
Multisystem Inflammatory Syndrome in Children (MIS-C)
Amruta Padhye MD FAAP  2-23-2021



Objectives

• Describe the evolution of a new diagnosis
• Review MIS-C case definition
• Discuss epidemiology of COVID-19 and MIS-C in US children
• Review clinical features, pathophysiology 
• Outline of management 
• Summarize our experience
• Conclusion – take home 



Multisystem Inflammatory Syndrome in Children (MIS-C) 

• From May 2020, reports from Europe, North America, Asia, and Latin America describing children and adolescents with 
COVID-19 associated multisystem inflammatory conditions, which seem to develop after the infection rather than during the 
acute stage of COVID-19 

• Clinical features were both similar and distinct from other well described inflammatory syndromes in children, including 
Kawasaki disease, Kawasaki disease shock syndrome, and toxic shock syndrome. 

• This COVID-19 associated multisystem inflammatory syndrome in children and adolescents is referred to 
– Paediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2 (PIMS-TS) 
– Multisystem inflammatory syndrome in children (MIS-C) associated with COVID-19



MIS-C…a rare complication temporally associated with COVID-19

Liang et al. Lancet Infect Dis 2020; 20: e276–88

MIS-C cases in NY state from Mar-May 2020

EM Dufort et al. N Engl J Med 2020;383:347-358.



MIS-C 
Timeline

27 April 2020

UK PICU alert (6)

1 May 2020

RCPCH PIMS-TS 
guidelines (7)

4 May 2020

NY Health Dept. 
alert (10)

6 May 2020

Riphagen et el, 
(hyperinflammatory 

shock,                   
UK, n=8) (9)

13 May 2020

Verdoni et al, 
(increased KD,     
Italy, n=10) (8)

14 May 2020

CDC MIS-C 
case definition 

(11) 

15 May 2020

WHO
case definition 

(12)

17 May 2020

Belhadjer et al, 
(heart failure, 
France, n=35) 

(13)

1 June 2020

Grimaud et al, 
(PICU,                

Paris, n=20) (17)

8 June 2020

Whittaker et al, 
(PIMS-TS,              

UK, n=58) (18)
Cheung et al,    

(MIS-C,                   
NY, n=17) (19)

29 June 2020

Feldstein et al,  
(MIS-C,                

CDC, n=186) (14)
Dufort et al,       

(MIS-C,                   
NY state, n=99) 

(15)

9 July 2020

Davies et al,    
(PIMS-TS,               

UK PICUs, n=78) 
(16)

7 August 2020

Godfred-Cato et 
al, (MIS-C + 

COVID-19, CDC, 
n=570) (3)

Timeline of initial recognition and description of MIS-C 

https://brightoncollaboration.us/wp-content/uploads/2020/12/submitted-pdf-build.pdf

https://brightoncollaboration.us/wp-content/uploads/2020/12/submitted-pdf-build.pdf


Existing Case Definitions of Multisystem Inflammatory Syndromes

Table I. Existing Case Definitions of Multisystem Inflammatory Syndromes
Pediatric: RCPCH (7) Pediatric: CDC (11) Pediatric: WHO (12) Adult: CDC (4)

Age (years) "child" <21 0-19 >21 
Fever persistent > 1 day > 3 days no comment

Laboratory Evidence of Inflammation Y Y Y Y
Hospitalization N Y N Y

Number of Organ Systems Involved >1 >2 >2 >1 extra-pulmonary

Organ Systems Named

shock, cardiac, 
respiratory, renal, 
gastrointestinal, 

neurologic

cardiac, renal, 
respiratory, hematologic, 

gastrointestinal, 
dermatologic, neurologic

mucocutaneous, 
hypotension/shock, 

cardiac, 
gastrointestinal

hypotension/shock, 
cardiac, thrombosis/

thromboembolism, acute 
liver injury

Exclusion of Other Causes Y Y Y Y + exclusion of severe 
respiratory illness

(+) SARS-CoV-2       
RT-PCR/antigen/serology

N Y Y Y (within 12 weeks)

COVID-19 epidemiologic link allowed 
in place of viral test n/a exposure within 4 weeks "likely contact" N

https://brightoncollaboration.us/wp-content/uploads/2020/12/submitted-pdf-build.pdf

https://brightoncollaboration.us/wp-content/uploads/2020/12/submitted-pdf-build.pdf


Multisystem Inflammatory Syndrome in Children (MIS-C) 

• The CDC issued a Health Advisory on May 14, 2020, that outlines the following case definition for MIS-C:

• An individual aged <21 years presenting with fever,1 laboratory evidence of inflammation,2 and evidence of clinically severe 
illness requiring hospitalization, with multisystem (≥2) organ involvement (cardiac, renal, respiratory, hematologic, 
gastrointestinal, dermatologic, or neurological); AND

• No alternative plausible diagnoses; AND

• Positive for current or recent SARS-CoV-2 (COVID-19) infection by RT-PCR, serology, or antigen test; or COVID-19 
exposure within the 4 weeks prior to the onset of symptoms.

*Fever >38.0°C for ≥24 hours, or report of subjective fever lasting ≥24 hours
**Including, but not limited to, one or more of the following: an elevated C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), fibrinogen, procalcitonin, 
d-dimer, ferritin, lactic acid dehydrogenase (LDH), or interleukin 6 (IL-6), elevated neutrophils, reduced lymphocytes and low albumin
Additional comments:
Some individuals may fulfill full or partial criteria for Kawasaki disease but should be reported if they meet the case definition for MIS-C. 
Consider MIS-C in any pediatric death with evidence of SARS-CoV-2 infection.
Additional CDC links:
Information for Healthcare Providers about Multisystem Inflammatory Syndrome in Children (MIS-C)
Health Department-Reported Cases of Multisystem Inflammatory Syndrome in Children (MIS-C) in the United States
Infographic: Early Cases of MIS-C: Multi-System Inflammatory Syndrome in U.S. Children

https://emergency.cdc.gov/han/2020/han00432.asp
https://www.cdc.gov/kawasaki/index.html
https://www.cdc.gov/mis-c/hcp/index.html
https://www.cdc.gov/mis-c/cases/index.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/infographic-mis-c.html


CDC COVID-19 Data tracker 

CDC | Updated: Feb 22 2021 12:24PM https://covid.cdc.gov/covid-data-tracker/#demographics

Data from 21,123,263 cases. Age group was available 
for 20,967,595 (99%) cases.

Data from 360,375 deaths. Age group was 
available for 360,345 (99%) deaths.

https://covid.cdc.gov/covid-data-tracker/


https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html

https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html


AAP: Children and COVID-19: 
State-Level Data Report

https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/


https://www.cdc.gov/mis-c/cases/index.html

Summary
• Most cases were in children and adolescents between the ages of 1 and 14 years, with a median age of 9 years.
• Cases have occurred in children and adolescents from <1 year old to 20 years old.
• 69% of reported cases have occurred in children who are Hispanic or Latino (690 cases) or Black, Non-Hispanic (600 cases).
• 99% of cases (2,039) tested positive for SARS CoV-2, remaining 1% were around someone with COVID-19.
• Slightly more than half (58%) of reported cases were male.

https://www.cdc.gov/mis-c/cases/index.html




What are the common signs and symptoms of MIS-C?

• Signs and symptoms include persistent fever, inflammation (based on laboratory test results), and evidence of organ 
dysfunction or shock.

• Kawasaki disease-like features: conjunctivitis, red eyes; red or swollen hands and feet; rash; red cracked lips, swollen 
glands. 

• coronary artery enlargement and/or aneurysms have been described
• some children presenting with Kawasaki disease-like syndrome have been noted to have a broader age range 

and presentation with more gastrointestinal (abdominal pain or diarrhea) and neurologic (headaches/meningitis) 
manifestations.

• Toxic shock syndrome-like features with hemodynamic instability.
• Cytokine storm/macrophage activation or hyperinflammatory features.
• Thrombosis, poor heart function, diarrhea and gastrointestinal symptoms, acute kidney injury.
• Shortness of breath suggestive of congestive heart failure. Respiratory symptoms typically reported in adults with COVID-

19 may not be present in pediatric patients with MIS-C.

AAP: MIS-C Interim guidance

https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/multisystem-inflammatory-syndrome-in-children-mis-c-interim-guidance/


Common Signs and Symptoms

Nakra et al. Multi-System Inflammatory Syndrome in Children (MIS-C) Following SARS-CoV-2 Infection: Review of Clinical Presentation, Hypothetical 
Pathogenesis, and Proposed Management. Children (Basel) 2020

https://pubmed.ncbi.nlm.nih.gov/32630212/


Organ system involvement may include 

• Gastrointestinal (~91%*) - diarrhea, abdominal pain, vomiting, appendicitis, pancreatitis, hepatitis, gallbladder hydrops or 
edema, + intestinal/colonic inflammation, ascites, mesenteric adenopathy

• Cardiovascular (~86%*) - shock, hypotension, congestive heart failure, cardiac dysfunction, myocarditis, coronary artery 
dilatation or aneurysm, pericardial effusion, mitral regurgitation, elevated troponin, elevated BNP or NT-proBNP, receipt of 
vasoactive support or cardiopulmonary resuscitation

• Dermatologic and mucocutaneous (~71%*) – conjunctivitis (~48%*) - bilateral, non-exudative; rash (~55%*) -
polymorphic, maculopapular, or petechial, but not vesicular, mucocutaneous lesions (~35%*) - red and/or cracked lips, 
strawberry tongue, erythema of oropharyngeal mucosa, periorbital edema ,skin ulcers, peripheral extremity changes –
erythema of palms or soles, edema of hands or feet; periungual (nail) desquamation, peripheral gangrene

• Hematologic (~74%*) – lymphopenia, elevated D-dimer, thrombocytopenia, elevated D-dimer, leucopenia, anemia, deep 
vein thrombosis, pulmonary embolism, hemolysis, bleeding, ischemia of extremity

• Respiratory (~63%*) – cough, shortness of breath, chest pain or tightness, pneumonia, ARDS, pleural effusion, receipt of 
mechanical ventilation or any supplemental oxygen (or increased support from baseline), pulmonary hemorrhage, severe 
bronchospasm requiring continuous bronchodilators, pneumothorax

• Neurological (~38%*) – Headache (~32%*), suspected central nervous system infection, stroke or intracranial 
hemorrhage, seizures, coma, encephalitis, aseptic meningitis, demyelinating disorder diagnosed by a neurologist, 
decreased hearing or vision, iritis or uveitis

• Renal (~18%*) – acute kidney injury (AKI), receipt of dialysis (for patients without chronic renal failure) 
• Musculoskeletal – arthritis or arthralgia, myositis or myalgia 
• Other: lymphadenopathy (~13%*) – unilateral, Cervical > 1.5 cm; periorbital edema (~4%)

Symptoms/signs in normal text and * frequency adapted from Godfred-Cato et al (570 patients reported to CDC from March to July 2020), denominator for % may vary. See paper 
for details.
Text in italics – adapted from definitions used for organ system involvement in Feldstein et al., NEJM 2020 (186 cases reported from March to May 2020 from 26 US states); + 
reported in Ahmed et al. (systematic review of 39 studies)



Common lab findings

• An abnormal level of inflammatory markers in the blood, including elevated ESR/CRP, ferritin, LDH
• Low lymphocytes <1000, low platelets <150,000, increased neutrophils
• Elevated B-type natriuretic peptide (BNP) or NT-proBNP (pro-BNP), low sodium, high D-dimer



Immunology of MIS-C

• Hyperinflammation in MIS-C differs from that of 
acute COVID-19

• T cell subsets discriminate Kawasaki disease 
patients from MIS-C

• IL-17A drives Kawasaki but not MIS-C 
hyperinflammation

• Global profiling reveals candidate autoantibodies 
with pathogenic potential

Consiglio et al. The Immunology of Multisystem Inflammatory Syndrome in Children with COVID-19. Cell. 2020

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7474869/


Case series of 570 patients reported to CDC from Mar - July 2020 
Godfred-Cato et al., MMWR 2020

• Most patients with MIS-C had involvement of ≥ 4 organ systems (2-3 systems in 14%, 4-5 systems in 61.6%, ≥ 6 
systems in 24.4%). 

• Gastrointestinal (90.9%) and cardiovascular (86.5%) systems were most commonly involved. 
• Many patients required ICU admission (~64%); Case fatality rate was 1.8% (10 out of 570 died). 
• Median age of 8 years (Interquartile range 4-12 years). 
• There was clinical overlap with Kawasaki Disease (KD) and acute COVID-19. 
• 28 patients (4.9%) met complete KD criteria; 95 patients (18.6%) had coronary aneurysms or dilatations. 
• 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 case definition. 
LCA identified 3 classes of patients. 



Case series of 570 patients reported to CDC from Mar - July 2020 
Godfred-Cato et al., MMWR 2020



Differential Diagnosis

• Sepsis
• Localized or systemic bacterial infection
• Bacterial gastroenteritis
• Tick-borne infections (ehrlichia, rocky mountain 

spotted fever endemic in our area in summer)
• Toxic shock syndrome (staphylococcal, streptococcal), 

staphylococcal scalded skin syndrome
• Systemic viral infections (epstein-barr virus, 

cytomegalovirus, enterovirus, adenovirus, measles if 
unimmunized etc.)

• Serum sickness and drug-induced severe cutaneous 
adverse reactions (e.g. drug reaction with eosinophilia 
and systemic symptoms [DRESS], epidermal 
necrolysis (Stevens-Johnson syndrome [SJS], toxic 
epidermal necrolysis

• Kawasaki disease 
• Myocarditis (etiology other than acute COVID or MIS-

C)
• Systemic Onset Juvenile Idiopathic Arthritis (SOJIA), 

Hemophagocytic lymphohistiocytosis 
(HLH)/macrophage activation syndrome (MAS), 
vasculitides, Systemic Lupus Erythematosus (SLE)

• Malignancy



https://www.muhealth.org/covid19-information

https://www.muhealth.org/covid19-information


Algorithm for evaluation of Multisystem Inflammatory Syndrome in Children (MIS-C)
(at University of Missouri Health Care)



Management

• MIS-C with shock may present like septic shock i.e. fever plus hypotension 
– Physiology of shock is different. 
– In MIS-C, hypotension to the best of our knowledge, is due to decreased cardiac function. Generous fluid 

resuscitation can be detrimental and earlier initiation of vasoactive agents may be indicated
– Low threshold for admission to PICU/consultation with cardiology 

• Multidisciplinary care 
– PICU/Hospitalist, Infectious diseases, Cardiology, Rheumatology, Hematology, Endocrinology, Neurology, 

PM&R
• Serial laboratory monitoring
• Anticoagulation in select cases (prophylaxis vs therapeutic based on criteria); antiplatelet treatment with Aspirin 
• Antibiotics only if concern for sepsis (empiric in patients presenting with shock)
• Antivirals – typically no role for Remdesivir
• Immunomodulatory treatment 







Follow up 

• Primary provider – follow up in 48-72 hours after discharge from hospital. 
• Cardiology 

– within 2 weeks (with ECG, ECHO)

– earlier follow up may be indicated in some patients
– Subsequent visits for 6 weeks and 6 months. 

• Rheumatology – close outpatient follow up for management of immunomodulation
• Additional outpatient follow-up will depend on inpatient course



To put it simply… suspect MIS-C in 

• Any child with persistent fever (≥ 3 days) without clear clinical source
• Any child with fever and symptoms of viral gastroenteritis that persist for ≥ 3 days 

– In viral gastroenteritis, fever is typically less common and usually mild; vomiting and fever frequently 
cease within 1-3 days)

• Any fever that is accompanied by symptoms concerning in severity 
• Any child with fever and low blood pressure/dizziness (hypotension/shock)
• Any child with persistent fever (≥3 days) who is moderately to severely ill with clinical signs of organ 

dysfunction
• Any fever in a child with previous history of symptomatic or asymptomatic COVID-19 (without any 

explanation for fever)
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