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Abstract
Multisystem Inflammatory Syndrome associated with COVID-19 (MIS-C) has been described as a
novel and often severe presentation of SARS-CoV-2
infection in children.
This syndrome is characterized by fever, abdominal pain, gastrointestinal and cutaneous symptoms, and hemodynamic alterations. MIS-C has similar features to those of Kawasaki disease (KD), toxic
shock syndrome (TSS), macrophage-activation syndrome, bacterial sepsis, meningitis.
MIS-C is defined as a typically progressive disease. Patients who initially had mild symptoms can
develop severe illness with multi-organ dysfunction a
few days after symptom onset.
The majority of affected children were treated
with intravenous immune globulin (IVIG), and several also received adjunctive high-dose steroids.
The pediatricians should be aware about this
new and potentially life threatening condition in children during COVID-19 epidemics.
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Introduction
Since the first cases that emerged in December
2019 in Wuhan, China, the coronavirus disease 2019
(COVID-19) has quickly spread all over the world.
Until today, more than 130 million persons have been

infected with the new coronavirus, with more than
2 million deaths from COVID-19 [1].
Although SARS-CoV-2 infects people of all
ages, evidence from several studies suggests that children and adolescents may be less commonly infected
with SARS-CoV-2 than adults. The available data
collected so far show that individuals aged ≤17 years
represents only 1–8% of laboratory-confirmed cases
of COVID-19, and only 2–4% of patients required
hospital admission [2,3].
Around 90% of cases were asymptomatic or
mild or moderate, with a good prognosis and a complete recovery within 1–2 weeks, and the risk of severe illness was considered very low [4,5].
However, among severe cases, a previously unknown SARS-CoV-2-related clinical picture emerged,
manifesting as a hyper-inflammatory syndrome, with
multi-organ involvement, such as sepsis, toxic shock
syndrome, myocarditis, and meningitis, macrophage
activation syndrome, Kawasaki disease.

Definition on MIS-C
Since the first alert by the UK and initial descriptions around the world, different clinical classifications have been proposed by the World Health
Organization, the UK Royal College of Pediatrics and
Child Health, the French “COVID pediatric inflammation” consortium and the US Centre for Disease
Control and Prevention [6].

* Correspondent author: Oana Pantar, University of Medicine and Pharmacy”Iuliu Hatieganu” Cluj, Clinical
Emergency Hospital for Children, Second Department of Pediatrics, Cluj-Napoca, Romania, e-mail: oana_ong@
yahoo.com
Article received: 10.04.2021, accepted: 12.04.2021, published: 12.04.2021
Cite: Cainap S, Mititelu A, Pantar O, Lazar D. Multisystem Inflammatory Syndrome associated SARS-CoV-2. A
novel spectrum of pediatric ilness. The Journal of School and University Medicine 2021;VIII(1):36-40

36

Scientific Articles
In late April 2020, a group of UK pediatricians,
warned about a high number of cases in children with
COVID-19 infection that was asymptomatic or minimally symptomatic who were diagnosed with a significant systemic inflammatory response with high
fever. They also observed the involvement of more
than one organ or body system with a severe evolution requiring hospitalization and a risk of death,
although rare. The Royal College of Paediatrics and
Child Health named this condition pediatric inflammatory multisystem syndrome associated temporally
with severe acute respiratory syndrome coronavirus 2
(PIMS-TS) [7].
On May 14th, 2020 the United States Centers
for Disease Control and Prevention (CDC) released
a health advisory reporting a multisystem inflammatory syndrome in children (MIS-C) associated with
COVID-19. This statement stemmed from a subset
of pediatric patients manifesting with severe inflammation, multi-organ failure, and testing positive for
SARS-CoV-2 [8].
The WHO has developed a similar preliminary
case definition and a case report form for multisystem
inflammatory disorder in children and adolescents [9].

Pathogenesis
The pathogenesis of COVID-19 is not completely understood but it is thought to be a post-infectious immune-mediated phenomenon.
The low positivity rate of direct testing, coupled
with a high proportion of patients who were antibody
positive, suggest that MIS-C is not viral-mediated
but more likely to be a delayed dysregulated immune
response to SARS-CoV-2 with massive pro-inflammatory production.
The innate immunity system is activated during
SARS-CoV-2 infection, fact that leads to a
“cytokine storm”, characterized by persistent fever and
markedly elevated cytokines mostly TNF-α, IL-1RA,
IL-6, IL-10, IL-17, IL-18, IFN -γ, M-CSF, G-CSF,
IP-10, and MCP [10].
Current evidence reports SARS-CoV-2 may
act as a superantigen. The mechanism is similar with
the staphylococcal enterotoxin B (SEB) that binds to
the T cell receptor (TCR) and the costimulatory molecule CD28, mediating TSS [11].

Clinical presentations
Cardinal signs are persistent fever, mucocutaneous changes (hands and feet oedema, conjunctivitis, swollen and cracked red lips, rash) gastrointestinal
symptoms (eg, abdominal pain, vomiting, diarrhoea).
The abdominal pain in MIS-C can be so severe that in
several cases patients were presumed to have appendicitis. [12]
A significant percentage (35-100%) associate
cardiac dysfunction (myocarditis, arrhythmia, coronary aneurysm or dilation) with severe evolutionary
potential. [13,14]
Critical signs are represented by tachycardia,
haemodynamic instability, left ventricular dysfunction, and respiratory distress, that could be caused by
cardiac dysfunction or could be primary. An important fact is that a subset of patients presents with hypotension and shock. This could be caused by acute
myocardial involvement or by systemic hyperinflammation with or without vasodilation, frequently requiring admission in the intensive care units, providing respiratory and circulatory support.[15, 16]
The presence of neurological (headache, irritability, and encephalopathy), hematological and renal
manifestations is also noticeable. (Table 1)
Table 1 Clinical features of pa ents with MIS-C summarised from two surveillance studies and one meta-analysis( adapted by Rubens) [17]
Organ system involvement
Gastrointestinal
Cardiovascular
Hematological
Mucocutaneous
Respiratory
Neurological
Admission to intensive care
Mechanical ventilation
Vasoactive support
Death

Range
87-92%
67-87%
74-76%
71-74%
63-70%
38-39%
64-80%
13-30%
42-48%
2-4%

Pacients begun to develop symptoms 2 to 4
weeks after infection with SARS-CoV-2, and in the
majority of cases, COVID 19 disease had a mild
course or had been asymptomatic. That is why many
children can be unaware that they are infected. Moreover, current data shows that 52% of patients who

37

Journal of School and University Medicine
• Positive viral or serological testing for SAESCoV-2 or close contact with a person with
Covid-19 within four weeks of symptoms
onset
• No plausible alternative diagnosis

developed the inflammatory syndrome did not have
any underlying medical conditions.

Laboratory and imaging tests
When MIS-C is suspected, it is necessary to
evaluate the level of inflammation, the function of the
vital organs and to obtain additional diagnostic imaging. This is based on physical examination findings
and laboratory results.
Patients with MIS C universally present significant elevation of inflammatory markers, such as C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), procalcitonin, LDH and/or ferritin. [18] Inflammatory cytokine levels are elevated as well. Interleukin 6 (IL-6), tumor necrosis factor alpha (TNFα),
or IL10 are often elevated.[19].
Notably, hematologic abnormalities reported included neutrophilia, lymphopenia, low to normal platelet levels, elevated D-dimer, and low fibrinogen [20].
Other important findings are markedly elevated
level of NT proBNP and high level of troponin.[21]
Hyponatremia, acute kidney injury, and hypoalbuminemia can occur as well.[18,20]
Echocardiography demonstrated depressed cardiac ventricular function in the majority of patients,
dilated coronary arteries or frank coronary artery
aneurysms, dysfunction, hypocontractility, or even
segmental absence of contractility in the myocardial
chambers.[21,22,23]
CXR: patchy symmetrical infiltrates/consolidation, atelectasis, pleural effusion.
CT chest findings: Nodular ground glass
opacification.
Abdominal USS: colitis, ileitis, lymphadenopathy, ascites, hepatosplenomegaly;.

Diagnostic
For the MIS-C diagnosis the following case
definition criteria are recommended: [16]
• Presence of fever >38grdC more than 24 hours
• Elevated inflammatory markers
• Multiorgan dysfunction( > 2systems: cardiac,
dermatological, gastrointestinal, renal, respiratory, hematological, and/or neurological)

It is important to note that SARS-CoV-2 biological evidence is not required to define MIS-C.
MIS-C occurs 2-6 weeks after the acute episode
of SARS-CoV-2 infection and is thought to overlap
with peak antibody production. A large proportion of
patients are already with a negative PCR test, presenting only antibodies against the virus.

Treatment
The management of patients with MIS-C requires a multidisciplinary team, including cardiology,
rheumatology, intensive care, and infectious disease
specialists, because of the multisystem nature. Treatment of patients with MIS-C often includes management of shock, the use of immunomodulatory therapies, and the use of thromboprophylaxis agents.
Patients with shock require immediate intervention beginning with fluid resuscitation, oxygen
supplementation (including mechanical ventilation)
and hemodynamic support as well( inotrope/or vasopressor drugs, ECMO).
Cardiac dysfunction requires vasoactive support in the majority of children, with mechanical
ventilation instituted in approximately one third of
children, and a small number requiring mechanical
circulatory support.[12]
Immunomodulatory therapy
Because of the biochemical and clinical similarities with KD, the principles of treatment for Kawasaki Disease were applied in the majority of patients, obtaining rapid clinical improvement and low
levels of inflammatory markers in most patients.
The therapy recommended for all children is intravenous immunoglobulin. The standard IVIG dose
is 2g/kg, which is administered depending on the cardiac function, either in a single or divided dose. A
second dose was often given if an inflammatory state
persisted.[22,24]
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Second-line therapy is glucocorticoids:
• low-moderate dose glucocorticoids (1-2

mg/kg/day) should be given with IVIG as adjunctive therapy for treatment of MIS-C in patients
with shock and/or organ threatening disease
[22,24]
• high dose, IV pulse glucocorticoids (1030 mg/kg/day, max 1g) is considered if patient
requires high dose or multiple inotropes and/or
vasopressors or ongoing hyperpyrexia.
• Dexamethasone 10 mg/m2qd is considered
in case of HLH or CNS involvement [22,24]
Biological therapy(tocilizumab, anakinra, infliximab) should be considered as a third-line option
in children who do not respond to intravenous immunoglobulin and methylprednisolone. [25]
Anticoagulation and antiplatelet treatment
Anticoagulation and/or antiplatelet treatment
is recommended considering the stasis from immobilization, ventricular dysfunction, coronary artery
aneurysm, possible endothelial injury and the hypercoagulable state, conditions that increase the risk of
thrombotic complications. [26]
Low dose aspirin (3-5 mg/kg/day; max 81
mg/day) should be used in patients with MIS-C and
stopped when platelet count is back to normal and no
coronary arteries abnormalities, at least four weeks
after diagnosis. Aspirin should not be given in patients with active bleeding, significant bleeding risk,
and/or platelet count ≤80,000/μL (M).[24]
Prophylaxis with LMWH is recommended
based on D-dimer level (when D-Dimer is > five times
normal values and/or when other pro-thrombotic factors are known). [24]
Patients with MIS-C and documented thrombosis or a low ejection fraction (EF) should receive
Enoxaparin 100 UI/kg, two times a day. [24]
Antiviral and antibiotic therapy
When RT-PCR or antigen testing are positive
for SARS-CoV-2 in a child with PIMS-TS, the antiviral therapy might be considered; the first-choice
antiviral agent is Remdesivir [27].Until the microbiological culture results are available, presumed sepsis

should be treated in all children with PIMS-TS. Intravenous, large spectrum antibiotics should be commenced in all patients (eg Ceftrioaxone, Ceftazidime,
Vancomicine, Clindamicine) [27]

Evolution. Prognosis
Several unanswered questions remain regarding pathogenesis, long term complications or prognosis. Echocardiography is a key investigation during
follow-up, due to the coronary artery aneurysms that
have been appeared even after mild disease courses.
After discharge, clinical follow-up is indicated at 1–2
weeks and 6 weeks.

Conclusion
Multisystem inflammatory syndrome is a new
spectrum of pediatric disease that has emerged in association with SARS-CoV-2 infection.
Clinical symptoms are wide and non-specific
but always feature high fever, multiorgan involvement, and strong biological inflammation. Although
PIMS (or MIS-C ) occurs only in a small proportion
of COVID-19 diseases, most of them require admission in intensive care units.
Management of acute MIS-C include immunomodulation, cardiac supportive therapy and antiplatelet/anticoagulation treatment.
Follow-up of MIS-C patients is a very important part of this disease, essential to better understand
the evolution and prognosis.
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