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 Case series
 Patients: Male, 7-year-old • Female, 6-year-old • Male, 5-year-old
 Final Diagnosis: Multisystem inflammatory syndrome in children (MIS-C)
 Symptoms: Heart failure
 Medication: —
 Clinical Procedure: —
 Specialty: Pediatrics and Neonatology

 Objective: Unusual clinical course
 Background: Coronavirus disease 2019 (COVID-19) infection commonly presents as fever, cough, and shortness of breath 

in adults. Children are thought to have milder respiratory symptoms and to recover more quickly. We describe 
a new presentation of COVID-19 infection in children consisting of multisystem inflammation with decreased 
left ventricular function and evidence of lung disease.

 Case Reports: Three children presented with fever, conjunctivitis, dry and cracked lips, rash, and/or cervical lymphadenopathy 
for at least 5 days. Two of these children required mechanical ventilation, and 1 of the 2 needed extracorpo-
real membrane oxygenation (ECMO) to support cardiorespiratory function. All of these children had moderate 
to severe hyponatremia and lymphopenia, which is usually seen in COVID-19. They were treated with intrave-
nous immunoglobulin and high-dose aspirin. All of the children recovered.

 Conclusions: Early recognition of children with multisystem inflammation is important because they are at increased risk 
for deterioration. Treatment with intravenous immunoglobulin and aspirin was used because this regimen has 
been shown to be beneficial in vasculitis of Kawasaki disease. The development of shock due to cardiac in-
volvement may require ECMO.
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Background

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
was discovered in early December 2019 in Wuhan, China and 
has since spread throughout China and to 185 countries [1,2]. 
Adults commonly present with fever, cough, and difficulty in 
breathing. Lymphopenia is usually present and ground glass 
opacities are seen on chest computed tomography (CT) [3]. 
Most children with coronavirus disease 2019 (COVID-19) have 
milder symptoms and recover from the disease within 1 to 2 
weeks. They commonly present with fever, cough, and fatigue, 
while some have sore throat, rhinorrhea, and congestion [4]. 
Vomiting and diarrhea have also been described. Laboratory 
findings include lymphopenia, elevation in serum troponin, liv-
er enzymes, D-dimer, and ferritin. C-reactive protein and sed-
imentation rate, along with cytokines such as tumor necro-
sis factor a, interleukin (IL)-4, IL-6, and IL-10, are elevated [2]. 
We report 3 children who presented with vasculitis and car-
diac manifestations who responded positively to intravenous 
immunoglobulin and aspirin. The first child was exposed to 
his mother who tested positive for SARS-CoV-2, and he later 
had IgG antibodies to SARS-CoV-2, which were detected after 
hospital discharge. The second child tested positive for SARS-
CoV-2 by nasopharyngeal swab and later had IgG antibodies 
to SARS-CoV-2. The third child was exposed to his severely ill 
grandfather who tested positive for SARS-CoV-2, but the child 
was negative for SARS-COV-2 and antibodies were not tested. 
All of these children presented at the end of April 2020.

Case Reports

Case 1

A previously healthy 7-year-old boy presented with abdominal 
pain, vomiting, diarrhea, fever, chest pain, difficulty in breath-
ing, and a maculopapular rash involving the back and extrem-
ities for 1–2 days. His mother was treated for pneumonia and 
had a positive SARS-CoV-2, 12 days prior to the onset of the 
boy’s symptoms. The boy was tested for SARS-CoV-2 (real-time 
[RT]-PCR, Cepheid, Sunnyville, CA) at the onset of symptoms, 
and results were negative at this time. On examination, his 
heart rate was 168 beats/min; respiratory rate, 18/min; blood 
pressure, 97/54 mmHg; oral temperature, 37.8°C; and 95% ox-
ygen saturation on room air. His respiratory, cardiovascular, 
and abdominal examinations were initially normal. No con-
junctivitis or lymphadenopathy was noted. There was a mor-
billiform rash on his back, arms, hands, and feet without in-
volvement of the palms and soles. His clinical characteristics 
are shown in Table 1. His sodium was 129 mmol/L and chlo-
ride 92 mmol/L. No viruses were detected on the respiratory 
viral panel. The rest of the laboratory tests are shown in the 
Table 2. Chest x-ray showed decreased lung volume and mild 

peribronchial cuffing. Abdominal CT showed significant gall-
bladder thickening consistent with acute cholecystitis. Twelve 
hours after admission he developed hypoxia and required an 
escalation of his respiratory support from 2 L/min nasal can-
nula to 15 L/min high-flow nasal cannula. He developed wors-
ening hypoxia and required increased respiratory support and 
endotracheal intubation with mechanical ventilation a day after 
admission. Chest x-ray showed new patchy opacities in both 
lungs and small pleural effusions bilaterally. He remained on 
mechanical ventilation for 4 days. He developed hypotension 
requiring multiple fluid boluses and continuous infusion of epi-
nephrine. His electrocardiogram (ECG) showed sinus tachycar-
dia. An echocardiogram showed mildly decreased left ventricu-
lar function, mild mitral insufficiency, and dilation of the mean 
left coronary artery (diameter: 0.39 cm, Z-score: 2.3) and the 
proximal left arterial descending coronary artery (diameter: 
0.32 cm, Z-score: 2.1) as shown in Figure 1. He subsequently 
developed swollen feet and hands and conjunctival injection. 
He was treated for vasculitis on the fourth day of symptoms 
with aspirin and intravenous immunoglobulin (IVIG). He re-
quired a second dose of IVIG as fever persisted for more than 
36 h following the first infusion. He remained afebrile follow-
ing the second IVIG infusion. He received antibiotics through-
out his hospitalization. He improved over the next 7 days and 
was discharged from the hospital. His IgG antibodies for SARS-
CoV-2 were positive by immunoassay (Abbott, Abbott Park, IL) 
on a follow-up visit that occurred 2 weeks after presentation.

Case 2

A 6-year-old girl presented with syncope lasting 1 min, fever for 
3 days, and a new onset of abdominal pain and a maculopapu-
lar rash on her wrists, palms, arms, and abdomen. Swelling of 
hands and feet had resolved prior to presentation. On physi-
cal examination, her heart rate was 138 beats/min; respiratory 
rate, 22/min; blood pressure, 119/73 mmHg; and temperature, 

Table 1.  Clinical criteria for multisystem inflammatory syndrome 
in children.

Clinical criteria Patient 1 Patient 2 Patient 3

Fever ³5 days No Yes Yes

Changes in extremities No Yes No

Polymorphous exanthema Yes Yes No

Bilateral bulbar 
conjunctival injection 
without exudate

No Yes Yes

Changes in lips and 
oral cavity

Yes Yes Yes

Cervical lymphadenopathy Yes No Yes
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39.5°C. Her throat was erythematous without exudates. Her 
respiratory, cardiovascular, and abdominal examinations were 
normal. Her clinical characteristics are shown in Table 1. A rap-
id strep screen was positive. Her chest x-ray was normal. She 
was sent home with amoxicillin with a diagnosis of possible 
streptococcal pharyngitis versus acute viral syndrome.

She returned to the hospital 3 days later with persistent fe-
ver and rash, and abdominal pain with a new onset of con-
junctivitis and shortness of breath. Her only intake was oral 
electrolyte solution and fruit juice. On examination, her heart 
rate was 122 beats/min; respiratory rate, 40/min; blood pres-
sure, 70/30 mmHg; and oral temperature 36.8°C. She had 

conjunctival injection and no cracking of the lips or a straw-
berry tongue. Her oxygen saturation was 90% on room air, and 
she was tachypneic with intercostal retractions. Auscultation 
revealed a gallop rhythm. Capillary refill time was 5 s. Her ab-
domen was slightly tender to palpation. A maculopapular rash 
was noted on her arms and legs. Her chest x-ray showed de-
creased lung volume, prominent heart size, and central and 
basilar pulmonary markings consistent with a viral process. 
She was treated with a fluid bolus, ceftriaxone, and vanco-
mycin. A continuous infusion of epinephrine was started due 
to persistent poor perfusion. Her sodium concentration was 
118 mmol/L and chloride was 84 mmol/L. Three percent sa-
line was administered. Liver enzymes were within normal 

Day

Laboratory test 1 2 3 4 5 6 7 8

CRP, mg/L 98.6 100.9 144.7 155.1 150.1 136.6 76.5

Ferritin, ng/mL 364.6 484.4 577.2 585.6 353 462.3 356

D dimer (FEU), mg/dL 3.41 4.59 3.91 2.08 3.61 5.90 8.16

Fibrinogen, mg/dL 524 508 448 593 533 607 462

Troponin, ng/mL (normal, 3–17 ng/mL) 534/292 158

WBC, 1000/mm3 18.1 13.3 16.2 14.2 15.0 14.6 12.8 15.1

Lymphocytes, 1000/mm3 0.2 1.1 1.2 1.8 1.8 2.1 2.3 1.7

Neutrophils, 1000/mm3 11.9 11.4 14.3 10.8 10.1 11.4 9.4 12.4

Bands, 1000/mm3 5.6 0 0 1.4 2.1 0 0 0

Platelets, 1000/mm3 164 111 128 132 163 223 237 271

Table 2. Laboratory findings for Case 1.

FEU – fibrinogen equivalent units.

Figure 1.  (A) Main left coronary artery dilation. (B) Proximal left anterior descending coronary artery dilation.
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limits. Capillary blood gas showed a pH 7.42 and PCO2 was 
35 torr. Her respiratory viral panel did not detect any virus-
es. Her nasopharyngeal secretions tested positive for SARS-
CoV-2 by RT-PCR (Cepheid). The rest of her laboratory results 
are shown in Table 3.

During the first 7 h of admission to the pediatric intensive care 
unit, hypotension was treated with intravenous infusion of do-
pamine and epinephrine. Initial ECG showed low voltages in the 
limb leads, PR interval prolongation, and early repolarization in 
the lateral precordial leads. Echocardiogram was remarkable 
for mildly depressed left ventricular function, mild tricuspid/
mitral incompetence, and normal coronary anatomy. She was 
treated for vasculitis on her sixth day of symptoms with aspi-
rin and IVIG. Clindamycin was added for possible streptococ-
cal endotoxemia. Respirations were supported with high-flow 
nasal cannula up to 10 L/min. She developed an intermittent 
atrioventricular dissociation with persistent accelerated junc-
tional tachycardia and hypotension. An acute episode of hy-
poxia occurred with possible seizure activity and subsequent 
bradycardia and cardiac arrest. Return of spontaneous circu-
lation (ROSC) was achieved in less than 5 min with bag-mask 
ventilation and chest compressions. Following ROSC, a code 
dose (0.01 mg/kg) of epinephrine was administered for hypo-
tension. The child was subsequently intubated without incident.

She was unable to be weaned from 100% oxygen and remained 
on epinephrine and dopamine infusions. Approximately 4 h 
following intubation, she developed nonsustained ventricu-
lar tachycardia for which she was given amiodarone. A repeat 
echocardiogram was performed and demonstrated worsening 
of left ventricular function. She was subsequently cannulated 
for veno-arterial extracorporeal membrane oxygenation (ECMO) 
given worsening hemodynamic instability and arrhythmias. She 
required ECMO for 5 days, was weaned off and recovered. Her 
IgG antibodies for SARS-CoV-2 were positive by immunoassay 
(Abbott, Abbott Park, IL) 2 weeks after presentation.

Case 3

A previously healthy 5-year-old boy presented with a 6-day 
history of fever, 2-day history of conjunctivitis, and 1-day his-
tory of decreased oral intake, lethargy, and mild abdominal 
pain. SARS-CoV-2 was absent from his nasopharyngeal secre-
tions (RT-PCR, Cepheid), but his grandfather had tested pos-
itive for SARS-CoV-2 and required intensive care unit admis-
sion for respiratory illness. On examination, the boy’s heart rate 
was 104 beats/min; respiratory rate, 24/min; blood pressure, 
80/55 mmHg; axillary temperature, 37°C; and an oxygen sat-
uration of 98% on room air. He had conjunctival injection and 
shotty cervical lymph nodes. The rest of his physical examina-
tion was normal. Chest x-ray showed decreased lung volume 
with bilateral perihilar opacities and a mild prominence of the 

cardiac silhouette. Small bilateral pleural effusions were noted. 
Abdominal ultrasound showed a dilated common bile duct and 
mild splenomegaly. ECG was normal. Echocardiogram showed 
low-normal left ventricular function, a trace global pericardi-
al effusion, and normal cardiac anatomy. He had a sodium of 
124 mmol/L, chloride 88 mmol/L, normal aspartate aminotrans-
ferase and alanine aminotransferase, a white blood cell count 
of 6100/mm3, lymphocyte count of 600/mm3, neutrophil count 
of 4900/mm3, troponin (high sensitivity) of 44 ng/mL, and a 
ferritin of 378.9 ng/mL. The C-reactive protein (CRP) was ini-
tially 148.3 mg/dL on admission and fell to 50.4 mg/dL 5 days 
later. No viruses were detected on the respiratory viral panel. 
The patient was treated with aspirin and IVIG on his seventh 
day of symptoms. His fever resolved, and he was discharged 
home only to return the next day with high fever and leth-
argy. A second dose of IVIG was administered, after which he 
improved and was discharged home after 2 days.

Discussion

The 3 cases of vasculitis due to SARS-CoV-2 infection present-
ed at the end of April 2020. Initially, these children were di-
agnosed as incomplete Kawasaki disease because they met 
the criteria set by the American Heart Association in 2017 [6]. 
The criteria for Kawasaki disease include (1) fever lasting more 
than 5 days, (2) erythema of the palms and soles or more com-
monly edema of the hands and feet, (3) periungual peeling, 
(4) diffuse rash, (5) conjunctival injection, (6) erythema of the 

Table 3. Laboratory findings for Case 2.

Laboratory Test Admission 9 h later
19 h later 
(on ECMO)

CRP, mg/L 450

Ferritin, ng/mL 699

D dimer (FEU), mg/dL 4.21

Fibrinogen, mg/dL 835

Troponin, ng/mL 
(high sensitivity, 
3–17 ng/mL)

114

WBC, 1000/mm3 13.3 13.4 3.6

Lymphocytes, 
1000/mm3 2 0.5 0.5

Neutrophils, 
1000/mm3 9.8 11.5 1.9

Bands, 1000/mm3 1.2 1.1 0.9

Platelets, 1000/mm3 225 260 159

FEU – fibrinogen equivalent units.
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lips and oral cavity, (7) cervical lymphadenopathy, and (8) ex-
clusion of other diseases [5]. Coronary artery abnormalities in-
cluding dilation of coronary arteries and aneurysms may also 
occur. Evidence of myocarditis is commonly seen but patients 
rarely present with hemodynamic instability and shock [6,7]. 
Incomplete Kawasaki disease occurs in children <1 year or 
³5–9 years of age, which is outside the usual age group of 1–4 
years. It is defined as fever with 2 or 3 of the principal clini-
cal findings described above in the guidelines [8]. In addition, 
the American Heart Association has 6 laboratory and echocar-
diography criteria that may aid in making the diagnosis [9]. 
In spite of meeting criteria for incomplete Kawasaki disease 
including physical attributes and laboratory evidence of se-
vere inflammation, lymphopenia which is not typically seen in 
Kawasaki disease was present in all 3 children. Also, myocardi-
al dysfunction and hyperferritinemia are not usually observed 
in Kawasaki disease to the degree observed. All 3 children had 
a partial response to IVIG in that 2 doses were required in 2 of 
the cases and ECMO for cardiovascular support in the other. 
The arrhythmias may have been related to the inflammation 
and/or ischemia of the myocardium and conduction system.

In the United Kingdom, the North Central London Clinical 
Commissioning Group released a statement on April 26, 2020, 
with concerns of children presenting with abdominal symp-
toms, cardiac inflammation, and Kawasaki disease with labo-
ratory findings similar to children with COVID-19, whether or 
not the child tested positive or negative for SARS-CoV-2 [10]. 
The presentation of these symptoms after known exposure 
to SARS-CoV-2 in the absence of known active infection sug-
gests that this illness is postinfectious. One of the earliest re-
ports was a case in which SARS-CoV-2 was thought to cause 
Kawasaki disease in a 6-month-old [11]. This was followed by 
a report of 8 children with similar manifestations to Kawasaki 

disease due to SARS-CoV-2, which is now known to be a new 
syndrome called multisystem inflammatory syndrome in chil-
dren (MIS-C). The disorder likely occurs after SARS-CoV-2 infec-
tion and the child may test negative for SARS-CoV-2 [12]. In our 
institution, we have seen a surge of children with MIS-C who 
tested positive for SARS-CoV-2 or had significant SARS-CoV-2 
exposure despite a negative PCR test. However, it is likely that 
this disease is a postinfectious complication as shown in 2 of 
our patients who tested positive for IgG antibodies.

Conclusions

As more pediatric cases accumulate, it is becoming clearer 
that the response to SARS-CoV-2 infection in some children is 
not limited to the lungs but is instead systemic, with cutane-
ous, generalized vasculitis and myocarditis. It is important to 
quickly recognize these children because they are at increased 
risk for significant deterioration. Early treatment with aspirin 
and IVIG may be considered because this regimen is the rec-
ommended treatment for the vasculitis of Kawasaki disease. 
Progression of cardiac failure may require ECMO, and referral 
to the appropriate center is recommended.
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