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a b s t r a c t 

Multisystem inflammatory syndrome in adults is a rare and life-threatening complication that follows 

natural COVID-19 infection and primarily affects young unvaccinated adults. This complication is seldom 

described following vaccination, which would have important implications for the vaccination timing and 

platform in this population. COVID-19 vaccines are extremely effective; however, the risk of rare adverse 

events needs to be balanced with the vaccination benefits. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 
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ase Presentation 

A 21-year-old woman presented to the emergency department 

ED) with a 2-day history of chest pain, dyspnea, and leg edema. 

he had previously received positive test results for the SARS-CoV- 

 alpha variant through nasopharyngeal (NP) polymerase chain re- 

ction (PCR) testing 6 weeks before this acute illness. She was 

symptomatic at the time of testing, with the test performed in 

he context of workplace exposure. Notably, 27 days after she 

ested positive, she received her first dose of the messenger RNA 

mRNA) vaccine (Moderna) without immediate adverse reactions. 

en days after her vaccination, she experienced an acute-onset 

rontal headache associated with nausea, vomiting, and diarrhea. 

ver the next 7 days, she developed a rash with fever and there- 

ore sought medical attention from her general practitioner who 

iagnosed her with an allergic reaction. Her symptoms were later 

ssociated with progressive shortness of breath and chest pain, 

eading to her ED presentation ( Figure 1 ). 

She was a previously healthy, life-long nonsmoker and her eth- 

icity was Haitian. On examination, her temperature was 38.0 

C with a blood pressure of 80/50 mm Hg, heart rate of 120 
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eats/min, respiratory rate of 28 breaths/min, and normal oxygen 

aturation on ambient air. Physical examination revealed a con- 

alescent, pink maculopapular rash involving the trunk and ex- 

remities, mild erythema of the tongue, and moderate bilateral leg 

dema. 

Her initial laboratory results revealed leukocytosis, elevated in- 

ammatory markers, and cardiac troponins. IgG serological test for 

ntibodies directed toward the SARS-CoV-2 nucleocapsid protein 

as positive. A chest x-ray was unremarkable, and a transthoracic 

chocardiogram (TTE) showed early signs of pericarditis, includ- 

ng reduced left ventricular ejection function (LVEF) with global 

ypokinesis and trace pericardial effusion. Respiratory pathogen 

anel testing and SARS-CoV-2 PCR performed from the NP swab 

ere negative, including for enterovirus and adenovirus. 

Given her clinical picture of shock, she received fluid resusci- 

ation, broad-spectrum antibiotics, and was admitted to the inten- 

ive care unit (ICU) to initiate inotropes. She fulfilled the Centers 

or Disease Control and Prevention (CDC) case definition of multi- 

ystem inflammatory syndrome in adults (MIS-A). The patient was 

tarted on a 5-day course of intravenous glucocorticoids with a 

aper, intravenous immunoglobulins, and aspirin ( Figure 1 ). Car- 

iogenic shock ensued over the next 48 hours despite inotropic 

upport, and the patient required intubation because of hypoxic 

espiratory failure. The patient had a precipitous decline in car- 

iac function, as documented on serial TTEs, with her nadir LVEF 
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Figure 1. Timeline of clinical presentation and medical interventions. 

Table 1 

Longitudinal laboratory results. 

Laboratory 

test 

Day(s) since admission Reference 

range 
0 IVIG Steroids 1 2 Anakinra 3 4 6 10 

Hemoglobin (g/L) 119 89 71 79 103 98 79 120-160 

Leucocytes (10 9 /L) 17.7 21.2 17.6 21.5 16.6 16.2 19.0 4.0-11.0 

Neutrophils (10 9 /L) 15.7 19.2 15.5 18.4 15.7 14.5 16.7 2.0-9.0 

Lymphocytes (10 9 /L) 0.8 0.2 0.3 1.6 0.2 0.6 1.5 0.5-3.3 

Platelet count (10 9 /L) 186 202 251 270 144 130 388 150-400 

C-reactive protein (mg/L) 315.0 292.5 281.1 213.1 154.0 85.6 0.0-8.0 

Ferritin (ug/L) 668 1342 1042 880 20-300 

ALT (U/L) 74 51 102 188 < 39 

Alkaline phosphatase (U/L) 59 44 63 42 40-120 

Total bilirubin ( μmol/L) 17 22 14 10 20-300 

Creatinine ( μmol/L) 89 73 75 82 55 151 48 40-100 

Troponin (ng/L) 808 1306 689 679 0-13 

NT-proBNP (ng/L) 1641 27699 < 300 

CK (U/L) 363 554 182 1864 20859 17525 30-200 

Abnormal results with trends over the first 10-days of ICU hospitalization are highlighted in gray. 

ALT, alanine transaminase; CK, creatine kinase; NT-proBNP, N-terminal prohormone of brain natriuretic peptide. 
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alling to 5%. On multidisciplinary discussion with various sub- 

pecialties, Anakinra, an interleukin-1 inhibitor, was initiated for 

he cytokine storm and MIS-A. In spite of these therapies, the pa- 

ient had persistent hypoxic failure and vasoplegia, which required 

enous-arterial extracorporeal membrane oxygenation (VA-ECMO). 

er clinical status improved over the next few days, and repeated 

chocardiograms demonstrated LVEF recovery and improvement in 

nflammatory markers ( Tables 1 and 2 ). She was weaned off va- 

opressors, inotropes, VA-ECMO, and extubated. Her ICU stay was 

omplicated by a cerebellar stroke, right common femoral artery 

hrombus, and critical illness polyneuropathy. 

iscussion 

MIS-A is a rare and potentially life-threatening complication 

f a natural infection of COVID-19, commonly requiring acute 

are and often intensive care with hemodynamic support. De- 

pite many case reports and case series, the true incidence is 

ot known ( Morris et al, 2020 ). However, there have only been 

 handful of case reports describing this severe complication fol- 
35 
owing SARS-CoV-2 immunization, all of which occurred follow- 

ng a previous exposure to COVID-19 or a positive serological test 

or SARS-CoV-2 nucleocapsid IgG antibodies ( Salzman et al, 2021 ; 

waydah et al, 2021 ). Common features of these patients include 

heir young age (18-44 years), previous mild or asymptomatic 

OVID-19 infection, and the type of vaccine received (mRNA) 

 Salzman et al, 2021 ). Younger age and mRNA vaccine platforms 

re associated with immunogenicity and a potentially higher risk 

f inducing MIS-A after natural infection ( Salzman et al, 2021 ). 

owever, given the scarcity of MIS-A cases following vaccination, 

ittle is understood about this entity, and suspected cases should 

e reported to the CDC. 

It is well described that after natural COVID-19 infections in in- 

ividuals, vaccination elicits a more robust immune response than 

n those not previously exposed and is often associated with sys- 

emic symptoms, including fever ( Krammer et al, 2021 ). We as- 

ociate this potent immune response with the generation of bet- 

er immunity; however, this can also theoretically lead to hyperin- 

ammation and a dysregulated immune system that can paradox- 

cally cause harm to the host. Of the 2 mRNA vaccines, Moderna 
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Table 2 

Rapid cardiac deterioration and recovery of myocarditis/pericarditis on serial TTE. 

Day(s) since admission Ejection fraction Valvulopathy Others 

0 Left ventricular (LV [7]): 45%-50% 

Preserved right ventricular (RV [20]) function 

Mild to moderate tricuspid 

regurgitation (TR) 

Trace pericardial effusion, lateral wall and apex are 

hypokinetic 

1 LV: 30%-35% 

RV function significantly impaired 

Severe TR Small pericardial effusion, LV dysfunction of a 

cardiomyopathic pattern 

2 LV: 25-30% 

RV function moderate to severely reduced 

Severe TR Stable pericardial effusion, global hypokinesis LV 

3 LV: < 5% 

RV: severely reduced 

Moderate TR Small pericardial effusion, severe global hypokinesis 

LV 

4 LV: 5%-10% 

RV: severely reduced 

Moderate TR Small pericardial effusion 

6 LV: 15-25% 

RV: mildly reduced 

Mild TR/MR Moderate pericardial effusion 

10 LV: EF 45%-50% 

RV: normal in size and function 

Normal valve Small posterior pericardial effusions 
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as been reported to be more immunogenic, which is the vaccine 

hat our patient had received ( Steensels et al, 2021 ). The vaccine 

ay have triggered an already primed immune system, causing a 

ytokine storm that led to a rapidly progressing, severe cardiac ill- 

ess in an otherwise healthy young adult. This may raise questions 

bout the optimal timing of vaccination following natural infection 

mong young adults. It is important to note that all cases of MIS-A 

hat occurred after vaccination were described after natural infec- 

ion with COVID-19, and it is impossible to determine the causality 

ased on these reports. 

The CDC and many health care jurisdictions suggest that vac- 

ination following SARS-CoV-2 infection should occur after clin- 

cal recovery of the patient and completion of the isolation pe- 

iod ( CDC, 2021 ; Alberta Health Services, 2021 ). However, for pa- 

ients diagnosed with MIS-A/C, the CDC recommends delaying 

accination by 90 days after diagnosis and clinical recovery but 

xcludes patients who developed MIS-A/C following vaccination 

 CDC, 2021 ). There is general agreement that individuals who have 

een infected previously with SARS-CoV-2 should be vaccinated. 

owever, there is little guidance on which vaccine is appropri- 

te and how many doses are required. Several studies have shown 

hat most recovered COVID-19 patients develop antibodies against 

ARS-CoV-2, lasting at least 4 to 8 months ( Dan et al, 2021 ). This

aises questions about the optimal timing of vaccination following 

ARS-CoV-2 infection, particularly in young and healthy adults. Un- 

il further studies have been conducted, we propose that a delay 

n immunization by 90 days following natural infection should be 

onsidered, given the rare but potentially severe risk of exacerbat- 

ng MIS-A if the vaccine is given too prematurely. 

There is evidence to suggest that there are long-lasting neu- 

ralizing antibody responses that may last up to 8 to 12 months 

n individuals who previously had a severe COVID-19 infection 

 Lau et al, 2021 ; Sherina et al, 2021 ). Our case may represent an

xceptionally rare circumstance in which vaccination potentially 

ould have been deferred by 90 days after previous infection. Be- 

ause COVID-19 vaccines have been demonstrated to be extremely 

ffective in preventing infection, the risk for rare adverse events 

ollowing immunization needs to be balanced with the benefits of 

accination. 

We report a case of MIS-A that followed natural COVID-19 in- 

ection and subsequent SARS-CoV-2 mRNA immunization, which 

as associated with high morbidity. Clinician reporting of MIS-A 

ollowing vaccination is crucial in monitoring this potentially rare 

nd unrecognized adverse event. Only a handful of case reports 

ave, so far, described severe progressive MIS-A following vacci- 

ation, all of which have followed natural infection, and the op- 

imal timing of COVID-19 immunization in this young population 
emains to be elucidated. 
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