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Age distribution —

Children of all ages can get COVID-19 . 

The incidence increases with increasing age .

●Preschool (age 0 through 4 years) – 17.4 percent

●Elementary school (age 5 through 10 years) – 25.7 percent

●Middle school (age 11 through 13 years) – 18.6 percent

●High school (age 14 through 17 years) – 38.3 percent



How do children get COVID-19? —

In case series early in the pandemic, most cases in children 

resulted from household exposure, usually with an adult .

Do children transmit SARS-CoV-2 to others? —

Children of all ages can transmit SARS-CoV-2 to others, 

but the rate of transmission by young children is 

uncertain.Older children and adolescents transmit SARS-

CoV-2 effectively in household and community settings . 

Infected children appear to shed SARS-CoV-2 virus with 

nasopharyngeal viral loads comparable to or higher than 

those in adults .



Transmission by asymptomatic children –

transmission from children with confirmed asymptomatic 

SARS-CoV-2 to household contacts has been reported . 

In addition, there are reports of familial clusters that 

included asymptomatic children and possible transmission 

from asymptomatic children to adults outside their family . 

These reports suggest that asymptomatic children may 

play a role in transmission . Asymptomatic transmission by 

adults is well documented. 



Among >69,700 laboratory-confirmed cases of COVID-19 in 

children <20 years reported to the CDC by May 30, 2020, the 

hospitalization rate ranged from 2.5 to 4.1 percent. Among children 

who were hospitalized with COVID-19 from 14 states by late July 

2020, approximately 33 percent required intensive care and 6 

percent required invasive mechanical ventilation .



CLINICAL MANIFESTATIONS
Clinical findings

In children of all ages — The symptoms of COVID-19 are similar in children and 

adults, but the frequency of symptoms varies .

COVID-19 appears to be milder in children than in adults, but severe cases have 

been reported . In a systematic review of 61 observational studies of persons of all 

ages, at least one-third of SARS-CoV-2infections are asymptomatic .
In a systematic review of observational studies including 7480 children with laboratory-

confirmed COVID-19, the weighted mean age was 7.6 years .
Although the clinical findings in children with COVID-19 are diverse, fever or chills and 
cough are the most common reported symptoms .
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Among children age 0 through 9 years, the frequency of 

symptoms was as follows:

●Fever, cough, or shortness of breath – 63 percent

•Fever – 46 percent

•Cough – 37 percent

•Shortness of breath – 7 percent

●Myalgia – 10 percent

●Rhinorrhea – 7 percent

●Sore throat – 13 percent

●Headache – 15 percent

●Nausea/vomiting – 10 percent

●Abdominal pain – 7 percent

●Diarrhea – 14 percent

●Loss of smell or taste – 1 percent



Among children age 10 through 19 years, the frequency of 

symptoms was as follows:

●Fever, cough, or shortness of breath – 60 

percent

•Fever – 35 percent

•Cough – 41 percent

•Shortness of breath – 16 percent

●Myalgia – 30 percent

●Rhinorrhea – 8 percent

●Sore throat – 29 percent

●Headache – 42 percent

●Nausea/vomiting – 10 percent

●Abdominal pain – 8 percent

●Diarrhea – 14 percent

●Loss of smell or taste – 10 percent



fatigue, ocular symptoms (eg, conjunctival discharge), and heart failure or 

arrhythmias (particularly in children with preexisting heart disease) have been 

reported in smaller case series .

Gastrointestinal symptoms may occur without respiratory symptoms. 

Diarrhea, vomiting, and abdominal pain are the most common gastrointestinal 

symptoms reported in children . Acute cholestasis and pancreatitis have been 

reported in children and adolescents . Gastrointestinal bleeding has been 

reported in adults but has not been reported in children .

Cutaneous findings have been reported infrequently and are not well 

characterized; they include maculopapular, urticarial, and vesicular eruptions; 

transient livedo reticularis; and acral peeling . Reddish-purple nodules on the 

distal digits (sometimes called "COVID toes") similar in appearance to pernio

(chilblains) are described predominantly in children and young adults, 
although an association with COVID-19 has not been clearly established .



Among symptomatic children, altered smell or taste, 

nausea or vomiting, and headache were more strongly 

associated with SARS-CoV-2 than other symptoms. Cough, 

rhinorrhea, nasal congestion, sore throat, and fever were 

common in children with and without SARS-CoV-2.



In infants <12 months of age —

clinical findings include feeding difficulty and fever without an obvious 

source .

although cough may be less prominent. 

SARS-CoV--associated bronchiolitis has also been reported in infants 

.



Laboratory findings — Laboratory findings are variable. 

●The complete blood count was normal in most children; 17 

percent had low white blood cell count and 13 percent had either 

neutropenia or lymphocytopenia; severe neutropenia has been 

described .

●Approximately one-third had elevated C-reactive protein (CRP; 

defined as >5 mg/L in most studies) or procalcitonin (defined as 

>0.5 ng/mL)

Elevated inflammatory markers and lymphocytopenia may indicate 
multisystem inflammatory syndrome in children (MIS-C) .



• Creatine kinase was elevated in 15 percent

●Serum aminotransferases were elevated in 12 

percent

elevated lactate dehydrogenase (LDH) was another common 

laboratory abnormality .

Kidney dysfunction may occur in severely ill children. 

Most cases of AKI occurred in children admitted to the ICU 

and those with MIS-C. None of the children with AKI required 

kidney biopsy or continuous kidney replacement therapy. 



Imaging findings — Imaging findings are variable and 

may be present before symptoms . Ground glass opacities 

(37 percent) and consolidation or pneumonic infiltrates (22 

percent) were most common. Findings typical of other 

viral respiratory infections ( hyperinflation, peribronchial

markings) were not reported. In a study of eight Italian 

children hospitalized with documented COVID-19, findings on 

lung ultrasonography included subpleural consolidations and 

individual or confluent B lines . 



Severe disease in children

Frequency of severe disease in children —

most children appear to have asymptomatic, mild, or moderate 

disease and recover within one to two weeks of disease onset . 

Although the impact of emerging variants of SARS-CoV-2 on 

disease severity remains uncertain, no evidence of more severe 

disease was detected among children admitted .
Why COVID-19 appears to be less common and less severe in children 
than in adults is unclear. One possibility is that children have a less 
intense immune response to the virus than adults; cytokine release 
syndrome is thought to be important in the pathogenesis of severe 
COVID-19 infections . Other possibilities include viral interference in 
the respiratory tract of young children, which may lead to a lower 
SARS-CoV-2 viral load; different expression of the angiotensin 
converting enzyme 2 receptor (the receptor for SARS-CoV-2) in the 
respiratory tracts of children and adults; pre-existing cross-reactive 
antibody; protective off-target effects of live vaccines; and relatively 
healthier blood vessels in children .



Risk factors for severe disease — :

●Obesity (body mass index [BMI] >95th percentile for age and sex

●Medical complexity

●Severe genetic disorders

●Severe neurologic disorders

●Inherited metabolic disorders

●Sickle cell disease

●Congenital heart disease

●Diabetes

●Chronic kidney disease

●Asthma and other chronic pulmonary diseases

●Immunosuppression due to malignancy or immune-weakening 

medications

Down syndrome has also been proposed to predispose to severe 

disease . Age <1 year also has been associated with increased risk for 

severe disease 



The CDC's COVID-NET provides information about underlying 

medical conditions .the most common of which were obesity 

(38 percent of children ≥2 years), chronic pulmonary disease 

(18 percent), and prematurity (15 percent of children <2 years) 

.

In a systematic review of 587 children the most common 

underlying conditions were chronic pulmonary disease, 

including asthma (45 percent), congenital heart disease (23 

percent), immune suppression (12 percent), and hematologic 

or oncologic conditions (6 percent).
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Potential markers of severe disease —

In observational studies, elevated inflammatory markers 

(CRP, procalcitonin, interleukin 6, ferritin, D-dimer) at 

admission or during hospitalization, hypoxia at admission, 

and gastrointestinal symptoms at admission have been 

associated with severe disease in children.

In adult patients, lymphocytopenia (specifically CD4+ and 

CD8+ T lymphocytes and elevated liver enzymes, LDH, 

and inflammatory markers (CRP, ferritin) have been 

associated with increased severity or worse outcomes. 



Multisystem inflammatory syndrome in children —

MIS-C is a rare but serious condition associated with COVID-19 

that has been reported in children from Europe and North 

America. The clinical features of MIS-C may be similar to those of 

Kawasaki disease, Kawasaki disease shock syndrome, and toxic 

shock syndrome . 

They include persistent fever, hypotension, gastrointestinal 

symptoms, rash, myocarditis, and laboratory findings associated 

with increased inflammation; respiratory symptoms may be 

lacking . 



APPROACH TO DIAGNOSIS

the Royal College of Paediatrics and Child 

Health suggests avoidance of examination of the 

oropharynx unless it is essential . 

What are the criteria for testing for COVID-19 in 

children? —

Laboratory testing is necessary to confirm the diagnosis 

of COVID-19 because no single symptom or combination 

of symptoms reliably differentiates SARS-CoV-2 from 

other community-acquired viruses and coinfection is 

common. 
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For children who are evaluated for symptoms consistent 

with COVID-19 ( fever, persistent cough, shortness of 

breath, vomiting, diarrhea, altered sense of smell or taste) 

in the emergency department, urgent care, or outpatient 

setting, we perform testing for SARS-CoV-2 if the child 

has any of the following:

●An underlying condition that may increase the 

risk for severe disease 

●Known in-person exposure to a laboratory-

confirmed case of COVID-19 within the previous 

14 days

●Presentation with severe illness (new requirement for 

supplemental oxygen or increased requirement from 

baseline, new or increased need for ventilation [invasive 

or noninvasive or clinical manifestations of multisystem 

inflammatory syndrome in children(MIS) .



Preoperative patients —

perform testing for SARS-CoV-2 24 to 48 hours before 

elective surgical procedures. 

Detection of other respiratory pathogens ( influenza, 

respiratory syncytial virus, Mycoplasma pneumoniae) in 

nasopharyngeal specimens does not exclude COVID. In a 

systematic review of COVID-19 in 1183 children from 26 

countries, coinfection was detected in 5.6 percent. M. 

pneumoniae was most common (58 percent of 

coinfections), followed by influenza (11 percent) and 

respiratory syncytial virus (9.7 percent) .



Laboratory testing during influenza season — During 

influenza season, children who are tested for SARS-CoV-

2 generally should also be tested for influenza . The 

clinical features of SARS-CoV-2 and influenza overlap , 

and coinfection with these pathogens may occur. 

Imaging studies — Chest imaging is not routinely 

necessary for the diagnosis of COVID-19 in 

children . It should be obtained as indicated to evaluate 

clinical findings suggestive of lower respiratory 

involvement, risk factors for disease progression, potential 

complications, or worsening respiratory status. 



Coronavirus disease 2019 (COVID-19): 

Management in children



ASSESSMENT OF SEVERITY:

●Mild or moderate disease – No new or increased 

supplemental oxygen requirement

●Severe disease – New requirement for 

supplemental oxygen or increased requirement 

from baseline without new or increased need for 

ventilatory support (noninvasive or invasive)

●Critical disease – New or increased need for 

noninvasive or invasive mechanical ventilation, 

sepsis, multiorgan failure, or rapidly worsening 

clinical trajectory.



MANAGEMENT OF HOSPITALIZED 

CHILDRENChildren with COVID-19 and severe or 

critical lower respiratory tract disease generally require 

hospital admission. Children with nonsevere COVID-19 

may require hospital admission if they are at risk for 

severe disease due to underlying conditions (eg, immune 

compromise) or are febrile infants younger than 30 days.



Supportive care for all patients —

Supportive care is the mainstay of therapy for patients with severe or critical 

COVID-19 . Most children with COVID-19 improve with supportive care, even 

those with severe disease .

Routine supportive care measures include:

●Provision of respiratory support, including supplemental oxygen and 

ventilatory support (noninvasive or invasive); respiratory status may 

change suddenly after approximately one week of symptoms . 

●Provision of fluid and electrolyte support. 

●Provision of empiric antibiotics as indicated for community-acquired or 

health care-associated pneumonia; continuation of empiric antibiotics 

should be determined by cultures and other microbial tests and clinical 

condition. Bacterial coinfections appear to be infrequent . 



●Monitoring for cytokine release syndrome by monitoring blood pressure for 

hypotension, oxygen saturation for worsening hypoxemia, and biomarkers.

We obtain baseline C-reactive protein (CRP), D-dimer, ferritin, lactate 

dehydrogenase (LDH), and interleukin-6 (IL-6).

●Provision of thromboprophylaxis – Interventions to reduce the risk of venous 

thromboembolism (VTE) may be warranted for children hospitalized with 

COVID-19 .

For hospitalized children without multisystem inflammatory syndrome in children 

(MIS-C), we make decisions about pharmacologic VTE prophylaxis on a case-by-

case basis, considering other VTE risk factors and the child's risk of bleeding. 

Nonpharmacologic strategies for VTE prophylaxis ( intermittent pneumatic 

compression devices [size permitting] and early mobilization) are encourage.



Most common risk factors in pediatric patients

Central venous catheter

Congenital heart disease

Immobilization

Obesity

Oral contraceptives

Malignancy (eg, leukemia)

Prematurity

Surgery, especially orthopedic

Systemic infection

Trauma

Other risk factors

Antiphospholipid syndrome

Certain cancer therapies (eg, asparaginase)

Heart failure

Inflammatory bowel disease

Inherited thrombophilia:

 Factor V Leiden mutation

 Prothrombin G20210A mutation

 Protein S deficiency

 Protein C deficiency

 Antithrombin deficiency

Nephrotic syndrome

Pregnancy

Severe liver disease



SARS-CoV-2 antiviral therapy for select patients —

Given the lack of data from controlled trials supporting the efficacy of antiviral 

agents for the treatment of COVID-19 in children.

antiviral therapy should be considered on a case-by-case basis and 

preferably occur in the context of a clinical trial.

●Potential indications – Decisions to use antiviral therapy should be 

individualized according to disease severity, clinical trajectory, existing 

evidence of effectiveness, and underlying conditions that may increase the 

risk for progression. 

Despite the unproven benefits, we suggest antiviral therapy for children 

with documented severe or critical COVID-19. Antiviral therapy also may 

be warranted for children with mild or moderate disease and an underlying 

condition that increases or may increase the risk of severe disease ( 

medical complexity, congenital heart disease, among others).



●Choice of agent/regimen

•Remdesivir – we suggest remdesivir rather than other antiviral agents, in 

agreement with the multicenter panel . Although data regarding the benefits of 

remdesivir for children with COVID-19 are lacking, it is preferred to other antiviral 

agents because data from randomized trials and case series in adult patients 

suggest that it reduces time to recovery (particularly in patients who are not 

critically ill) and appears to be well tolerated .

When the supply of remdesivir is limited, it should be prioritized for patients with 

severe rather than critical disease (as defined above); the benefits for those with 

critical disease are uncertain .

The optimal role of remdesivir in patients with COVID-19 remains uncertain, and 

some experts (including the World Health Organization [WHO]) suggest not using 

it in hospitalized patients . In the United States, remdesivir has been approved by 

the US Food and Drug Administration (FDA) for the treatment of COVID-19 

requiring hospitalization in adults and children ≥12 years of age who weigh ≥40 kg 

it remains available for other hospitalized children with suspected or laboratory-

confirmed COVID-19 who weigh ≥3.5 kg through emergency use authorization
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Remdesivir is dosed according to weight as follows:

-≥3.5 to <40 kg: 5 mg/kg intravenous (IV) loading dose 

on day 1, followed by 2.5 mg/kg IV every 24 hours

-≥40 kg: 200 mg IV loading dose on day 1, followed by 

100 mg IV every 24 hours

The usual duration of therapy is up to 5 days for children 

with severe disease; for children with critical disease who 

are not improving after 5 days, the duration may be 

extended to up to 10 days .
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Remdesivir should not be administered 

with hydroxychloroquine or chloroquine, because 

coadministration may decrease remdesivir's antiviral 

activity . Remdesivir is a prodrug of a nucleotide analog 

that inhibits RNA-dependent RNA polymerase and has 

activity against coronaviruses .

Reported adverse effects of remdesivir include nausea, 

vomiting, and transaminase elevations.
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•Remdesivir in combination with baricitinib – Although 

the FDA has issued an emergency use 

authorization for baricitinib to be used in combination 

with remdesivir in patients ≥2 years of age who are 

hospitalized with COVID-19 and require oxygen or 

ventilatory support .

Baricitinib is a Janus kinase inhibitor used for the treatment of 

rheumatoid arthritis. In addition to its immunomodulatory effects, it is 

thought to have antiviral effects through interference with viral entry. 

In studies in patients ≥18 years of age, adding baricitinib

to remdesivir appeared to modestly improve the time to recovery 

without increased rates of infection, VTE, or other adverse events .
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•Hydroxychloroquine and chloroquine –

We recommend not using hydroxychloroquine or chloroquine for 

the treatment of COVID-19 in children, except in the context of a 

clinical trial. The efficacy of hydroxychloroquine in the treatment of 

COVID-19 is uncertain and it is associated with severe adverse 

reactions . It is ideally used only in hospitalized patients in the 

context of a clinical trial .
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Hydroxychloroquine should be avoided in children with 

underlying QTc abnormalities and those who require 

other medications with potential for serious drug 

interactions with hydroxychloroquine. 

Hydroxychloroquine is thought to alter endosomal and 

lysosomal pH, inhibiting viral replication and 

propagation, although the exact mechanism of antiviral 

activity remains uncertain .
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•Lopinavir-ritonavir – We do not recommend routine use 

of lopinavir-ritonavir given the absence of efficacy and 

unfavorable pharmacodynamics 
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Individualized adjunctive therapy

Glucocorticoids — trials in children are ongoing and the benefits and risks are uncertain. Pending results of 

these trials, administration of glucocorticoids ideally should occur in the context of a clinical trial. 

For select children with severe or critical COVID-19 who cannot participate in a clinical trial (ie, those who require 

mechanical ventilation or those who require supplemental oxygen and have risk factors for disease progression), 

low-dose glucocorticoids may be warranted ; the duration of therapy is up to 10 days or until discharge, 

whichever is shorter. Low-dose glucocorticoid regimens include one of the following :

●Dexamethasone 0.15 mg/kg orally, IV, or nasogastrically (NG) once daily (maximum dose 6 mg)

●Prednisolone 1 mg/kg orally or NG once daily (maximum dose 40 mg)

●Methylprednisolone 0.8 mg/kg IV once daily (maximum dose 32 mg)

●Hydrocortisone

•For neonates (<1 month of age): 0.5 mg/kg IV every 12 hours for 7 days followed by 0.5 mg/kg IV 

once daily for 3 days

•For children ≥1 month: 1.3 mg/kg IV every 8 hours (maximum dose 50 mg; maximum total daily dose 

150 mg)

Preliminary evidence from the Randomized Evaluation of COVID-19 therapy (RECOVERY) trial suggested that 

low-dose glucocorticoids were beneficial in the management of adults with severe COVID-19 
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We do not routinely use other immune modulators (IL-6 

inhibitors [eg, tocilizumab], interferon-beta 1b, 

convalescent plasma from recovered COVID-19 patients) 

in the treatment of children with COVID-19, except in the 

context of a clinical trial . The benefits and risks are 

uncertain .
Although there are no available data on the use of vitamin A for 
the treatment of COVID-19.Vitamin A deficiency may be 
associated with impairment of humoral and cell-mediated 
immunity, and even mild vitamin A deficiency may lead to 
increased morbidity from measles and other viral respiratory 
infections .
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Bamlanivimab, bamlanivimab-etesevimab, and casirivimab-imdevimab are authorized for 

use in nonhospitalized patients age ≥12 years weighing ≥40 kg who have mild to 

moderate illness (ie, no new or increased supplemental oxygen requirement) and have 

certain risk factors for severe disease or hospitalization . Risk factors for children age 12 

through 17 years include any of the following:

●Body mass index ≥85th percentile

●Sickle cell disease

●Congenital or acquired heart disease

●Neurodevelopmental disorders (eg, cerebral palsy)

●Medical-related technological dependence (eg, tracheostomy, gastrostomy, or 

positive pressure ventilation unrelated to COVID-19)

●Chronic respiratory disease that requires daily medication for control (eg, 

asthma, reactive airway disease)

Outpatient monoclonal antibody therapy

Bamlanivimab, bamlanivimab-etesevimab, and casirivimab-imdevimab should be 

administered as soon as possible after positive SARS-CoV-2 test and within 10 

days of symptom onset 
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●Monitoring for clinical deterioration – Caregivers of children who 

are managed at home should be counseled about symptoms of clinical 

deterioration, which may occur suddenly after approximately one week 

of symptoms and should prompt urgent re-evaluation 

Manifestations of clinical deterioration include 

•Severe respiratory distress, difficulty breathing (for infants: 

grunting, central cyanosis, inability to breastfeed)

•Chest pain or pressure

•Blue lips or face

•Findings associated with shock (eg, cold, clammy, mottled 

skin; new confusion; difficulty arousing; substantially reduced 

urine output)

•Inability to drink or keep down any liquids



When can home isolation be discontinued? — The 

optimal duration of home isolation is uncertain. How long 

a person remains infectious is uncertain. The duration of 

viral shedding is variable; there appears to be a wide 

range, which may depend on severity of illness. Among 

110 children at Wuhan Children's Hospital, the median 

duration of viral shedding was 15 days from onset of 

illness (interquartile range 11 to 20 days); the duration 

was longer for symptomatic than asymptomatic children 

(17 versus 11 days) 



the role of vitamin D in the treatment and prevention of COVID-19 

is uncertain, and doses exceeding the upper level intake 

are not recommended 

Adequate vitamin D intake

Avoidance of unproven interventions —

Hydroxychloroquine, ivermectin, and other investigational 

agents should be used only in the context of a clinical trial; 

misuse of nonpharmaceutical forms of the investigational 

agents (eg, chloroquine phosphate, which is used in home 

aquariums; ivermectin intended for animals) may lead to 

severe toxicity, including death .

https://www.lib.utdo.ir/contents/hydroxychloroquine-pediatric-drug-information?search=covid+19&topicRef=128389&source=see_link
https://www.lib.utdo.ir/contents/ivermectin-pediatric-drug-information?search=covid+19&topicRef=128389&source=see_link
https://www.lib.utdo.ir/contents/chloroquine-pediatric-drug-information?search=covid+19&topicRef=128389&source=see_link


Hygiene and social distancing — Prevention of 

transmission focuses on hygiene and social distancing. 

Use of cloth face coverings or disposable masks —

The CDC and AAP recommend that individuals ≥2 years of age 

wear a cloth face covering (eg, homemade masks or bandanas) 

or disposable (nonmedical) mask when they are in public settings 

where social distancing may be difficult to achieve (eg, grocery 

stores, clinician offices), especially in areas with substantial 

community transmission 

Pre- and postexposure prophylaxis — We recommend that pre-

and postexposure prophylaxis for COVID-19 in children not be 

attempted outside of a clinical trial.

Clinical trials evaluating the efficacy of various agents (eg, 

monoclonal antibodies developed to neutralize SARS-CoV-2, 

convalescent plasma) in preventing SARS-CoV-2 infections are 

being conducted, though none has proven effective in children. In 

a completed trial, hydroxychloroquine was not effective for 
postexposure prophylaxis .

https://www.lib.utdo.ir/external-redirect.do?target_url=https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/diy-cloth-face-coverings.html&token=PTHJ4gi3iO6LgDaE5k4L8Q5X0bPX9x+xUx+dPygRJ1m+YW/dpwR0ZxtihyMPNTxotQxM0zLHC8/rmXSLGCv7JtZ/Y/r5X4qqSvnhCOA2TnfVffNGxSQbW0+a8ITrxD0O&TOPIC_ID=128389
https://www.lib.utdo.ir/external-redirect.do?target_url=https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/cloth-face-coverings/&token=bcfovCve3IKfj9Zb1OXs2ZIAxWaZAD3S1pLVn4qHJRGQjW8cDM5XSAZ0W8BxtRVHfCl9eD7ni94GAAOExytXmHK8fSg2FJNCHDWOS88kM5/GMLlVcUVP0WQrWUC+Nlt2rwC1JCwUsNIWoeWxLU0oqw==&TOPIC_ID=128389
https://www.lib.utdo.ir/contents/hydroxychloroquine-pediatric-drug-information?search=covid+19&topicRef=128389&source=see_link


Coronavirus disease 2019 (COVID-19):

Multisystem inflammatory syndrome in children (MIS-C) 

clinical features, evaluation, and diagnosis



Epidemiology
the incidence of MIS-C is uncertain, it appears to be a rare 

complication of COVID-19 in children. In one report, the 

estimated incidence of laboratory-confirmed SARS-CoV-2 

infection in individuals <21 years old was 322 per 100,000 

and the incidence of MIS-C was 2 per 100,000 .



Pathophysiology
●Immune dysregulation – It has been suggested that the 

syndrome results from an abnormal immune response to 

the virus, with some clinical similarities to Kawasaki 

disease (KD), macrophage activation syndrome (MAS), 

and cytokine release syndrome.

Mechanisms of myocardial injury – The mechanisms of 

myocardial injury in MIS-C are not well characterized. 

Possible causes include injury from systemic 

inflammation, acute viral myocarditis, hypoxia, stress 

cardiomyopathy, and, rarely, ischemia caused by coronary 

artery (CA) involvement . 



Presenting symptoms — :

●Persistent fevers (median duration four to six days) – 100 

percent

●Gastrointestinal symptoms (abdominal pain, vomiting, 

diarrhea) – 60 to 100 percent

●Rash – 45 to 76 percent

●Conjunctivitis – 30 to 81 percent

●Mucous membrane involvement – 27 to 76 percent

●Neurocognitive symptoms (headache, lethargy, confusion) 

– 29 to 58 percent

●Respiratory symptoms – 21 to 65 percent

●Sore throat – 10 to 16 percent

●Myalgia – 8 to 17 percent

●Swollen hands/feet – 9 to 16 percent

●Lymphadenopathy – 6 to 16 percent



Respiratory symptoms (tachypnea, labored breathing), when present, 

are most often due to severe shock. Cough is uncommon. Though 

some children require supplemental oxygen or positive pressure 

ventilation for cardiovascular stabilization, severe pulmonary 

involvement (eg, acute respiratory distress syndrome) is not a 

prominent feature.

Neurocognitive symptoms are common and may include headache, 

lethargy, confusion, or irritability. A minority of patients present with 

more severe neurologic manifestations, including encephalopathy, 

seizures, coma, meningoencephalitis, muscle weakness, and 

brainstem and/or cerebellar signs .



Gastrointestinal symptoms (abdominal pain, vomiting, diarrhea) are 

particularly common and prominent, with the presentation in some children 

mimicking appendicitis . Some children have been noted to have terminal 

ileitis on abdominal imaging and/or colitis on colonoscopy. 



Clinical findings — :

●Shock – 32 to 76 percent

●Criteria met for complete Kawasaki disease (KD) –

22 to 64 percent

●Myocardial dysfunction (by echocardiogram and/or 

elevated troponin or brain natriuretic peptide [BNP]) –

51 to 90 percent

●Arrhythmia – 12 percent

●Acute respiratory failure requiring noninvasive or 

invasive ventilation – 28 to 52 percent

●Acute kidney injury (most cases were mild) – 8 to 52 

percent

●Serositis (small pleural, pericardial, and ascitic

effusions) – 24 to 57 percent

●Hepatitis or hepatomegaly – 5 to 21 percent

●Encephalopathy, seizures, coma, or 

meningoencephalitis – 6 to 7 percent



Laboratory findings —

•Lymphocytopenia – 80 to 95 percent

•Neutrophilia – 68 to 90 percent

•Mild anemia – 70 percent

•Thrombocytopenia – 31 to 80 percent

●Elevated inflammatory markers, including:

•C-reactive protein (CRP) – 90 to 100 percent

•Erythrocyte sedimentation rate – 75 to 80 percent

•D-dimer – 67 to 100 percent

•Fibrinogen – 80 to 100 percent

•Ferritin – 55 to 76 percent

•Procalcitonin – 80 to 95 percent

•Interleukin-6 (IL-6) – 80 to 100 percent

●Elevated cardiac markers:

•Troponin – 50 to 90 percent

•BNP or N-terminal pro-BNP (NT-pro-BNP) – 73 to 90 percent

●Hypoalbuminemia – 48 to 95 percent

●Mildly elevated liver enzymes – 62 to 70 percent

●Elevated lactate dehydrogenase – 10 to 60 percent

●Hypertriglyceridemia – 70 percent



Echocardiography — Echocardiographic findings may include :

●Depressed LV function

●Coronary artery (CA) abnormalities, including dilation or 

aneurysm

●Mitral valve regurgitation

●Pericardial effusion



●Chest radiograph – Many patients had

normal chest radiographs. Abnormal findings

included pleural effusions, patchy

consolidations, focal consolidation, and

atelectasis.

●Computed tomography (CT) of chest –

Chest CT (when obtained) generally had

findings similar to those on chest radiograph.

A few patients had nodular ground-glass

opacification.

●Abdominal imaging – Findings on abdominal

ultrasound or CT included free fluid, ascites, and

bowel and mesenteric inflammation including terminal

ileitis, mesenteric adenopathy/adenitis, and
pericholecystic edema



EVALUATION
Patients with suspected MIS-C should have laboratory studies performed to 

look for evidence of inflammation and to assess cardiac, renal, and hepatic 

function . Testing should also include polymerase chain reaction (PCR) and 

serology for SARS-CoV-2. 

Laboratory testing —

●Moderate to severe –

•Complete blood count (CBC) with differential

•C-reactive protein (CRP) and erythrocyte sedimentation rate (optional: 

procalcitonin)

•Ferritin

•Liver function tests and lactate dehydrogenase

•Serum electrolytes and renal function tests

•Urinalysis

•Coagulation studies (prothrombin time/international normalized ratio, activated 

partial thromboplastin time, D-dimer, fibrinogen)

•Troponin

•Brain natriuretic peptide (BNP) or N-terminal pro-BNP (NT-pro-BNP)

•Cytokine panel (if available)



●Mild symptoms – For patients presenting with fever for ≥3 days and 

who are well-appearing (ie, normal vital signs and reassuring physical 

examination) with only mild symptoms suggestive of MIS-C, we suggest 

a more limited evaluation initially. We typically start with the following:

•CBC with differential

•CRP

•Serum electrolytes and renal function tests

If these results are abnormal, additional testing is performed (listed 

above).

The clinician should also assess for other common causes of fever (eg, 

streptococcal pharyngitis, mononucleosis).



Testing for SARS-CoV-2 — All patients with suspected MIS-C should 

be tested for SARS-CoV-2, including both serology and reverse 

transcription PCR (RT-PCR) on a nasopharyngeal swab .

As previously discussed, approximately 60 percent of patients have 

positive serology with negative PCR, and approximately 30 to 35 

percent are positive on both tests.

A minority of patients (approximately 5 to 10 percent) have negative 

results on both tests. In these cases, the diagnosis of MIS-C requires 

an epidemiologic link to SARS-CoV-2 (eg, exposure to an individual 

with known COVID-19 within the four weeks prior to the onset of 

symptoms). 



Testing for other pathogens — Testing for other viral and bacterial 

pathogens includes :

●Blood culture

●Urine culture

●Throat culture

●Stool culture

●Nasopharyngeal aspirate or throat swab for respiratory viral panel

●Epstein-Barr virus serology and PCR

●Cytomegalovirus serology and PCR

●Enterovirus PCR

●Adenovirus PCR

Detection of other respiratory pathogens (eg, rhinovirus, influenza, 

respiratory syncytial virus) in nasopharyngeal specimens does not 
exclude COVID-19.



●Echocardiographic evaluation –

•Quantitative assessment of LV size and systolic function (LV end-diastolic 

volume, ejection fraction)

•Qualitative assessment of right ventricular systolic function

•CA abnormalities (dilation or aneurysm)

•Assessment of valvar function

•Evaluation for the presence and size of pericardial effusion

•Evaluation for intracardiac thrombosis and/or pulmonary artery thrombosis, 

particularly apical thrombus in severe LV dysfunction

•Strain imaging and LV diastolic function (optional)



Both definitions require fever (though they differ with respect to 

duration), elevated inflammatory markers, at least two signs of 

multisystem involvement, evidence of SARS-CoV-2 infection or 

exposure, and exclusion of other potential causes.

CDC and WHO case definitions of MIS-C —



●MIS-C without overlap with acute COVID-19 or Kawasaki 

disease (KD) – Patients in this group were more likely to have shock, 
cardiac dysfunction, and markedly elevated C-reactive protein (CRP) and 
ferritin. 

●MIS-C overlapping with severe acute COVID-19 –Many children in this group presented with 
respiratory involvement, including cough, shortness of breath, pneumonia, and acute respiratory 
distress syndrome. Most of these children had positive SARS-CoV-2 PCR without seropositivity. patients 
in this category tend to be older than those with KD-like features and they more commonly have 
comorbidities.

●MIS-C overlapping with KD –They more commonly had rash and mucocutaneous involvement and 
less commonly had shock or myocardial dysfunction. Approximately two-thirds of patients in this group 
had positive SARS-CoV-2 serology with negative PCR, and one-third were positive on both tests.



Importantly, the incidence of coronary artery (CA) abnormalities 

was similar in all three subgroups (21, 16, and 18 percent, 

respectively), highlighting the importance of routine 

echocardiography in all children with MIS-C, regardless of 

apparent subphenotype. 



Differentiating MIS-C and Kawasaki disease —

Key distinctions between MIS-C and KD include:

●MIS-C commonly affects older children and adolescents, whereas classic KD typically affects 

infants and young children. 

●In MIS-C, black and Hispanic children appear to be disproportionally affected and Asian 

children account for only a small number of cases. By contrast, classic KD has a higher 

incidence in East Asia and in children of Asian descent. 

●Gastrointestinal symptoms (particularly abdominal pain) are very common in MIS-C, whereas 

these symptoms are less prominent in classic KD. 

●Myocardial dysfunction and shock occur more commonly in MIS-C compared with classic KD 

●Inflammatory markers (especially CRP, ferritin, and D-dimer) tend to be more elevated in 

MIS-C compared with classic KD and KDSS .

• In addition, absolute lymphocyte and platelet counts tend to be lower in MIS-C compared 

with KD . 

●It is unclear if the risk of CA involvement in MIS-C is comparable with the risk in classic KD. 



DIFFERENTIAL DIAGNOSIS

●Bacterial sepsis –cardiac involvement, particularly coronary artery (CA) involvement, is uncommon 
in bacterial sepsis. Ultimately, microbiologic tests (ie, SARS-CoV-2 testing, bacterial cultures) are 
necessary to make the distinction

●Kawasaki disease (KD) –

●Toxic shock syndrome –

●Appendicitis – many children with MIS-C present with fever associated with abdominal pain and 
vomiting 

●Other viral infections – Other viral pathogens that may manifest with multisystem 

involvement and/or myocarditis include Epstein-Barr virus, cytomegalovirus, 

adenovirus, and enteroviruses. These viruses rarely cause severe multisystem 

disease in immunocompetent children. 

●Hemophagocytic lymphohistiocytosis (HLH)/macrophage activation syndrome 

(MAS) – Most children with HLH/MAS are acutely ill with multiorgan involvement, cytopenias, liver 
function abnormalities, and neurologic symptoms. Cardiac and gastrointestinal involvement are less 
common, and neurologic symptoms are more prominent. 



●Systemic lupus erythematosus (SLE) – SLE can present with 

fulminant multisystem illness. Such patients generally have 

considerable kidney and central nervous system involvement, which 

are not common features of MIS-C. in SLE , most report feeling fatigued 
and unwell for a period of time prior to the onset of severe symptoms

●Vasculitis – Vasculitides other than KD can present with 

fevers, rash, and elevated inflammatory markers. 
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