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Abstract

Multisystem inflammatory syndrome in children (MIS-C) is a complication of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection; in the United States, reporting of
MIS-C after coronavirus disease 2019 (COVID-19) vaccination is required for vaccine safety
monitoring. Pfizer-BioNTech COVID-19 vaccine was authorized for children aged 5-11 years on
29 October 2021. Covering a period when approximately 7 million children received vaccine,
surveillance for MIS-C < 90 days postvaccination using passive systems identified 58 children
with MIS-C and laboratory evidence of past/recent SARS-CoV-2 infection, and 4 without
evidence. During a period with extensive SARS-CoV-2 circulation, MIS-C illness in children after
COVID-19 vaccination who lacked evidence of SARS-CoV-2 infection was rare (<1 per million
vaccinated children).

Keywords

COVID-19; COVID-19 vaccine; MIS-C; SARS-CoV-2; multisystem inflammatory syndrome in
children

Multisystem inflammatory syndrome in children (MIS-C) is a serious complication of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection characterized by a hyper-
inflammatory response, with illness onset typically 2—6 weeks after infection [1]. Features
include fever, multiorgan system involvement, and laboratory evidence of inflammation. A
definitive MIS-C diagnosis can be challenging in clinical care and for surveillance because
there is no specific diagnostic biomarker and it can resemble other illnesses, including acute
coronavirus disease 2019 (COVID-19), toxic shock syndrome, and Kawasaki disease (KD).
Over 9000 cases and 74 deaths meeting Centers for Disease Control and Prevention (CDC)
case definition have been reported in the United States through 28 November 2022, with
45% of cases among children aged 5-11 years [2]. COVID-19 vaccination has been shown
to protect against MIS-C in US children aged 5-11 years and adolescents aged 12-18 years
[3]. Other countries have also demonstrated vaccine effectiveness against MIS-C [4, 5].

Given the known association with SARS-CoV-2 infection, CDC and Food and Drug
Administration (FDA) included MIS-C as an adverse event of special interest for COVID-19
vaccine safety monitoring. The emergency use authorizations (EUA) for COVID-19
vaccines required reporting of MIS after COVID-19 vaccination to the Vaccine Adverse
Event Reporting System (VAERS). We previously reported results of surveillance for MIS-C
after COVID-19 vaccination in people aged 12-20 years [6]. Following FDA’s EUA for
Pfizer-BioNTech COVID-19 vaccine in children aged 5-11 years on 29 October 2021,

we conducted surveillance in this age group for MIS-C illness occurring <90 days after
COVID-19 vaccination to assess clinical characteristics and information on SARS-CoV-2
infection and vaccination.
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Surveillance methods were similar to those previously published [6]. We used CDC’s MIS-C
national surveillance system, VAERS, and CDC’s Clinical Immunization Safety Assessment
(CISA) Project to identify potential MIS-C illnesses in children aged 5-11 years who had
illness onset 1 November 2021 through 31 March 2022 and <90 days after a COVID-19
vaccine dose, with receipt of first COVID-19 vaccine dose < 31 December 2021. CDC’s
MIS-C national surveillance system, which receives case reports from health departments,
was queried weekly. VAERS was searched weekly for reports with coding or free-text
mention of possible multisystem inflammation, MIS-C, or KD (Supplementary Material);
CDC and FDA physicians reviewing VAERS reports also referred potential MIS-C to

our team. CISA receives vaccine safety consultation requests from health care providers.
For children first identified through national MIS-C surveillance or CISA, we encouraged
reporting to VAERS by our close date, 13 May 2022. For this age, only Pfizer-BioNTech
vaccine was authorized by 31 December 2021.

CDC physicians reviewed medical records and adjudicated cases with CISA academic site
physicians. First, we determined if identified children met clinical and inflammatory criteria
of the 2020 CDC MIS-C case definition and whether there was a plausible alternative
etiology (Figure 1).

According to the 2020 US CDC case definition for MIS-C [6] cases must meet all the
following clinical and laboratory criteria:

. Age <21 years with subjective or objective (>38.0°C) fever for 24 hours or
longer
. Clinically severe illness requiring hospitalization
. Multisystem (2 or more) organ system involvement
. Cardiac: eg, elevated troponin, elevated B-type natriuretic peptide or

N-terminal prohormone BNP, arrythmia, coronary artery aneurysm,
cardiac dysfunction, or shock

. Renal: eg, acute kidney injury or renal failure

. Respiratory: eg, pneumonia, acute respiratory distress syndrome, or
pleural effusion

. Hematological: eg, elevated p-dimer, thrombophilia, or
thrombocytopenia

. Gastrointestinal: eg, abdominal pain, vomiting, diarrhea, elevated
bilirubin, elevated liver enzymes

. Dermatological: eg, rash or mucocutaneous lesions

. Neurological: eg, cerebrovascular accident, aseptic meningitis,
encephalopathy, or headache

. No alternative plausible diagnosis
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. Laboratory evidence of inflammation: one or more of elevated C-reactive
protein, erythrocyte sedimentation rate, fibrinogen, procalcitonin, o-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, any NAAT/Ag test in the past or
during the MIS-C evaluation was used; only positive serology results from
specimens collected before any intravenous immunoglobulin [I\VVIG] receipt were
used; the exposure criterion was not used.)

Given the substantial overlap in clinical and laboratory features between KD and MIS-C, we
included children considered to have KD/atypical KD by treating clinicians if they otherwise
met MIS-C criteria. We then classified children by whether they had laboratory evidence

of past or recent SARS-CoV-2 infection. We defined evidence of SARS-CoV-2 infection as
any of the following: reported history of positive nucleic acid amplification or antigen test
(NAAT/AQ) in the past, positive NAAT/Ag test during MIS-C illness evaluation, or positive
anti-nucleocapsid antibody test during evaluation. Children were classified as having no
evidence of SARS-CoV-2 infection if they had no history of a positive NAAT/Ag test,

and tested negative by NAAT/Ag and anti-nucleocapsid antibody testing during evaluation.
Children who had no evidence of SARS-CoV-2 infection as described above but tested
positive for anti-spike antibodies were classified as without evidence of infection because
anti-spike antibodies are expected after COVID-19 vaccination; vaccinated children are
often not tested for this antibody during MIS-C evaluations. While not necessarily indicating
SARS-CoV-2 infection in a vaccinated child, a positive anti-spike antibody test satisfies the
SARS-CoV-2 test result criterion of the full CDC MIS-C definition. In addition to using

the CDC MIS-C definition, we classified children using the Brighton Collaboration MIS-C
case definition, which does not require a positive SARS-CoV-2 test [7]. If described in the
medical record, we captured information on exposure to a household member with a positive
NAAT/Ag test.

We obtained the number of children aged 5-11 years who received =1 COVID-19 vaccine
dose through 31 December 2021 from CDC national COVID-19 vaccine data [8].

This activity was determined by the CDC to meet criteria for public health surveillance
according to 45 C.F.R.§ 46.102(1)(2); therefore, no institutional review board approval or
informed consent was required.

RESULTS

We adjudicated 77 potential cases (Figure 1). None had a previous history of MIS-C. Seven
children (9%) had an alternative diagnosis, 1 (1%) did not meet clinical criteria of the 2020
CDC MIS-C case definition, and 69 (90%) met clinical and inflammatory criteria and had
no alternative diagnosis. Of the 69, 58 (84%) had evidence of past or recent SARS-CoV-2
infection and therefore met the full CDC MIS-C definition. Four (6%) of the 69 had no
evidence of past or recent SARS-CoV-2 infection; only 1 of the 4 was tested for anti-spike
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antibodies, which were detected, and therefore met full CDC MIS-C definition. For 7 (10%)
of the 69, SARS-CoV-2 infection status could not be determined (ie, SARS-CoV-2 testing
was incomplete); 4 were tested for anti-spike antibodies, which were detected, and therefore
met full CDC MIS-C definition (Figure 1).

Of the 58 children with evidence of SARS-CoV-2 infection, 36 (62%) were male. The

most common race/ethnicity categories were white non-Hispanic (25/58, 43%) and black
non-Hispanic (13/58, 22%) (Supplementary Table A). Twenty-three (40%) had illness onset
November through December 2021 (Supplementary Figure).

Of these 58 children, 33 (57%) had a positive NAAT/Ag test before illness onset, 5 (9%)
had positive NAAT/Ag test only during MIS-C illness, and 20 (34%) did not have a positive
NAAT/Ag test but were anti-nucleocapsid antibody positive (Table 1 and Supplementary
Table B). Of the 33 who had a positive NAAT/Ag test before illness onset, 14 (42%)

had a positive test before vaccination, 11 (33%) had received only 1 vaccine dose and
subsequently had a positive test, and 8 (24%) had received 2 doses and subsequently had a
positive test (for 2, the positive test was < 14 days after dose 2; for 6 it was 23-48 days after
dose 2; Supplementary Tables B and C). Among these 33 children with a positive NAAT/Ag
test before illness onset, 30 had onset 3—66 days after the positive test, and 1 each had onset
339, 398, and 451 days after the positive test (2 of the last 3 had anti-nucleocapsid antibody
testing and both tested positive). Of the 20 children without a positive NAAT/Ag test but
who tested anti-nucleocapsid antibody positive, 8 (40%) had known household exposure to a
NAAT/Ag-positive case, at 12—-39 days before illness onset.

Among these 58 children, 26 (45%) had shock, 15 (26%) had left ventricular ejection
fraction (LVEF) < 55%, 5 (9%) had coronary artery dilation/ectasia but none had coronary
artery aneurysms (Supplementary Table D). Fifty-one (88%) met Brighton level 1 (definitive
case); 3 (5%) had discharge diagnosis of KD/atypical KD. Fifty-seven (98%) were
discharged home. One child who had a positive NAAT test at the hospital died with cause of
death assessed as MIS-C associated with COVID-19 by state medical examiner. The child’s
MIS-C illness onset was approximately 5 weeks after a household member tested NAAT/Ag
positive and 3 days after COVID-19 vaccine dose 2.

Of the 4 children who met the clinical and inflammatory criteria of the CDC MIS-C
definition and had no evidence of SARS-CoV-2 infection (Figure 1), 3 (75%) were male;

2 were Asian and 2 were another race/ethnicity category. Three had MIS-C illness onset in
November and 1 in December 2021 (Supplementary Figure A). Each had symptom onset
after vaccine dose 1 (1, 10, 12, and 23 days after vaccination). One (25%) had shock treated
with vasoactive medications, 1 (25%) had LVEF <55%, 2 (50%) had coronary aneurysms
(Supplementary Tables D and E). Two (50%) met Brighton level 1 (definitive) and 2 (50%)
met level 2a (probable). Three (75%) were given discharge diagnosis of KD/atypical KD by
treating clinicians; in records available, clinicians mentioned possible MIS-C illness from
COVID-19 vaccine in 2. The fourth child was diagnosed with MIS-C. All 4 were discharged
home. Through 31 December 2021, 7 269 846 children aged 5-11 years received =1 dose of
COVID-19 vaccine.

J Infect Dis. Author manuscript; available in PMC 2023 October 10.
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DISCUSSION

We identified 58 children who had MIS-C illness onset within 90 days after COVID-19
vaccination and had evidence of past or recent SARS-CoV-2 infection, and 4 who met

the clinical and inflammatory CDC MIS-C criteria and had no evidence of SARS-CoV-2
infection. Vaccine became available for this age group approximately 5-6 weeks before the
steep increase in reported COVID-19 cases during which Omicron emerged as the dominant
variant (Supplementary Figure A). Given this overlap in timing of vaccine uptake and
immense increase in infections, many MIS-C cases from recent SARS-CoV-2 infection were
anticipated to occur in this age group and, by coincidence, be temporally associated with
COVID-19 vaccination. Demonstrating the widespread high transmission of SARS-CoV-2
to US children in late 2021/early 2022, national anti-nucleocapsid antibody seroprevalence
among persons aged 0—-17 years was 42% in November 2021, and among children aged
0-11 years increased from 44% in December 2021 to 75% in February 2022 [9].

Whether COVID-19 vaccination contributed to the MIS-C illnesses identified through our
passive surveillance cannot be determined. Four children had no known history or laboratory
evidence of SARS-CoV-2 infection. Given that 7 269 846 children in our age group had
received =1 vaccine dose through 31 December 2021, these 4 yield a reporting rate of

0.6 children with MIS-C illness and no evidence of SARS-CoV-2 infection per million
vaccinated children. It is possible that these illnesses were KD or a different inflammatory
illness or that a recent SARS-CoV-2 infection was not detected by the anti-nucleocapsid
antibody test (false negative) [10]. Overall, the clinical features of MIS-C illnesses in

our investigation appear similar to cases in younger children from CDC’s MIS-C national
surveillance before vaccine availability [11], and to those of the 690 children aged 5-11
years not reported to have received COVID-19 vaccine before their MIS-C onset during
November 2021 through March 2022: 31% had shock, 23% had cardiac dysfunction, 10%
had coronary artery aneurysms/dilation, and 1% died (CDC MIS-C national surveillance,
unpublished data).

Timing of SARS-CoV-2 infection relative to symptom onset of MIS-C can help inform

the assessment of whether that infection likely caused the illness while vaccination was
probably coincidental. Among the 33 children for whom some information was available on
timing of infection, a previous positive NAAT/Ag test was in the distant past for 3 (339, 398,
451 days before MIS-C onset). Two of these 3 children were tested for anti-nucleocapsid
antibodies (both positive); whether those antibodies were evidence of only the remote
infection, or an additional recent infection with subsequent MIS-C, is unknown.

Limitations of our evaluation included the reliance on passive surveillance systems that
likely did not capture all children with MIS-C. We may have included some illnesses that
were not MIS-C, including inflammatory disease processes that could have also occurred
prepandemic but may have been reported as MIS-C due to overlapping clinical features and
the high background anti-nucleocapsid antibody seroprevalence. In addition, we included
KD in our analysis because it can be impossible to distinguish between KD and MIS-C, and
absence of evidence of SARS-CoV-2 infection would likely influence a clinician to diagnose

J Infect Dis. Author manuscript; available in PMC 2023 October 10.
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KD rather than MIS-C (conversely, with evidence of SARS-CoV-2 infection, MIS-C rather
than KD). Our surveillance period covered only early vaccine uptake.

There are several case reports of adolescents and adults diagnosed with MIS shortly

after COVID-19 vaccination with no laboratory evidence of SARS-CoV-2 infection using
currently available assays [12—14]. These reports have the same limitations as our
investigation with inability to conclude that COVID-19 vaccination caused or contributed to
the illness. Prior results from MIS-C surveillance among US adolescents, and from France,
demonstrated that most vaccinated adolescents with MIS-C illness had evidence of past or
recent SARS-CoV-2 infection and reporting rates for those without evidence of infection
were <1 case/million vaccinated persons [6, 15]. Our findings among children aged 5-11
years are similar and support that, during a period with extensive SARS-CoV-2 circulation,
MIS-C illness in children within 90 days after Pfizer-BioNTech COVID-19 vaccination who
had no evidence of past or recent SARS-CoV-2 infection was rare (<1 per million vaccinated
children).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Investigation of potential MIS-C in children who had received COVID-19 vaccine.

Abbreviations: CDC, US Centers for Disease Control and Prevention; CISA, Clinical
Immunization Safety Assessment Project; IVIG, intravenous immunoglobulin; MIS-C,
multisystem inflammatory syndrome in children; NAAT/Ag, SARS-CoV-2 nucleic acid
amplification test or antigen test; VAERS, Vaccine Adverse Event Reporting System.
aV/AERS report indicated the child was not hospitalized and there was no clinical suspicion
of possible MIS-C. PIn 2 instances, the VAERS report was incomplete and patient
information needed to request medical records was not provided; there was no information
on SARS-CoV-2 testing. In 7 instances, a report was made to CDC’s MIS-C surveillance
unit but not to VAERS and medical records were not available. Four of 7 were described to
be NAAT/Ag positive in the past or during MIS-C evaluation, the 3 others were described
to be NAAT negative/serology positive with no further details on testing. CAlternative
diagnoses: adenovirus infection (n = 2), murine typhus (n = 2), and 1 each of monoarticular
arthritis, pericarditis, adrenal insufficiency. 9One child who tested NAAT positive at
admission died; the cause of death as assessed by the state medical examiner was MIS-C
associated with COVID-19. This child was included as meeting clinical and inflammatory
criteria and without alternative diagnosis based on that information. ®We used only positive
serology results from specimens collected before any IVIG receipt (positive serology results
from only post-1VIG specimens are considered as “test not performed”). fHistory of positive
NAAT/Ag test in the past, or positive NAAT/Ag test during the MIS-C illness evaluation,
or positive anti-nucleocapsid antibody test during the evaluation. 9No history of positive
NAAT/Ag test in the past, negative NAAT/Ag test during the MIS-C illness evaluation,

and negative anti-nucleocapsid antibody test during the evaluation. "No history of positive
NAAT/Ag test in the past, negative NAAT/Ag test during the MIS-C illness evaluation, and
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anti-nucleocapsid antibody test not performed. JAn anti-spike antibody test was obtained in
only 1 of the 4 children in the box above, and the result was positive.
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