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Review Article

Pharmacotherapeutic options for children with COVID-19: a 
narrative review

Qiaofeng Ye1#^, Guangfei Wang1#^, Yidie Huang1#, Jinmiao Lu1, Junqi Zhang1, Lin Zhu1, Yiqing Zhu1, 
Xiaoxia Li1, Jianger Lan1, Ziwei Li1, Yubing Liu1, Xiaowen Zhai2, Guoying Huang3, Zhiping Li1^

1Department of Clinical Pharmacy, National Children’s Medical Center, Children’s Hospital of Fudan University, Shanghai, China; 2Department of 

Hematology, National Children’s Medical Center, Children’s Hospital of Fudan University, Shanghai, China; 3Department of Pediatric Cardiology, 

National Children’s Medical Center, Children’s Hospital of Fudan University, Shanghai, China

Contributions: (I) Conception and design: All authors; (II) Administrative support: X Zhai, G Huang, Z Li; (III) Provision of study materials or 

patients: None; (IV) Collection and assembly of data: Q Ye, G Wang, Y Huang; (V) Data analysis and interpretation: Q Ye, G Wang, Y Huang, J Lu, 

J Zhang, L Zhu, Y Zhu, X Li, J Lan, Z Li; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work. 

Correspondence to: Dr. Xiaowen Zhai, MD. Department of Hematology, National Children’s Medical Center, Children’s Hospital of Fudan University, 

399 Wanyuan Road, Shanghai 201102, China. Email: zhaixiaowendy@163.com; Dr. Guoying Huang, MD, PhD. Department of Pediatric 

Cardiology, National Children’s Medical Center, Children’s Hospital of Fudan University, 399 Wanyuan Road, Shanghai 201102, China. Email: 

gyhuang@shmu.edu.cn; Dr. Zhiping Li, PhD. Department of Clinical Pharmacy, National Children’s Medical Center, Children’s Hospital of Fudan 

University, 399 Wanyuan Road, Shanghai 201102, China. Email: zpli@fudan.edu.cn.

Background and Objective: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) has become a global pandemic with major concerns on finding 
effective ways for clinical management. 
Methods: In this review, we searched available publications on the pharmacological treatment options for 
children with COVID-19. 
Key Content and Findings: In total, 104 case reports and 15 cohort studies were included for 
analysis. For children, commonly applied medications were categorized into five main types: antivirals, 
antibacterials and antifungals, anti-inflammatories, anticoagulants, and vasopressors. Inhaled interferon was 
the most used antiviral in cohort studies, while hydroxychloroquine (HCQ) or chloroquine (CQ) was the 
most in case reports. Different from adult patients, special consideration should be given to COVID-19 
children diagnosed with multisystem inflammatory syndrome (MIS-C). Besides direct antiviral treatment, 
pharmacological care managing the inflammatory process comprises a great part of the treatment protocol. 
In addition to commonly used glucocorticoids, intravenous immunoglobulin (IVIG), and aspirin, some 
biologics could be considered as potential treatment. Anakinra, an interleukin-1 (IL-1) receptor antagonist, 
is highly recommended by the American College of Rheumatology as a safe treatment for children with 
MIS-C. The IL-6 receptor antagonist, tocilizumab, is also a potential treatment option. 
Conclusions: This review offers a comprehensive overview of the common medications used in clinical 
settings all over the world, but should be referred to with caution and flexibility depending on the actual 
condition of a specific patient.
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Introduction

Since December 2019, coronavirus disease 2019 (COVID-19), 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), has broken out and spread quickly 
around the world, and soon become a global pandemic 
with daily increasing confirmed cases (1,2). World Health 
Organization (WHO) has announced it as a public health 
emergency of international concern (2). Until now, how to 
effectively prevent and treat COVID-19 is still the major 
problem human is facing. According to epidemiological 
studies all over the world, elderly patients and patients with 
underlying diseases, once get infected with SARS-CoV-2, 
are at high risk to have severe disease presentation and 
complications, and even die in the end (3,4). Fortunately, 
children and young adults with COVID-19 tend to have 
milder disease course and lower reported death rate (5,6).

Currently, supportive care is the primary way of treatment 
for COVID-19 (7). Many potential antiviral drugs have 
undergone clinical trials testing their efficacy and safety 
in treating COVID-19, the results of which, however, did 
not show significant effect in general except for remdesivir, 
and there are some controversies and uncertainties in 
the application of some drugs like hydroxychloroquine 
(HCQ) and chloroquine (CQ) (8-13). In addition, cytokine 
storm is one of the major causes of acute respiratory 
distress syndrome (ARDS) and multi-organ failure in 
critically ill patients (14). Immunomodulators, such as 
corticosteroids, immunoglobulin, interlukin-6 (IL-6)  
antagonists, etc., can effectively suppress the cytokine storm, 
and hence become an important part in the treatment to 
prevent disease progression in patients with COVID-19 (14).  
In children, it has been reported that COVID-19 is 
associated with a clinical hyperinflammatory syndrome 
resembling Kawasaki disease (KD), which was later named 
as multisystem inflammatory syndrome in children (MIS-C) 
(15-18). Therefore, pharmacological treatment, including 
intravenous immunoglobulin (IVIG), aspirin, corticosteroids, 
and anticoagulants may be applied in that case (18). 
Furthermore, antibacterial and antifungal drugs may be 
used as needed when patients have suspected or confirmed 
coinfection with pathogens other than SARS-CoV-2 (19).

The complexity of pharmacological treatment in 
children with COVID-19 spawned this review, intending 
to summarize reported pharmacotherapeutic options for 
children in literatures published to date, and follow up 
research findings regarding these options. We present the 
following article in accordance with the Narrative Review 
checklist (available at https://pm.amegroups.com/article/

view/10.21037/pm-20-103/rc).

Methods

Database and search strategy

We searched the database PubMed (pubmed.ncbi.nlm.
nih.gov) with the searching terms and formula as follows: 
(COVID-19) AND ((children) OR (child) OR (pediatric)) 
AND ((pharmacotherapy)  OR (“pharmacological 
treatment”) OR (medication) OR (drug) OR (treatment)). 
We included all types of clinical studies (clinical trials, 
observational studies, comparative studies) that reported 
pharmacological treatment data in pediatric patients with 
COVID-19 and published before November 5th, 2020. Case 
reports with pharmacotherapeutic regimen for children 
with COVID-19 were also included. Excluded articles or 
studies were (I) duplicate articles, (II) review articles, (III) 
articles not in English language, (IV) articles not available 
electronically, (V) study protocols, (VI) studies on SARS-
CoV-2 detection/assay methods, (VII) studies on the 
influence of COVID-19 pandemic on health care practice 
for diseases other than COVID-19, (VIII) studies on 
psychological impact of COVID-19 pandemic, (IX) articles 
that did not include or report data from pediatric patients 
(≤18 years old) with COVID-19, (X) articles that reported 
suspected COVID-19 cases but had no evidence to confirm 
the diagnosis, (XI) articles that reported pregnant patients, 
(XII) articles that did not report pharmacological treatment 
for COVID-19 in children, (XIII) articles that did not 
report exact number of pediatric patients with COVID-19 
that received pharmacological treatment, and (XIV) articles 
that did not report specific pharmacological treatment for 
COVID-19.

Data collection and analysis

Data of our interest included country (where the study was 
conducted or the patients were admitted and treated), the 
number of pediatric patients with COVID-19 reported in 
the article, the age and gender distributions of the patients, 
the number of pediatric patients presented with fever when 
diagnosed with COVID-19, the number of patients who 
died during the study or observation, the number of patients 
who needed ventilation or oxygen support [including 
nasal cannula or oxygen mask, high flow nasal cannula 
(HFNC), positive airway pressure, mechanical ventilation, 
extracorporeal membrane oxygenation (ECMO)], the 
number of patients with MIS-C, the medications used 

https://pm.amegroups.com/article/view/10.21037/pm-20-103/rc
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during the study or observation, and the number of patients 
used a particular medication. After collecting all the data 
needed, descriptive analyses were conducted to explore 
possible pharmacological treatment options for pediatric 
patients with COVID-19. The medications reported in this 
review are not necessarily effective in treating COVID-19.

Discussion

Publications included and distribution by country and age

With the search strategy, 5,496 publications were found in 
the search results. After screening with the inclusion and 
exclusion criteria, 119 publications were included in this 
review, of which 104 were case reports (please check the 
references of case reports at https://cdn.amegroups.cn/
static/public/pm-20-103-1.pdf) and 15 were observational 
cohort studies (20-34). In total, 1,841 pediatric patients 
(1,024 males, 815 females, 2 without reported gender; 
1,162 presented with fever; 25 died during the studying/
observing period) with COVID-19 were reported in the 
119 publications. Of the 1,841 patients, 154 were from case 
reports, 1,687 were from cohort studies. The characteristics 
of the patients from case reports are shown in Table 1.

The distribution of all the publications by countries 
is shown in Figure 1. The United States of America had 
41 studies or case reports published which was the most 
among the countries, and China ranked the second with 23 
publications. The age distribution of case reports is shown 
in Figure 2, where most cases were less than 3 years old. 
The age distribution of cohort studies is shown in Figure 3.

Drugs used for pediatric patients with COVID-19

There are five main categories of drugs used in pediatric 
patients diagnosed with COVID-19: antivirals, antibacterials 
and antifungals, anti-inflammatories, anticoagulants, 

and vasopressors or inotropes. For patients complicated 
with autoimmune diseases or organ transplantation, 
immunosuppressants, such as tacrolimus, sirolimus, 
mycophenolate mofetil, etc. were co-administered along 
with other medications treating COVID-19. For patients 
complicated with leukemia, chemotherapeutic drugs like 
methotrexate, vincristine, daunorubicin were also applied. 
The number of patients who used the five main types of 
drugs from cohort studies and case reports are shown in 
Figure 4 and Figure 5, respectively.

Drugs applied in COVID-19 children who needed oxygen 
or ventilation support

Among the 154 patients from case reports, 82 patients 
(53.2%) needed oxygen or ventilation support, 32 (20.8%) 
needed mechanical ventilation, and 6 (3.9%) were on 
ECMO. Specific drugs used in the 82 patients with oxygen 
or ventilation support are presented in Figure 6. HCQ or 
CQ was the most applied antiviral, with remdesivir ranking 
the second. Azithromycin was the most used antibacterial 
with 19 cases of application. Further, the drugs applied in the 
32 children on mechanical ventilators had slightly different 
proportions, which are shown in Figure 7, with remdesivir 
being the most used antiviral instead of HCQ or CQ.

Antiviral drugs for COVID-19

Since the outbreak of COVID-19, great effort has been 
made to develop antiviral drugs with special efficacy 
of inhibiting the infection and proliferation of SARS-
CoV-2. Potential antiviral drugs for COVID-19 including 
interferon, HCQ, CQ, remdesivir, lopinavir-ritonavir, 
ribavirin, arbidol, and favipiravir, were recommended in 
the beginning by the Diagnosis and Treatment Protocol for 
COVID-19 issued by the National Health Commission 
of the People’s Republic of China (35) as well as earlier 

Table 1 Characteristics of COVID-19 children from case reports 

Variables Total
Oxygen/ventilation 

support
Mechanical 
ventilation

ECMO MIS-C Died

N 154 82 32 6 36 8

Male, n (%) 91 (59.1) 48 (58.5) 19 (59.4) 1 (16.7) 20 (55.6) 2 (25.0)

Age, mean (SD) 7.1 (5.7) 6.9 (6.1) 7.3 (6.3) 9.0 (4.1) 9.0 (4.8) 3.2 (4.3)

Coinfection, n (%) 9 (5.8) 3 (3.7) 1 (3.1) 0 (0) 0 (0) 2 (25.0)

N, number of patients; ECMO, extracorporeal membrane oxygenation; MIS-C, multisystem inflammatory syndrome in children.

https://cdn.amegroups.cn/static/public/pm-20-103-1.pdf
https://cdn.amegroups.cn/static/public/pm-20-103-1.pdf
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published in vitro studies (36). Later, as the epidemic 
escalated into a pandemic, there is a surge of registered 
clinical trials testing the efficacy and safety of these drugs on 
patients with COVID-19, mainly on adult patients (37,38). 
Nevertheless, pediatricians are still facing a lack of evidence 
guiding the application of these drugs on pediatric patients, 
especially those of young age and physiologically immature. 
With the data from clinical studies in adult patients, efficacy 
of these antiviral drugs seems not definite.

Although HCQ and CQ are recommended against 
by authoritative COVID-19 treatment guidelines (7,39), 
they were granted Emergency Use Authorization (EUA) 
for treating COVID-19 by the US Food and Drug 
Administration (FDA) on March 28, 2020 (40), as initial 
clinical studies of HCQ and CQ in COVID-19 patients 
reported positive results on lowering viral load as well as 
reducing the severity of pneumonia (10,41). However, as 
more and more large-sample studies published since May, 
2020, the attitude towards HCQ and CQ turned skeptical 

Figure 1 Distribution of publications by country.
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Figure 2 Age distribution of patients in 104 case reports.
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and even negative (8,12,42,43). Severe QT-prolongation 
adverse effect and increased death rate were reported in 
COVID-19 patients treated with HCQ or CQ (44). On 
June 5, the RECOVERY trial in UK stopped enrolling 
participants to the HCQ arm, considering there was no 
beneficial effect of HCQ, which was concluded with the 
unblinded data by chief investigators (45). On June 15, 
2020, the US FDA revoked the EUA for CQ and HCQ 
based on several facts that earlier observational studies 
generated inconsistent evidence, a large randomized 
controlled trial showed no evidence of treatment benefit, 
and US treatment guidelines recommended against the use 
of CQ or HCQ in COVID-19 patients (46).

The original indications of CQ and HCQ for pediatric 
patients are chemoprophylaxis and treatment for malaria, 
juvenile rheumatoid arthritis (JRA), systemic lupus 
erythematosus (SLE), extraintestinal amebiasis, and 
liver abscess (47). For treating pediatric patients with 
COVID-19, investigated adult dosages were extrapolated to 

children through pharmacokinetic modeling and simulation. 
Based on the demographics of a white US population, 
Maharaj et al. (48) gave oral dosing algorithm of HCQ for 
pediatric patients. For Day 1, 6 mg/kg every 12 hours (q12h) 
(weight <50 kg); 400 mg q12h (weight ≥50 kg). For Day 2–5, 
1.5 mg/kg q12h (weight <5 kg); 2.5 mg/kg q12h (weight 
5 kg to <25 kg); 3 mg/kg q12h (weight 25 kg to <50 kg);  
200 mg q12h (weight ≥50 kg). The dosing regimen given 
above is for experimental application of CQ and HCQ 
in pediatric patients. However, since CQ and HCQ are 
not recommended to be used in adults with COVID-19, 
they are unlikely to be applied as first-line treatment for 
children’s COVID-19 until further evidence confirms their 
efficacy.

In children, the most used antiviral drug is inhaled 
interferon (IFN). IFN is a group of low-molecular 
glycoproteins produced by host cells when the body 
is infected by virus (49). Type I IFNs-α/β have broad-
spectrum antiviral activity, with both direct inhibitory 

Figure 3 Age distribution of patients in 15 cohort studies. For studies reporting mean and standard deviation (SD) of age, the dot represents 
the mean, and the error bar represents one SD from the mean. For studies reporting median and range or interquartile range (IQR) of age, 
the dot represents the median, and the error bar represents the range or IQR. For studies reporting both types of statistics, the median and 
range or IQR were used.
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effects on viral replication and supportive function to 
immune response of the host to clear virus infection. Zhou 
and colleagues (50) evaluated the effects of inhaled IFN-
α2b on the clearance of SARS-CoV-2 in 77 adults, the 
results of which suggested that inhaled IFN-α2b could 
accelerate viral clearance and hasten the resolution of 
systemic inflammatory process by reducing interleukin-6 
(IL-6), when compared to arbidol treatment alone. 

However, this is an exploratory study and the cohort 
size was small consisting only of moderate cases. The 
COVID-19 Treatment Guideline still recommends against 
the application of IFN on severe cases since no benefit was 
shown in patients with Middle East respiratory syndrome 
(MERS) and severe acute respiratory syndrome (SARS) (39).  
Given the inadequate evidence, the guideline recommends 
neither for nor against the use of IFN-β in treating mild or 
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Figure 4 The use of four main types of drugs in COVID-19 children from cohort studies. HCQ, hydroxychloroquine; CQ, chloroquine; 
TCM, traditional Chinese medicine; IVIG, intravenous immunoglobulin.
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moderate COVID-19 cases (39).
Remdesivir is the only drug approved by the FDA for 

treating COVID-19. It is a phosphonamidate prodrug of an 
adenine nucleotide analogue with broad-spectrum antiviral 
activity against coronaviruses (51). Clinical data from 
adult patients showed inconsistent evidence on its efficacy 
(52-55). Studies have suggested that early application of 
remdesivir in patients with severe clinical manifestation 

of COVID-19 could have more evident benefit. This is 
consistent with the findings from the 104 case reports 
collected for this review that remdesivir is the most used 
antiviral in COVID-19 children on mechanical ventilator. 
The COVID-19 Treatment Guideline by National 
Institute of Health (NIH) has recommended the dosing 
regimens for both adult and pediatric patients (39). For 
hospitalized patients aged ≥12 years and weighing ≥40 kg,  

Figure 5 The use of four main types of drugs in COVID-19 children from case reports. HCQ, hydroxychloroquine; CQ, chloroquine; 
TCM, traditional Chinese medicine; IVIG, intravenous immunoglobulin.
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the recommendation is 200 mg intravenously infused 
(IV) over 30–120 minutes on Day 1 followed by 100 mg 
on Day 2 to Day 5 if the patients are not on mechanical 
ventilator, and the treatment duration expands to 10 days 
under the condition of mechanical ventilation. EUA for 
hospitalized pediatric patients with a weight of 3.5 kg to  
<40 kg includes remdesivir 5 mg/kg IV over 30–120 minutes 
on Day 1 followed by 2.5 mg/kg once daily since Day 2. 

The treatment duration is 5 or 10 days depending on the 
ventilation condition and clinical improvement. For children 
aged <12 years and weighing ≥40 kg, the dosing regimen 
is the same as that for adults. The common adverse effects 
of remdesivir include constipation, hypoalbuminemia, 
hypokalemia, anemia, thrombocytopenia, and increased 
total bilirubin (54).

Other antiviral drugs including lopinavir-ritonavir, 
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Figure 6 The use of four main types of drugs in COVID-19 children with oxygen or ventilation support from case reports. HCQ, 
hydroxychloroquine; CQ, chloroquine; TCM, traditional Chinese medicine; IVIG, intravenous immunoglobulin.
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ribavirin, favipiravir, arbidol, acyclovir, and oseltamivir 
had also been applied in COVID-19 children according 
to several case reports. However, up to now, there are no 
clear clinical evidence supporting the use of these antivirals 
for treating COVID-19 either in children or in adults (56). 
Except for remdesivir, the current COVID-19 Treatment 
Guideline by NIH recommends against the use of other 
antiviral drugs (39). Cautions should be exercised when 

experimentally applying these drugs on COVID-19 children 
in clinical settings.

In addition, convalescent plasma is also a potential 
therapeutic option for COVID-19. Five pediatric patients 
included in this review were reported to have received 
convalescent plasma for treatment (57). However, whether 
the clinical improvements observed in these patients 
were truly due to the treatment with convalescent plasma 

Figure 7 The use of four main types of drugs in COVID-19 children with mechanical ventilation from case reports. HCQ, 
hydroxychloroquine; CQ, chloroquine; TCM, traditional Chinese medicine; IVIG, intravenous immunoglobulin.

10 15 200 5
Number of cases

D
ru

g 
na

m
es

Types

Antivirals 

Antibacterials & antifungals

Anti-inflammatories 

Anticoagulants

Vasopressors



Pediatric Medicine, 2021Page 10 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2021;4:26 | http://dx.doi.org/10.21037/pm-20-103

could not be answered by the case series. Unfortunately, 
data from a randomized controlled trial in adult patients 
with COVID-19 did not support the superior efficacy of 
convalescent plasma when added to standard treatment, 
compared to standard treatment (58). Despite the 
unfavorable results, limitations, such as small sample size, 
late treatment, short time frame of follow-up etc., call for 
further studies to provide stronger evidence on the use of 
COVID-19 convalescent plasma.

Other antimicrobial drugs

Co-infection was reported in patients with COVID-19, 
the prevalence of which could be as high as 50% among 
non-survivors according to previous studies (3). In this 
review, 9 out of 154 pediatric patients from the 104 case 
reports were confirmed to have coinfections, and 2 of 
them died during the treatment. Co-pathogens could be 
bacteria (Streptococcus pneumoniae, Staphylococcus aureus, 
Klebsiella pneumoniae, Chlamydia pneumonia, Mycoplasma 
pneumoniae), viruses (influenza, rhinovirus, enterovirus, 
respiratory syncytial virus), and fungi (Candida albicans, C. 
glabrata) (19,23,59). Therefore, in addition to anti-SARS-
CoV-2 drugs, other antimicrobial drugs may be applied 
to patients with COVID-19 in clinical practice. From the 
data generated in this review, more than 500 pediatric 
patients had used antibiotics during the treatment. Most 
of the patients were put on broad-spectrum antibiotics 
empirically before microbiological testing, and later were 
re-evaluated to decide the discontinuation or not depending 
on the microbiological testing report. For example, in a 
prospective observational study by Toubiana et al. (20), 
18 out of 21 children with COVID-19 received broad-
spectrum antibiotics treatment for a median duration of 6.5 
(range, 2–13) days, though all the testing results for bacteria 
afterwards were negative. Another observational cohort 
study conducted in UK reported 415 out 601 COVID-19 
children used antibiotics during treatment, accounting for 
a large proportion of the patients (33). However, the NIH 
admits there are insufficient data to recommend empiric 
broad-spectrum antimicrobial therapy in patients with 
COVID-19 under critical care, and it also recommends that 
once the antimicrobials are initiated, their use should be 
reassessed daily to minimize the adverse effects (39). Given 
the concerns to the rising rate of antimicrobial resistance 
in general and the frequent application of antimicrobials in 
COVID-19 patients, antimicrobial stewardship program 
should be implemented appropriately to help with the 

rational use of this type of drugs (60).

Multisystem inflammatory syndrome in children

Since April 2020, some pediatric patients infected with 
SARS-CoV-2 had been reported to developed a severe 
illness, with symptoms such as fever, hypotension, severe 
abdominal pain, and myocardial dysfunction with elevation 
in cardiac damage markers (61). Additional laboratory 
features that were frequently reported in case series included 
lymphopenia, thrombocytopenia, and cytokine storm with 
elevated inflammatory biomarkers like IL-6 (20,27). This 
illness was named multisystem inflammatory syndrome  
in children (MIS-C) by the US Centers for Disease Control 
and Prevention (CDC) (16) and WHO (17). MIS-C 
resembles Kawasaki diseases in clinical presentations 
such as conjunctival injection, rash, and oral erythema. 
However, infected children diagnosed with MIS-C usually 
do not meet the diagnostic criteria of classic Kawasaki 
disease. Moreover, according to epidemiological data, the 
median age of cases with MIS-C was 9–10 years, which 
is consistent with the mean age (9 years) of children with 
MIS-C from the collected case reports, while Kawasaki 
disease predominantly occurs in children at 5 years of age 
or younger ((33,62,63).

Pharmacological treatment strategies for MIS-C

The treatment goals for MIS-C are to stabilize life-
threatening manifestations and prevent long-term  
sequelae (64). Initiation of the treatment depends on the 
severity of the disease presentation. Under guidance from 
US CDC, treatment of MIS-C consists of supportive care 
and direct care against the inflammatory process (16). 
Inotropic support including inotropes or vasopressors 
should be applied properly when severe hypotension or 
cardiac dysfunction occurred. Anti-inflammatory treatment 
frequently involves IVIG and corticosteroids, but high-
quality evidence on the efficacy of IVIG and corticosteroids 
used in MIS-C is currently not available. Other anti-
inflammatory medications like biologics (tocilizumab, 
anakinra, infliximab, adalimumab, eculizumab, siltuximab, 
etc.) have also be reported in refractory case management. 
In addition, thromboprophylaxis with applications 
of anticoagulants (enoxaparin, heparin, nadroparin, 
dalteparin, apixaban, etc.) and aspirin is also part of the 
treatment protocol, considering the hypercoagulable state 
typically associated with MIS-C (16). Specific drugs used 
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in COVID-19 children diagnosed with MIS-C from the 
collected case reports are shown in Figure 8.

As for the right time to use immunomodulators, the 
American College of Rheumatology (ACR) recommends 
patients without life-threatening manifestations should 
get diagnostic evaluation for MIS-C and other possible 
etiologies before starting immunomodulatory treatment, 
while for the patients with life-threatening manifestations 

may start to use immunomodulators before the diagnostic 
evaluation is completed (64). A stepwise approach is 
recommended for the progression of immunomodulators 
with IVIG as the first tier and corticosteroids as adjunctive 
therapy in severe or refractory cases (64).

Biologics used in MIS-C

Figure 8 The use of four main types of drugs in children with MIS-C. HCQ, hydroxychloroquine; CQ, chloroquine; TCM, traditional 
Chinese medicine; IVIG, intravenous immunoglobulin; MIS-C, multisystem inflammatory syndrome in children;
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Anakinra is a recombinant human IL-1 receptor antagonist, 
commonly used to treat rheumatologic conditions (65), and 
reported to have efficacy in reducing mortality in septic 
patients with macrophage activation syndrome (MAS) (66).  
According to the clinical guidance for MIS-C by the 
ACR, it is of high consensus that anakinra treatment is 
safe in severe infections and in children with MIS-C (64). 
For children with MIS-C associated with SARS-CoV-2 
infection, anakinra dosing >4 mg/kg/day intravenously or 
subcutaneously should be considered as immunomodulatory 
therapy, and it should be initiated before invasive 
mechanical ventilation (64).

Tocilizumab is IL-6 receptor antagonist, targeting 
both membrane-bound and soluble forms of receptors. 
Considering the elevated IL-6 level associated with negative 
outcomes in COVID-19 patients (3), neutralizing IL-6 
with tocilizumab could be a potential treatment. However, 
evidence on the application of tocilizumab on COVID-19 
is mixed, with some case series and a retrospective cohort 
study showing positive impact (67-69), but another cohort 
study concluding no effect on reducing intensive care 
unit (ICU) admission or mortality rate (70). In addition, 
high rate of bacterial and fungal infections associated 
with tocilizumab treatment had been noted in critically ill 
COVID-19 patients (71). Based on the available evidence, 
the ACR panel does not recommend the use of tocilizumab 
in most COVID-19 children with hyperinflammation (64).

Conclusions

As COVID-19 pandemic continues to spread across 
the world, treatment options gradually expand. For 
children, possible pharmacological treatment options 
could be generally divided into five categories: antivirals, 
antibacterials and antifungals, anti-inflammatories, 
anticoagulants and vasopressors. Inhaled interferon 
was the most used antiviral in cohort studies while 
hydroxychloroquine or chloroquine was the most in case 
reports, but remdesivir is the only antiviral approved for 
treating COVID-19. Glucocorticoids were the most used 
anti-inflammatories, with IVIG being the second. Different 
from adult patients, special considerations should be given 
to COVID-19 children meeting the diagnosis criteria of 
MIS-C. This review offers a comprehensive overview of the 
common medications used in clinical settings all over the 
world, but should be referred to with caution and flexibility 
depending on the actual condition of a specific patient.
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