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The widespread and contagious coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 has become a burden in the global health domain.
The subsequent discovery of the virus features and pathogenesis,
and prompt and adequate management are still lacking and
remain inconclusive. Children usually present milder symptoms
than adults, and management focuses on providing sympto-
matic and respiratory supports. Several treatment modalities,
including the utilization of mechanical ventilation (MV), anti-
virals, immune-modulating drugs, or other agents, may present
promising results in reducing the symptoms of COVID-19,
particularly in severe cases. Although no randomized clinical
trials have been published to date, it is interesting to explore
potential modalities for treating COVID-19 in children, based
on review articles, case reports, and recent guidelines.
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Key message

The specific treatments for COVID-19 in children remain
inconclusive and debatable despite effectively decreasing its signs
and symptoms.

The need for clinical trials and reports should be investigated.

Introduction

The number of people infected with novel coronavirus disease
2019 (COVID-19) to date remains significantly high.'? As of
June 30, 2020, this pandemic and Public Health Emergency
of International Concern, as labeled by the World Health
Organization (WHO),>¥ has infected more than 10 million
people of all ages and caused more than 500,000 deaths in
almost every country worldwide.® This novel coronavirus is
going to defeat the previous severe acute respiratory syndrome
coronavirus (SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV) in terms of confirmed and death
cases.”) The first report of this new emerging disease was in

Wuhan, Hubei province in China, where affected individuals
visited the hospital with pneumonia of unexplained etiology
at the end of December 2019.9 It was speculated that Wuhan’s
Huanan Seafood Wholesale Market, which sold edible wild
animals, was associated with the source of the outbreak, as more
than 6090 staff there presented with symptoms.¢® On January
7, 2020, the first isolated virus from patients was discovered by
Chinese scientists, who named it SARS-CoV-2 due to similar
phylogenetic results to the previous SARS-CoV.*™)

Children appear to be less susceptible to the COVID-19
infection and show milder symptoms than adults.'*'® A re-
trospective study in Zhejiang of 36 children revealed that all
showed mild and moderate symptoms and none showed severe
or critical symptoms. Furthermore, the most frequent symptoms
were fever (36%), followed by cough (19%), sore throat (3%),
and dyspnea (3%); 28% were asymptomatic.'” The reason
beyond this phenomenon remains questionable, yet some hypo-
theses have been explained and progressively investigated.'>!”)

A recent study revealed that the levels of angiotensin-con-
verting enzyme 2 (ACE-2), a proven binding site of SARS-CoV
-2, are lower in the upper (nasal) and lower (bronchial epithelial
tissue) airways within the pediatric versus adult population.'®
Milder symptoms of COVID-19 in children also might be asso-
ciated with “trained immunity,” which is formed by the innate
immunity system that exhibits immune memory or nonspecific
effects after antigen exposure.!®1%29 The maternal antibodies
are transferred from mother to child and have an interesting role
in protecting children from infection during the first month of
life, when the immune system is still immature.?'-*? The children
also showed absence of comorbidities related to the aging
process that is commonly found in older individuals.'>

Those protective mechanisms in children could help improve
therapeutic strategies. Nevertheless, the exact pathogenesis of
this disease is mystifying since its main treatments involve sym-
ptomatic and respiratory supports alone due to the limited role
of antivirals, immune modulators, or other possible modalities.
29 Furthermore, although remained uncertain due to lack
of clinical trials, several studies reported on the treatment of
COVID-19 infection in children. Therefore, here we aimed to
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provide the evidence of several modalities that have a potential
role in treating COVID-19 in children based on case reports,
prospective and retrospective studies, and several published
guidelines.

Methods

We searched PubMed, MEDLINE, Cochrane Database, Sci-
ence Direct, and Google Scholar for relevant articles. The selected
full-text articles were published in English between January
1, 2020 and June 13, 2020; 2 current national guidelines were
published in Indonesian. The keywords included coronavirus,
SARS-CoV-2, 2019-nCOV, COVID-19, and novel coronavirus
combined with children, pediatrics, treatment, therapeutic,
pharmacology, and management. Most of the articles chosen
were case reports and case series, retrospective and prospective
studies, review articles, and recent initial guidelines. We found no
randomized clinical trial of pediatric populations in the literature
review. Additionally, the reference lists of the selected articles
were manually reviewed to identify any other articles that were
relevant to the topic. The studies were mostly from China with
similar numbers from Iran and Spain.

Epidemiology of covid-19 in children

The first pediatric case of COVID-19 was described through
a familial cluster of pneumonia in Shenzen, China, on January
20, 2020. A 10-year-old boy who traveled from Wuhan with
his relatives reportedly presented asymptomatic behavior, but a
ground glass appearance was seen on a computed tomography
scan and a positive result was obtained by polymerase chain
reaction.”® Epidemiologically, in a retrospective study of 366
children younger than 16 years with respiratory symptoms,
only 6 (1.6%) tested positive for SARS-CoV-2.29 A series of
nearly 1,400 children from Wuhan Children’s Hospital treated
between January 28, 2020 and February 26, 2020 revealed
SARS-CoV-2 positivity in 171 (12.3%).29 Another larger study
regarding the epidemiological characteristics of 2,143 children
in China reported 731 laboratory-confirmed cases (34.1%) of
SARS-CoV-2.2” Similar findings were reported in several coun-
tries. In the United States (US), among approximately 150,000
cases, 2,572 (1.7%) were children younger than 18 years; of
them, 3 died.?® In Italy, COVID-19 infected 1% children aged
0-18 years, with 11% being hospitalized and no fatalities being
reported.?”) A current report from Korea stated that COVID-19
infected 480 children (6.2%) under 19 years of age with no
cases of mortality.'® Here in Indonesia, the latest data show that
8% of children younger than 17 years of age have confirmed
COVID-19 with a 1.79% fatality rate.’”

Treatment modalities

1. General and supportive treatment

1) Supportive therapy

Bed rest and supportive treatment such as ensuring an ade-
quate intake of daily calories and water; monitoring water and
electrolyte balance, vital signs, and oxygen saturation; and per-
forming routine blood or urine examinations or assessing other
biochemical parameters based on clinical conditions, blood gas
analyses, and serial chest imaging examinations should be pro-
vided when facilities are adequate. Patients can be administered
physical cooling or antipyretic drugs (oral ibuprofen or acetami-
nophen) for a body temperature above 38.5°C.1%31 In addition,
a recent multicenter panel of pediatric infectious diseases phy-
sicians and pharmacists from North American institutions
released the initial guideline statement on April 22, 2020 stating
that outpatients and hospitalized patients with mild or moderate
COVID-19 (no new supplemental oxygen requirement) should
be managed with supportive care only.2?)

In addition to receiving supportive therapy, most patients
within the two studies also received received oxygen therapy due
to hypoxemia upon admission.!”*? Only one 3-year-old female
child with severe manifestation of respiratory disease shown
by ground glass opacity in both lungs received supplemental
oxygen. She also received intravenous immunoglobulin (IVIG)
from healthy donors.> Cai et al. reported that, for 10 patients,
supportive therapy was given with no need for oxygen therapy
(Table 1).

2) MV in the pediatric intensive care unit

The role of supportive treatment for maintaining breathing
and airway is provided by noninvasive MV, such as high-flow
nasal cannula, continuous positive airway pressure, or bi-level
positive airway pressure, which are used for severe and critical
cases in pediatric patients who develop the symptoms of acute
respiratory distress syndrome (ARDS).!%%3-39) A case series in Iran
reported that 2 of 9 patients received noninvasive continuous
positive airway pressure in the pediatric intensive care unit
(PICU). These 2- and 10-year-old patients had mild hypoxemia
and respiratory distress with saturations of 78%-90% and 68%,
respectively.?? Sun et al.!”) reported on 2 critically ill children
who underwent invasive MV. Moreover, in a case series in Spain,
Garcia-Salido et al.>® described that nearly all children with
COVID-19 presented increased respiratory effort and required
oxygen therapy through a nasal cannula. Furthermore, of the 5
who received high-flow nasal cannula support, 4 subsequently
required noninvasive ventilation (NIV) and the other required
MYV upon PICU admission.

3) Antibiotics

Antibiotics should be used only in patients with secondary
bacterial infections based on culture and antibiogram results.3®)
The irrational administration of antibiotics should not to be prac-
ticed, particularly combined with broad-spectrum antibiotics.
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Table 1. Studies describing the treatment of COVID-19 in children

Sunetal.” Lou et al.*¥ Caietal Rahimzadeh et al.*? Liu et al.?¥ Garcia-Salido et al.>
Publication date 19 March 2020 22 March 2020 28 February 2020 1 April 2020 2 April 2020 22 May 2020
Design of study Retrospective study Case report Case series Case series Retrospective study Prospective obser-
vational study
Country China China China Iran China Spain
Characteristics of
patients
Number 8 3 10 9 6 7
Age 2 months-15years 6 months-8 years 3 months-11years 2 years-10 years 1 year-7 years 0.5 month-13 years
Sex, male:female 6:2 1:2 46 6:3 2:4 4:3
Therapy options
Antiviral All (therapy including Nebulized interfe- N/A All (7 oseltamivir; 2 2/6 (ribavirin) All patients (6 lopina-
(including virazole, oseltami-  ron-a2b 100,000 oseltamivir, lopina- All oseltamivir vir and ritonavir, 1
antimalarial) vir, and interferon)  1U/kg (2 sister) vir, and ritonavir) remdesivir)
6/7 (hydroxychloro-
quine)
Antibiotics 5/8 N/A 5/10 (due to pneu- All (meropenem, van- All 6/7 (broad-spectrum
monia) comycin, chloroqu- antibiotics due to
ine) suspected bacterial
infection)
Corticosteroid 5/8 N/A N/A N/A 4/6 5/7
Mechanical 2/8 (critically ill) N/A N/A 2/9 (using noninva- N/A 4/7
ventilation sive continuous po-
sitive airway pres-
sure)
Oxygen therapy 6/8 N/A N/A All 1/6, supplemental All
oxygen
Others Traditional Chinese N/A Supportive treat- N/A Immunoglobulin (1/ Immunoglobulin (2/
medicine (4/8) ment with no need 6) 7)
Plasmapheresis (1/8) oxygen therapy to tocilizumab (2/7)
Immunoglobulin (4/ all patients Heparin (3/7, thera-
8) peutic and prophy-
lactic of thrombo-
Sis)
Prognosis 5 Discharged Discharged after All discharged Discharged within 6 Duration of hospita- 6 Discharged (dura-
3 Remained in PICU 10 days admis- days lization: 5-13 days  tion: 2-31 days)
(up to February 24,  sion 1 Remained in PICU
2020)

COVID-19, coronavirus diseases 2019; N/A, not available or not mentioned in the study; PICU, pediatric intensive care unit.

Antibiotics might be used in situations of bacterial coinfection;
therefore, specimen collection to confirm the pathogenic etiology
should be performed.’? The administration of antibiotics was
previewed by Garcia-Salido et al.,*® who mentioned that almost
all patients were treated empirically with broad-spectrum anti-
biotics based on clinical suspicion; however, positive bacterial
culture was observed in only 2 children.

2, Antivirals and antiviral-like drugs, including anti-influenza

drugs

1) Antivirals

The national recommendations for the diagnosis and treat
ment of pneumonia caused by the novel coronavirus (2019-
nCoV) released by Zhejiang University School of Medicine
on February 2, 2020 stated that there are no effective antiviral
drugs for children.>”) In addition, the multicenter intial guideline
statement on April 22, 2020 stated that antivirals may be
considered in children with confirmed COVID-19 virology on
a case-by-case basis. Moreover, enrollment in clinical trials to

learn the efficacy and safety of their potential is recommended.
Antivirals also should be offered with proper monitoring and in
consultation with a pediatric specialist whenever possible.?® The
current interim guideline published by the WHO recommends
that antivirals not be given for treatment or prophylaxis in
COVID-19 unless clinical trials are performed.>?

(1) Interferon

Interferon-alpha (IFN-0) is a broad-spectrum antiviral drug
that inhibits viral RNA synthesis and replication. A previous
study showed that IFN-a combined with ribavirin could inhibit
viral replication, thus improving clinical outcomes in a MERS-
CoV animal study.?*-? It also decreases the viral load at the start
of the infection, which can help relieve symptoms. IFN-o in
China is also usually applied to manage viral pneumonia, bron-
chiolitis, SARS, acute upper respiratory tract infections, hand
foot and mouth disease, and other viral infections in children.’"

The option of antiviral treatment of IFN-a nebulization is
divided according to symptom severity: Children with mild
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disease are administered 100,000-200,000 IU/kg, while those
with severe disease could be given 200,000-400,000 IU/kg in 2
mL of sterile water twice daily for 5—7 days,?!*” while high-risk
populations in close contact with suspected COVID-19-infected
patients or patients in the early phase with only upper respiratory
tract symptoms could be administered IFN-a2b spray. The IFN-
a2b should be administered as 1-2 sprays to each nasal cavity
or 8-10 sprays to the oropharynx. The dose of IFN-02b per
injection is 8000 IU once every 1-2 hours for a total of 8-10
sprays/day for 5-7 days.31-37:3%)

Sun et al.!” treated 8 severely or critically ill patients infected
with COVID-19, at Wuhan Children’s Hospital ICU and pro-
vided all patients with IFN in conjunction with ribavirin and
oseltamivir. Five patients were discharged and 3 remained in the
ICU until February 24, 2020. Lou et al.*? described treating 2
sisters infected with COVID-19 with nebulized IFN-02b 100,000
[U/kg twice daily for 7 days. However, it was not administered to
a third patient, an infant. The fever resolved within 3 days and
the other symptoms improved signicantly after 1 week. All were
discharged after 10 days.

The administration of IFN-a.is contraindicated in patients with
abnormal liver function. Its use is also prohibited in children with
a creatinine clearance below 50 mL/min or who have a history
of mental illness, aplastic anemia, or severe or unstable heart
disease. IFN-o nebulization in neonates and infants younger than

2 months should be monitored intensively.3®

(2) Lopinavir/ritonavir

Lopinavir/ritonavir (LPV/r), which is clinically approved by
the US Food and Drug Administration (FDA) to combat human
immunodeficiency virus (HIV) with other oral combination
drugs, showed promising results against novel coronavirus th-
rough the repression of 3-chymotrypsin-like protease in vitro. It
has been used clinically to treat SARS and MERS.3**!) Another
current i vitro study highlighted that LPV/r could reduce the
cytopathic effects and viral load of inoculated SARS-CoV-2
culture.*?) The ritonavir component inhibits the CYP3A metabo-
lism of lopinavir, thus enhancing lopinavir plasma levels. It is a
recommended therapy for children aged 2 weeks to 3 years who
require antiretroviral therapy and for those older than 3 years
who require alternative therapy.”® The panel was divided about
whether LPV/r could or should be considered for use in any
children with COVID-19 in any clinical scenario. Furthermore,
the panel proposed avoiding the use of combination therapy of
LPV/r and ribavirin.?®

Oral LPV/r solution is more comfortable for children who are
unable to swallow tablets or have a body surface area less than
0.6 m?.3%) The dosage regimen of LPV/r in the form of tablets
(lopinavir/ritonavir [200 mg/50 mg]) was based on body weight
(BW). Children weighing 7-15 kg should be given 12 mg/3 mg/
kg each time; 1540 kg, 10 mg/2.5 mg/kg each time; and 40 kg
or more, 400 mg/100 mg (same as adults) each time. The tablets
and oral solution are administered twice daily for 1-2 weeks.?”-*®

A case series in Iran reported that 2 of 9 children with

COVID-19 were administered oseltamivir and LPV/r, while 7
others were administered oseltamivir only. LPV/r was added to
the treatment protocol for 2 patients who did not tolerate the
symptoms for more than 2 days. All the patients were discharged
within 6 days.3? A similar study by Garcia-Salido et al.?> autho-
rized the use of LPV/r in nearly all pediatric patients.

Lopinavir should be avoided for patients with hepatic in-
sufficiency since it is metabolized in the liver. Other adverse
effects include diarrhea, vomiting, and rash. Its use should be
restricted to patients with QT interval extension syndrome and
hypokalemia.®

(3) Ribavirin

Another broad-spectrum antiviral agent, ribavirin, which has
the ability to block RNA and DNA viral synthesis, is suggested
to be harmful in SARS-CoV-2 and MERS-CoV**3) The
administration of ribavirin to children younger than 6 years is
not recommended in China. However, it is available for children
older than 6 years. Ribavirin is also accessible in oral form in the
USA and Europe, where its administration is recommended for
children aged 3 years or older. Ribavirin injections in the form
of IV infusions at 10 mg/kg each time 2-3 times per day are
suggested in children with COVID-19 at a maximum dose of
500 mg each time.*®

Another correspondence study involving 6 children in Wuhan
published in early January 2020 reported that ribavirin was
administered to 2 of § patients; among them, one had severe
respiratory illness and was transferred to the PICU. There is
insufficient information regarding the dosages administered to
patients.>)

Ribavirin should be restricted in patients with liver function
problems, and its use is not recommended if laboratory tests
show a creatinine clearance below 50 mL/min. Ribavirin also
should be stopped if the serum creatinine level exceeds 2 mg/dL.
The most common side effects of ribavirin are fever, headache,
hemolytic anemia, neutropenia, and fatigue.®® The panel re-
marked that the combination of LPV/r with ribavirin is not
recommended due to ribavirin toxicity and a lack of evidence
regarding its efficacy and safety.??

(4) Remdesivir

Remdesivir, a prodrug of monophosphate, is active against
Coronaviridae and Flaviviridae upon being metabolized to an
active analog of C-adenosine nucleoside and can bind to viral
RNA-dependent RNA polymerase, leading to early RNA chain
deletion.?* It is a promising therapeutic class for COVID-19
because of its broad-spectrum activity and has been shown
effective against SARS-CoV-2 in both in vitro and animal stud-
ies. Furthermore, the study remarked that remdesivir could
inhibit viral infection in a human cell line that is sensitive to
COVID-19.*Y The FDA recently released an Emergency Use
Authorization to approve the immediate use of remdesivir for
the treatment of suspected or laboratory-confirmed COVID-19
in adults and children with severe disease.*> The panel guidance
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also recommended treatment with remdesivir in children as the
preferred agent if an antiviral should be administered.??

A recent cohort study led by Grein et al.* explored the
preliminary findings of clinical outcomes of remdesivir admini-
stration in 53 adult patients with severe COVID-19. After
receiving the first dose of remdesivir, 68% patients showed
clinical improvement and 15% showed worsening outcomes. In
contrast, 7 of patients (13%) died after remdesivir treatment, in-
cluding 6 who required invasive ventilation and 1 who required
noninvasive oxygen support. Garcia-Salido et al.® published
the only study of remdesivir administration in children in which,
among 7 children with COVID-19 who presented critically ill
symptoms, only 1 was administered remdesivir along with im-
munoglobulin and tocilizumab. The patient previously received
a hematopoietic stem cell transplantation. At the time the study
was published, the patient was still hospitalized.

The recommended dose of remdesivir is as follows. For
children with a BW of 3.5-40 kg, use remdesivir for injection
100 mg, lyophilized powder only. Remdesivir injection 100 mg/
20 mL (5 mg/mL) should not be used for children with a BW of
3.5-40 kg due to the higher tonicity of the solution concentrate
compared to the lyophilized formulatione. The loading dose
of remdesivir is § mg/kg IV (infused over 30-120 minutes) on
the first day, followed by 2.5 mg/kg IV (infused over 30-120
minutes) once daily for 9 days, or for 4 days for children who
do not need invasive MV and/or extracorporeal membrane
oxygenation (ECMO) (days 2-5). If the administration does not
result in clinical improvement, it may be lengthened for up to 5
extra days (total of 10 days). For children with a BW =40 kg who
require invasive MV and/or ECMO, the adult dosage regimen of
one loading dose of remdesivir 200 mg IV (infused over 30~120
minutes) on the first day, followed by 100 mg IV (infused over

30-120 minutes) once daily for 9 days could be administered.
In addition, in children with a BW=40 kg who do not require
invasive MV and/or ECMO, the adult dosage regimen of one
loading dose of remdesivir 200 mg IV (infused over 30-120
minutes) on the first day followed by remdesivir 100 mg IV
(infused over 30~120 minutes) once daily for 4 days (days 2-5)
could be given (Table 2).4

Remdesivir use should be avoided in infants and children
(>28 days) with an estimated glomerular filtration rate of
less than 30 mL/min and in full-term neonates (7-28 days)
with a serum creatinine level of more than 1 mg/dL unless the
benefit outweighs the risk. Since the common adverse effect of
remdesivir is elevated liver transaminase level,*® the hepatic
laboratory parameters should be routinely monitored in all
patients before its administration.*”)

2) Antimalarials including chloroquine and hydroxychlo-
roquine

Chloroquine and hydroxychloroquine are widely used to
prevent and treat malaria, amoebiasis, and autoimmune diseases.
They prevent fusion into host cells by several mechanisms,
including inhibiting the glycosylation of ACE-2 receptors, acting
as proteolytics, and increasing the acidification of the endo-
somal cells.*) Their role as broad-spectrum antiviral drugs has
been emphasized. Several clinical trials in adults and in vivo
studies reported promising results in terms of reducing viral load,
although this remains debatable due to methodologic limita-
tions. Studies are limited, particularly those with larger sample
sizes and in pediatric populations.’®*! Therefore, guidance is
lacking on the dosage administration of chloroquine for treating
COVID-19 in children.®

The recent initial guideline stated that hydroxychloroquine

Table 2. Recommended dose of remdesivir based on the U.S. Food and Drug Administration formulation®®

Require invasive

Duration

Uit hanical ventilati D Formulati : o o
(kg) mechanical ventilation 0sage ormulation Da Infusion bag Infusion time Rate infusion
and/or ECMO v volume” (min) (mL/min)
3.5-40 No 5mg/kg IV (single dose) ~ Remdesivir for injection, 100 Day 1 100 mL 30 333
mg, lyophilized powder only 60 167
_ (Reconstitute with 19 mL of 2 '

2.5mg/kg IV (single dose)  crerile Water for Injection and Days 2-5 120 0.83

dilute in 0.9% saline prior to 50 mL 30 1.67

3.5-40 Yes 5mg/kg IV (single dose) administration) Day 1 60 0.83

120 0.42

2.5mg/kg IV (single dose) Days 2-10 25 mL 30 0.83

60 0.42

120 0.21

240 No 200 mg IV (single dose) Remdesivir injection (Dilute re- Day 1 250 mL 30 8.33

mdesivir injection concentrat- 60 417

A ed solution in 0.9% saline 2 '

100 mg IV (single dose) prior to administration) or re- Days 2-5 120 2.08

240 Yes 200 mg IV (single dose) mdesivir for injection Day 1 100 mL 30 3.33

60 1.67

100 mg IV (single dose) Days 2-10 120 0.83

ECMO, extracorporeal membrane oxygenation; IV, intravenous.

IMay be extended up to 5 extra days if no clinical improvement is seen. ”The total volume in several options of infusion bag packages.
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may be considered, especially in children who cannot be admi-
nistered remdesivir, or it is otherwise unavailable. The panel
also recommended that hydroxychloroquine not be used
with azithromycin due to an increased risk of toxicity and QTc
interval prolongation.”®

A case series in Iran reported that 7 of 9 children with
COVID-19 were administered antibiotics such as meropenem,
vancomycin, and chloroquine, while 2 others were administered
meropenem and chloroquine only (Table 1).3? Thus, chloro-
quine was given to all patients, while other antibiotics might be
used to treat a particular disease such as pneumonia.

The fatal dosage of chloroquine is 50 mg/kg. Intense caution
should be taken when prescribing chloroquine to children. Ad-
verse reactions include dizziness, loss of appetite, ocular toxicity,
arrhythmia, drug-induced psychosis, and leukopenia.*® Hydroxy-
chloroquine has fewer adverse effects than chloroquine. There
is also a lack of data to support a specific dosing regimen or
therapeutic duration for the treatment of SARS-CoV-2, but an
optimal duration of 5 days is commonly used.>”)

3) Anti-influenza agents

(1) Umifenovir

Umifenovir is a broad-spectrum antiviral drug with the ability
to inhibit DNA and RNA viruses that are commonly used for
the prophylaxis and management of influenza.?'3% It was also
shown to be effective against SARS-CoV-2 in vitro by targeting
the protein S or the interaction with ACE-2 and by blocking
membrane fusion of the viral envelope to the host cell.**
However, umifenovir was mainly used for adults infected with
COVID-19, and its efficacy and safety remain uncertain.>!-3%)

To date, there is no recommendation regarding the dosage
regimen for umifenovir in COVID-19 pediatric patients.>®
The case reports described below (Table 1) also did not mention
about the administration of umifenovir in children patients.
Umifenovir should be administered cautiously in patients with
liver abnormalities. Side effects include nausea, diarrhea, dizzi-
ness, and elevated serum aminotransferase.)

(2) Oseltamivir

Oseltamivir, a neuraminidase inhibitor, is commonly used as
an anti-influenza drug. Until now, it has no # vitro study against
SARS-CoV-2. Its wide use in treating COVID-19 might have
been overlapping due to the outbreak emerging during peak
influenza season. Therefore, many patients found to be received
oseltamivir until SARS-CoV-2 was invented.*! Oseltamivir and
other anti-influenza drugs could be administered to patients
who are coinfected with the influenza virus and play limited
role in the treatment of COVID-19 when influenza has been
excluded.3$:41:48)

Several case-control studies'’?? administered oseltamivir
to almost all of their patients with or without other combination
antiviral therapy. The dosage of oseltamivir used was based on
age and BW. Children younger than 1 year of age should receive
3 mg/kg every 12 hours, while those older than 1 year of age

should be dosed by BW: <15 kg, 30 mg every 12 hours; 15-23
kg, 45 mg every 12 hours; 2340 kg, 60 mg every 12 hours; and
>40 kg, 75 mg every 12 hours.*$%)

3. Immune-modulating drugs

Although children usually present with mild or moderate
symptoms, cytokine storm may occur.’? Cytokine storm is de-
fined as the immune system yielding a dysfunctional inflamma-
tory response that is proven to trigger worse outcomes.’ 2
It also represents the exaggerated innate response that causes
lung injury.">* The result of cytokine storm can be observed in
patients with a severe clinical course who show ARDS as well as
multiple organ failure. Cytokine storm and ARDS result from the
effects of an arrangement of various immune-active molecular
components, such as interleukins, interferons, chemokines,
colony-stimulating factors, and tumor necrosis factors.’!-29
The classes of modalities used to prevent further immunologic
reactions are described below.

1) Corticosteroids

Early corticosteroid treatment plays an important role in
immune-mediated lung injury within the critical phase. Immuno-
modulators mightbe given in the early stage of respiratory distress
showing significant symptoms, such as sudden-onset dyspnea or
wheezing and the need for oxygen therapy.’® Corticosteroids
cannot only repress inflammation of the lungs, they can decrease
the immune responses and increase pathogen clearance, and their
use should be avoided except for those with a specific indication
(e.g., bronchospasm, some cases of septic shock).>® Therefore, it
should not be applied in some types of infection.>®

Interim guidance of the WHO does not recommend the
routine administration of corticosteroids for the treatment of
viral pneumonia due to a lack of evidence.*? The recommenda-
tion is also based on several studies that stated corticosteroid
therapy did not significantly decrease the mortality rate, hospi-
talization duration, or need for MV but that it potentially has
several adverse effects.’® On the contrary, corticosteroids may
be considered in some conditions, such as the exacerbation of
asthma, septic shock, ARDS, and after the adjustment for risks
or benefits on a case-by-case basis.>® It also can be considered
in cases of toxic symptoms, encephalitis or encephalopathy, or
hemophagocytic syndrome.>1")

In a case-control study of Ahn et al.>”) of 2 older patients who
developed ARDS with COVID-19, the administration of 0.5-1
mg/kg/day methylprednisolone showed rapid resolution in
serial laboratory and oxygenation parameters as well as chest
radiology findings. Glucocorticoids were administered to pedi-
atric patients in 2 case reports published by Sun et al.'”? and Liu
et al.? Glucocorticoids can be used for 3—5 days, mainly as
methylprednisolone 1-2 mg/kg/day IV; their long-term use is not
recommended.>7)
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2) Intravenous immunoglobulin

IVIG is a promising modality for treating COVID-19 from
the immunological perspective. This preparation shows viral
cross-reactivity, including SARS-CoV-2 in vitro, by neutralizing
inflammatory cytokines, which are believed play a pivotal role in
the development of the disease’s severity.*® The applicability of
this modality has been explored in some cases overlapping with
COVID-19 in children.

Recent reports in Europe and the US revealed a growing
phenomenon of a small cases of multisystem inflammatory con-
dition in children and adolescents (MIS-C), describing cases of
children with COVID-19 who have manifestations similar to
those of Kawasaki disease and toxic shock syndrome. This kind
of hyperinflammatory response may lead to multiorgan failure
and shock.*”

Riphagen et al.®” reported on 8 children with the MIS-C, 2
of whom tested positive for SARS-CoV-2. All children were
given IVIG 2 g/kg in the first 24 hours. One who tested positive
for SARS-CoV-2 died, while the other was discharged after
4 days in the PICU. The case study of a 6-month-old girl with
symptoms consistent with those of Kawasaki disease tested
positive on reverse transcription polymerase chain reaction for
SARS-CoV-2 after testing negative on an early examination. She
had been administered a single dose of IVIG 2 g/kg and showed
clinical improvement afterward.®? The administration of IVIG
to patients with COVID-19 without any symptoms of Kawasaki
disease or toxic shock syndrome was described by Sun et al.'”
and Liu et al.,>» who had administered IVIG to 4 of § and 1 of 6
patients, respectively.

Based on the guideline, it is suggested that IVIG 1 g/kg/day for
2 days or 400 mg/kg/day for 5 days be given for patients with
severe disease despite its efficacy still requiring investigation in a
larger study.?'-")

3) Monoclonal antibody

As mentioned above, the cytokine storm is activated by an
augmented immune response and cytokine release.*" Studies
mentioned that interleukin-6 (IL-6) is a crux of this diminishing
inflammation process.®? Therefore, the monoclonal antibody
against IL-6 is hypothesized to reduce this process and improve
clinical outcomes; tocilizumab is one such IL-6 antagonist
agent.*) It is usually administered to patients with rheumatoid
arthritis or cytokine release syndrome and has been proven safe
and effective.®®

A case report of a child with COVID-19 who had overlapping
features of toxic shock syndrome and Kawasaki disease was given
tocilizumab 8 mg/kg IV at 72 hours after IVIG infusion. Clinical
resolution was seen at 12 hours after administration, and the
previously elevated inflammatory marker levels were reduced
9 The study is supported by a report of a 16-year-
old girl with severe sickle cell disease who developed acute

to baseline.

coronary syndrome and ARDS in conjunction with a positive
SARS-CoV-2 result that was known to have been acquired from
her parents. The plasma IL-6 level was extremely elevated, and

tocilizumab 8 mg/kg was administered. Interestingly, respiratory
improvement was seen after therapy, such as NIV removal,
no oxygen requirement, and ICU discharge.®® The national
guideline recommends that tocilizumab be administered in cases
of extensive bilateral lung lesion opacity, or in several/critical ill
patients with increased IL-6 level. The initial dose is 4-8 mg/kg,
with the recommended dose of 400 mg diluted in 0.9% normal
saline to a final volume of 100 mL that is infused over more
than 1 hour. If the initial dose does not result in improvement,
one additional dose can be administered after 12 hours. The
maximum limit is 2 doses.®®)

4) Plasmapheresis

Sun et al.'” reported a 1-year-old patient treated with plasma-
pheresis. He was critically ill with complications of septic
shock, multiorgan dysfunction, kidney stones, hydronephrosis,
heart failure, and coagulopathy. The duration of therapy and
underlying disease were unknown, but he was discharged after-
ward. To our knowledge, there is no specific guideline for treating
COVID-19 in children using plasmapheresis. However, the
potential use of this modality was developed in some studies and
hypotheses in adults, such as using therapeutic plasma exchange,
which might be beneficial for patients with fulminant COVID-19
since could have sepsis, ARDS, or multiorgan failure, which are
uncommon COVID-19 symptoms. It likely has significant ability
to improve disease severity by reducing inflammatory cytokines,
strengthening the endothelial membrane, and decreasing the state
of hypercoagulopathy, as cytokine storm may have occurred.®”
In another case report, 10 adult patients with severe COVID-19
administered convalescence plasma showed rapid eradication of
the viremia within 7 days, a negative SARS-CoV-2 RNA result,
and resolution of the clinical symptoms within 3 days. Although
it is a promising treatment for COVID-19, a randomized trial is
needed.®®

4. Other treatments

1) Vaccines

Identifying and widely distributing a vaccine against SARS-
CoV-2 is urgently required to end this pandemic.®” Previous
studies of vaccines of other coronaviruses aimed to prevent the
infection and decrease the disease severity and viral shedding.
The core antigens in vaccine development are based on the
structural spike (S) glycoprotein or the receptor-binding do-
mains, including live-attenuated, inactivated, subunit and recom-
binant, viral vector, and DNA vaccines.*?

To our knowledge, the latest progressive clinical trial of
candidate vaccines to prevent COVID-19 was conducted by
Moderna working with the National Institute of Allergy and
Infectious Disease (ClinicalTrials.gov: NCT04283461).79 The
trial started on March 16, 2020 enrolled 155 healthy subjects
aged 18-99 years who were classified into 18-55 years and
older than 55 years. This phase I trial is estimated to finish in
November 22, 2021 and aims to evaluate the vaccine’s safety
and immunogenicity.”? The Moderna vaccine uses mRNA-
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1273, a messenger RNA that utilizes a novel approach that
does not require viral insertion into the vaccine and encodes a
full length of S structural protein of SARS-CoV-2, known as the
surface structure of the virus that allows entrance to the host.
It is hypothesized that the copied S protein could produce the
immunity after being injected into humans.”®”? The early phase
II trial is planned to involve 600 subjects, followed by the phase
III trial in July. The phase III trial will mainly aim to investigate
whether the vaccine can prevent the COVID-19 among high-
risk groups.”>”?

2) Other anti-inflammatory drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are now
widely used in the clinical setting with diverse indications.
NSAIDs inhibit 1 of the 2 cyclooxygenases that are involved in
the arachidonic acid cascade that leads to the deactivation of pro-
staglandin synthesis.”®

In a case-control study, NSAIDs were linked to higher com-
plication rates in the management of lower respiratory tract
infections in adults and children, such as worsening pneumonia,
pleural effusion, emphysema, and widening of the infection
site.”>) Given the lack of evidence of its efficacy, regular NSAID
use should probably not be recommended as the first-line op-
tion for treating the symptoms of COVID-19,7® although the
WHO recommendation stated that there are no data regarding
severe adverse effects of NSAID administration in patients with
COVID-19.39

Conclusion

The quickly progressing COVID-19 pandemic is becoming a
global health problem, particularly in the pediatric population.
Its specific treatments remain inconclusive and debatable,
although they effectively decrease the signs and symptoms. It is
suggested that antivirals, immunomodulating agents, or other
therapies be used only when the benefits outweigh the risks or
in cases of a severe clinical course since we know that children
with COVID-19 have relatively milder symptoms and a lower
mortality rate. When there is no efficacy proven antiviral agents
to date, clinical trials and reports should investigate the mortality
and morbidity of this pandemic.
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