5 2 3 2 1 7 1 2 5 1 1
6 [54] 6 1 1 1 1 3 3 6 1 3 4
7 [102] 22 |1 1 1 1 13 14 3 1 13 2
8 [103] 2 1 1 1 2 1 1 1 1 1 1
9 [104] 0 1 1 1 1 2 1 1 2 1 1
é [105] 9 1 1 1 6 1 6 1 1 1 1
1 [106] 32 |1 1 1 33 1 1 1 1 1 1
; [107] 3 1 1 1 3 1 1 1 1 1 1
::I;. [108] 8 1 1 1 10 1 1 1 1 1 1
i [109] 2 1 1 1 0 1 1 1 1 3 1

5.1. Therapeutic treatments

RdRp inhibitor Remdesiviris a nucleoside analog. It has not yet been licensed for sale in any country
and may block viruses by reducing viral nucleic acid production. Remdesivir showed promise in the
therapy of the initial individual infected with a new coronavirus. For SARS-COV?2 infections the
EC50 of redelver in Vero E6 tissues is 0.77 mol/L, and the election index is larger than 12949.

Vol. 30 No. 17 (2023): JPTCP (187-205) Page | 197


https://jptcp.com/index.php/jptcp/issue/view/79

A Narrative Review On Sars-Cov-2 Infection In Pediatrics: Concerns, Challenges, Management, And Mitigation
Strategies

Remdesivir was being tested in China in stage I11 clinical trial that was random, double-blind clinical
trial.

Lopinavir and ritonavir are mostly utilized to administer HIV-1 infections in adolescents and infants
over the age of two years. In vitro investigations have revealed that those drugs may limit the
reproduction of SARS-CoV and MERS-CoV to provide anti-viral impacts. Darunavir is a protease
inhibitor for HIV-1 infection, which avoids the production of mature contagious viral particles by
restricting the division of HIV-encoded Gag-Pol polyproteins in virally affected tissues. Darunavir
may strongly limit viral multiplication at a dose of 300 mol/L, with a 280-fold inhibition effectiveness
compared to the untreated group. Flu is treated with favipiravir, which is a broad-spectrum antiviral
medication. The Shenzhen Health Commission has begun clinical trials to see whether favipiravir can
be employed to cure a viral infection or not. The docking values for favipiravir with the targets in the
virtual screening are less [19]. Apart from this monoclonal antibody therapy (combination
bamlanivimab-etesevimab) for children younger than two years of age hospitalized with mild to
moderate COVID-19 who are at risk of progression to severe disease can also be utilized [92].

5. Conclusions

The COVID-19 infection is milder in children as compare to the elderly population with the
comparatively lower fatality rate and most of the children with COVID-19 infections are
asymptomatic. Although the vertical transmission of COVID-19 in children is very rare, the probable
or suspected cases of vertical transmission have been reported. The severity of COVID-19 infection
in children may develops multisystem inflammatory syndrome. To further understand the potential
consequences of COVID-19 infection in children, larger epidemiological and clinical cohort studies
at national or international level are required.
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