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Pediatric multisystem inflammatory syndrome

associated with COVID-19: urgent attention required

, Luiz Antonio Del Ciampo? @, lvan Savioli Ferraz?
, Fabio da Veiga Ued?

Carlos Alberto Nogueira-de-Almeida'™*
leda Regina Lopes Del Ciampo' @, Andrea Aparecida Contini’

SUMMARY

OBJECTIVE: To identify epidemiological and clinical characteristics of multisystemic inflammatory syndrome associated with coronavirus
infection as one of the severe forms of COVID-19 involvement in children and adolescents.

METHODS: review was based on articles published in 2020 in the PubMed, Medline, Scopus, SciELO and Cochrane databases.
SUMMARY: Multisystemic inflammatory syndrome is a serious clinical disorder that affects children and adolescents and is associated with
the detection of previous exposure to SARS-CoV-2. It is characterized by the installation of a shock picture, with a significant increase in
inflammatory markers such as presentations of Kawasaki Disease or shock syndrome related to Kawasaki Disease, or even toxic shock
syndrome, with the clinical picture being characterized by fever of difficult control, rash, conjunctivitis, peripheral edema, generalized
pain in the extremities and gastrointestinal symptoms.

CONCLUSIONS: Although the vast majority of children with COVID-19 have mild symptoms, it is necessary to consider that some have
a hyperinflammatory response. It is essential that health professionals receive information that can assist in the recognition of this clinical
condition, differentiating it from other diagnoses, so that early and appropriate treatment is instituted.
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INTRODUCTION

The first case of a disease with significant pulmonary impair-
ment caused by a new species of coronavirus (SARS-CoV-2)
was reported In China, in December 2019. Due to its high
transmissibility, it was quickly declared a pandemic, respon-
sible for more than 19 million confirmed cases and over
728,000 deaths worldwide by August 10, 2020". Its inci-
dence among children and adolescents can reach 5% of all
cases” and mortality is probably low?, but children under
one year of age are more likely to have complications of the
disease®. Obese children are also at risk for serious mani-
festations’, including higher risk of multisystem inflamma-

tory syndrome®.

On the other hand, adults with comorbidities and older
adults represent the main risk groups; the majority of affected
children and adolescents are asymptomatic or have mild air-
way infection or gastrointestinal symptoms, abdominal pain,
vomiting, and diarrhea’. However, in view of clinical peculiar-
ities manifested during the evolution of some cases, a group
of children who had severe forms of a systemic inflammatory
disease could be identified, similar to Kawasaki Disease (KD),
which was called multisystemic inflammatory syndrome in
children (MIS-C) due to coronavirus infection®. KD is a febrile
and acute vasculitis that affects young children, primarily not
belonging to any specific risk group’. Given this syndrome
does not yet have adequately defined etiological factors, it
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becomes even more challenging to understand its overlapping
with MIS-C'12 and its relation with COVID-19, as well as
its causes and prognosis, which are still being better studied.
Due to its severity, different scientific societies have sought to
create criteria for defining cases and treatment, and alert health
professionals about the disease!>®.

This article seeks to review current knowledge about MIS-
C, with the main objective of providing health professionals
with the necessary knowledge so that they can make the diag-
nosis and implement the treatment of this condition in face
of the COVID-19 pandemic.

MULTISYSTEMIC
INFLAMMATORY SYNDROME IN
CHILDREN ASSOCIATED WITH
SARS-COV-2 (MIS-C)

Case series

MIS-C refers to a new and serious clinical disorder, first described
in April 2020 by Riphagen et al.", affecting previously healthy
children. They studied eight cases in England, and all patients
evolved with circulatory shock refractory to volumetric expan-
sion, requiring use of vasoactive drugs for hemodynamic support;
pleural, pericardial effusions and ascites were common findings;
ventricular dysfunctions were observed in most patients, and
an eight-year-old child developed significant coronary dilation.
Most children did not have significant respiratory involvement,
although ventilatory support was required in seven (87.5%)
of the eight patients. An obese 14-year-old patient died, sec-
ondary to extensive cerebral infarction. During hospitalization,
everyone tested negative for SARS-CoV-2 in bronchoalveolar
lavage or nasopharyngeal aspirates. However, four children had
previously known family exposure to COVID-19".

After this initial report, others were published. In an
American series with 186 children and adolescents under 21
years of age (mean 8.3 years) with MIS-C, 70% of the individ-
uals were positive for SARS-CoV-2 (RT-PCR or antibodies);
40% had symptoms that met the criteria for KD, and 15%,
coronary aneurysms. A total of 92% had a significant increase
in at least four inflammation markers, and four patients died®.
In another series, 90% of 21 patients under 18 years of age
(mean 7.9 years) with MIS-C treated at a hospital in Paris, pre-
sented evidence of infection by SARS-CoV-2; 57% manifested
signs and symptoms of shock syndrome associated with KD,
and 76%, myocarditis. No patient died, but 24% had coro-
nary dilation and significant increase in inflammation mark-
ers'®. Among individuals in whom the presence of previous
symptoms related to COVID-19 could be identified, the time
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interval between the onset of those symptoms and the onset of
MIS-C was 25 days in American and 45 days in French series.

As to the features of the case series already described, some
conclusions can be drawn: the syndrome has been manifested
in children and adolescents about four weeks after contact with
SARS-CoV-2. It appears to affect patients aged between four
and 14 years old and is associated with detection of previous
exposure to SARS-CoV-2. Children present with shock and
increase in inflammatory markers, as seen in KD, however,
the age range in the MIS-C seems to be more advanced (aver-
age age of 10 years compared to two years for KD) and respira-
tory, gastrointestinal and neurological symptoms are more fre-
quent”. The clinical condition of MIS-C can be characterized
by difficulty to control fever, rash, conjunctivitis, peripheral
edema, generalized pain in the extremities, and gastrointestinal
symptoms'’. Affected children show marked lymphopenia and
thrombocytopenia, coagulopathy, increased cardiac enzymes
(troponin and cerebral natriuretic peptide, brain natriuretic
peptide), hyponatremia, hypoalbuminemia, and increased

serum lactate dehydrogenase and ferritin®.

Diagnostic criteria and classification
Recently, the American Centers for Disease Control and
Prevention (CDC) proposed a criteria for screening MIS-C,
which has been adopted in the United States to notify new
cases (Figure 1). They also suggested a classification into three
classes (Figure 2), aiming to better identify the most common
presentations of the disease®. Both definitions were based on
a series of 570 patients diagnosed with MIS-C in 40 states in
the U.S., between March 2 and July 18, 2020. These patients
had median age of eight years, 55.4% were male, and 40%
were Hispanic/Latino. Two thirds were previous healthy, and
25.6% were obese. Regarding organ system, 86% had four or
more involved. The majority were admitted at intensive care
units (63.9%) and had severe complications: cardiac dysfunc-
tion (40.6%), shock (35.4%), myocarditis (22.8%), coronary
artery dilatation or aneurysm (18.6%), and acute kidney injury
(18.4%)°. The World Health Organization (WHO)?' also pro-
posed a diagnostic criteria for preliminary case definition of
MIS-C (Figure 1).

These CDC data also show that 99% (n=565) of confirmed
MIS-C cases in the United States tested positive for SARS-
CoV-2%. Although available data suggest that MIS-C is an
uncommon complication of SARS-CoV-2 infection in chil-
dren and adolescents®, current evidence does not support the
conclusion that SARS-CoV-2 infection is the cause of MIS-C,
with only a temporal relation being established. It should be
noted that some cases may have a different underlying cause,

23,24

such as toxic shock associated with other viruses*?*. In addition,
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MIS-C: multisystemic inflammatory syndrome in children; CDC: centers for disease control; WHO: World Health Organization.
Figure 1. Case definition for multisystemic inflammatory syndrome in children, according to the centers for disease control
and the World Health Organization.
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* Median age: 9 years

* High number of involved organs

* 48.8% with 6 or more organ systems involved

* 100% with cardiovascular affection

* 97.5% with gastrointestinal affection

* Higher prevalences of abdominal pain, shock, myocarditis, lymphopenia, markedly elevated C-reactive
protein, ferritin, troponin, brain natriuretic peptide (BNP) or proBNP

* 98.0% tested positive for SARS-CoV-2
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* Median age: 10 years

* 76.3% with respiratory system involvement

* Higher prevalence of cough, shortness of breath, pneumonia, and acute respiratory distress syndrome
* Higher fatality (5.3%)
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* Younger patients (median age: 6 years)

* Highest prevalence of rash (62.6%)

* Highest prevalence of mucocutaneous lesions (44.9%)
* Cases more likely to meet criteria for Kawasaki disease
* 63.1% had serologic positive test

Figure 2. Classification in accordance with the centers for disease control, of 570 patients affected by multisystemic
inflammatory syndrome.
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several cases of MIS-C have been identified at hospitals units,
so the results are not generalizable beyond the surveillance
population. Seen that, in the absence of a comparison group,
caution is warranted when interpreting data to infer risk fac-

tors for MIS-C.

Treatment
In the screening of patients with clinical and epidemiological
symptoms of COVID-19, initial ambulatory evaluation may
be considered. A preliminary laboratory workup is necessary,
including complete blood count with differential, liver func-
tion tests, urinalysis, electrolytes, erythrocyte sedimentation
rate, C-reactive protein, and tests for SARS-CoV-2. Patients
who are in good general condition, with stable vital signs, can
be followed up on an outpatient basis. Hospital admissions are
indicated for patients under investigation for MIS-C with the
following symptoms or conditions'®?:
¢ Abnormal vital signs (tachycardia, tachypnea);
e Respiratory distress of any severity;
*  Neurologic deficits or change in mental status (includ-
ing subtle manifestations);
* Even mild renal or hepatic injury;
*  Severe abdominal pain, uncontrollable vomiting, inabil-
ity to eat;
*  Dehydration;
* KD disease-like features (partial or complete);
*  Markedly elevated inflammatory markers;

e Abnormal EKG, BNP, or troponin T;

e Shock;

*  Comorbidities (lung diseases, chronic heart diseases, immu-
nodeficiencies, neoplasms, and autoimmune diseases);

* Impossibility of outpatient follow-up.

The need for admission to the intensive care unit will depend
on the severity of the signs and symptoms of each patient®.
As MIS-C is a post-infectious and immune-mediated disease,
the need for isolation must be based on positive RT-PCR or
serological tests for SARS-CoV-2%. During hospitalization,
patients under investigation for MIS-C must be followed by a
multidisciplinary team, which includes pediatric rheumatolo-
gist, cardiologist, immunologist, infectious disease specialist,
hematologist, and intensive care pediatrician'>*.

In addition to supportive care, treatment consists primar-
ily of addressing the underlying systemic inflammatory state
of the syndrome and its consequent complications. Figure 3

shows the basis of current proposed treatment'>»%.

FINAL CONSIDERATIONS

Since the beginning of the COVID-19 pandemic, much has
been discussed and reported in the scientific community.
Unlike adults, the vast majority of children with COVID-19
have mild symptoms. However, there are reported cases of chil-
dren who present conditions related to a hyperinflammatory

two or three weeks.

poor response to IVIG and corticosteroids.

than 50% of patients with MIS-C.

Intravenous immunoglobulin (IVIG) has been used in moderate and severe cases and in patients who present
with Kawasaki disease-like features (partial or complete) or even with macrophage activation syndrome. IVIG
is also indicated in patients who present with toxic shock syndrome refractory to conventional treatment.
The dose is 1-2 g/kg; a repeated dose of IVIG can be used in refractory cases.

Methylprednisolone has been used along with IVIG for severe and refractory cases. The initial dose is 10 to
30 mgrkg/day (from one to three days), followed by 2 mg/kg/day for another five days, and being tapered in

Immunomodulators, such as anakinra, canakinumab, and tocilizumab should be considered in cases with

Acetyl salicylic acid (ASA) is recommended for the treatment of embolic phenomena, especially in patients
with Kawasaki disease-like features and/or thrombocytosis (>450,000/ul). The dose is 30-50 mg /kg/day and
it is started during the active phase of the disease. As soon as the patient remains afebrile for 48 hours, the
dose should be reduced (3-5 mg/k/day). This dose is maintained until the platelet count is within the normal
range and if no coronary abnormalities are observed. Enoxaparin, associated with low doses of ASA, should
be used in cases of major coronary artery aneurisms; the use of enoxaparin alone is indicated in cases of
ventricular dysfunction (ejection fraction <35%) or documented thrombosis.

Inotropic support, with vasoactive drugs (dobutamine, milrinone, and epinephrine), may be required in more

Antibiotics are indicated when secondary bacterial infection is suspected or in cases with shock and sepsis.
Ceftriaxone associated with clindamycin has been the most used regimen. In principle, the use of antivirals is
not indicated because MIS-C is considered a post-infectious syndrome.

Figure 3. Basis of current proposed treatment for multisystemic inflammatory syndrome in children.
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response, similar to that observed in adults. The full spectrum
of MIS-C is not yet clear, as well as it is not clear yet if geo-
graphic distribution in North America and Europe reflects a
true pattern or if the condition has simply not been recog-
nized elsewhere. Therefore, there is an urgent need to collect
standardized data describing clinical presentations, severity,
outcomes, and epidemiology?!. Until further robust data on
the etiology of MIS-C is available, pediatricians should be
alert to the rapid recognition of these cases, enabling appro-
priate management in emergency services, hospital wards,
and intensive care units (ICUs).

Health professionals must receive information that can assist
in the recognition of the MIS-C diagnosis. Common clinical
features of MIS-C include fever and other clinical signs, such
as findings of rash, conjunctivitis, hands and feet edema, red
and / or chapped lips, “strawberry” tongue, myocardial dys-
function, cardiac conduction abnormalities, shock, gastrointes-
tinal symptoms, and lymphadenopathy, as well as neurological
changes. However, these findings can occur both in other infec-
tious and in non-infectious diseases. Thus, the diagnostic eval-
uation must include other differential diagnoses more common

in pediatric population and relate clinical presentation to the

high prevalence of COVID-19 cases with patient’s geographic
region. Distinguishing patients with MIS-C from those with
acute COVID-19 and other hyperinflammatory conditions is
essential for early diagnosis and appropriate treatment.
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