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Abstract

We report four cases of patients with multisystem inflammatory syn-
drome in children (MIS-C) associated with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection, of which three pa-
tients presented characteristics of Kawasaki disease (KD). All presented 
fever of more than 3 days, and gastrointestinal involvement, significant 
increase in C-reactive protein (CRP), polymorphonuclear cells, proc-
alcitonin, D-dimer, fibrinogen and troponin, lymphopenia and hypoal-
buminemia. Myocardial involvement was observed in two patients. All 
were treated with fluids resuscitation and vasoactive therapy, 75% re-
ceived intravenous immunoglobulin (IVIG) and systemic steroids. Two 
patients developed a transient acute kidney injury, one patient presented 
as acute appendicitis and developed a bilateral pleural effusion. One 
patient required a second dose of IVIG and boluses of methylpredniso-
lone. None required mechanical ventilation and there were no deaths.

Keywords: SARS-CoV-2; COVID-19; Multisystem inflammatory 
syndrome in children; Kawasaki disease; Kawasaki disease shock 
syndrome; Myocarditis

Introduction

The emergence of a new respiratory virus, from the beta-coro-

navirus family called severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) in Wuhan, China in December 2019 
[1], was associated with severe acute respiratory syndrome in 
people over 65 years with hypertension, diabetes, obesity and 
smoking. In the pediatric population, China reported 2.2% of 
cases, of which more than 90% had asymptomatic or mild and 
moderate symptoms. There are currently more than 27 mil-
lion confirmed cases worldwide, the pediatric population is 
between 0.8% and 4%, in Mexico it has 3.6% under 19 years 
of age [1-3].

At the end of April 2020, it was reported in the UK that 
eight pediatric patients with shock fever greater than 3 days 
with cardiovascular shock and hyperinflammation; later in 
the province of Bergamo, Italy a condition called Kawasaki-
induced hyperinflammatory syndrome was reported. SARS-
CoV-2 by sharing clinical and mucocutaneous characteristics 
of Kawasaki disease (KD) and that several series of cases have 
subsequently been described, considering it a serious condition 
that warrants intensive therapy due to shock, organ and myo-
cardial dysfunction, as well as coronary abnormalities [4, 5].

Case Report

We report a series of four cases of patient with multisystem 
inflammatory syndrome in children (MIS-C) associated a 
SARS-CoV-2 infection admitted to intensive care unit (ICU) 
(Supplementary Material 1, www.journalmc.org).

Three girls and one boy, ages 4 to 16, had a fever 3 to 
5 days before diagnosis, a history of contact with a positive 
case of coronavirus disease 2019 (COVID-19) in one patient, 
suspected case in two patients, and no evidence of contact in 
one patient 4 weeks before diagnosis. SARS-CoV-2 was con-
firmed in all cases, one patient with nasopharyngeal reverse 
transcription polymerase chain reaction (RT-PCR) and three 
patients with positive immunoglobulin G (IgG) and negative 
IgM serology for SARS-CoV-2.

None of the patients had respiratory symptoms of COV-
ID-19. All presented general malaise, asthenia, and adynamia; 
and KD was determined in three cases (two with complete 
KD and one incomplete KD). All had gastrointestinal involve-
ment (vomiting, diarrhea and/or abdominal pain). One patient 
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required an emergency operation for suspected appendici-
tis, which was finally diagnosed as mesenteric adenitis. The 
echocardiogram showed myocardial involvement in two cases, 
but did not find coronary abnormalities.

A significant increase in C-reactive protein (CRP), poly-
morphonuclear cells, procalcitonin, D-dimer and fibrinogen 
was observed, as well as lymphopenia and hypoalbuminemia.

All patients received fluid resuscitation and vasoactive 
therapy (epinephrine or norepinephrine) for at least 24 - 48 h 
due to hypotension; all received broad-spectrum antibiotics, 
without isolation of germ in blood cultures. Three patients re-
ceived intravenous immunoglobulin (IVIG) (2 g/kg/dose) and 
three boluses of methylprednisolone (10 - 30 mg/kg/dose).

Two patients developed acute kidney injury with recovery 
of kidney function 72 h after IVIG and methylprednisolone 
treatment. The patient who presented with acute appendicitis 
had an insidious evolution with ascites, bilateral pleural effu-
sion, mild pericardial effusion, pulmonary arterial hyperten-
sion and severe tricuspid regurgitation, with persistence of fe-
ver at 36 h, elevated leukocytosis, CRP and D-dimer. A second 
dose of IVIG was administered, as well as methylprednisolone 
boluses, enoxaparin, and bilateral intercostal drainage, with 
recovery 3 weeks after admission. None required mechani-
cal ventilation and there were no deaths. Everyone is at home 
without medication and without complications.

Discussion

SARS-CoV-2 infection in pediatric age has been reported 
around 1-4.3%, generally asymptomatic course to mild forms. 
At the end of April 2020 the first cases of a new entity called 
MIS-C with clinical findings similar to KD, KD shock syn-
drome (KDSS) and toxic shock syndrome was reported [4]. On 
May 1, 2020, the Royal College of Paediatrics and Child Health 
(RCPCH) published a case definition and guidance related to 
this multisystem illness, defining it as a child presenting with 
persistent fever, inflammation (neutrophilia, elevated CRP, and 
lymphopenia) and evidence of single or multiorgan dysfunction 
(shock, cardiac, respiratory, kidney, gastrointestinal, or neuro-
logical disorder) with additional features. This may include 
children fulfilling full or partial criteria for KD; exclusion of 
any other microbial cause, including bacterial sepsis, staphylo-
coccal or streptococcal shock syndromes, infections associated 
with myocarditis such as enterovirus, and SARS-CoV-2 PCR 
test results may be positive or negative [4-8].

Cases have increased from tens to hundreds in several 
countries, with different series similarities with a greater num-
ber of cases (Table 1 [9-13]): median age between 7.5 and 11 
years, male predominance from 51% to 66%, confirmation of 
SARS-CoV-2 by nasopharyngeal RT-PCR and/or IgG/IgM 
serology in 65-90%, gastrointestinal involvement (vomiting, 
diarrhea, or abdominal pain) in more than 80%, shock in 50-
90%, and myocardial dysfunction in one to two thirds of pa-
tients. Complete, incomplete KD or KDSS occurred in half of 
the cases due to the presence of bilateral conjunctivitis, oral 
changes, skin rash, and edema of the hands and feet. Labo-
ratory findings are consistent with lymphopenia and hypoal-

buminemia, marked elevation of CRP, procalcitonin, ferritin, 
fibrinogen, D-dimer, troponin I, and N-terminal pro-brain-type 
natriuretic peptide (NT-proBNP). Coronary artery abnormali-
ties occur in one third of cases, while the development of coro-
nary aneurysms ranges from 8% to 23%. The initial treatment 
was IVIG (2 g/kg) in 70-100%, a second dose of IVIG up to 
20%, systemic steroids (2-10 mg/kg/day) in 34-73% and bio-
logical therapy (anti interleukin-1 (IL-1) or IL-6) in 8-20%; 
and liquid resuscitation, vasoactive and inotropic agents in 40-
80%. Mortality is less than 2.5% [9-13].

The effort to understand the immunopathology of the 
SARS-CoV-2 infection since the beginning of the pandemic and 
to establish the appropriate treatment, aimed at avoiding the se-
rious forms and complications described under a constellation 
of symptoms and biochemical findings of a so-called “torm of 
cytokines”, which is characterized by hyperinflammation that 
generates multiorgan and myocardial dysfunction, due to the 
excessive release of cytokines (IL-1β, IL-6, IL-8 and interferon 
gamma (INFγ)) secondary to uncontrolled immune activation, 
commonly observed in autoimmune diseases such as juvenile 
idiopathic arthritis systemic, Still’s disease, systemic lupus 
erythematosus, as well as macrophage activation syndrome, 
evidenced by cytopenias, coagulopathy, hepatitis, disseminated 
intravascular coagulation, and hyperferritinemia [14].

MIS-C is considered to be caused by a late response to 
SARS-CoV-2 infection, as some patients have a negative 
RT-PCR but a positive IgM/IgG serology, highlighting the 
involvement of aberrant innate immunity as the main mecha-
nism. There is also evidence that antibodies to SARS-CoV-2 
accentuate the disease through a facilitating mechanism that 
enhances viral entry or antibody replication as has been ob-
served in dengue [15].

Three disease patterns are recognized in children hospital-
ized for MIS-C. The first group, with persistent fever and high 
levels of inflammation markers, but without characteristics of 
KD, shock or organ dysfunction; the second group, with criteria 
for KD; and the third group, with shock and clinical, echocar-
diographic and laboratory evidence of myocardial injury [12]. 
Three of the cases we present have characteristics of KD with 
abdominal pain and shock. All responded adequately to forced 
resuscitation with fluids, IVIG, steroids, and vasopressors.

Conclusions

Various pediatric centers are recognizing the various MIS-C 
phenotypes around the world, with identification of risk fac-
tors, pathogenesis, clinical course, and treatment for MIS-C. 
These are the first cases we identified in our pediatric care 
center, which posed a challenge in diagnosis and treatment. 
Better understanding of MIS-C will allow us to recognize this 
serious and potentially fatal entity.

Supplementary Material

Suppl 1. Clinical characteristics, laboratory, echocardiogram, 
treatment and outcomes of the four patients with COVID-
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19-related multisystem inflammatory syndrome in children.
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