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SUMMARY
Multisystem Inflammatory Syndrome in Children (MIS-C), a rare condition, has been
reported approximately 2-4 weeks after the onset of COVID-19 in children and adolescents,
causing inflammation in multiple systems, including cardiovascular and respiratory,
digestive, and central nervous systems. This condition is also known as hyperinflammatory
shock, Kawasaki-like disease, and Pediatric Inflammatory Multisystem Syndrome (PIMS).
The signs and symptoms include but are not limited to fever, rash, peripheral edema,
gastrointestinal symptoms, conjunctivitis, and shock. Thirty-eight studies met our criteria,
with a total of 5822 patients. The most affected population was between 5-18 years of age.
We noted that MIS-C presented with a wide range of signs and symptoms that overlap with
Kawasaki Disease, including high fever, sore throat, malaise, tachypnea, tachycardia,
conjunctival injection, mucosal edema, cardiac involvement, and gastrointestinal symptoms.
It causes an increase in IL-17A, IL-6, and arterial damage, a distinct difference from
Kawasaki disease. The laboratory findings in MIS-C showed an increase in inflammatory
markers like CRP, ESR, ferritin, leukocytes, and TNF-α. WHO stated that 23% of affected
children with MIS-C had underlying conditions like chronic lung diseases, cardiovascular
disease, and immunosuppression. In most affected children, aspirin and IVIG were
successful, which resulted in a decrease in the inflammatory markers. We find that MIS-C is
a rare, but potentially fatal pediatric complication, after COVID-19 infection. The aim of this
article is to study the emerging relationship between COVID-19 and MIS-C in children and
adolescents affected by this condition, to discuss the immunological mechanisms, and
explore potential therapies.
INTRODUCTION
Since its discovery in China in late 2019, Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) has spread swiftly. COVID-19 was classified as a pandemic by the World
Health Organization (WHO) on March 11, 2020 [1]. Previous studies suggested that young
children were disproportionately spared, although it is unclear if this was due to a lack of

detection, or due to the prevalence of asymptomatic or mild illness [2]. Many cases of
children with hyper-inflammatory shock with symptoms comparable to Kawasaki Disease
(KD) and Toxic Shock Syndrome were described in England in April 2020 [3]. Verdoni et al.
observed a 30-fold rise in the incidence of KD in Bergamo, Italy [4]. On May 14, 2020, the
Centers for Disease Control and Prevention (CDC) released a Health Advisory summarizing
the symptoms of the reported multisystem inflammatory syndrome in children (MIS-C) [5].
All the children showed serologic evidence of infection with SARS-CoV-2 and their
symptoms were temporally linked with COVID-19. Fever, rash, conjunctivitis, peripheral
edema, gastrointestinal (GI) symptoms, shock, increased indicators of inflammation, and
heart injury were all present in this cluster [6]. The signs and symptoms of MIS-C are similar
to KD, though Whittaker et al. described a wider spectrum of symptoms in MIS-C [7]. MIS-C
affected children older than 7 years while Kawasaki affected those under 5 years [7]. Most
COVID-19 patients in the pediatric population are asymptomatic, but those who develop
symptoms are more prone to hyper-inflammatory shock and hypotension with cardiac and
other end-organ injuries [8]. In comparison to KD, which is commonly seen in East Asian
populations, MIS-C is reported mainly in African and Hispanic populations [7].
Due to scattered and insufficient data on the epidemiology, clinical spectrum, and
immunological profile of MIS-C associated with post-COVID-19 infection, diagnostics and
treatment modalities are limited. This review aims to briefly summarize the clinical picture of
MIS-C, the current perspectives on its clinical and immunological differentiation compared to
KD, and discusses potential therapeutic interventions.
METHODS AND RESULTS
We performed a narrative review of articles, from April 2020 to July 2021, on the COVID-19
positive (RT-PCR confirmed) pediatric population in the following databases: PubMed,
Elsevier, and Google Scholar. Our inclusion criteria were children less than 18 years of age
with signs and symptoms of MIS-C post-COVID-19 infection, regardless of their country of
origin, if the publications were in English or an English translation was available. We
discussed the period between the COVID-19 onset and MIS-C, differentiated between MIS-C
and Kawasaki, and explored therapeutic options, demographic variables, clinical features, and
laboratory markers.

Our literature search identified 79 articles, of which 38 articles met our criteria, with a total of
5822 patients. The most affected population was 5-18 years of age. These included various
case reports, case series, cross-sectional and cohort studies. These studies have been
conducted from April 2020 to July 2021. The number of patients ranged from 1 to 1733
(median, 7). Each article was summarized based on presenting features, laboratory and
radiological evaluations, diagnosis, and treatment protocols. (Refer to the section:
Supplementary Information(.
DISCUSSION
Epidemiology
According to the papers we reviewed, MIS-C can be seen in children of any age. The CDC
has defined a child as anyone under the age of 21. However, the American Heart Association
has not specified age [7]. The influence of gender on the incidence of MIS-C is debatable.
Some experts narrate a significant difference between males and females such as a study by
Riollano-Cruz et al., where 15 children were diagnosed with MIS-C, of which eleven (73%)
were male and four (27%) female [9]. In our analysis, there were 2919 males and 2257
females (1.3:1 ratio). Observational studies in countries with multiple racial communities
showed a higher incidence in Hispanic or Latino individuals (40.5%) and people of African
ethnicity (33.1%), while a lower incidence was seen in non-Hispanic white children (13.2%)
[6].
Clinical features
MIS-C in children has a wide range of features. In April 2020, Riphagen et al. described
some of the first cases among children in the United Kingdom with features such as persistent
fever, rash, conjunctivitis, edema, and pain of the extremities [3].
In May 2020, CDC gave a case definition for MIS-C:


A person with age less than 21 years, with symptoms of fever, clinically severe illness
which requires hospitalization, involvement of multi-organ systems (should be more
than two of the following- cardiac, respiratory, renal, gastrointestinal, hematological,
neurological, or dermatological) and lab evidence of inflammation; AND



All other diagnoses are ruled out; AND



COVID-19 positive by a rapid antigen test, RT PCR, or serology for current or recent
infection; or exposure to COVID-19 has occurred 4 weeks before the onset of
symptoms [5].

Among the symptoms listed by CDC, most notable were GI manifestations and Kawasakilike features, including rash, red-eye, and rarely, coronary artery enlargement/aneurysm.
Most worrisome were shortness of breath, concerning for congestive heart failure or
pulmonary embolism, and a toxic shock-like syndrome with cytokine storm/macrophage
activation [10].
Later Verdoni et al. studied cases in Bergamo, Italy comparing cases of KD in children
during the COVID pandemic (Feb-April 2020) and a previously collected cohort [4]. They
found major differences, leading them to classify the patients as “Kawasaki-like disease”.
The authors divided the patients, into two groups - classic and incomplete form. The 10
patients (4 to 11 years) were, on average, hospitalized on the 6th day of fever with the classic
form presenting with the rash on hands and feet, conjunctivitis, associated changes in the lips
and oral cavity, with one patient showing cervical lymphadenopathy. Patients in the
incomplete form only had 3 or fewer of the clinical criteria, and some of them showed signs
of hypoperfusion, meningeal irritation, and diarrhea [4].
Rare presentation and differential diagnosis
At the peak of the pandemic in April 2020, there was a 30-fold increase in the incidence of
KD with severe cardiac involvement and similar features like Macrophage Activation
Syndrome (MAS) in the European region [4]. Researchers observed Kawasaki-like Disease
associated with SARS-Cov-2 Infection, which started 2-4 weeks after the infection [4]. Ziaee
et al. and Domniguez S. et al. described how viral infections can be a trigger for activating
the immune system in KD. Earlier, human coronavirus (HCoV)–NL63 infection was linked
with a higher incidence of KD but that study failed to establish an etiological relationship
with Kawasaki Syndrome [11,12].

According to a CDC report, on June 28, 2021, the total number of patients with MIS-C was
4196 and the total MIS-C deaths were 37 [13]. The patients' median age was 9 years, with
half of the age range between 5-13 years. 62% of patients' race/ethnicity fell into either

Hispanic, Latino, or Black. 99% of the patients with MIS-C were tested positive for COVID19 infection and the other 1% had history of contact with a positive person [13].
The study published in Aug 2020 in CDC’s Morbidity and Mortality weekly report with 570
MIS-C patients, showed that 35.6% of patients had similar clinical courses to previous
reports. All patients had positive SARS-CoV2 infection. The remaining 64.6% of patients
had less severe clinical courses with symptoms overlapping with acute COVID-19 infection
or KD [6]. Patients with MIS-C and COVID-19 Infection showed low WBC count in
comparison to KD and healthy children. Consiglio C. et al. described lymphopenia as a
hallmark

of

COVID-19

infection

which

is

evident

in

MIS-C

patients

[14].

Thrombocytopenia, elevated CRP, and ferritin are also significant markers in MIS-C, while
IL-17A-mediated hyperinflammation is evident only in KD [14].
MIS-C symptoms are overlapping with the following diseases:
Kawasaki Disease (KD)
KD is medium-sized artery vasculitis prevalent in children less than 5 years of age [11]. As
per the American Heart Association, KD is divided into two types: Classical Type: Fever (≥5
days) plus four or more clinical criteria (includes bilateral bulbar non-exudative
conjunctivitis, polymorphic rash, non-suppurative laterocervical lymphadenopathy, changes
of the lips or oral cavity, erythema of the palms and soles, firm induration of the hands or
feet, or both) or Incomplete Type: Fever (≥5 days) plus two or three of the clinical criteria
mentioned above [15].
Kawasaki Disease Shock Syndrome (KDSS)
KD can be worsened by hemodynamic irregularities defined as KDSS [16]. Patients require
intensive support due to severe hypotension and shock [16]. Other symptoms include
lymphadenectasis, hypoalbuminemia, hyponatremia, hepatic insufficiency, anemia, and
severe gastrointestinal symptoms [17]. It is also associated with a higher risk of coronary
artery abnormalities with a high incidence of coronary artery dilatation, mitral regurgitation,
and prolonged myocardial dysfunction [16-18].
Macrophage Activation Syndrome (MAS)
MAS or secondary Hemophagocytic Lymphohistiocytosis (HLH) is a phenomenon that
occurs due to inappropriate activation of macrophages that leads to cytopenia, organ
dysfunction, and coagulopathy [19]. Rheumatic diseases are most frequently associated with

the complications of MAS, though there is evidence of association of MAS among KD
patients [20-22]. In MAS, ESR usually begins to fall with major three cell lines in the blood.
With laboratory evidence of liver dysfunction, coagulopathy, and hemophagocytosis, a
sepsis-like picture develops [23].
Toxic Shock Syndrome (TSS)
TSS is a fulminant syndrome characterized by uncontrolled activation of the immune system
by “superantigens'', which are proteins that activate the T Cell cascade which leads to
increased production and release of cytokines [24]. It presents with acute onset fever, rapidly
progressive hypotension with renal failure, and multisystem organ involvement [25].
Similarity with KD
In genetically susceptible people, infection appears to cause a dysregulated immunological
response in KD [9]. Rowley et al. proposed that the etiology of KD might be connected to a
respiratory pathogen with vascular tissue tropism, most likely a virus [26]. Another Japanese
team used serological testing to investigate the link between coronaviruses (HCoV-NL63 and
HCoV-229E) and KD. SARS-CoV-2, a highly virulent strain capable of eliciting a robust
immunological response might be one of the causes of KD [4].
Symptoms and organ dysfunction in KD and MIS-C both are caused by cytokine storm,
which causes systemic inflammation [9,26,27]. In MIS-C, the inflammatory storm is more
severe [28]. S-100 and IL-18 concentrations are similar in MIS-C and KD, according to
Rodriguez-Smith et al. However, INF-γ-induced chemokine ligand 9 (CXCL9) is a biomarker
that can help distinguish MIS-C from KD [29]. Another significant distinction is the cytokine
profile that leads to an inflammatory process between the two. IL-1 is the major mediator of
coronary artery inflammation in individuals with KD, and IL-1 inhibition has been utilized to
treat resistant KD. MIS-C, on the other hand, appears to be primarily driven by IL-6 and IL-8
[9].
Immunochemistry of mucosal biopsy from a COVID-19 patient with GI symptoms
manifested SARS-CoV-2 in endothelial cells. There were similar changes in small and
medium-vessel vasculitis as in KD patients [26]. Some new studies have identified
autoantibody targeting antigens on mucosal and cardiac tissues in MIS-C patients. Patients
with KD have also been shown to have these auto-antigens [26].

Some clinical features are common between KD and MIS-C, such as conjunctival injection,
mucositis, and edema of the hands and feet [29]. The distinct features of MIS-C are stomach
discomfort, cardiac dysfunction, and hypotension [2]. The symptoms of MIS-C resemble
KDSS. Ahmed et al. described that 60.2 % of children with MIS-C suffer from shock [27].
Blondiaux et al.'s research suggest similarity in pathophysiology between KD and MIS-C.
Cardiac MRI of MIS-C patient showed myocardial edema and hyperemia, which correlated
with a histological finding of KD hearts, revealing macrophage and neutrophil infiltration in
the myocardial interstitium [30]. Hameed et al. did prospective observational research
suggesting comparable x-ray and CT chest features (ground-glass opacities, local patchy
shadowing, and interstitial abnormalities (44%) between KD and MIS-C children [31].
Diagnosis
If a patient is suspected to have MIS-C, based on history and physical findings, testing is
warranted to establish the diagnosis [32]. Tests include laboratory evidence of inflammation
(can give examples of the inflammatory labs since this section is mainly diagnosis) and
COVID-19 tests [32]. Nakra et al., suggest tests may be beneficial in the evaluation of
generalized inflammation, multisystem involvement, and possible infection [2].
Based on the American College of Rheumatology (ACR) task-force evaluation, an algorithm
has been established for the diagnosis of MIS-C [33]. The guidance suggests that if the child
presents with unremitting fever, a link to COVID-19, and suggestive clinical features, to first
consider other overlapping syndromes, then consider if the child presents with shock of
unclear etiology. If present, a full diagnostic evaluation occurs. If not, the diagnosis can be
done in stages, with Complete Blood Count, Comprehensive Metabolic Panel, Erythrocyte
Sedimentation Rate, C-Reactive Protein, and COVID-19 PCR (Polymerase Chain Reaction)
first, followed by other investigations, such as BNP (Brain Natriuretic Peptide),
electrocardiogram and echocardiogram. [33]. It has been seen that only pro-BNP and IL-6
were elevated in association with coronary artery abnormalities [34].
Treatment Protocols
According to the CDC, treatments thus far have been primarily supportive and aimed at
reducing inflammation to stabilize critical patients and prevent long-term sequelae [32].
Treatment is started based on severity. The ACR task force agreed that in those without life-

threatening manifestations like shock, treatment with immunomodulatory agents is deferred
until evaluation for other causes has occurred [33]. However, in life-threatening
circumstances, treatment may be required first [35]. In these patients, early supportive care,
immunomodulatory treatment, and antiviral medication are recommended [33]. MIS-C
requires a multidisciplinary team of pediatric cardiologists, rheumatologists, immunologists,
intensivists, and others relevant to the individual patient [36].
Supportive measures should include close monitoring of vital signs, fluid resuscitation and
inotropic support to maintain adequate organ perfusion, renal replacement therapy,
respiratory support, and extracorporeal membranous oxygenation (ECMO) [32,37]. ECMO
has been beneficial in patients with presentations such as cytokine storm of shock [36].
Empiric antibiotic use has been common [32]. Patients with MIS-C who meet the criteria for
KD should be treated according to established guidelines for KD [35].
Anti-inflammatory measures for KD have often been through the use of glucocorticoids and
IVIG (intravenous immunoglobulin). These are first-tier agents [32,33,38]. Glucocorticoids at
a low-to-moderate dose of 1-2mg/kg/day have been sufficient in the treatment of MIS-C [33].
Anakinra (interleukin-1 receptor antagonist) is suggested for use in patients refractory to
IVIG and/or glucocorticoids [33]. Faster initiation of glucocorticoids and IVIG can lead to a
reduction in the length of the Pediatric Intensive Care Unit and hospital stay [37].
The recommended dose of IVIG is 1-2 g/kg in stable patients, while unstable patients usually
need higher doses [36]. There has been inconsistent evidence in proving if tocilizumab
(humanized monoclonal antibody against the interleukin-6 receptor) was responsible for
clinical improvement [33].
Given the associated hypercoagulable state, thrombotic prophylaxis is required, such as other
antiplatelet and anticoagulant treatments [32]. Patients may receive prophylactic therapy with
low-dose aspirin but may require therapeutic enoxaparin based on the involvement of their
coronary arteries, or an ejection fraction <35% [33]. In a subset of patients with KD features,
coronary artery aneurysms, and thrombosis, aspirin is recommended once daily at a low dose
of 3-5mg/kg/day, up to maximum of 81 mg once daily [33].
It has been seen that vaccination with the Pfizer-BioNTech vaccine was found to be
protective, with 95% of patients requiring hospitalization being unvaccinated, and fully

vaccinated children not requiring respiratory or cardiovascular support, as compared to 39%
of their unvaccinated counterparts [39].
Conclusions
Our study review shows that MIS-C is a rare but potentially fatal complication of COVID-19
infection. Multiple studies describing pathophysiology, diagnostic features, and management
of MIS-C have been conducted. Protocols and guidelines have been released by WHO, CDC,
and AAP based on extensive research. Further studies and especially periodic reviews of
articles are warranted to understand the detailed mechanisms of MIS-C, the best strategies to
approach the diagnosis and treatment in the context of other inflammatory conditions that
may present similarly, and ways to ameliorate MIS-C in those affected by COVID-19.
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SUPPLEMENTARY MATERIAL
Studies that met the inclusion criteria were selected and summarized as follows:

Demographics
A total of 5822 patients were included in this review, ranging from a single case per study to
1733 patients in another (mean, 153.21; median, 7), across 38 studies, with a male to female
ratio of 2919 to 2257, and a mean age of 8.73 years.
Signs, Symptoms and Physical Examination
A wide array of symptoms was seen in MIS-C cases studied, involving almost all organ
systems. Majority patients had milder clinical course or features of KD [6]. Symptoms
usually began with prodromal illness, with complaints of sore throat, fever [8-9,30,40-63],
reduced appetite [41,64]. Physical examination revealed pharyngeal erythema [41,46],
tonsillar exudates [46]. Mucocutaneous findings were observed, including a blanchable
maculopapular

rash

56,58,60,61,63,66,67],

on

palms

conjunctivitis

and

soles

[6,8,9,30,40,41,43,45,47-51,54-

[8,9,29,30,40,43-50,56,58,60,63,67],

mucositis

[49,56,66], lip swelling [30,40,50,56], strawberry tongue [45], periungal peeling [42],
swelling of hands, feet, [9,29,44,47,49-50,56] and eyelids (periorbital edema) [44-45] and
pain in the extremities [41,44,47,63], these being consistent with features of KD. Prominent
GI symptoms were seen, such as vomiting [8-9,30,40,42-44,49-51,56,59,60,62,63],
abdominal pain [6,8,9,30,40,41-44,46-49,52,53,56,58-60,62,63,68], diarrhea [8,9,30,40,4244,46,48,49,53,56,59,60,62,63], mild abdominal distension [69], and anorexia [44]. A patient
with newly diagnosed Crohn’s was found to have MIS-C [70], presenting with fever,
abdominal pain, with physical exam showing tachycardia, a facial maculopapular rash, and
perianal abscess with drainage. Respiratory symptoms were rare, usually presenting with
cough or dyspnea [8,9,42,43,46,47,49,51,54,57,60,62,69], or rhinorrhea [42]. Cardiac
dysfunction [6,29,43,71] was seen, with chest pain [9,50] on presentation, myocarditis [8,43],
and coronary artery dilatation/aneurysm [43]. Ophthalmic examination described by Verkuil
et al. [54] showed right-eye abduction deficit, consistent with abducens palsy. A study by
LaRovere et al. [72] studied the neurological manifestations of severe COVID-19 illness in
patients presenting with anosmia, ageusia, headache, fatigue, and seizures. Studies by
Feldstein et al. [42], and Verkuil et al. [54] also showed headache and altered mental status.
22% patients in the LaRovere study showed CNS involvement, with a majority likely to have
an underlying neurological disorder. Among this cohort, 43 had life-threatening neurological
symptoms, such as severe encephalopathy, stroke (ischemic or hemorrhagic), acute CNS
infection, acute edema, or GBS, and 20 of those met the MIS-C criteria. Mortality was seen

in 14 patients with COVID-19 related neurological involvement [72]. Many of the cases
studied took a turn for the worse, with signs and symptoms of prolonged inflammation [40],
tachycardia [9,30,44,46,47,50,57,63], bradycardia [67] with conduction abnormalities
[67,73], hypotension [9,43,44,64,67], somnolence [50,51], hypotonia [51], hypoxia [48,67],
respiratory failure [54] and shock [6,30,40,43,48,54,56], with admission to the intensive unit
care [48,50].
In many, the symptoms were very similar to those of KD [6,29,30,41,44-46,4850,52,54,55,67,69,70], making it a viable differential diagnosis. Other differentials included
MIS-C [8,9,40,42-47,51,52,56-60,63,68,70,72-74], severe COVID-19 illness [42,43,47,72],
TSS [41,49,67,68], cytokine storm, HLH, [41] septic shock [41,68], cardiogenic shock
secondary to myocarditis [41,48,52], pulmonary embolism [41], acute pancreatitis [44], drughypersensitivity reaction [70], immune-mediated vasculitis [70], viral infection [59,62,67,70],
bacterial pneumonia [59,67], systemic juvenile idiopathic arthritis, MAS [29], early StevensJohnson syndrome [67], typhoid infection, rickettsial infection [68], acute abdomen and acute
appendicitis [71].
Laboratory Testing
Primary laboratory tests included positive COVID RT-PCR test [6,8,9,40,41,48,51,53,5658,70], and positive SARS-CoV-2 antibody test [30,44,48,50,51,53,55,58,59,60,68,69,73].
Cases also involved elevated markers of inflammation such as high C-Reactive Protein [6,89,29,30,41-43,45-54,57-64,67-70,72,74],

Ferritin [6,9,41,44,46-50,58-64,67,70,74], LDH

[41,45,46,52,61,64], Procalcitonin [9,41,44,48,50,51,58,60], D-Dimer [8,9,41,43-53,5759,61,64,67,70,72,74],

Fibrinogen

[9,29,41,43-46,50,54,61,64,74]

and

ESR

[9,29,44,46,50,55,56,58,59,61,62,67,69,70,74]. Cytokine profile showed elevated IL-6
[9,40,43-46,48-50,59-61,63,67,70], IL-2R [40,46,67], IL-18 [40,46,75], CXCL 9 [40], IFN-γ
[40,75], TNF-α [9,70] and IL-8 [9,40,46,70].

Abnormal cardiac profile was seen, with elevations in Troponins [6,28,40,44-46,48,5860,63,67,73,75], BNP [6,28,29,40,44,46,73] or pro-BNP [6,28,45,47,48,51,54,58,59,60,67].
Renal function abnormalities were observed in with azotemia [8,63] (elevated BUN
[40,49,67], creatinine [40,43,49,67], hyperammonemia [50]). Lee et al. also found elevated
creatine kinase in a patient of MIS-C [67]. Ionescu et al. found proteinuria in a 10 y/o male
with

MIS-C

[49].

Hypoalbuminemia

was

found

in

many

studies

[8,9,43,45,56,57,58,60,69,73]. Liver function tests were abnormal with elevated alanine
aminotransferase [9,28,43,49,54,55,67-69], aspartate aminotransferase [9,28,43,49,54,55,6769,72], gamma glutamyl transferase [69,49] and Alkaline Phosphatase [69].

Blood investigations revealed mild anemia [55], leukocytosis [9,40,45,46,55,58,62,63,68,73],
lymphopenia [9,29,40,42,45,49,52,56-60,66,73], neutrophilia [45,55,58,66,68,73], bandemia
[67], thrombocytopenia [9,42,49,50,55,58-60,73]/thrombocytosis [41]. Electrolyte profile
showed

hyponatremia

[45,46,57,58,60,62,63,67],

hypochloremia

[62],

hyperkalemia

[63]/hypokalemia [67], hypophosphatemia [57], hypomagnesemia [57] and elevated anion
gap [62]. Coagulation studies showed elevated PT/INR [40,51,67] and prolonged PTT
[49,51].

Radiological Findings

Initial chest radiograph showed prominent cardiac silhouette [63] (cardiomegaly [8,43]) with
clear lung fields [63]; bilateral interstitial opacities [8,9,43,45,46,59]; peri-hilar infiltrates,
with peri-bronchial thickening [59]; ground-glass opacities [9,46] with central bronchial
cuffing [45] and patchy shadowing [46]; signs of dependent or compressive atelectasis
[8,43,45]; signs of restrictive airway diseases [9]; pleural effusions [8,9,43,45,46,50,59,60];
signs of congestive heart failure [8] or pulmonary edema [8,43,59], and changes of multifocal
pneumonia [66]. Chest CT revealed typical COVID-19 opacities- peripheral, posterior,
multilobar, and bilateral distribution of ground-glass opacities and consolidations, especially
in lower lobes [29,68]; diffuse opacities with subpleural sparing [53]; pulmonary edema [49];
bilateral pleural effusion, pericardial effusion, cardiomegaly [49]. In the case of MIS-C with
Crohn's disease, described by Doline et al, CT (chest, abdomen, and pelvis) showed
mediastinal

lymphadenopathy

and

hepatosplenomegaly,

and

Magnetic

Resonance

Enterography revealed perianal abscess, fistula, and ileitis [69]. ECG manifested with STsegment depression and decreased T-wave amplitude in inferior leads [29], sinus tachycardia
[40,45,50-51] and S1Q3T3 without acute ischemia [40], QTc prolongation [45], biphasic
inverted T waves [45], tachy/brady arrhythmias and intraventricular conduction defects [60].
In one study [49], ECG showed atrial flutter (atrial rate of 300 beats/min, ventricular rate of
100–150 bpm, 3:1–2:1 atrioventricular conduction). Echocardiography revealed decreased
left ventricular (LV) function [9,29,41,43-45,47,50,52,57-61,63,67,72,73], depressed
biventricular function [9,49], systolic myocardial dysfunction [8,29,40,42,46,48,52],

myocarditis [42], pericarditis, global/septal hypokinesia [29], and reduced peak global
longitudinal strain [51]. It also showed valvular abnormalities such as mitral [29,4344,49,58,60,61]

and

tricuspid

regurgitation

[43,49,58,60],

and

coronary

dilation

[9,44,46,48,53,58,61,62]/aneurysms [41,42,45,54,59,68] or ectasia [8,9,51,66], in addition to
pericardial effusion [8,41-42,49,52,57], intra-cardiac thrombus [57]. Cardiac MRI showed
signs suggestive of interstitial edema [29], and myocarditis [60]. Brain MRI revealed diffuse
T2 prolongation and reduced diffusivity in bilateral periventricular white matter, with
involvement of splenium and genu of corpus callosum; prolonged encephalopathy showed
multifocal areas of restricted diffusion and hemorrhage throughout the posterior white matter
and brainstem [71], restricted diffusion in bilateral lateral thalamic nuclei without T2/fluidattenuated inversion recovery changes [50], signs consistent with increased intracranial
pressure [53]. In a case described by Abel et al, EEG done showed moderate background
slowing [50]. USG Abdomen showed mesenteric lymph nodes with maximum diameter of
23/14 mm and 5 mm of free fluid in recto-vesical pouch [49], edema and thickening of
gallbladder wall, mesenteric lymphadenitis [5-59], hepatosplenomegaly, hyperemia of
testicles and epididymis [58], abdominal aortic aneurysm, increased echogenicity of the liver,
and bulky and echogenic kidneys and ascites [59]. CT Abdomen/Pelvis revealed
inflammatory change within peripancreatic fat, with prominent pancreas, suggestive of acute
pancreatitis [43]

Diagnoses
After extensive lab and radiological investigations, a final diagnosis was made, which
included MIS-C [6,29,40-42,44-52,54-62,66-68,72] in the majority of the articles reviewed.
In addition, diagnoses of severe COVID-19 illness [46], incomplete Kawasaki [9,53,63],
MIS-C with features of acute pancreatitis [43], and suspected MIS-C in newly diagnosed
patients of Crohn’s disease [69], were also made.
Treatments
Among those receiving treatment, the patients were given broad-spectrum antibiotics [9,4546,52,60,69], such as piperacillin-tazobactum, ciprofloxacin [69], metronidazole [59,69],
ceftriaxone [45,49,59], clindamycin [45], meropenem [49,59], targocid [49], doxycycline
[53], cefepime and vancomycin [59]. Major treatment modalities were IVIG [6,8,28-29,4046,48-50,52,53,55-63,66-69,72,73], steroids [6,8,28-29,40-42,44,48,49,52,59-61,72-73] like
prednisolone

[53,62],

methylprednisolone

[45-46,50,56-57,60,66,67],

hydrocortisone

[53,58], or dexamethasone [55], antiplatelet medications [6,41,54] such as aspirin [43-

45,55,58-61,63,66], and clopidogrel [45], and anticoagulation medications [6,41,50,60] like
enoxaparin [9,41,47,50,56,58,67,70]. Vasoactive [6,9,40,47,54] and ionotropic agents
[30,45,56,61] such as norepinephrine [41], dopamine [64,74], and milrinone [41,44,74] were
added to treatment regimens when indicated. In a study by Greene A.G. et al., Vitamin K [41]
was indicated as well. Other medications which were given included volume expanders (IV
fluids)

[30,50,70],

diuretics

[61]

such

as

furosemide

[41],

IV

albumin

[44],

hydroxychloroquine [56,58,62,70], blood transfusion for anemia [69], anti-arrhythmic
therapy, such as amiodarone [50], anti-interleukin-6 medication Tocilizumab [9,4042,47,49,56,70,74], interleukin 1 receptor antagonist Anakinra [8,29,45-47,50-51,58,6061,73], SARS-CoV-2 convalescent plasma transfusion [9,41-42], anti-viral drugs like
Remdesivir [41-42,45,70], and Favipiravir [47,58], and TNF-α inhibitor Infliximab
[29,49,70].

Those with hypoxia were given supportive oxygen therapy [53,61,64,74] usually with high
flow nasal cannula [44,46]. Patients progressing to respiratory distress required mechanical
ventilation [9,30,40,42,49,53-54,60,64,72] either by non-invasive positive pressure [74] or
invasive methods and/or placement on ECMO [42,47,64,72]. A case in a study by RiollanoCruz et al., with cardiogenic shock was treated with an intra-aortic balloon pump [9]. Many
cases warranted either ward [9] or ICU admission [9,40,53,61,62]

