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May 2020: 
A new emergent disease highlighted in the media



Definitions

Syndrome de Kawasaki-Like…

Syndrome inflammatoire multisystémique de l’enfant
Multisystem Inflammatory syndrome occuring in Children (MIS-C)
Pediatric Inflammatory Multisystem Syndrome (PIMS)



• In France National effort of pediatricians thanks to
• Santé publique France
• GPIP, GFRUP, SOFREMIP, Société cardiologie filiale cardiologie 

pédiatrique, FAI2R & SFP. 

•New case notification-> national surveillance

Myocarditis epidemics/ Inflammatory syndrome in 
children



Results of the national Surveillance



Spatial link to COVID-19 Pandemy

Belot et al. Eurosurveillance 2020



Temporal link to COVID-19 Pandemic

4-5 Weeks

N=108

Belot et al. Eurosurveillance 2020



Temporal link to COVID-19 Pandemic

Belot et al. NEJM  2020

N=195

3-4 Weeks



MIS-C case distribution / COVID_19 (all age)
per week, France, 02/03/2020- 04/09/2022, n=1160



A broad spectrum of symptoms 
“Kawa-like disease”

2/3 
in

intensive 
care unit

Eurosurveillance 2020



Marie Pouletty et al. Ann Rheum Dis doi:10.1136/annrheumdis-

2020-217960

©2020 by BMJ Publishing Group Ltd and European League Against Rheumatism

Clinical characteristics



Marie Pouletty et al. Ann Rheum Dis doi:10.1136/annrheumdis-

2020-217960



NOT the same
BUT Looks Like the same

Kawasaki Disease MIS-C

NOT the same at all

Think to
another diagnosis

treatment



Empiric therapies based on  Kawasaki disease guidelines, 
mainly: 
➢IVIG alone
➢IVIG+steroids

Mc Crindle BW, Circulation 2017

o IVIG-Resistant Kawasaki Diseases

o Kawasaki diseases with shock 

treatment



• IV IG  2g/kg (as for Kawasaki Disease)

treatment



Data Source

Mandatory Reporting of 
MIS-C cases to Public 

Health France
French Hospitals

French Pediatric
Consortium – Pandor

Study /JIRCohort

-Hospital Report
-eCRF

17



Ouldali  et al. JAMA 2021



Ouldali  et al. JAMA 2021



Ouldali  et al. JAMA 2021

IVIG group + 
methylprednisolone (n=34)

IGIV alone group (n=72)

Primary outcome

Treatment failure
(Persistent fever > 24H)

3 (9%) 37 (51%)

Secondary outcomes

Second-line treatment 3 (9%) 33 (46%)

Hemodynamic support 2 (6%) 17 (24%)

LVEF <55% 2/12 (17%) 16/44 (36%)

Duration of PICU stay, 
median (IQR) d

4 (2-5) 6 (4-8.5)



Ouldali  et al. JAMA 2021



Ouldali  et al. JAMA 2021



• IV IG  2g/kg (as for Kawasaki Disease)

•Steroids ++ 
(quasi-randomized propensity score matching analysis in 111 children)

•Cs or biologicals in 31%.

(1 cas anakinra 1 cas tocilizumab)

Treatment

Ouldali et al. JAMA 2021





MIS-C : A new inflammatory disease ?

Ravelli et al. ISSAID 2021

• KD et MISC : Serology or positive PCR
• Same population = children
• Fever, rash, conjonctivitis et cheliitis
• PasNo other circulating viruses



What is the pathogenesis of MIS-C ?

Phenotype of Kawaski disease versus Toxic Shock Syndrome
Excess of Type I IFN ?

Superantigenic effect ?

IFN-I

Low IFN in severe COVID-19
Trouillet Assant 2020
Hadjadj et al 2020
Bastard et al 2020



PIMS/MIS-C Study

Marion Moreews
PhD Student



PIMS/MIS-C Study

Moreews et al Science 
Immunol 2021



Exploration MIS-C

* TSS majors criterias according https://wwwn.cdc.gov/nndss/conditions/toxic-

shock-syndrome-other-than-streptococcal/case-de nition/2011/ 

**Kawasaki principle criteria other than fever :Brian W. et al., circulation.2017

N=36 

Age, median [Min-Max]      78.8[1.2-15.2]

Female gender       10(29%)

 

Ethnicity (n, %) 

 Europe       14 (40%)

 North Africa      15(40%)

 Subsaharian Africa      5 (14%)

 Middle East      2 (6%)

 

WHO MIS-C criterias* (n, %) 

 -fever > 3 days      36(100%)

 -Rash        25(69%)

 -conjunctivitis       22(61%)

 -Muco-cutaneous in ammation signs 

 (oral, hands or feet)       24(67%)

 -Gastrointestinal symptoms (diarrhoea, vomiting, or abdominal pain) 35(97%)

 -Hypotension/shock      16 (44%)

 -Cardiac dysfunction or abnormalities  

  including elevated Troponin    26(72%)

  including elevated NT-pro-BNP    32(89%)

 -Coagulopathy 

  including D-Dimers     34(94%)

 -In ammatory markers 

  including C-reactive protein    36(100%)

 

Evidence of COVID-19 (n, %)      36(100%)

 -SARS-Cov-2 PCR      11 (31%)

 -SARS-Cov-2 serology      33(92%)

Vasoactive Medications      14(40%) 

ICU admission       31(86%)
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Clinical and Immunological data collection
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MIS-C patient characteristics :

Figure 1

Moreews et al 
Science 
Immunol 2021



Interferons & MIS-C

No increase of type IFNa in MIS-C 

IFN-I

Moreews et al 
Science 
Immunol 2021



Superantigenic response

• 1/10 000
• Tcell specific monoclonal 

response 
• MHC restricted

• 1/20

• Tcell polyclonal expansion

• MHC independent

Vbeta expansion
Clonal deletion / 
anergy



Similar cytokine pattern between MIS-C & TSS

TNFa IL-10 CD25s

MCP1 IL1RA IL-6

Moreews et al 
Science 
Immunol 2021



Répertoire T & MIS-C

Moreews et al Science Immunol 2021



Répertoire T & MIS-C

Moreews et al Science Immunol 2021



Répertoire T & MIS-C

Moreews et al Science Immunol 2021



Expansion des T Vb21.3 dans 75% des MIS-C (by FACS)

Répertoire T & MIS-C

Moreews et al Science Immunol 2021



Tcells repertoire & MIS-C
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Superantigen response ?

Porrit et al JCI 2021, Ramaswamy et al, Immunity, 2021



Tcells in MIS-C

Vb21.3+ 

Vb21.3-

Massive activation of Vb21.3 expanded T cells 



And vaccine ?



MIS-C & vaccines

August 2021
4th wave de COVID-19, delta variant

Vaccination start in adolescent
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At least one dose, %

Fully vaccinated, %
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01/09 – 31/10/2021
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0 fully
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7 only
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26 not 
vaccinated

Levy et al. JAMA 2021





From 12 hyperinflammatory syndrome up to Jan 2022
-2/12 explored for Vb21.3: NOT EXPANDED
-Male predominance (10/12)
-Cardiac involvement (10/12)
-8/12 without exposure to virus before vaccination (Negative anti-N)
-Milder and shorter than MIS-C

The reporting rate was 1.5 (95%CI [0.8; 2.6]) per 1,000,000 doses injected, i.e. 2.9 (95%CI [1.5; 5.1]) per 1,000,000 12−17-
year-old vaccinated children. 
As a comparison, 113 MIS-C (95%CI [95; 135]) occurred per 1,000,000 12−17-year-old children infected by SARS-CoV-2.
Risk of inflammation 38-75 higher after virus infection vs vaccination. 



• Severe shock

• Purpura

• Myocarditis/ vasoplegia

• COVID-19 4 weeks before

• Vb21.3 = 31% (N<3.5%)

• Past medical history of recurrent fever
and aphtosis

Top positive Vb21.3 during the pandemics in Lyon



Top positive Vb21.3 during the pandemics in Lyon

• Severe shock

• Purpura

• Myocarditis/ vasoplegia

• COVID-19 4 weeks before

• Vb21.3 = 31% (N<3.5%)

• Past medical history of recurrent fever
and aphtosis

• -> A20 Hapoinsufficiency (Mutation 
TNFAIP3)

Tusseau M, Zekre F et al. unpublished



Two positive Vb21.3+ patients before the pandemics in Lyon

• 2 samples with Vb21.3 expansion 
before the Pandemics 2010 & 2015

• 2 children 4yo and 3yo

• Myocarditis / vasoplegia

• Kawasaki like syndrome… 

• 1 serum left from 2015…

Benezech S et al. unpublished



Two positive Vb21.3 before the pandemics in Lyon

• 2 samples with Vb21.3 expansion 
before the Pandemics 2010 & 2015

• 2 children 4yo and 3yo

• Myocarditis / vasoplegia

• Kawasaki like syndrome… 

• 1 serum left from 2015…

Several common virus. 

Cross reactivity with SARS-CoV.

Benezech S et al. unpublished



Conclusions

• Pediatric COVID-19: protection of young age

• MIS-C / PIMS : new emerging post-COVID19 infection
• 75% are associated to TCR Vb 21.3 expansion

• SARS-CoV2 and first adaptive immune response driving the superantigenic like effect ?

1st: SARS-CoV2 infection 2d: Pro-inflammatory state 3rd: Adaptive immunity response

-IL1RA autoantibodies
-HA20, SOCS1 HA, Other
-Co-infection 

-Immune complex
-Ag / Ab specific
-B cell presentation

+ +



Belot’s Group

Ommar Omarjee

Anne-Laure Mathieu

Maud Tusseau

Marion Moreews

& the WALZER Team

Collaborators

Clinics

Learning societies, C Gras LeGuen

F Angoulvant, V Hentgen

N Ouldali, S Renolleau, E Javouhey

C Ovaert, X Iriart

N Deschamp, L De Pontual

D Antona, V Auvigne

D Levy Bruhl, Isabelle Parent 

I Kone Paut, B Bader Meunier

S. Markossian (CRISPR)

M. Texeira & PBES (mouse facility)

S. Djebali (Immunophenotyping)

E. Chartre & PLATIM (Microscopy)

S. Dussurgey (Cytometry)

T. Andrieu (Cytometry)

SFR Bioscience Facility

COVID Human GEnetic Effort

JL Casanova, H Su

SY Zhang, P Bastard

E Jouanguy, A Puel, 

T Mogensen et al.

Collaborators

Research

D Klatzman, E Mariotti Fernandiz, K Le Gouge

RHU COVIFERON (JL Casanova & L Abel)

Horizon Europe UNDINE T Mogensen

Patients and families



Questions ?

I will be
short


