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May 2020: When everything started

Global report a new inflammatory syndrome affecting children



Same syndrome but different case definition and names

Roberts et al, Co-Rheumatology, 2021



MIS-C: clinical presentation

• Male sex: 55.8 % 

• Fever > 4 days and asthenia 

• Ethnicity: 

• SARS-CoV-2 infection:
• Positive RT-PCR: 34.7% 

• Positive serological tests: 80.3%

Roberts et al, Co-Rheumatology, 2021



Timeline of MIS-C cases in Geneva

MIS-C patient



MIS-C: laboratory

• Abnormal blood cell counts:
• Lymphocytopenia: 80 to 95%

• Neutrophilia: 68-90 %

• Mild anemia: 70%

• Elevated inflammatory markers:
• CRP: 90-100%

• ESR: 75-80%

• D-dimer: 67-100%

• Fibrinogen: 80-100%

• Ferritin: 55-76%

• Procalcitonin: 80-95 %

• Interleukin-6: 80-100%

• Elevated  cardiac markers:
• Troponin: 50-90%

• NT-pro-BNP: 73-90%

• Hypoalbuminemia: 48-95%

• Mildly elevated liver enzymes: 62-
70%

• Hypertriglyceridemia: 70%

Feldstein et al. NEJM, 2020; Swann et al. BMJ 2020





Gruber et al, Cell, 2020

RNA seq

Exploring  MIS-C immunopathogenesis



MIS-C: Physiopathology

The effects that we see:

• Local vasculitis and inflammation of affected organs

• Endothelial cells damaged by auto-antibodies and complement 

(Consiglio et al. Cell 2020)

• Auto-antibodies of multiple specificities, incl. endothelial, 

gastrointestinal, cardiac and immune cells (Gruber et al. Cell 

2020)

9



Physiopathology

Potential causes:

1. Direct effect of the virus as various autopsy reports have identified

RNA in heart/brain endothelial cells, macrophages, neutrophils

(Duarte-Neto et al. 2021; Dolhnikoff et al. 2020)

2. A part of SARS-CoV-2 S protein could act as a Super-Antigen 

inducing polyclonal activation of T cells with important inflammatory

response (Cheng et al. 2020)

3. Genetic susceptibility? Some ethnic groups over-represented, at least 

at the beginning: population-based genetic susceptibility, viral factors 

(variants)?

BUT No genetic predisposition found
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MIS-C: What do we know?

• MIS-C remains a “rare” condition

• Good response to aggressive immunomodulatory therapies

• Current evidence suggests a post-viral immunological reaction to 
SARS-CoV-2

• Immunopathogenesis is not completely understood but current data 
suggest autoimmune and superantigen-driven processes

• Multicenter international and national studies are in progress to 
determine the best management strategy  and immunomodulatory 
treatment for patients diagnosed with MIS-C



Our study

• Objectives: To assess the humoral immune response of children with
MIS-C in comparison to children who had an uncomplicated COVID-19 
infection

• Population: 

• MIS-C patients < 18 years, hospitalized between March 2020 and 
March 2021 in Geneva (CCER 2020-00835)

• Controls: Uncomplicated COVID-19 patients < 18 years recruited in 
the study « Understanding COVID-19 » (CCER 2020-00516) 
between March 2020 and January 2021
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Flow chart

MIS-C

Controls
Uncomplicated COVID-19

COVID-19 infection

Included in the 

«Understanding COVID-19 study»

Study follow-up1 month

4 – 6 weeks Hospitalization

Comparative analyses

Included in our study
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Population

MIS-C patients

(n=22)

Control patients

(n=17)

Age (years), mean (IQR) 9.9 (1-16) 8.1 (1-16)

Male (%) 17 (77) 12 (70)

Ethnicity, n (%)

• Caucasian

• African

• Hispanic

• Asian

• Mixed

• 7 (32)

• 4 (18)

• 2 (9)

• 2 (9)

• 7 (32)

• 9 (53)

• 3 (18)

• 1 (6)

• 0 (0)

• 4 (24)
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Methodes

• ELISA : Enzyme-Linked Immunosorbant Assay

• LUMINEX : Multiplex immunoassay

• PRNT : Plaque Reduction Neutralization Test 
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Enzyme-linked Immunosorbend Assay (ELISA)
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1. Coating of 96-well plates with Antigen

S1-Domain SARS-CoV-2 Spike Protein

2. Antibody detection in patient serum 
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Y Y Y Y YY

30 min

Y

Y Y Y Y YYY Y YYYYY

30 min

HRP-conjugated 

antibody

Y Y Y Y YYY Y YYYYY

2M H2SO4

Y Y Y YYY Y YYYYY

15 min

TMB substrate

Y



Arnaud Marchant_Institute for Medical Immunology 17
1 & 2 = incubation steps

3 = reading step

Serum

Detection reagent

Antigen coupled-beads

(fluorescent 

Magnetic)

Immune complex

coupled-beads

Detection antibody α-IgG bound

to immune complex

321

Bioplex200

λ=525nm

λ=635nm

Quantify binding events

(related to detection reagent,

Result in MFI) 

Identify antigen coupled-beads

(related to specific bead

intrinsec fluoresecence)

Luminex for isotype/subclass quantification: a 
multiplex immunoassay
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Viral proteins
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RBD

Source: D. Wrapp, et al., Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation. Science, eabb2507 (2020).

Spike protein



IgG responses against various viral proteins

✱
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IgM responses for various viral proteins
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IgM responses for various viral proteins
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IgA responses for various viral proteins
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• Neutralising Abs significantly higher in 

MIS-C compared to controls

24

Results



Conclusion

• MISC patients have a stronger IgA response and neutralizing 

antibodies than the control patients.

• Hypotheses:

- Sustained inflammation in the gut due to persisting viremia in the  

intestine in some children? 

- Disturbed mucosal immune response ?

- Different composition of intestinal microbiota

- Previous GI tract infection with common cold coronaviruses
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Next steps

• To assess IgG and IgA responses against 

• common cold coronaviruses

• commensal respiratory /gut strains
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