


Multi-System 

Inflammatory Syndrome 

in Children(MIS-C) 

Following SARS-CoV-2 

Infection



April 7 April 27 May 4 May 6 

The case study

64 suspected cases in 

New York state 

including NYC hospitals

CASE 
TIMELINE

The United Kingdom's Pediatric 

Intensive Care Society (PICS) 

also issued a statement 

A 6-month-old infant 

who was admitted 

and diagnosed with 

classic Kawasaki 

disease, who also 

tested positive for 

COVID-19 with fever 

and mild respiratory 

symptoms

The initial 15 NYC 

patients reportedly all 

had "subjective or 

measured fever and 

more than 
half reported rash, 

abdominal pain, 

vomiting, or 

diarrhea," but fewer 

than half had 
respiratory symptoms

Fifteen children in NYC 

hospitals, between April, 

17 to May, 1

"Blood parameters consistent with 

severe COVID-19 in children" as 
well as abdominal 

pain, gastrointestinal (GI) 

symptoms, and cardiac 
inflammation. 

High CRP, high ESR and high 

ferritin; The cardiac inflammation 

consists of "myocarditis with 
raised troponin and [prohormone 

brain-type natriuretic peptide 

(proBNP)],"; "Some have an 

appearance of their coronary 

arteries in keeping with 
Kawasaki disease." 



MIS-C is a 

postinfectious 

condition
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● Similar to other reports, France report showed a median patient 

age of 8 years

● A sharp decrease in the incidence of cases occurred 3 to 4 

weeks after the decrease  in  the  Covid-19  outbreak  in  France
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● Unlike France, the United States has had sustained high 

transmission of SARS-CoV-2 since the end of June 2020



Published online August 17, 2020 https://doi.org/10.1016/S1473-3099(20)30651-4

Only incudes PCR-positive cases in London, UK. Data taken from Public Health England



MIS-C 

Definition



● The clinical presentation of MIS-C includes fever, severe 

illness, and the involvement of two or more organ systems, in 

combination with laboratory evidence of inflammation and 

laboratory or epidemiologic evidence of SARS-CoV-2infection

● MISC can lead to shock and multiple organ failure requiring  

intensive care 



Pediatric 

Inflammatory 

Multisystem 

Syndrome: 

Temporally 

Associated with 

SARS-CoV-2 

(PIMS-TS)



● A broader UK definition of  MISC  describes  

this  illness  as  a  spectrum  ranging  from 

persistent fever and inflammation, to 

characteristic features of Kawasaki disease in 

children, and to children who  are  severely  

ill  with  shock  and  multiple  organ  failure

● In the study by Dufort and colleagues, 1/3 of  the  reported  cases  did  not  

meet  the  US  CDC  case  definition for  MISC  but  presented  with  

similar  clinical  and laboratory features to those seen in confirmed cases
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Over a 2-month period, 

contemporary with the 

SARS-CoV-2

pandemic in France and 

Switzerland, we 

retrospectively collected 

clinical, biological, 

therapeutic, and early 

outcomes data in children 

who were

admitted to pediatric 

intensive care units in 14 

centers for cardiogenic

shock, left ventricular 

dysfunction, and severe 

inflammatory state (35 

patients fulfilling the 

inclusion criteria)
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Left 

ventricular 

ejection 

fraction at 

baseline 

<60%



Published on June 29, 2020, and updated on July 2, 2020, at NEJM.org. N Engl J Med 2020;383:334-46. DOI: 10.1056/NEJMoa2021680



Overlap syndrome?

● Toxic shock syndrome  

➢ Seems implausible because most MISC cases had negative  blood 

cultures 

● Kawasaki disease   

● Kawasaki disease shock syndrome (KDSS)

● MAS



Similarities 

between MIS-C 

and toxic shock 

syndrome



● SARS-CoV-2 spike (S) protein contains a superantigen-like 

region similar to that of staphylococcal enterotoxin B (SEB), 

with predicted binding to T-cell receptors and MHC class II 

molecules

● Superantigen-mediated mechanism versus acquired immunity 

to SARS-CoV-2 develop??



Similarities 

between MIS-C 

and Kawasaki 

disease





Overlap syndrome?

● A large number of MISC cases present with Kawasaki like 

clinical symptoms, and cardiac impairment and shock similar to 

Kawasaki disease shock syndrome

● Gastrointestinal symptoms, hyponatremia, hypoalbuminemia, 

and intravenous immunoglobulin resistance are also common in 

KDSS and MISC 



Whittaker and colleagues. JAMA. doi:10.1001/jama.2020.10369



2-cases with 

CAAs+KD

6-cases with 

CAAs+Shock

Some KD 

patients 

presenting 

without 

CAAs

Shock may 

be better 

predictor 

for CAA 

invol.

Whittaker and colleagues. JAMA. doi:10.1001/jama.2020.10369



Overlap syndrome?

● Despite  differences in severity, coronary aneurysms have 

occurred in all three groups of patients, including those with 

shock, those  who  meet  the  criteria  for  Kawasaki  disease,  

and  those  with  fever  and  inflammation  but  who  do  not  

have  shock or meet the criteria for Kawasaki disease

Whittaker and colleagues. JAMA. doi:10.1001/jama.2020.10369
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Whittaker and colleagues. JAMA. doi:10.1001/jama.2020.10369



MMWR 

● Latent class analysis (LCA), a statistical modeling technique that can divide 

cases into groups by underlying similarities, was used to identify and 

describe differing manifestations in patients who met the MIS-C case 

definition

● The indicator variables used in the LCA were the presence or absence of 

SARS-CoV-2–positive test results by (RT-PCR) or serology, shock, 

pneumonia, and involvement of organ systems

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



Class 1

● 203 (35.6%) patients who had the highest number of involved organ systems

● 99 (48.8%) had involvement of  ≥6 organ systems

● The most commonly affected systems were cardiovascular (100.0%) and 

gastrointestinal (97.5%)

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



Class 1 

● Compared with the other classes, patients in class 1 had significantly higher 

prevalence of abdominal pain, shock, myocarditis, lymphopenia, markedly 

elevated CRP, ferritin, troponin (indicative of cardiac damage), brain 

natriuretic peptide (BNP), or proBNP (indicative of heart failure) (p<0.01) 

● Almost all class 1 patients (98.0%) had positive SARS-CoV-2 serology test 

● These cases closely resembled MIS-C without overlap with acute COVID-19 

or Kawasaki disease

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



Class 2 

● 169 (29.6%) patients

● These patients were significantly more likely to have cough, shortness of 

breath, pneumonia, and acute respiratory distress syndrome (ARDS)

● 129 (76.3%) had respiratory system involvement

● These cases closely resembled acute COVID-19 or a combination of acute 

COVID-19 and MIS-C

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



Class 2 

● The  rate  of  SARS-CoV-2  RT-PCR  positivity  (without seropositivity) in 

this group (84.0%) was significantly higher than that for class 1 (0.5%) or 

class 3 (2.0%) patients (p<0.01)

● The case fatality rate among class 2 patients was the highest (5.3%) among 

all three classes (p<0.01)

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



Class 3 

● Class  3  patients  more  commonly  met  criteria for complete Kawasaki 

disease (6.6%) compared with class 1 (4.9%) and class 2 (3.0%) patients (p = 

0.30), and had the lowest prevalence of underlying medical conditions, organ 

system involvement, complications (e.g., shock, myocarditis), and  markers  

of  inflammation  and  cardiac  damage

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



Class 3  

● 198 (34.7%) patients

● The median age (6 years) was younger than that of the class 1 patients (9 

years) or class 2 patients (10 years) (p<0.01) 

● The highest prevalence of rash (62.6%), and mucocutaneous lesions (44.9%)

● Although not statistically significant (p = 0.49), the prevalence of CAD 

(18.2%) was higher than that in class 2 patients (15.8%), but lower than that 

in class 1 patients (21.1%)

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



● Among  class  3  patients,  63.1%  had  positive  SARS-CoV-2  serology  

only and 33.8% had both serologic confirmation and positive RT-PCR 

results

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



MIS-C 

acute COVID-19 

(-)/KD(-)

MIS-C with 

severe acute 

COVID-19

MIS-C with 

Kawasaki dis.

Symptoms

Acute phase reactants

COVID-PCR/-Serology

Cardiovascular (+), 

GI (+), ≥4 organ 

involvement, shock, 

cardiac dysfunction

±/≈100%



Respiratory 

involvement (cough, 

dyspnea, pneumonia, 

ARDS)

≈100%/≈(-)

20 mg/dl>

35%30%35%

Mortality 0.5%

Rash and 

mucocutaneous 

involvement, shock 

(±), cardiac 

dysfunction (±)

++/+

20 mg/dl>

0%5.3%

Median age 9 yr 10 yr 6 yr

Different Multisystem

inflammatory 

syndrome 

phenotypes



Treatment & 

outcomes



● There are currently insufficient data for the NIH-COVID-19 Treatment 

Guidelines Panel to recommend either for or against any therapeutic strategy 

for the management of MIS-C [Last Updated: June 11, 2020]

➢ Intravenous immune globulin

➢ Steroids

➢ Immunomodulators (including interleukin-1 and interleukin-6 inhibitors) 

➢ Antiplatelet and anticoagulant therapy

➢ The role of antiviral medications that specifically target SARS-CoV-2 is 

not clear at this time

● MIS-C management decisions should involve a multidisciplinary team of 

pediatric specialists in intensive care, infectious diseases, cardiology, 

hematology, and rheumatology

https://www.covid19treatmentguidelines.nih.gov/special-populations/children/





Two/three agents 

of intravenous 

immunoglobulin, 

corticosteroids, 

anakinra,

or infliximab were 

given to manage 

inflammation
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Published on June 29, 2020, and updated on July 2, 2020, at NEJM.org. N Engl J Med 2020;383:334-46. DOI: 10.1056/NEJMoa2021680



MMWR / August 14, 2020 / Vol. 69 / No. 32 

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6932e2-H.pdf



Supplement to: Jiang L, Tang K, Levin M, et al. COVID-19 and multisystem inflammatory syndrome in children and adolescents. Lancet Infect Dis 2020;

published online August 17. https://doi.org/10.1016/S1473-3099(20)30651-4



DOI: 10.1093/jpids/piaa112
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MISC

KD

DDx??
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Whittaker and colleagues. JAMA. doi:10.1001/jama.2020.10369






