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Coronavirus disease 2019 (COVID-19) pandemic has affected millions of people
worldwide. However, the mechanism by which the pathogen affects children is not
understood completely. Children so far accounted for only1 to 6.4% of diagnosed cases
and the mortality rate is also less. Though clinical findings are similar to adults, with
fever and respiratory symptoms being prevalent, fewer numbers of children appear to
develop severe pneumonia. Observed attenuated response to the virus may possibly be
due to decrease in the expression of the angiotensin-converting enzyme 2 receptor in
lungs, repeated viral exposure, and not having any underlying chronic diseases or
immunosuppression. Suggested treatment included oxygen supplementation, me-
chanical ventilation in severe cases, nutritional support, and maintaining fluids and
electrolyte balances. Although, no definitive pharmacological therapy is available,
various combination of drugs like hydroxychloroquine, lopinavir/ritonavir, remdesivir,
tocilizumab, and convalescent serum show promising result to an extent. As there is no
specific therapeutic measure for this ailment, aggressive efforts are being made to
develop a potential vaccine against the disease. Although few reports on epidemiology
of COVID-19 in children have been published, comprehensive reports are lacking. The
present article reviews on important issues such as epidemiological characteristics,
postulations of milder disease, therapeutic aspect, and recent development of
vaccination against COVID-19 in children.

with older age and underlying comorbidities.>* The resistance

The emerging novel corona virus severe acute respiratory
syndrome (SARS-CoV-2)/COVID-19 outbreak is similar to pre-
viously reported SARS (2002-2003) and Middle East respira-
tory syndrome (MERS; 2012) outbreaks."? These three viral
infections commonly present with fever, cough, and respira-
tory distress. The virus, SARS-CoV-2, is of a milder form in
children with lower case-fatality rates as compared with
adults, though the poor clinical outcomes are also associated
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of children to COVID-19 may be due to presence of healthy
lungs and repeated exposure to different other viral pathogens
that cross-protect them against COVID-19.>-

On December 31, 2019, the outbreak of COVID-19 was first
noticed in Wuhan city, Hubei province, China, in few adults
who presented with pneumonia of unexplained etiology,”-3
and World Health Organization (WHO) declared the disease as
pandemic on March 11, 2019.° Aggressive research efforts are

Copyright © 2020 Georg Thieme Verlag License terms

KG Stuttgart - New York @ ®

e53


https://orcid.org/0000-0002-3020-4229
https://orcid.org/0000-0002-4648-7710
https://orcid.org/0000-0001-8486-3417
https://orcid.org/0000-0002-0836-8390
https://orcid.org/0000-0002-9314-6126
https://orcid.org/0000-0002-4949-3585
mailto:nirmal.mahakud@kims.ac.in
https://doi.org/10.1055/s-0040-1714113
https://doi.org/10.1055/s-0040-1714113

e54 COVID-19 in Children

Patnaik et al.

Vaccine status
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Fig. 1 Promising areas of research on COVID-19 in children.

currently going on to regulate this new SARS-CoV-2 outbreak
in terms of therapeutic measures and vaccine development.
Many numbers of review articles have been published in the
last several months on different scientific aspects of the
disease in relation to adults, as a relatively higher frequency
of this population gets affected in comparison to children.
However, discussion on aspects such as etiology, mode of
transmission, unique clinical parameters, possible diagnostic
approaches, and treatment protocols are less known in chil-
dren. This gap prompted us to summarize these aspects in this
interim review (=Fig. 1). Additionally, we also outlined the
current status of vaccine development against COVID-19 that
are under clinical trials.

Prevalence of COVID-19 in Children

Till date, COVID-19 has spread to 213 countries and territo-
ries worldwide and 2 international conveyances affecting 5.2
million people and 334,000 of death (https://www.
worldometers.info/coronavirus/?, accessed 22 May 2020).
The incidence of the disease in children varies from 1 to
6.4% in different countries.'®"'3 The disease is prevalent
among all age groups of children including newborns; how-
ever, evidence of vertical transmission are rare.'*'®> Al-
though no significant difference in prevalence between
genders was observed in the study, few studies reported
slightly higher incidence in boys than girls.'®!”

Only 1.3% of the screened children were found positive as
compared with 3.5% of adults who had history of contact
with infection positive cases. The virus was persistently
found in the rectal swabs of few children even after it has
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cleared from nose and throat swabs. But it is not clear if the
virus particles in the feces are infectious.'®

Prior study suggested that only 112 (5.6%) of 2,143
children developed severe disease (defined as hypoxia),
whereas only 13 (0.6%) children developed respiratory prob-
lem, multiorgan failure, or acute respiratory distress syn-
drome (ARDS)."” Overall case-fatality rate in adults varies
between 2.3 (China) and 7.2% (Italy), with an average of 4%
globally.'%1%-20 However, the case-fatality rate in children up
to 19 years is only 0.9%."°

Transmission and Pathophysiology

According to speculations, SARS-CoV-2 was first detected in
bats followed by transmission to pangolins. In Wuhan sea-
food market, China, humans became accidental hosts after
being infected through pangolins, and human-to-human
transmission of COVID-19 started in this city.'® The virus
is highly contagious, propagates easily from person-to-per-
son specially at overcrowded areas. The major modes of
transmission include droplets and fomites followed by air-
borne transmission.?’ The mean incubation time is 2 to
14 days with an average incubation time of 8 days?%;
however, other studies reported incubation period of up to
3 weeks.?>23 The cause of infection positive cases reported
after 30 to 40 days of incubation is most likely due to the
asymptomatic nature of the disease and not due to prolonged
incubation period. The transmission rate/reproduction num-
ber (RO) (defined as the number of individuals who can get
infected by a single person carrying the virus) is estimated
between 2.2 and 3.6, which is comparable to SARS but the
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values are higher than MERS.>* The viability of the virus
varies from hours in aerosol to days on solid surfaces.?®
The protein S1 of SARS-CoV-2 facilitates the entry of the
pathogen into target host cells after binding with the trans-
membrane angiotensin-converting enzyme 2 (ACE2) receptor
and mediates pathogenesis. The virus mostly attacks the lungs,
gastrointestinal system, and myocardial and hepatic cells,
where the ACE2 is adequately present.26 The pathogenic
mechanisms are mostly cytokine and chemokine mediated.

Cytokine Storm

The central mechanism of pathogenesis in severe cases is a
“cytokine storm.” It has been proved that delayed release of
cytokines and chemokines occurs in respiratory epithelial
cells, dendritic cells, and macrophages at the early stage of
SARS-CoV-2 infection. Later, the cells secrete low levels of the
antiviral factors interferons (IFNs) and high levels of proin-
flammatory cytokines interleukin (IL)-1p, IL-6, tumor necrosis
factor (TNF), and chemokines (C-C motif chemokine ligand
[CCL]-2, CCL-3, and CCL-5). The production of IFN-I or IFN-a/3
is the key natural immune defense response against viral
infections. High levels of expression of IL-1f, IFN-y, IFN-y-
induced protein 10 (IP-10), and monocyte chemoattractant
protein 1 have been detected in patients with COVID-19.
Delayed release of IFNs in the early stages of infection slows
the hosts’ antiviral response. Afterwards, the rapidly increased
cytokines and chemokines attract many inflammatory cells,
such as neutrophils and monocytes, etc., resulting in excessive
infiltration of the inflammatory cells causing tissue destruc-
tion, and thus lung injury leading to ARDS.?’

ARDS Types

Gattinoni et al have proposed two different phenotypes of
ARDS, the L and H; Type L is characterized by low elastance
(i.e., high compliance), low ventilation-to-perfusion ratio,
low lung weight, and low recruitability, and Type H is
characterized by high elastance, high right-to-left shunt,
high lung weight, and high recruitability.?®

Extrapulmonary Manifestation

The extrapulmonary manifestations are due to expression of
ACE2 receptor on cells of other organs. In liver, virus-induced
cytopathic effects leads to liver injury ranging from 14.8 to
78% of infected cases, mainly presenting with abnormal
levels of alanine aminotransferase (ALT) and aspartate ami-
notransferase accompanied by slightly elevated bilirubin
levels.? Nausea or vomiting, or both, and diarrhea were
reported as gastrointestinal manifestations. Adult patients
with COVID-19 may experience cardiac injury and arrhyth-
mia; however, these symptoms are infrequently reported in
children, but renal failure was found in one child.3°

Significance of Lymphopenia

Several factors may contribute to COVID-19-associated lym-
phopenia. Lymphocytes express the ACE2 receptor on their
surface; therefore, SARS-CoV-2 may directly infect those
cells and ultimately lead to their lysis. Furthermore, the
cytokine storm causing markedly elevated levels of ILs and
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TNF-a, may promote lymphocyte apoptosis. The cytokine
activation may be associated with atrophy of lymphoid
organs, including the spleen, and can further impair lym-
phocyte turnover. Coexisting lactic acid acidosis, may also
inhibit lymphocyte proliferation. Decreased lymphopenia in
children may be again due to immaturity and less ACE2
receptor in children.’’

Clinical Presentation

The clinical symptoms include typical of acute respiratory
infections such as fever (32-50%),'7-1® cough (48-83%),'7-3?
sore throat (46-73%),'7-3% diarrhea (8.8%), fatigue (7.6%),
rhinorrhoea (7.6%), and vomiting (6.4%).3° Other features
such as sneezing and myalgia were also reported.33’34 It was
found that few children did not demonstrate any symptoms
or abnormal radiological finding.>? Recently, other clinical
presentations such as repeated shivering with chills, muscle
pain, headache, conjunctivitis, sore throat, and loss of smell
or taste have been noted (https://www.cdc.gov/coronavirus/
2019-ncov/symptoms-testing/symptoms.html). Few cases
had presentation such as hyperinflammatory shock, showing
features similar to a typical Kawasaki disease, Kawasaki
disease shock syndrome, or toxic shock syndrome, and
development of small pleural, pericardial, and ascitic effu-
sions, suggestive of a diffuse inflammatory process.>?

The children, especially of adolescent age group, may
undergo severe anxiety and depression during this pandemic
and may also have suicidal tendencies due to fear of the disease
or may be due to loss of a dear one of COVID-19. So it is of
immense importance to understand the bereavement process
to prevent these unwanted psychological conditions.3%37

Reports have revealed that, 3 to 5% of children may suffer
with severe illness in various geographical areas.'”-3® Tachy-
cardia was observed in 42% children on admission making it
the most common sign of the disease, followed by tachypnea
observed in 28% of patients. Another study showed mortality
of 1 child and only 3 children (1.7%) requiring mechanical
ventilation due to their comorbidities.>2

Why is COVID-19 Mild in Children?—Possible
Postulations

Several hypotheses on possible mechanism for milder effect
of the disease in children have been postulated. They are
outlined as follows:

1. Underestimation of exact burden of the disease due to
undertesting for COVID-19, as children are mostly
asymptomatic.

2. Children suffer from several viral infections and such
repeated viral exposure might have supported the im-
mune system when it reacts to SARS-CoV-2.>-6-3°

3. SARS-CoV-2 infects the human cells through the interac-
tion of S (spike) protein to ACE2 receptor on cells.*0
Presence of immature form of receptors and/or different
configuration causes an improper binding of virus to the
receptor imposing lesser effect in the host.'®
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4. The immature immune system in children may induce
reduced inflammation in children. However, severe cases
of children demonstrating high levels of procalcitonin and
IL-6 have also been reported.*'

5. Prior study indicated lymphocytopenia in 914 (83.2%) of
adults versus 9 (0.82%) of children.'® Therefore, it is
assumed that lymphocytopenia may be associated with
severity of disease and children are less sufferers.

6. Less severe infection in children may be attributed to the
presence of a healthier lungs as compared with adults, as
adults have been exposed to pollution (environmental
pollution and smoking) over a period of time.

7. The immune system of children and adults differs both in
structural and functional aspect.*?

8. Children show fewer outdoor activities as compared with
adults and undertake less international travel, therefore,
making them less likely to get infected with the virus.

Diagnostic Approach of COVID-19in Children
Who should test for the disease?

1. Any child who demonstrates features of severe acute
respiratory infection should undergo testing for presence
of infection.

2. Children with a history of contact with confirmed or
suspected cases within 14 days prior to disease onset.

3. Newborns delivered by suspected or confirmed SARS-
CoV-2-infected mothers.

Confirmed Cases

The cases will be considered as confirmed for COVID-19
infection if suspected cases meet one of the following
criteria®?

1. Throat swab, sputum, or blood samples tested positive for
SARS-CoV-2 using real-time polymerase chain reaction
(RT-PCR).

2. Genome sequencing of throat swab, sputum, or blood
samples showing high degree of homology with known
SARS-CoV-2.

3. Granules of SARS-CoV-2 isolated by culture from throat
swab, sputum, or blood samples.

RT-PCR s the robust and commonly implemented method
all over the world. Viral gene sequencing is cumbersome and
expensive, while virus culture cannot be performed in all
laboratories

Normal or reduction in total white blood cell count and
lymphocytopenia may be observed rarely in children. C-
reactive protein and procalcitonin level are usually in-
creased. Elevation of liver enzymes (lactate dehydrogenase,
ALT), muscle enzymes, myoglobin, and D-dimer may be seen
in severe cases. CPK-MB level is also increased in most of the
cases. Raised ferritin may be suggestive of bad prognosis.
Consistent pattern of characteristic laboratory findings has
not been established in children.

Imaging Analysis
On X-ray, appearance of multiple patchy shadows and inter-
stitial changes indicates the onset of disease.** Severe cases
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can further develop to bilateral multiple ground-glass opac-
ity, infiltrating shadows, and pulmonary consolidation with
infrequent pleural effusion.* In computed tomography (CT)
chest, the most common findings are bilateral peripheral and
subpleural ground-glass or consolidative opacities often in
the lower lobes of the lungs. The “halo” sign, that describes a
focal consolidation with a rim of surrounding ground-glass
opacity, has been reported in up to 50% of cases. Three phases
of evolution have been observed in pediatric COVID-19 cases:
the “halo” sign is generally observed early in the disease
course and progresses to ground-glass and finally develops
into consolidative opacities. Peribronchial thickening and
inflammation along the bronchovascular bundle are ob-
served more frequently in the pediatric population com-
pared with adults. Fine mesh reticulations and “crazy
paving” sign have also been reported. Pleural effusion and
lymphadenopathy are rarely found.*®

CT of chest is shown in =Fig. 2. Fig. 2A shows scattered
ground-glass opacities in the inferior lobe of the right lung.
Fig. 2B shows left lung consolidation and surrounded by
ground-glass opacities. Fig. 2C shows diffused consolidations
and ground-glass opacities in both lungs, with a “white lung”
appearance of the right lung (CT, chest of 14, 10, and 1 year
children).>*

Vertical Transmission and Neonatal COVID-19

The prevalence of COVID-19 in neonates is not known.
Potential vertical transmission (prenatal/perinatal) of
SARS-CoV-2 from infected pregnant women to newborns
is uncertain. The body fluids, such as respiratory secretions
and saliva, contain SARS-CoV-2, however, the pathogen is not
detected in blood and stool in nonpregnant women with
severe illness.*’” The studies conducted in China did not
detect any virus in maternal whole blood, serum, vaginal
mucus, amniotic fluid, and/or breast milk, but maternal
nasopharyngeal specimens were found to contain virus-
es.'448-50 Two studies describe the detection of SARS-CoV-
2-specific immunoglobulin (Ig) M and IgG in three newborns
of infected women, suggesting the possibility of transpla-
cental transfer triggering the IgM antibody production in the
fetus,”1> but like other diseases false-positive IgM results
limit its interpretation and we need further studies to
confirm the possibility of in utero transmission.>>

Breastfeeding Practice with COVID-19 Mothers

Breast milk provides protection against many illnesses and it is
the best source of nutrition for most infants. The limited
evidence till now shows that virus does not pass through the
breast milk from an infected mother with SARS-CoV-2.4* As per
the Centers for Disease Control and Prevention recommenda-
tions, mothers should be encouraged to express their breast
milk after adequate hand hygiene either by manual hand
expression or through breast pump to establish and maintain
milk supply during temporary separation (https://www.cdc.
gov/coronavirus/2019-ncov/prepare/pregnancy-breastfeeding.
html) and a healthy caregiver will feed the expressed breast
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Fig. 2 Computed tomography, chest of 14,10, and 1 year children. Taken from: Pediatr Pulmonol. John Wiley & Sons, Ltd; 2020; http://dx.doi.

org/10.1002/ppul.247180.

milk in the isolated room. If parents wish for room-in and the
mother wants to feed the baby directly from breast, she should
put on a face mask and practice hand hygiene before each
feeding.

Treatment Protocol

There is no definitive treatment for COVID-19 per se. Man-
agement consists of supportive treatment and use of drugs
that may have antiviral activity. The multiple randomized
clinical trials with different drug formulations performed in
different countries may provide some fruitful information
soon. Vast majority of children do not require any therapy;
however, those who have higher risk for bad outcome may
get benefit from early antiviral therapy. Few drug formula-
tions for possible treatment of COVID-19 are described in the
following sections.

Chloroquine and Hydroxychloroquine

These are antimalarial agents widely used in India and are
found to show antiviral property.>* These agents interfere
with cellular receptor ACE2, and impair acidification of
endosome, which interferes with virus trafficking within
the cell.

These drugs have immunomodulatory action as well,
suppressing the release of TNF and IL-6 and act as a novel
class of autophagy inhibitors and thus interfere with viral
infection and replication. They interfere with glycosylation
of cellular receptor SARS-CoV-2. Therapeutic trial for chlo-
roquine and azithromycin in combination was performed in
France and it was found to be effective in eliminating the
virus.”® However, in the latest observational study involving
1,446 patients with COVID-19 who had been admitted to
the hospital, hydroxychloroquine (HCQ) administration was
not associated with either a greatly lowered or an increased
risk of the composite endpoint of intubation or death.
Random clinical trials (RCTs) may throw more light on
this.’® Recommended dosage: infants and children: oral
HCQ 3 to 5 mg/kg/day (max dose 400 mg) twice a day for
5 days.”’

Remdesivir

Many in vitro studies on action of this drug have shown
encouraging results.”®>° Remdesivir acts on NSP12 polymer-
ase enzyme and was found to be effective for a patient in
United States. Currently, the drug is under clinical trial in the
United States and other countries. The results were found
that remdesivir performed better on the primary endpoint of
“time to recovery” when compared with placebo. The medi-
an time to recovery was 11 versus 15 days, respectively.

Lopinavir|Ritonavir (Kaletra)
The combination of lopinavir/ritonavir is mainly used as an
anti-human immunodeficiency virus algent.60 Lopinavir is a
protease inhibitor and ritonavir reduces metabolism of
lopinavir by acting as cytochrome P-3A inhibitor.”* Reports
from Korea and Singapore have shown positive results on
efficacy of these agents.®’®2 However, in a RCT by Cao et al,
two study groups, with and without the drugs, showed
similar viral decay at the end of therapy indicating the
ineffectiveness of the drugs.%? Further study is required to
examine the efficacy of the drug. In a recent phase 2 trial
study, early triple antiviral therapy (lopinavir/ritonavir, ri-
bavirin, and IFNB-1b) was safe and superior as compared to
lopinavir-ritonavir alone in alleviating symptoms and short-
ening the duration of viral shedding and hospital stay in
patients with mild to moderate COVID-19.%4

Recommended dosage: Based on weight: Less than 15 kg:
12 mg/kg/dose (lopinavir component) orally twice a day; 15
to 40 kg: 10 mg/kg/dose (lopinavir component) orally twice a
day; greater than 40 kg: lopinavir/ritonavir 2 x 200/50 mg
tablet, orally twice a day. It can be given for 5 to14 days,
depending on physician’s judgment.

Corticosteroids

Recent Infectious Disease Society of America guidelines also
suggest against use of steroids in COVID-19 pneumonia. Early
administration of glucocorticoids inhibits the initiation of the
body’s immune defense mechanism, thereby increasing the
viral load and ultimately leading to adverse consequences.
Therefore, glucocorticoids are primarily used in critically ill
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patients suffering from inflammatory cytokine storm.®® A
short course treatment of methylprednisolone 1 to 2 mg/kg/
day for 3 to 5 days is advised in the sicker population of COVID-
19 with ARDS.5®

Convalescent Serum

Passive antibody in convalescent serum can cause viral
neutralization. Possible mechanisms include antibody-de-
pendent cytotoxicity and/or phagocytosis.®’ Convalescent
serum was used in five COVID-19 patients with ARDS.
However, no definite statement could be given due to
inadequate sample size.%® There are reports for use of specific
intravenous immunoglobulins (IVIGs) in which the specific
convalescent IVIG is purified from sera of convalescing
patients and can be used in minimum amount.®°

Tocilizumab

Tocilizumab is an IL-6 inhibitor, which is one of the major
cytokines. There is a risk of severe infection (bacterial,
invasive fungal, viral, and tubercular) in patients receiving
tocilizumab. Xu et al treated 21 cases of severe and critical
COVID-19 patients with tocilizumab and did not find any
death in those patients. However, this study had no control
group.”? Dose: <30kg: 12 mg/kg; >30kg: 8 mg/kg (max
800 mg/dose), one dose only. Inhalational therapy with
IFN-a b had been tried by few and found to reduce the level
of IL-6, thus opened the ways for further RCTs.”"

Although many numbers of clinical trials on drugs are
going on, owing to lack of effective antiviral therapy, cur-
rently supportive and symptomatic treatment is the main
stay of management. Oxygen delivered by different methods,
including by high-flow nasal cannula (HFNC) is very useful.
Gattinoni et al has proposed that COVID-19 pneumonia type
L will benefit from HFNC, continuous positive airway pres-
sure, or noninvasive ventilation, and if they require invasive
ventilation, they should not be given very high positive end-
expiratory pressure (PEEP). However, if the disease pro-
gresses to type H, it should be treated as severe ARDS,
including high PEEP.%® Proning can be done as a recruitment
maneuver. Awake proning was found to be helpful in a series
from Jiangsu province.’? All patients with COVID-19 should
be managed with conservative fluid approach.

Current Vaccine Strategies for COVID-19

As a preventive strategy, it is undoubtedly essential to
develop safe and highly efficacious vaccines to control the
COVID-19 pandemic and ultimately prevent the future re-
currence of the disease. Despite persistent efforts made by
different scientific communities, no significant success has
been achieved in developing an appropriate vaccine against
COVID-19. Most of the vaccines target the surface-exposed
spike glycoprotein or S protein that elicits neutralizing anti-
bodies. Several S protein-based strategies have been
attempted for developing CoV vaccines, for example, use of
full-length S protein or S1-receptor-binding domain and
expression in virus-like particles, deoxyribonucleic acid, or
viral vectors.”3"7°
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Among different vaccine formulations, six of them are
among front runners that have entered into clinical trials
(summarized in =Table 1).

1. CanSino Biologics and The Academy of Military Medical
Sciences, China, have developed a vaccine formulation
that contains a nonreplicating adenovirus (Ad5) vector
carrying the gene for SARS-CoV-2 spike protein. The
preclinical testing with Ad5-nCoV vaccine revealed a
strong immune response in animal models and has shown
a good safety profile. The phase I clinical trial is underway
in China (https://www.the-scientist.com/news-opinion/
covid-19-vaccine-frontrunners-67382).

2. The University of Oxford, United Kingdom, developed an
efficacious vaccine that contains chimpanzee adenovirus
vaccine vector (ChAdOx1) carrying the gene for the SARS-
CoV-2 spike protein. Although, no preclinical testing is
done by this company on this vaccine, prior study sug-
gested that this vector (ChAdOx1) carrying a gene for
MERS demonstrated a significant titer of neutralizing
antibodies and cellular immune response in mice against
MERS-CoV.”® A phase I/l single-blinded, randomized,
placebo-controlled, multicenter studies are underway to
determine the efficacy, safety, and immunogenicity of
ChAdOx1-nCoV-19 in U.K. healthy adult volunteers aged
18 to 55 wyears (https://clinicaltrials.gov/ct2/show/
NCT04324606).

3. Another novel vaccine formulation was developed by
Moderna, USA that has lipid nanoparticles containing
messenger ribonucleic acids (mRNAs) for the SARS-
CoV-2 spike protein (SARS-CoV-2-mRNA 1273). A phase
1, open-label clinical trial in both males and nonpregnant
females (aged 18-55 years) has been designed to test the
safety and reactogenicity of the vaccine (https://
clinicaltrials.gov/ct2/show/NCT04283461).

4. PiCoVacc, an emerging candidate vaccine developed recent-
ly by Sinovac, China, has successfully finished the preclinical
trials. It was found that macaques injected with a dose of this
potential vaccine were completely protected against the
virus after challenge. It raises a big hope among scientists for
its efficacy against humans and clinical trials are underway
(https://www.deccanherald.com/science-and-environ-
ment/rescued-sloth-bears-undergo-successful-dental-pro-
cedures-in-bengaluru-837148.html).

5. Pfizer, USA, and its German partner BioNtech have begun
clinical trials of vaccine candidate BNT162 with 360 healthy
volunteers. The vaccine is based on a specially designed
mRNA and claimed to induce neutralizing antibodies in
experimental animal models. Results are still awaited
(https://www.pfizer.com/news/press-release/press-release-
detail/pfizer_and_biontech_dose_first_participants_in_the_
u_s_as_part_of_global_covid_19_mrna_vaccine_develop-
ment_program).

6. INO-4800, the vaccine formulation developed by Inovio
Pharmaceuticals, a biotechnology company in Pennsylvania,
United States, is ready for its phase I clinical trial with 40
volunteers to test the tolerability and reactogenicity
(https://clinicaltrials.gov/ct2/show/results/NCT04336410).
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Table 1 Major vaccines against COVID-19 under clinical trials
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Abbreviations: DNA, deoxyribonucleic acid; mRNA, messenger ribonucleic acid.
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Multiple countries are now working to examine if the
Bacillus Calmette-Guerin (BCG) live-attenuated vaccine can-
didate can confer protection against SARS-nCoV. All trials are
in phase II/IIl; however, results are yet to be published (https://
www.pharmaceutical-technology.com/comment/bcg-vacci-
nation-covid-19/). BCG vaccines are supposed to induce met-
abolic and epigenetic changes that enhance the innate immune
response to subsequent infections, a process termed trained
immunity which might therefore reduce viremia after SARS-
COV-2 exposure. Interestingly, countries with a national pro-
gram of whole population BCG vaccination appear to show
lower incidence and death rate from COVID-19 as compared
with those where BCG vaccination is not mandatory.”” The
findings from the study suggesting less COVID-19, in countries
with routine BCG immunization is weak on evidence because it
is based on individual data and is prone to confounding.
Moreover, a large population-based cohort from Israel does
not support the idea that BCG vaccination in childhood has a
protective effect against COVID-19 in adulthood.”® But more
clinical trials of this vaccine are underway, to know the
protective efficacy against the disease.

Moreover, the Strategic Advisory Group of Experts on
immunization recommended that all mass vaccination cam-
paigns should be discontinued but routine immunization
should continue where possible.”® Besides these 6 candidate
vaccines, there are more than 40 vaccine formulations designed
by different scientific organizations worldwide that are in
preclinical stage of development (according to WHO). We are
not including details on these vaccines in the current review
due to paucity of exact information of animal testing data.

Preventive Measures

Hands should be thoroughly cleaned with alcohol-based
hand rub or should be washed with soap and water to kill
the virus. Social distancing should be maintained by at least 3
feet. Eyes, nose, and mouth should not be touched with hands
to prevent entry of the virus into the body. Importantly,
respiratory hygiene should be practiced by covering mouth
and nose with bent elbow or tissue while coughing and
sneezing. “Stay at home” is the best practice to prevent
infection and quarantine of contacts as early as possible is
the key to success to prevent nosocomial spread.’-80

Future Perspectives

The SARS-CoV-2 raging around the world showed a tendency
to tread gently with children. This is a boon to infants and
children as they seem to be protected. However, critical cases
have also been noticed in many parts of the world as men-
tioned in this review. Therefore, the strategies for diagnosis,
treatment, and prevention from COVID-19 should also be
considered seriously for children, in addition to adults. Fur-
ther, a need for point-of-care diagnostic device for quick
detection of the virus is also essential. Many RCTs are going
on presently to get the wonder molecule against the virus.
Above all, since prevention is always better than cure, there is a
great demand for a highly immunogenic vaccine formulation
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against this disease that can be effectively administered to
children to provide long-term protective immunity.
Limitation of the report is that we have not analyzed the
pediatric papers in a systematic way due to paucity of data.
Also, as the situation is still emerging, new data are appear-
ing almost daily. However, we have included all studies from
Asia, Europe, and the United States for complete updation.

Conclusion

Children at all ages are susceptible to COVID-19. The infec-
tion rate as well as mortality rate is relatively low among
children due to the different immune mechanism than
adults. Household contact is the main source of infection
causing disease in the children. Though the disease is rela-
tively milder in children, they may play a major role in
community-based viral transmission. Prolonged shedding
in nasal secretions has substantial implications for commu-
nity spread in daycare centers, schools, and home. The main
strategy for control of disease will be infection control and to
stop community and nosocomial spread. As there is no
specific treatment for COVID-19 at present, the future re-
search should be directed toward making an effective vaccine
and detecting an appropriate molecule to counter it.
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