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Multisystem Inflammatory
Syndrome after Breakthrough
SARS-CoV-2 Infection in
2 Immunized Adolescents,
United States
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Eight weeks after having laboratory-confirmed SARS-
CoV-2 breakthrough infections, 2 otherwise healthy, fully
immunized adolescent patients in the United States who
were experiencing related signs and symptoms were
diagnosed with multisystem inflammatory syndrome in
children. Our findings indicate that COVID-19 vaccination
does not completely protect adolescents against multi-
system inflammatory syndrome.

Multisystem inflammatory syndrome in children
(MIS-C) is a hyperinflammatory illness occur-
ring after SARS-CoV-2 infection; ~30% of case-pa-
tients are adolescents (1). The United States reported
7,880 MIS-C cases and 66 deaths as of March 28, 2022
(1). MIS-C is an exception to the lower incidence and
death from SARS-CoV-2-associated health condi-
tions in children than adults (2). In April-June 2020,
estimated MIS-C incidence across 7 US jurisdictions
was 316 (95% CI 278-357) cases per 1 million SARS-
CoV-2 infections in persons <21 years of age (3). The
small but serious risk of MIS-C has been cited in sup-
port of pediatric SARS-CoV-2 immunization (4,5).

The BNT162b2 Pfizer-BioNTech mRNA CO-
VID-19 vaccine (https://www.pfizer.com) was ap-
proved in December 2020 for children 216 years of
age and in May 2021 for children 12-15 years of age
(6). As of April 20, 2022, a total of 68% of US children
12-17 years of age had been fully immunized (6).
Data about the effects of SARS-CoV-2 immunization
on MIS-C are limited, although some evidence sug-
gests the vaccine offers protection against MIS-C in
adolescents (7,8). We describe 2 cases of MIS-C after
breakthrough SARS-CoV-2 infection in fully immu-
nized adolescents.
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The Study

In the first case, headache and myalgia developed in
a healthy 14-year-old boy (day 1 of illness); by day
7, fever, abdominal pain, diarrhea, emesis, bloodshot
eyes, red cracked lips, and rash had also developed.
On day 10, he was brought for treatment to the emer-
gency department and admitted to a quaternary-care
pediatric hospital.

Three months earlier, he completed the Pfizer-
BioNTech 2-dose COVID-19 vaccine series (Figure).
One month later, he experienced 3 days of coughing
and congestion and tested positive by PCR for SARS-
CoV-2 infection, from which he recovered.

At hospital admission, examination noted sickly
appearance, fever (39.1°C), tachycardia, rash, con-
junctivitis, cracked lips, and abdominal tenderness.
Laboratory testing revealed hyponatremia; throm-
bocytopenia; lymphopenia; and elevated C-reactive
protein (CRP), N-terminal pro-brain natriuretic pep-
tide (NT-proBNP), and liver function test levels (Ta-
ble 1). Echocardiogram revealed trivial pericardial ef-
fusion. Abdominal ultrasound and chest radiograph
results were unremarkable. SARS-CoV-2 spike and
nucleocapsid IgG results were positive. Other infec-
tious condition test results were negative (Table 2).

On the patient’s first day of hospitalization, the
infectious diseases section was consulted, and we
determined that the patient’s illness met Centers for
Disease Control and Prevention MIS-C criteria (1).
The next day, he received infliximab (10 mg/kg), fol-
lowed by intravenous immunoglobulin. Rash, head-
ache, conjunctivitis, and CRP improved; however,
fever, malaise, and nausea persisted, and cardiac
markers rose, prompting a second infliximab dose on
hospitalization day 3. His fever subsided, and signs,
symptoms, and laboratory results improved (Table 1).
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Figure. Time courses

A MIS-C Infliximab Discharged lime co
Vaccine dose 2 onset and IVIG  DOI-15/ for vaccination, illness,
Day 58 DOI-1 DOI-11/HD2  HD6 diagnosis, and treatment for
[ e ° ° ° ° ° e o > 2 adolescent MIS-C case-
Vaccine dose 1 Acute COVID-19 Hospitalization  Infliximab patients, United States. A)
accine dose i 1taliz nriixima . .
Day 79 Day 25 DOI-10/HD1  dose 2 Case-patient 1; B) case-
Last day of fever patient 2. DOI, day of iliness
DOI-12/HD3 (since onset); HD, hospital
day; IVIG, intravenous
VIG immunoglobulin; MIS-C,
B Pre-MIS-C  steroids started multisystem inflammatory
Vaccine dose 2 hospitalization Last fever syndrome in children.
Day 107 DOI-14 DOI-22/HD4
[ @ D D 0 0 0 0
Vaccine dose 1 COVID-19—- MIS-C Discharged
Day 128 like illness hospitalization ~ DOI-27/HD9
DOI-1 DOI-19/HD1

On hospitalization day 5, echocardiogram showed no
effusion; he was discharged the next day.

Infectious diseases follow-up 3 weeks after hos-
pital discharge revealed fatigue and occasional mild
abdominal pain but normalized laboratory results.
Cardiology follow-up 6 weeks after hospital dis-
charge revealed ongoing fatigue. An echocardiogram
showed new mild left main coronary artery enlarge-

ment (Z-score +2.7). We planned no interventions be-
yond interval outpatient monitoring.

In the second case, fever and fatigue, followed by
congestion, cough, myalgias, headache, nausea, and
vomiting, developed in an otherwise healthy 14-year-
old girl (day 1 of illness). On day 3, rapid SARS-CoV-2
and influenza test results were negative. On day 12,
she was brought to the emergency department for

Table 1. Laboratory results for 2 adolescent MIS-C case-patients,

by day in hospital, United States*

Case-patient 2%

Pre-MIS-C

Case-patient 1, hospitalization for MIS-C hospitalization Hospitalization for MIS-C
Resultt HD1 HD2 HD3 HD4 HD5 HD6 HD1  HD4 HD1 HD3  HD5 HD7 HD9
Leukocytes, x 10° 13.6 |41 12.3 126 |31 |27 11.9 NA 7.8 5.8 12.9 5.4 9.0
cells/L
Hemoglobin, g/dL 125 131 12.4 122 124 |10.5 13.5 NA 13.8 |10.8 104 |10.3 |10.5
Platelets, 10%L 198 109 188 237 321 362 290 NA 373 265 NA 305 331
Absolute neutrophil 24 3.3 11 10.9 11 10.6 NA NA 1.4 1.8 2.0 3.6 4.7
count, x 10° cells/L
Absolute lymphocyte 1 10.6 1.1 1.3 1.7 1.8 NA NA 5.8 23 10.6 1.2 2.8
count, x 10° cells/L
ESR, mm/h NA 6 7 123 124 125 118 NA 122 196 NA NA NA
Sodium, mmol/L 1130 136|134 1133|132 137 1135 NA 1136 137 1127|136 139
Creatinine, mg/dL 1.2 11.0 10.9 0.7 10.8 0.6 0.7 NA 1.0 122 13.9 12.3 1.3
AST, U/L 1165 1207 1131 1114 1200 1164 1297 1164 110 116 153 28 33
ALT, U/L 1221 1243 1196 1167 1195 1162 1249 1269 1188 1177 1123 157 45
GGT, U/L 1126 1137 1129 1128 1136 NA NA NA 1342 1209 NA NA NA
LDH, U/L 11,484 NA 11,155 1928 1863 NA 11,313 NA 1982 NA NA NA NA
C-reactive protein, 1135 186 164 136 119 ™M1 123 NA M7 147 156 119 10
mg/L
Ferritin, ng/mL 1750 NA 1576 1626 1754 1578 1593 NA 191 284 NA NA NA
Albumin, g/dL NA 129 |2.8 128 131 |31 13.1 13.2 3.6 12.6 3.0 13.1 13.1
aPTT, s 1429 36.5 1389 1394 NA NA 120.5 NA 289 313 NA NA NA
PT,s 14 126 13.5 13.7 141 135 13.4 NA 13.5 147 NA NA NA
Fibrinogen, mg/dL 328 354 302 269 317 NA 258 NA 413 NA NA NA NA
D-dimer, pg/mL NA 1>4 >4 1>4 13.1 NA NA NA 12.8 NA NA NA NA
Troponin-I, ng/mL 0.03 10.04 10.05 0.03 0.02 NA <0.02 NA <0.02 NA NA NA NA
NT-proBNP, pg/mL 1365 1477 1601 11,020 1212 NA 66 NA 85 13,190 13,360 11,300 11,590

*ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; ESR, erythrocyte sedimentation rate;
GGT, gamma-glutamyl transpeptidase; HD, hospital day; LDH, lactate dehydrogenase; MIS-C, multisystem inflammatory syndrome in children; NT-
proBNP, N-type pro-brain natriuretic peptide; PT, prothrombin time; 1, increased outside of reference range; |, decreased outside of reference range.

tReference ranges: leukocytes, 5.2-9.7 x 10° cells/L; hemoglobin, 11.8-15

.8 g/dL; platelets, 150500 x 10°%L; absolute neutrophil count, 1.8-6.6 x 10°

cells/L; absolute lymphocyte count, 1.0-4.8 x 10%L; ESR, <15 mm/h; sodium, 137—145 mmol/L; creatinine, 0.2—0.7 mg/dL; AST, 15-40 U/L; ALT, <50
U/L; GGT, 10-28 U/L; LDH, 360-730 U/L; C-reactive protein, 0—10 mg/L; ferritin, 6—464 ng/mL; albumin 3.5-5 g/dL; aPTT, 23.5-37.5 s; PT, 11.5-15.0 s;
fibrinogen, 200-450 mg/dL; D-dimer, <0.5 ng/mL; troponin-I, <0.03 ng/mL; NT-proBNP, <125 pg/mL

1-Omitted data for case-patient 2 from HD2 and HD3 of pre—MIS-C hospital
unnecessary for demonstrating clinical trends
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Table 2. Infectious laboratory results for 2 adolescents after multisystem inflammatory syndrome in children symptom onset and

*

throughout hospitalization, United States

Laboratory test

Case-patient 1 Case-patient 2

SARS-CoV-2 spike IgG Positive NA
SARS-CoV-2 nucleocapsid IgG Positive Positive
SARS-CoV-2 PCR Negative Positivet
Other respiratory pathogen panel PCR Negative Negative
Blood culture, peripheral, 2 sets Negative Negative
Urine culture Negative Negative
Epstein Barr virus ab panel Consistent with prior infection Negative
Gastrointestinal pathogen panel PCR Negative NA
Group A Streptococcus throat PCR Negative NA
Quantiferon tuberculosis gold Negative NA

HIV Ag/Ab, 4th-generation NA Nonreactive
Rapid plasma regain NA Nonreactive
Parvovirus IgM and IgG NA Negative
Anti-streptolysin-O NA Negative
Anti-deoxyribonuclease B NA Negative

*Ag, antigen; Ab, antibody.

tCase-patient 2 had a positive SARS-CoV-2 PCR result on day-of-iliness 11, followed by a negative result on day-of-illness 19.

persistent fever, headache, cough, and vomiting. Three
months before her illness, she had completed the 2-dose
Pfizer-BioNTech COVID-19 vaccine series (Figure).

Results from computed tomography of her head and
chest radiograph were unremarkable. SARS-CoV-2 PCR
was positive. She was prescribed amoxicillin for possi-
ble sinusitis and discharged. On day 14, she returned to
the hospital for dyspnea and required low-flow oxygen
for hypoxemia. Electrocardiogram, troponin, and NT-
proBNP test results were normal. She was admitted and
received 1 dose of remdesivir, which we discontinued
because of elevated liver function test results (Table 1),
and 2 doses of dexamethasone; we also discontinued
amoxicillin. She improved and was discharged on day
18. However, she returned the next day with recrudes-
cent fever, emesis, and new diffuse rash, including on
her palms and soles. Laboratory testing demonstrated
elevated CRP, D-dimer, liver function, NT-proBNP, and
creatinine levels (Table 1). Abdominal ultrasound and
computed tomography showed incidentally enlarged
kidneys. We empirically started clindamycin and ceftri-
axone treatment and readmitted her.

At readmission on day 19, differential diagnoses
included MIS-C, acute COVID-19 with hyperinflam-
mation, sepsis, toxic shock syndrome, drug reaction,
and vasculitis or other autoimmune disease. Echocar-
diogram results were unremarkable. A SARS-CoV-2
nucleocapsid IgG test was positive. Additional infec-
tious and rheumatologic test results were negative
(Table 2). After discussion among multidisciplinary
specialists, we considered MIS-C most likely, with a
suspicion that her earlier symptoms might have re-
sulted from acute COVID-19, which evolved over 3
weeks into MIS-C. We discontinued antibiotics.

On day 4 of her second hospitalization,

she received intravenous immunoglobulin and
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methylprednisolone. Her fever quickly subsided,
signs and symptoms resolved, and laboratory results
improved (Table 1). On hospitalization day 9, she was
discharged with an oral prednisone taper. Infectious
disease follow-up 3 weeks after discharge revealed
mild fatigue and headaches but normalized laboratory
results. Cardiology follow-up through 12 weeks after
discharge indicated fatigue, but echocardiogram and
exercise stress testing results were unremarkable.

Conclusions

We report 2 cases in which fully vaccinated, other-
wise healthy adolescent patients were diagnosed with
MIS-C after laboratory-confirmed SARS-CoV-2 break-
through infections. Diagnoses were based on CDC cri-
teria, and clinical findings were similar to descriptions
from cohort studies published elsewhere (9-11). Based
on Brighton Collaboration MIS-C case definitions
(https:/ /brightoncollaboration.us), we considered
MIS-C diagnosis definitive in case-patient 1 and prob-
able in case-patient 2, although her condition had some
features more suggestive of acute COVID-19 with hy-
perinflammation (12). Neither case met SARS-CoV-2
vaccine-associated MIS-C criteria (12).

As adolescent SARS-CoV-2 immunization rates
have increased, so has interest in the effects of vaccina-
tion on adolescent MIS-C. In a fall 2021 study in France,
0/33 adolescents with MIS-C were fully vaccinated
against COVID-19 (7). Seven (21%) had received 1 shot
of a 2-dose vaccine; hazard ratio for MIS-C was 0.09 (95%
Cl 0.04-0.21) among the partially vaccinated compared
with unvaccinated patients (p<0.001) (7). A January
2022 report estimated 91% (95% Cl 78%-97%) vaccine
effectiveness against MIS-C based on 102 case-patients
and 181 hospitalized controls at 24 US pediatric hospi-
tals during July-December 2021 (8). Only 5% of MIS-C
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case-patients were fully vaccinated, compared with 36%
of controls. None of the 5 fully COVID-19-vaccinated
MIS-C patients, compared with 39% of unvaccinated
patients, required invasive mechanical ventilation, va-
soactive medications, or extracorporeal membrane ox-
ygenation (8), suggesting decreased MIS-C severity in
vaccinated patients, similar to our 2 case-patients. An-
other US review reported mechanical ventilation use
in 14% and vasopressor use in 38% of 21 patients with
MIS-C after SARS-CoV-2 vaccination; 52 % had received
only 1 of 2 vaccine doses, and median time from second
dose to MIS-C onset was 5 days, shorter than expected
to reach full vaccine efficacy (13). Although those find-
ings could suggest vaccine-associated MIS, 71% of pa-
tients showed evidence of SARS-CoV-2 breakthrough
infection (13). Our case-patients demonstrated clear
breakthrough infections, ruling out vaccine-associated
MIS based on Brighton criteria (12).

Although COVID-19 vaccines appear to be effec-
tive against MIS-C (7,8), whether effectiveness results
from decreased risk of acquiring SARS-CoV-2 or re-
duced likelihood of developing MIS-C after a break-
through infection remains unclear. Because vaccine
effectiveness against older versus newer variants
might differ, potential vaccine effect on MIS-C rates
after breakthrough infections becomes more impor-
tant (14). Additional research is needed, particularly
among age groups younger than those in our study,
which account for most MIS-C cases. However, our
findings indicate that even full COVID-19 vaccination
in adolescents is not 100% effective against MIS-C.
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