
www.thelancet.com/child-adolescent   Published online February 22, 2022   https://doi.org/10.1016/S2352-4642(22)00028-1 1

Articles

Lancet Child Adolesc Health 2022

Published Online 
February 22, 2022 
https://doi.org/10.1016/
S2352-4642(22)00028-1

See Online/Comment 
https://doi.org/10.1016/ 
S2352-4642(22)00061-X

*Collaborators listed at the end 
of the Article

CDC COVID-19 Response Team 
(A R Yousaf MD, 
M M Cortese MD, A W Taylor MD, 
K R Broder MD, J M Wong MD, 
A Y Guh MD, 
D W McCormick MD, 
E D Belay MD, P Marquez MSPH, 
J R Su MD, A P Campbell MD) and 
Epidemic Intelligence Service 
(J M Wong, D W McCormick), 
US Centers for Disease Control 
and Prevention, Atlanta, GA, 
USA; Division of Cardiology 
(M E Oster MD) and Center for 
Childhood Infections and 
Vaccines (S Kamidani MD), 
Children’s Healthcare 
of Atlanta, Department of 
Pediatrics, Emory University 
School of Medicine, Atlanta, 
GA, USA; Division of Infectious 
Diseases, Department 
of Pediatrics, University of 
Cincinnati College of Medicine, 
Cincinnati Children’s Hospital 
Medical Center, Cincinnati, OH, 
USA (E P Schlaudecker MD, 
M A Staat MD); Division of 
Infectious Diseases 
(K M Edwards MD) and 
Vanderbilt Vaccine Research 
Program (C B Creech MD), 
Department of Pediatrics, 
Vanderbilt University Medical 
Center, Nashville, TN, USA; 
Kaiser Permanente West 
Los Angeles Medical Center, 
Los Angeles, CA, USA 
(M B Salzman MD); US Food and 
Drug Administration, Center 
for Biologics Evaluation and 
Research, Silver Spring, MD, 
USA (D Thompson MD)

Reported cases of multisystem inflammatory syndrome 
in children aged 12–20 years in the USA who received a 
COVID-19 vaccine, December, 2020, through August, 2021: 
a surveillance investigation
Anna R Yousaf, Margaret M Cortese, Allan W Taylor, Karen R Broder, Matthew E Oster, Joshua M Wong, Alice Y Guh, David W McCormick, 
Satoshi Kamidani, Elizabeth P Schlaudecker, Kathryn M Edwards, C Buddy Creech, Mary A Staat, Ermias D Belay, Paige Marquez, John R Su, 
Mark B Salzman, Deborah Thompson, Angela P Campbell, and the MIS-C Investigation Authorship Group*

Summary
Background Multisystem inflammatory syndrome in children (MIS-C) is a hyperinflammatory condition associated 
with antecedent SARS-CoV-2 infection. In the USA, reporting of MIS-C after vaccination is required under COVID-19 
vaccine emergency use authorisations. We aimed to investigate reports of individuals aged 12–20 years with MIS-C 
after COVID-19 vaccination reported to passive surveillance systems or through clinician outreach to the US Centers 
for Disease Control and Prevention (CDC).

Methods In this surveillance activity, we investigated potential cases of MIS-C after COVID-19 vaccination reported 
to CDC’s MIS-C national surveillance system, the Vaccine Adverse Event Reporting System (co-administered by CDC 
and the US Food and Drug Administration), and CDC’s Clinical Immunization Safety Assessment Project. 
A multidisciplinary team adjudicated cases by use of the CDC MIS-C definition. Any positive SARS-CoV-2 serology 
test satisfied case criteria; although anti-nucleocapsid antibodies indicate previous SARS-CoV-2 infection, anti-spike 
protein antibodies indicate either past or recent infection or COVID-19 vaccination. We describe the demographic 
and clinical features of cases, stratified by laboratory evidence of SARS-CoV-2 infection. To calculate the reporting rate 
of MIS-C, we divided the count of all individuals meeting the MIS-C case definition, and of those without evidence of 
SARS-CoV-2 infection, by the number of individuals aged 12–20 years in the USA who received one or more COVID-19 
vaccine doses up to Aug 31, 2021, obtained from CDC national vaccine surveillance data.

Findings Using surveillance results from Dec 14, 2020, to Aug 31, 2021, we identified 21 individuals with MIS-C after 
COVID-19 vaccination. Of these 21 individuals, median age was 16 years (range 12–20); 13 (62%) were male and 
eight (38%) were female. All 21 were hospitalised: 12 (57%) were admitted to an intensive care unit and all were 
discharged home. 15 (71%) of 21 individuals had laboratory evidence of past or recent SARS-CoV-2 infection, and 
six (29%) did not. As of Aug 31, 2021, 21 335 331 individuals aged 12–20 years had received one or more doses of a 
COVID-19 vaccine, making the overall reporting rate for MIS-C after vaccination 1·0 case per million individuals 
receiving one or more doses in this age group. The reporting rate in only those without evidence of SARS-CoV-2 
infection was 0·3 cases per million vaccinated individuals.

Interpretation Here, we describe a small number of individuals with MIS-C who had received one or more doses of a 
COVID-19 vaccine before illness onset; the contribution of vaccination to these illnesses is unknown. Our findings 
suggest that MIS-C after COVID-19 vaccination is rare. Continued reporting of potential cases and surveillance for 
MIS-C illnesses after COVID-19 vaccination is warranted.

Funding US Centers for Disease Control and Prevention.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Multisystem inflammatory syndrome in children (MIS-C), 
also known as paediatric inflammatory multi system 
syndrome temporally associated with SARS-CoV-2, is a rare 
but serious complication of SARS-CoV-2 infection in 
children and adolescents that generally occurs 2–6 weeks 
after SARS-CoV-2 infection.1 MIS-C, first recognised in 
April, 2020, is characterised by fever, systemic inflam mation, 
and multisystem organ involvement.1–4 From May 14, 2020, 

to Nov 30, 2021, 5973 cases were reported to the MIS-C 
national surveillance system of the US Centers for Disease 
Control and Prevention (CDC).5 The pathogenesis of MIS-C 
is hypothesised to involve a dysregulated immune response 
to SARS-CoV-2 infection, and host genetics might alter 
susceptibility to developing MIS-C.6–9

On Dec 11, 2020, the US Food and Drug Administration 
(FDA) issued an emergency use authorisation for use of 
the mRNA COVID-19 vaccine BNT162b2 (tozinameran; 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2352-4642(22)00028-1&domain=pdf
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Pfizer–BioNTech) in individuals aged 16 years or older, 
and on May 10, 2021, expanded the authorisation to 
include individuals aged 12–15 years.10 The CDC and the 
FDA included MIS-C on a list of adverse events of special 
interest for COVID-19 vaccine safety monitoring after 
emergency use authorisation of COVID-19 vaccines, 
because of its known association with SARS-CoV-2 
infection.11,12 All COVID-19 vaccines currently authorised 
for use in the USA require reporting of this condition 
after COVID-19 vaccination.10 International vaccine and 
pharmacovigilance experts have also supported the 
need for close monitoring of MIS-C after COVID-19 
vaccination.13,14

Surveillance for MIS-C after COVID-19 vaccination is 
challenging because MIS-C in general is a difficult 
diagnosis to make as it has no specific biomarkers and 
might resemble other disease processes, including 
acute COVID-19 infection, Kawasaki disease, and toxic 
shock syndrome.1–3 Additionally, with wide circulation 
of SARS-CoV-2 occurring concurrently with adminis-
tration of millions of COVID-19 vaccine doses, some 
cases of MIS-C caused by SARS-CoV-2 infections 
acquired before full vaccination are expected to occur 
post-vaccination, and will appear to be temporally 
associated with the vaccine. Furthermore, after full 
vaccination, some MIS-C cases caused by SARS-CoV-2 

infection might occur if protection against infection is 
incomplete.

Recognising these challenges, we conducted integrated 
sur veillance for MIS-C after COVID-19 vaccination using 
two passive surveillance systems: CDC’s MIS-C national 
surveillance system and the Vaccine Adverse Event 
Reporting System (VAERS), as well as clinician or health 
department outreach to CDC, including through Clinical 
Immunization Safety Assessment (CISA) Project consult-
ations.5,15–17 We investigated reports of potential MIS-C in 
individuals aged 12–20 years who had previously received 
a COVID-19 vaccine during the initial months of the 
US COVID-19 vaccination programme, a period when 
SARS-CoV-2 circulation was widespread. We aimed to 
describe the demographic and clinical features of MIS-C 
after COVID-19 vaccination, including information on 
past SARS-CoV-2 infection and COVID-19 vaccination.

Methods
Investigation design and case definition
We identified potential MIS-C cases occurring any 
time after COVID-19 vaccination in individuals aged 
12–20 years at time of MIS-C illness onset through 
CDC’s MIS-C national surveillance system, VAERS, and 
clinician or health department outreach to CDC and the 
CISA Project.5,15–17 We investigated reports to determine if 

Research in context

Evidence before this study
We searched PubMed for articles published up to Jan 17, 2022, 
using the search terms “multisystem inflammatory syndrome 
in children”, “MIS-C”, “MISC”, “multisystem inflammatory 
syndrome in adults”, “MIS-A”, “MISA”, “paediatric inflammatory 
multisystem syndrome”, and “PIMS-TS” each with any 
COVID-19 vaccine type, without age or language restrictions. 
We identified reports of eight individuals aged 12–20 years 
described in detail in the literature who developed MIS-C after 
COVID-19 vaccination, excluding aggregate counts from larger 
analyses assessing the effect of vaccination on preventing 
MIS-C.

Added value of this study
We conducted integrated surveillance for MIS-C in the USA after 
COVID-19 vaccination using two passive surveillance systems, 
the US Centers for Disease Control and Prevention (CDC) MIS-C 
national surveillance and the Vaccine Adverse Event Reporting 
System (co-administered by the CDC and the US Food and Drug 
Administration), as well as clinician or health department 
outreach to the CDC, including through the Clinical 
Immunization Safety Assessment Project consultations. 
We investigated 47 reports of potential MIS-C occurring from 
Dec 14, 2020, to Aug 31, 2021, in individuals aged 12─20 years 
any time after receipt of COVID-19 vaccine, and identified 
21 who met the CDC MIS-C case definition. Most had laboratory 
evidence of past or recent SARS-CoV-2 infection. Although no 

direct comparator background rate exists, our overall reporting 
rate of MIS-C after one or more doses of a COVID-19 
vaccine—1·0 case per million individuals—is substantially lower 
than the previously published incidence of MIS-C among 
unvaccinated individuals in this age group in the USA who had 
SARS-CoV-2 infection (approximately 200 cases per million 
SARS-CoV-2 infections).

Implications of all the available evidence
During the first 9 months of the COVID-19 vaccination 
programme in the USA, more than 21 million individuals aged 
12–20 years received one or more doses of a COVID-19 vaccine as 
of Aug 31, 2021. This case series describes MIS-C with onset after 
vaccination in 21 individuals, most of whom also had evidence of 
SARS-CoV-2 infection. Although our surveillance has limitations, 
our findings suggest that MIS-C as identified in this report after 
COVID-19 vaccination is rare. In evaluating individuals with a 
clinical presentation consistent with MIS-C after COVID-19 
vaccination, it is important to consider alternative diagnoses and 
to determine if previous SARS-CoV-2 infection has occurred. 
In this regard, anti-nucleocapsid antibody testing, ideally from a 
serum sample obtained before administration of intravenous 
immunoglobulin, might be helpful. Continued surveillance for 
MIS-C illness after COVID-19 vaccination is warranted, especially 
as paediatric COVID-19 vaccination is authorised and 
recommended for younger children who comprise the highest 
proportion of MIS-C cases after SARS-Cov-2 infection.
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the illnesses met the CDC MIS-C case definition. This 
definition requires fever, hospitalisation with an illness 
with multisystem organ involvement, laboratory evidence 
of inflammation, and one of the following: a positive 
SARS-CoV-2 RT-PCR, viral antigen, or serology test 
or recent exposure to a confirmed COVID-19 case 
(panel).4 This definition was published before COVID-19 
vaccination authorisation. Although anti-nucleocapsid 
antibodies are indicative of past or recent SARS-CoV-2 
infection, anti-spike protein antibodies can be induced 
either by SARS-CoV-2 infection or by COVID-19 vaccin-
ation (including the three vaccines authorised in the 
USA, BNT162b2, mRNA-1273 [elasomeran; Moderna], 
and Ad26.COV2.S [Janssen]).10 A positive result for anti-
spike or anti-nucleocapsid antibodies can be used to 
satisfy the SARS-CoV-2 test criterion of the CDC case 
definition.

This activity was determined by the CDC to meet criteria 
for public health surveillance as defined in Title 45 of the 
Code of Federal Regulations, part 46.102(l)(2), and thus, no 
institutional review board approval or informed consent 
was required.

Surveillance systems
CDC’s national MIS-C surveillance is a passive reporting 
system in which health departments voluntarily report 
cases of MIS-C; the collection of COVID-19 vaccination 
status began on May 21, 2021.5 We queried the national 
MIS-C surveillance system twice per week for individuals 
with MIS-C illness onset date occurring after their 
vaccination date. We also reviewed reports weekly of 
individuals with MIS-C onset after COVID-19 vaccination 
made to VAERS, a passive national surveillance system for 
vaccine adverse events jointly managed by CDC and FDA, 
which receives spontaneous reports from health-care 
providers, health departments, vaccine manufacturers, 
and the public.16,17 We searched VAERS weekly for reports 
with coding or free-text mention of possible multisystem 
inflammation or MIS-C (appendix p 2). Additionally, 
clinicians at the CDC and FDA reviewing selected VAERS 
reports as part of COVID-19 vaccine safety referred reports 
of potential MIS-C to our multidisciplinary team for 
further review. We also received notification of potential 
cases when a provider contacted the MIS-C national 
surveillance team or requested a CISA consult ation.15 We 
encouraged reporting to VAERS for cases first detected by 
MIS-C national surveillance or through outreach to the 
CDC. We did not specify a minimum or maximum time 
interval from COVID-19 vaccination to illness onset in any 
system searches.

Procedures
A multidisciplinary team consisting of clinical and sur-
veillance staff from the CDC and FDA and investigators 
from CDC’s CISA Project adjudicated cases together 
at least twice per month. CDC physicians reviewed 
medical records and presented case summaries to the 

team. Some potential cases were also discussed with 
the treating clinicians and health department officials 
when additional information was needed for adjudication. 
The investi gation team sometimes provided suggestions 
for laboratory testing; however, clinical evaluation of 
alternative diagnoses was at the discretion of the treating 
clinicians. Individuals for whom the investigation 
team considered myocarditis as a plausible alternative 
diagnosis on the basis of clinical judgment received 
additional review with CISA cardio logists to differentiate 
between myocarditis and cardiac manifestations of 
MIS-C.18

Individuals with potential MIS-C after vaccination were 
classified into two groups: those meeting the CDC MIS-C 
case definition, and those not meeting the CDC MIS-C 
case definition. When adjudicating cases, we did not use 
the criterion of exposure to a COVID-19 case within 
4 weeks before illness onset (panel). Individuals with 
MIS-C were further stratified by laboratory evidence of 

See Online for appendix

Panel: US Centers for Disease Control and Prevention case 
definition for multisystem inflammatory syndrome in 
children

Must meet all the following clinical and laboratory criteria:
• Age younger than 21 years with subjective or objective 

(>38·0 °C) fever for 24 h or longer
• Clinically severe illness requiring hospitalisation
• Multisystem (two or more) organ system involvement

• Cardiac: includes elevated troponin, elevated B-type 
natriuretic peptide or N-terminal pro hormone BNP, 
arrythmia, coronary artery aneurysm, cardiac 
dysfunction, or shock

• Renal: includes acute kidney injury or renal failure
• Respiratory: includes pneumonia, acute respiratory 

distress syndrome, or pleural effusion
• Haematological: includes elevated D-dimer, 

thrombophilia, or thrombocytopenia
• Gastrointestinal: includes elevated bilirubin, elevated 

liver enzymes, or diarrhoea
• Dermatological: includes rash or mucocutaneous 

lesions
• Neurological: includes cerebrovascular accident, 

aseptic meningitis encephalopathy, or headache
• No alternative plausible diagnosis
• Laboratory evidence of inflammation: elevated C-reactive 

protein, erythrocyte sedimentation rate, fibrinogen, 
procalcitonin, D-dimer, ferritin, lactic acid dehydrogenase, 
interleukin 6, or neutrophils; or reduced lymphocytes or 
albumin

• Current or recent positive SARS-CoV-2 RT-PCR*, antigen, 
or serology test; or exposure to a suspected or confirmed 
COVID-19 case within the 4 weeks before onset of 
symptoms†

*For this investigation, this criterion could be satisfied by any type of nucleic acid 
amplification test. †The exposure criterion was not used in this investigation.
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past or recent SARS-CoV-2 infection. Laboratory evidence 
of infection was defined as any positive SARS-CoV-2 
nucleic acid amplification test (NAAT), including RT-PCR, 
or viral antigen test before or during MIS-C illness 
evaluation, or a positive anti-nucleocapsid antibody test 
during MIS-C illness evaluation. Individuals were class-
ified as having no laboratory evidence of SARS-CoV-2 
infection if they satisfied all of the following: no known 
history of a positive SARS-CoV-2 test before MIS-C illness 
onset; a negative SARS-CoV-2 NAAT or viral antigen 
test during MIS-C illness evaluation; and a negative 
anti-nucleocapsid antibody test during MIS-C illness 
evaluation. Individuals who met these criteria and tested 
positive for anti-spike antibodies were also considered to 
have no laboratory evidence of SARS-CoV-2 infection 
because anti-spike antibodies were presumed to be vaccine 
induced. All potential cases were also assessed by use of 
the case definition of the Brighton Collaboration for MIS-C 
cases; this definition differs from that of the CDC in that it 
uses a tiered approach to diagnostic certainty and uniquely 
includes COVID-19 vaccination status as a criterion.13

We collected demographic and clinical features of 
individuals with MIS-C from records provided by 

reporting providers and hospitals. We defined clinical 
phenotypes using CDC MIS-C organ system involvement 
criteria (panel). We stratified temporal elements such as 
time from previous infection and time from most recent 
COVID-19 vaccine dose to illness onset by laboratory 
evidence of SARS-CoV-2 infection and number of vaccine 
doses. We described the same characteristics for indi-
viduals with illness not meeting the case definition 
because of the absence of a positive SARS-CoV-2 test 
(eg, negative NAAT, negative anti-nucleocapsid antibody 
test, and no anti-spike antibody test obtained). These indi-
viduals would presumably have met the case definition 
had an anti-spike antibody test been obtained because of 
the presence of vaccine-induced anti-spike antibodies. We 
summarised illness features and possible alternative 
diagnoses for individuals not meeting the MIS-C case 
definition because of the presence of a plausible 
alternative diagnosis.

Statistical analysis
This is a descriptive investigation; to protect privacy, we 
present individuals by age group, and present demographic 
and clinical details in aggregate. As described elsewhere in 

Figure: Investigation of potential MIS-C in individuals who had received a COVID-19 vaccine
CDC=US Centers for Disease Control and Prevention. CISA=Clinical Immunization Safety Assessment. MIS-C=multisystem inflammatory syndrome in children. 
NAAT=nucleic acid amplification test. VAERS=Vaccine Adverse Event Reporting System. *If the individuals were the incorrect age or if MIS-C could be clearly ruled 
out on the basis of the VAERS report. †Two individuals were reported to MIS-C national surveillance but not to VAERS, and medical records were not obtained; both 
had reported MIS-C after one dose of COVID-19 vaccine, and both were positive for SARS-CoV-2 NAAT and IgG, but no further details were available; both clinically 
improved and were discharged home. ‡Defined as an illness meeting the CDC MIS-C clinical and inflammatory criteria with a positive NAAT or viral antigen test 
during or before MIS-C illness evaluation, or a positive anti-nucleocapsid antibody test during MIS-C illness evaluation. §Defined as an illness meeting the CDC 
MIS-C clinical and inflammatory criteria with negative NAAT and anti-nucleocapsid antibody tests and a positive anti-spike antibody test during MIS-C illness 
evaluation, with no known history of a positive SARS-CoV-2 test before MIS-C illness onset. ¶Three individuals with an illness after vaccination meeting the CDC 
MIS-C clinical and inflammatory criteria, a negative anti-nucleocapsid antibody test and negative NAAT test during MIS-C evaluation, and anti-spike antibody test 
not obtained.

15 with evidence of
SARS-CoV-2 infection‡

6 without evidence of
SARS-CoV-2 infection§

3 met clinical and
inflammatory criteria but 
did not have a positive
SARS-CoV-2 test¶

18 had alternative
diagnosis

5 did not meet clinical or
inflammatory criteria

21 met CDC MIS-C  definition 26 did not meet CDC MIS-C definition

47 fully investigated

62 reports

2 data not available†

13 ruled out on the basis of VAERS report*

47 reports from VAERS 7 reports from MIS-C 
    national surveillance 

8 reports from CISA Initial identification



Articles

www.thelancet.com/child-adolescent   Published online February 22, 2022   https://doi.org/10.1016/S2352-4642(22)00028-1 5

detail,19 the calculation of con fidence intervals is generally 
not advised for VAERS data, and thus was not done for our 
reporting rates.

We obtained the number of individuals aged 
12–20 years who had received one or more doses up to 
Aug 31, 2021, from CDC national vaccine surveillance 
data.20 We divided the count of all individuals meeting 
the MIS-C case definition, and of those without evidence 
of SARS-CoV-2 infection, by the number of individuals 
aged 12–20 years who received one or more vaccine 
doses to calculate the reporting rate of MIS-C for this 
investigation. We used a Research Electronic Data 
Capture (REDCap 12.0.8) database for data collection 
and did analyses using Microsoft Excel 365 and R, 
version 4.0.2.

Role of the funding source
The funder led data collection, data analysis, data 
interpret ation, writing, and submission of the manuscript.

Results
From Dec 14, 2020, to Aug 31, 2021, after removing 
duplicates, we identified 62 reports of individuals with 
potential MIS-C who had received a COVID-19 vaccine 
(figure). We excluded 13 reports on the basis of information 
in the VAERS report alone, records were unavailable 
to fully investigate two reports, and 47 reports were 
fully investigated. Of these 47 reports, 21 (45%) described 
illness meeting the CDC MIS-C case definition, and 
26 (55%) did not. All 21 individuals with MIS-C (median 
age 16 years, IQR 13–18, range 12–20) had evaluations 
for alternate diagnoses, but no alternative diagnoses 
were deemed as plausible as MIS-C. No individuals had 
a previous history of MIS-C. Of the 26 individuals 
with illness not meeting the MIS-C case definition, 
three (12%) met MIS-C clinical and inflam matory criteria 
and did not have an alternative diagnosis, but they did not 
meet the case definition because of absence of a positive 
SARS-CoV-2 test (figure, appendix pp 3–4). An additional 
18 (69%) individuals did not meet case definition because 
they had an alternative diagnosis that was more likely, and 
five (19%) did not meet other clinical or inflammatory 
criteria of the case definition (appendix p 5).

As of Aug 31, 2021, 21 335 331 individuals aged 
12–20 years had received one or more doses of a COVID-19 
vaccine in the USA: 18 030 614 received BNT162b2, 
2 603 078 re ceived mRNA-1273, 697 281 received Ad26.
COV2.S, and 4358 did not have a manufacturer recorded.20

Of the 21 individuals with MIS-C, 15 (71%) had evidence 
of SARS-CoV-2 infection (tables 1, 2). Among these 
15 individuals, ten (67%) had a positive NAAT or viral 
antigen test and five (33%) had a positive anti-
nucleocapsid antibody test and negative NAAT during 
MIS-C illness, with no known positive NAAT or viral 
antigen test before MIS-C (table 2). Of the ten indi viduals 
with a positive NAAT or antigen test, four had a positive 
test during MIS-C illness evaluation, one (case 11) both 

during and 111 days before MIS-C illness, and five before 
MIS-C illness alone. Of the five indi viduals who had a 
positive NAAT or viral antigen test before MIS-C illness 
alone, four had a positive anti-nucleocapsid antibody test 
during MIS-C illness (cases 4, 8, 9, and 13) and one had a 
negative test (case 15; table 3).

Total 
(n=21)

Laboratory 
evidence of 
SARS-CoV-2 
infection (n=15)

No laboratory 
evidence of 
SARS-CoV-2 
infection (n=6)

Age at time of MIS-C onset, years

12–15 10 (48%) 7 (47%) 3 (50%)

16–17 5 (24%) 5 (33%) 0 (0%)

18–20 6 (29%) 3 (20%) 3 (50%)

Sex

Female 8 (38%) 5 (33%) 3 (50%)

Male 13 (62%) 10 (67%) 3 (50%)

Race or ethnicity

White, non-Hispanic 8 (38%) 4 (27%) 4 (67%)

Hispanic 5 (24%) 4 (27%) 1 (17%)

Black, non-Hispanic 3 (14%) 3 (20%) 0 (0%)

Asian or Pacific Islander, 
non-Hispanic

3 (14%) 2 (13%) 1 (17%)

Other race, 
non-Hispanic*

2 (10%) 2 (13%) 0 (0%)

Comorbidities

Asthma 7 (33%) 6 (40%) 1 (17%)

Obesity 3 (14%) 2 (13%) 1 (17%)

Seizure disorder 1 (5%) 0 (0%) 1 (17%)

Data are n (%). MIS-C=multisystem inflammatory syndrome in children. *This 
category includes one person with multiple races and one with unknown race.

Table 1: Demographic characteristics and comorbidities for 21 individuals 
with MIS-C who had received a COVID-19 vaccine

Total Onset after 
first dose of 
COVID-19 vaccine

Onset after 
second dose of 
COVID-19 vaccine

MIS-C 21 11 (52%) 10 (48%)

With evidence of 
SARS-CoV-2 infection

15 10 (67%) 5 (33%)

Positive NAAT (past 
or recent)*

10 5 (50%) 5 (50%)

Negative NAAT 
and positive anti-
nucleocapsid 
antibody test

5 4 (80%) 1 (20%)

Without evidence of 
SARS-CoV-2 infection†

6 1 (17%) 5 (83%)

Data are n or n (%). MIS-C=multisystem inflammatory syndrome in children. 
NAAT=nucleic acid amplification test. *Includes five individuals with positive 
SARS-CoV-2 NAAT before MIS-C illness, four with positive SARS-CoV-2 NAAT 
during MIS-C illness, and one with a positive SARS-CoV-2 NAAT before and during 
MIS-C illness. †Negative NAAT, negative anti-nucleocapsid antibody test, and 
positive anti-spike antibody test during MIS-C illness evaluation; these individuals 
did not have any reported positive NAAT results before MIS-C illness.

Table 2: SARS-CoV-2 laboratory testing in 21 individuals with MIS-C who 
had received a COVID-19 vaccine
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Of 15 individuals with evidence of SARS-CoV-2 infection, 
seven (47%) were aged 12–15 years, five (33%) aged 
16–17 years, and three (20%) aged 18–20 years (table 1); 
ten (67%) were male and five (33%) were female; and 
four (27%) were Hispanic, four (27%) were White non-
Hispanic, and three (20%) were Black non-Hispanic. 
The following organ systems were most commonly 
involved during MIS-C illness: 14 (93%) gastrointestinal, 
13 (87%) haema tological, and 13 (87%) cardiac 
(appendix p 7). Upon assessment with the Brighton case 
definition, 12 (80%) indi viduals were considered definitive 
or probable MIS-C cases and three (20%) would not be 
considered cases (appendix p 7).

All 15 individuals with laboratory evidence of SARS-
CoV-2 infection had received BNT162b2 (the only 
COVID-19 vaccine authorised in the USA for use in 
individuals younger than 18 years during our surveillance), 

with ten (66%) receiving one dose and five (33%) receiving 
two doses before MIS-C illness onset (table 2). Median 
time from most recent vaccine dose to MIS-C onset was 
8 days (IQR 1–8, range 1–30) for those who had received 
only one dose, and 5 days (4–21, 3–48) for those who had 
received two doses (table 3, appendix p 9).

During their MIS-C hospitalisation, 13 (87%) indi-
viduals were treated with intravenous immunoglobulin, 
12 (80%) with systemic steroids, and five (33%) with an 
immune modulator (table 4). Eight (53%) were admitted 
to an intensive care unit. Median length of hospital stay 
was 7 days (IQR 4–9, range 2–20). All 15 individuals 
clinically improved and were discharged home.

Of 21 individuals with MIS-C, six (29%) had positive 
anti-spike antibody test alone (tables 1, 2) and were 
classified as not having laboratory evidence of 
SARS-CoV-2 infection (figure). None of these individuals 

Laboratory 
evidence of 
SARS-CoV-2 
infection*

SARS-CoV-2 test results during evaluation of 
MIS-C illness

Number of days 
from previous 
positive NAAT or 
antigen test to 
MIS-C illness†

Number of 
COVID-19 vaccine 
doses received 
before MIS-C 
onset

Number of days 
from first 
vaccine dose to 
MIS-C onset‡

Number of days 
from second 
vaccine dose to 
MIS-C onset‡

NAAT Anti-spike 
antibody§

Anti-
nucleocapsid 
antibody

1 Yes Positive ND Positive NA 1 7 NA

2 Yes Negative ND Positive NA 1 1 NA

3 Yes Positive ND Positive NA 1 10 NA

4 Yes Negative ND Positive 39 (6 weeks) 1 1 NA

5 Yes Negative ND Positive NA 1 1 NA

6 Yes Negative ND Positive NA 1 30 NA

7 Yes Negative ND Positive NA 1 1 NA

8 Yes Negative ND Positive 42 (6 weeks) 1 19 NA

9 Yes Negative ND Positive 105 (15 weeks) 1 8 NA

10 Yes Negative ND Positive NA 1 20 NA

11 Yes Positive ND ND 111 (16 weeks) 2 24 3

12 Yes Positive Positive ND NA 2 25 4

13 Yes Negative Positive Positive 191 (27 weeks) 2 39 5

14 Yes Positive ND ND NA 2 42 21

15 Yes Negative Positive Negative 238 (34 weeks) 2 69 48

16 No Negative Positive Negative NA 1 5 NA

17 No Negative Positive Negative NA 2 42 21

18 No Negative Positive Negative NA 2 35 14

19 No Negative Positive Negative NA 2 104 84

20 No Negative Positive Negative NA 2 26 5

21 No Negative¶ Positive Negative NA 2 21 0

MIS-C=multisystem inflammatory syndrome in children. NA=not applicable (time interval not available because date of preceding SARS-CoV-2 infection was unknown). 
NAAT=nucleic acid amplification test. ND=not done. *Includes previous laboratory evidence of SARS-CoV-2 infection (ie, history of previous positive SARS-CoV-2 NAAT or 
antigen test) or laboratory evidence of SARS-CoV-2 infection during MIS-C illness evaluation (ie, positive SARS-CoV-2 NAAT, antigen test, or anti-nucleocapsid antibody 
test); anti-spike antibody assay results are not included in this variable. †When the month of previous COVID-19 infection was known but not the day, the 15th of the month 
was used to calculate the time interval from previous infection to MIS-C illness onset; Individual 1 had household exposure to SARS-CoV-2 approximately 5 weeks and 9 
weeks before MIS-C onset; Individual 2 had household exposure approximately 26 weeks before MIS-C onset; Individual 10 had MIS-C onset after the first vaccine dose but 
was not hospitalised until after the second dose. ‡For individuals who received two vaccine doses, median time from first dose to MIS-C illness onset was 39 days (IQR 25–42, 
range 24–69) for those with laboratory evidence of SARS-CoV-2 infection and 35 days (26–42, 21–104) for those without. §Tests reported as not done were tests reported as 
such in the medical notes or not present as per our review of available medical records. ¶Individual 21 had a SARS-CoV-2 antigen test done during MIS-C illness instead of 
NAAT.

Table 3: SARS-CoV-2 testing and temporal features of 21 individuals with MIS-C who had received a COVID-19 vaccine
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had a history of a positive SARS-CoV-2 test before 
MIS-C illness and all had negative SARS-CoV-2 NAAT 
and anti-nucleocapsid antibody test during evaluation of 
MIS-C illness (table 3). Of these six individuals, 
three (50%) were aged 12–15 years and three (50%) aged 
18–20 years, three (50%) were male and three (50%) 
were female, and four (67%) were White non-Hispanic 
(table 1). These individuals presented with varied organ 
system involvement: six (100%) cardiac (including two 
with shock), and five (83%) haematological (appendix 
p 8). Applying the Brighton case definition, all were 
classified as definitive or probable cases (appendix p 8).

All six individuals had received BNT162b2; one (11%) 
received only one dose 5 days before MIS-C onset, 
and five (83%) received two doses before MIS-C illness 
onset (table 2). Median time from vaccination with the 
second dose to MIS-C onset was 14 days (IQR 5–21, 
range 0–84) for those who received two doses (table 3, 
appendix p 10). Four (67%) indi viduals were treated 
for MIS-C with intravenous immunoglobulin and 
four (67%) with systemic steroids (table 4). Median 
length of stay was 6 days (IQR 5–7, range 3–7). 
Four (67%) indi viduals were admitted to an intensive 
care unit, and all six clinically improved and were 
discharged home.

The reporting rate for all reported MIS-C cases in 
individuals who received vaccine was 21 in 21 335 331, or 
1·0 case per million individuals aged 12–20 years who 
had received one or more doses of any COVID-19 vaccine. 
The reporting rate for MIS-C cases without laboratory 
evidence of SARS-CoV-2 infection was six in 21 335 331, 
or 0·3 cases per million individuals aged 12–20 years 
who had received one or more doses.

Discussion
As part of the USA’s comprehensive efforts to monitor 
COVID-19 vaccine safety after authorisation, we investi-
gated reported potential MIS-C cases among individuals 
in the USA aged 12–20 years who had received at least 
one dose of COVID-19 vaccine during a period of 
widespread SARS-CoV-2 circulation. In this case series, 
we described 21 individuals with illness meeting the 
CDC’s MIS-C case definition. All received BNT162b2, 
consistent with the age eligibility of COVID-19 vaccines 
during the investigation period. Most cases had laboratory 
evidence of SARS-CoV-2 infection, although previous 
positive NAAT in three indi viduals occurred outside the 
typical timeframe for MIS-C (105 days, 191 days, and 
238 days before illness onset; table 3), and one other 
had household exposure outside the typical period. In 
four others, no known exposure was available to inform 
the timing of infection that resulted in their anti-
nucleocapsid antibody positivity. Overall, the reporting 
rate for MIS-C was 1·0 case per million vaccinated 
individuals aged 12–20 years, when including all cases 
meeting the case definition, regardless of timing of 
any previous SARS-CoV-2 infection. Although no direct 

comparator background rate exists, the reporting rate of 
illness meeting the MIS-C definition in individuals who 
had received a COVID-19 vaccine is substantially lower 
than the previously published incidence of MIS-C among 
unvaccinated individuals who had SARS-CoV-2 infection. 
Using a denominator of SARS-CoV-2 infec tions among 
unvaccinated individuals, a previous study estimated an 
adjusted incidence of MIS-C from April to June, 2020, 
of 224 per million SARS-CoV-2 infections (95% CI 
160–312) in children aged 11–15 years and 164 per million 
(110–243) in those aged 16–20 years.21

The reporting rate for cases of MIS-C that occurred after 
receipt of COVID-19 vaccine and without evidence of 
SARS-CoV-2 infection was 0·3 cases per million 
vaccinated individuals aged 12–20 years. It has been 
hypothesised that a dysregulated immune response 

Total (n=21) Laboratory 
evidence of 
SARS-CoV-2 
infection (n=15)

No laboratory 
evidence of 
SARS-CoV-2 
infection (n=6)

Inpatient MIS-C treatment

Intravenous 
immunoglobulin

17 (81%) 13 (87%) 4 (67%)

Systemic 
steroids

16 (76%) 12 (80%) 4 (67%)

Immune 
modulators

5 (23%) 5 (33%)* 0 (0%)

Remdesivir 1 (5%) 1 (7%)† 0 (0%)

None 3 (14%) 1 (7%) 2 (33%)

Admitted to 
intensive care unit

12 (57%) 8 (53%) 4 (67%)

Vasopressors 8 (38%) 6 (40%) 2 (33%)

Invasive 
mechanical 
ventilation

3 (14%) 2 (13%) 1 (17%)

Length of 
hospitalisation, 
days

6 (4─9, 2─21) 7 (4─9, 2─20) 6 (5─7, 3─7)

Discharged home 21 (100%) 15 (100%) 6 (100%)

Discharge MIS-C medications

Systemic 
steroids

15 (71%) 11 (73%) 4 (67%)

Aspirin 14 (67%) 10 (67%) 4 (67%)

Enoxaparin 2 (10%) 2 (13%) 0 (0%)

Angiotensin-
converting 
enzyme 
inhibitors

2 (10%) 2 (13%) 0 (0%)

Other‡ 2 (10%) 2 (13%) 0 (0%)

None 4 (19%) 2 (13%) 2 (33%)

Data are n (%) or median (IQR, range). MIS-C=multisystem inflammatory 
syndrome in children. NAAT=nucleic acid amplification test. *Three individuals 
treated with anakinra, and two individuals treated with infliximab. †In addition, 
one individual (not counted here) with a positive SARS-CoV-2 NAAT during MIS-C 
illness received an unspecified antiviral medication. ‡Anakinra, furosemide, and 
metoprolol.

Table 4: Treatment and outcomes for 21 individuals with MIS-C who had 
received a COVID-19 vaccine
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associated with SARS-CoV-2 infection might also be 
associated with exposure to a COVID-19 vaccine.8,13,22 
As with the individuals in our investigation who 
had evidence of previous infection outside of the usual 
period for development of MIS-C, the contribution of 
vaccination, if any, to the illnesses in individuals without 
evidence of infection is unknown and cannot be 
determined with our surveillance data. It is possible that 
some of these six individuals had other unrecognised 
inflammatory conditions. Because the pre-pandemic 
background inci dence of illnesses with unidentified 
diagnosis that would meet the clinical criteria of the 
MIS-C case definition is unknown, we cannot estimate 
how often such illnesses would be expected to occur 
temporally associated with vaccine by chance alone. 
Additionally, given the limitations of laboratory assays and 
detection sensitivities of each test, some of these six indi-
viduals might have been infected with SARS-CoV-2 in 
the recent past, and vaccination might be coincidental 
to the subsequent MIS-C illness. Children often have 
unrecognised SARS-CoV-2 infection associated with 
mild or absent symptoms.3 Individuals with mild or 
asymptomatic illness might be less likely to generate anti-
nucleocapsid antibodies, and anti-nucleocapsid antibodies 
from a previous infection wane over time, particularly in 
those with mild infection.6,23,24 These limitations could 
lead to misclassification of SARS-CoV-2 infection status. 
In addition to the six individuals without evidence of 
SARS-CoV-2 infection, we identified three others who met 
clinical and inflammatory criteria and did not have 
evidence of SARS-CoV-2 infection but did not meet MIS-C 
case definition because an anti-spike antibody test was not 
obtained (although presumably would have been positive 
from vaccination).

Multisystem inflammatory syndrome in adults was not 
reported in clinical trials of COVID-19 vaccines used in 
the USA, and MIS-C was not observed in the 46 000 indi-
viduals aged 16 years or older who participated in 
safety clinical trials for BNT162b2.10,25 Globally, MIS-C 
in individuals who had received a COVID-19 vaccine 
has been described in detail in the literature for 
eight individuals younger than 21 years,22,26–31 excluding 
aggregate counts from larger analyses assessing the 
effect of vaccination on preventing MIS-C.32,33 From 
the USA, two reports included three cases that are also 
in our surveillance results,22,26 and one report described 
a 14-year-old child with evidence of previous SARS-
CoV-2 infection (positive anti-nucleocapsid antibody test) 
with MIS-C onset 2 months after a second dose with 
BNT162b2.31 From outside the USA, we found reports of 
two individuals without evidence of previous or recent 
SARS-CoV-2 infection and who tested negative for anti-
nucleocapsid antibodies: from Denmark, a 17-year-old 
with MIS-C onset 5 days after dose two of BNT162b2;28 
and from Turkey, a 12-year-old with onset 27 days after 
dose one of BNT162b2.27 Two other reports described 
one person each for whom SARS-CoV-2 infection status 

was unclear; NAAT or antigen tests were negative but 
anti-nucleocapsid antibody testing was not done or not 
described.29,30

This investigation highlights the challenges of diag-
nosing MIS-C and importance of a thorough clinical 
evaluation. Although the CDC’s MIS-C case definition can 
be met with any type of SARS-CoV-2 antibody test (anti-
spike, anti-nucleocapsid, or undifferentiated), testing for 
anti-nucleocapsid antibodies in individuals with suspected 
MIS-C after COVID-19 vaccination, ideally from a serum 
sample obtained before administration of intravenous 
immunoglobulin, might be helpful in identifying those 
with antibodies induced by SARS-CoV-2 infection. How-
ever, as noted previously, antibody titres can wane 
over time. Conversely, as cumulatively higher rates of 
SARS-CoV-2 infection result in higher anti-nucleocapsid 
seroprevalence among children, without a test available to 
indicate how recently SARS-CoV-2 infection occurred, 
detection of anti-nucleocapsid antibodies might be 
coincidental and might not distinguish MIS-C from other 
clinically similar syndromes (eg, toxic shock syndrome). 
Therefore, a thorough clinical evaluation to elucidate 
alternative diagnoses is important, as many conditions can 
mimic MIS-C (appendix pp 5–6).

Our data are subject to additional limitations. The 
national MIS-C and VAERS surveillance platforms are 
both passive reporting systems and probably not all cases 
are reported, particularly since receipt of vaccine is not 
part of the MIS-C case definition; therefore, our calculated 
reporting rates are probably underestimated. Vaccinated 
individuals being evaluated who have negative SARS-
CoV-2 NAAT and anti-nucleocapsid serology tests (and do 
not have an anti-spike antibody test done) might not be 
reported because they do not satisfy the CDC case 
definition and might not be suspected of having MIS-C. 
We identified three such individuals with our surveillance 
procedures and acknowledge that such cases would be 
incompletely captured. For practicality, we used a limited 
number of specific terms for our search strategy in the 
VAERS component of our surveillance. However, our 
VAERS text search strategy does not depend on reports 
listing a final diagnosis of MIS-C. Time from vaccine 
receipt to MIS-C onset might be underestimated for the 
subset that had shorter intervals because fever and 
headache are both common short-term reactogenicity 
events after COVID-19 vaccination and symptoms of 
MIS-C. Clinical and laboratory evaluation was not 
standard ised across cases, and although cases were 
adjudicated by an interdisciplinary team, no definitive 
diagnostic test exists to confirm MIS-C.

In conclusion, using surveillance results from the 
first 9 months of the COVID-19 vaccination programme 
in the USA, a period when SARS-CoV-2 was widely 
circulating, we identified a small number of individuals 
aged 12─20 years with MIS-C after COVID-19 vaccination; 
most had laboratory evidence of past or recent SARS-
CoV-2 infection. The surveillance has limitations, but our 
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findings suggest that MIS-C without evidence of SARS-
CoV-2 infection is rare after COVID-19 vaccination 
(reporting rate lower than 1 per million vaccinated indi-
viduals aged 12–20 years). In evaluating individuals with a 
MIS-C clinical presentation after COVID-19 vaccination, it 
is important to consider alternative diag noses, and anti-
nucleocapsid antibody testing might be helpful. Continued 
surveillance for MIS-C illness after COVID-19 vaccination 
is warranted, especially as paediatric COVID-19 vaccination 
is author ised for younger children, who comprise the 
highest proportion of MIS-C cases after SARS-CoV-2 
infection. US providers are encouraged to report potential 
MIS-C cases after COVID-19 vaccination to VAERS.
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