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Abstract

Since December 2019, the world has been exposed to a novel virus from the coronaviruses family, named coronavirus disease
2019 (COVID-19), which has affected the life of millions people around the world. This global pandemic causes a wide spectrum
of clinical manifestation in children, adults, and elderly. One side of the spectrum in children is being asymptomatic and the other
side is severe inflammatory symptoms. In this article, we describe the clinical manifestations, genetic background, and immune

response of children with COVID-19, who are presented with severe multisystem inflammatory syndrome (MIS).
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Introduction

Since the early twenty-first century, different species of
Coronaviruses lead to three outbreaks, including severe acute
respiratory syndrome (SARS) in 2002-2003, Middle East re-
spiratory syndrome (MERS) in 2012, and more recently se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) [1, 2]. Other human coronaviruses that cause respiratory
diseases are HKU1, OC43, NL63, and 229E. SARS-CoV-2
is a RNA genotype virus that is most closely related with
about 90% nucleotide similarity to a group of SARS-like
coronaviruses [3, 4].

The symptoms of first patients from China with novel co-
ronavirus disease (COVID-19) were fever, dry cough, weak-
ness, shortness of breath, and respiratory distress. Other symp-
toms like fatigue, anorexia, diarrhea, nausea, dizziness,
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headache, vomiting, abdominal pain, various type of rashes,
and conjunctivitis were also reported [5, 6]. Moreover lately,
central nervous system involvement and myocarditis associ-
ated with SARS-CoV-2 have also been reported [7—10].

Although children were supposed to be less affected than
adults [11], they are also at risk of infections at all ages, while
the range of infection varies from asymptomatic to severe
phenotypes. The immune system has a main role in fighting
COVID-19, while it can also be affected during the infection,
leading to severe complications and even death in those with
immune dysregulation [12, 13]. Recently, a group of COVID-
19 positive test children present with multiple organ inflam-
matory symptoms that bears a striking resemblance to the
inflammatory syndrome symptoms like Kawasaki disease
(KD). A study in children and adolescents who had been in-
fected by COVID-19 showed a high proportion in African
race. They had presented with gastrointestinal symptom and
KD shock syndrome [14].

Multisystem Inflammatory Syndrome

Although the evidences showed up a significant relation be-
tween the symptoms of KD and COVID-19, not all symptoms
were appeared according to the AHA Kawasaki guideline
(fever plus four of five criteria); therefore, the World Health
Organization (WHO) called this phenomenon as multisystem
inflammatory syndrome (MIS) with the following criteria in
“children and adolescents” [15]:
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1. Age of less than 10 years old

2. Fever which is lasting 3 days or more

3. Atleast two accompanying symptoms of (a) rash or bilat-
eral non-purulent conjunctivitis or muco-cutaneous in-
flammation signs; (b) hypotension or shock; (c) features
of cardiovascular dysfunction; (d) coagulopathy; (e) diar-
rhea, vomiting, or abdominal pain

4. Elevated inflammatory markers such as ESR, CRP, or
procalcitonin

5. Exclusion of microbial cause of inflammation

6. Evidence of COVID-19

Multisystem inflammatory syndrome may present at any
time, but often occurs 1-6 weeks following an infection
[16]. Moreover, these days may overlap with COVID-19 pre-
sentation [17]. MIS can appear similar to CD in classic form or
may occur in adults with COVID-19. MIS in children (MIS-
C) come to pass with evidence of multiple organ failure in-
cluding neurologic involvement and cardiogenic or
vasoplegic shock. Our knowledge of this new incident is in-
creasing day by day. Symptoms that have been seen in pedi-
atric patients up to date are very similar to the symptoms of
Kawasaki disease [18].

The “guideline for evaluation of a child with suspected
MIS-C”, which is proposed by Hennon et al., is presented in
Fig. 1 [19]. This guideline describes how we have to approach
to a child with inflammatory symptoms.

Kawasaki Disease

Kawasaki disease is an acute systemic vasculitis. Moreover, it is
the most common cause of cardiac complications such as cor-
onary artery aneurysms (CAAs). This disease mostly occurs in
ages less than 5 years; notwithstanding, recent studies have
shown that heart complications in untreated children may lead
to ischemic heart disease and myocarditis in adulthood [20].
Kawasaki disease symptoms include fever, maculopapular
rash, erythema of palms and lips, strawberry tongue, erythema
of oral and pharyngeal mucosa, periungual peeling of the skin,
conjunctivitis, and cervical lymphadenopathy [21, 22]. There
are some gastrointestinal manifestations, especially abdominal
pain, vomiting, and diarrhea. Musculoskeletal presentations are
also expected, which could include arthralgia and arthritis at the
first week of disease and also some large weight-bearing joints
like the knees and ankles at the second or third week of disease.
Genitourinary manifestations as well as respiratory findings are
also seen in affected patients. Laboratory tests often show leu-
kocytosis, anemia, elevation of ESR and CRP, elevation in
serum transaminases or gammaglutamyl transpeptidase,
hyperbilirubinemia and thrombocytosis. Nevertheless, the lack
of specific diagnostic tests and biomarkers for KD makes early
diagnosis and treatment challenging. Patient’s heart

complications which include coronary and peripheral artery
aneurysms must be considered because the pericardium, myo-
cardium, endocardium including valves, and the coronary ar-
teries all may be inflamed.

The diagnostic criteria have been modified during years,
and they are based on clinical manifestations and the guide-
lines by the Kawasaki Disease Research Committee guide-
lines (Japanese guidelines, 2005) [23] and American Heart
Association (AHA guideline, 2017) [24].

Kawasaki Disease Features

Although the etiological mechanism of KD is far from being
resolved and the seminal factors are also unknown, recent
evidence leads us to the role of infectious stimuli, especially
viral infections in the patient’s immunity response besides the
effect of genetic background in children with KD. These find-
ings will be discussed below.

Genetics

In recent years, the genetic causes of KD have received much
attention from researchers to suggest it as a genetic disease.
The incidence rate of KD was reported 2.1% and 1.2% higher
in children with siblings or parents, who have been diagnosed
with KD in 2017 [25]. This incidence rate was higher in
Asian, especially in Japanese population [26]. Consequently,
genetic studies in KD have been done with the candidate
genes or genome-wide association (GWAS) method.

A genetic association study showed that the HLA-E gene
polymorphism is involved in disease susceptibility and pro-
gression. HLA-E has regulatory functions in both the innate
and adaptive immune responses [27]. A recent report suggests
the possibility of neutrophil activation and IncRNA transcript
profiles involvement in KD and CAA. Therapies that suppress
neutrophil activation and gene expression in peripheral blood
may prove effective [28]. Another scientific research in KD
genome-wide result suggests that HLA-B (HLA-B 54:01) may
play a role in pathogenesis of KD, particularly in cases trig-
gering HLA class I and CD8" T cell-mediated immune re-
sponse [29]. In genome-wide association studies (GWAS),
the research method is to label or type DNA samples from
both the normal control group and the disease case group to
compare the whole genome of small genomic changes such as
single nucleotide polymorphisms (SNPs) to identify involved
genes [30-33].

Immunity
The immune system seems to have a main role in develop-

ment of KD, particularly in coronary artery dysfunctions. Lee
et al. proposed a hypothesis based on the “protein homeostasis
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Evaluation for COVID 19 Associated Multisystem Inflammatory Syndrome in Children (MIS-C)

*see below CDC case definition

Consider this condition in children presenting with fevers without an explanatory alternative diagnosis and any of the following: after
initial resolution of known/highly suspected COVID-19 infection or recent COVID-19 exposure, symptoms of Kawasaki Disease (rash,
conjunctivitis, oral/mucosal inflammation), or systemic illness with signs of shock or significant vomiting/diarrhea/abdominal pain.

—

Overlap with MIS-C
definition, but mild
illness, mild lab
abnormalities on
screening labs, and
lacking alternative
diagnosis

Sick child / cardiogenic shock / overlap with
Kawasaki disease (KD) / toxic-shock like

- Admit and....
> 4

¥

Perform Set 1 studies not
already performed

Additional studies to consider
- chest x-ray

- abdominal imaging as

indicated

If concerning labs
or clinical decline
perform Set 2
studies and admit

* Establish good IV access and start fluids: judicious use with
frequent reevaluation
* Perform Set 1 and 2 studies if not already done
* Notify local Department of Health
* Consults:
* PICU (all patients)
* Infectious Diseases (all patients)
* Consider: Hematology, Rheumatology
* Urgent Echo and Cardiology consult for any of the following:
* Hemodynamically compromised (hypotension,
tachycardia out of proportion of fever)
* Troponin or BNP elevated
* EKG suggestive of myocardial injury/inflammation
* If considering KD and on day 9 or longer of fevers
* Empiric Antibiotics (will vary, guided by ID) consider:
* Ceftriaxone + Metronidazole for abdominal concern
* Vancomycin, Clindamycin, Cefepime for Toxic Shock

Consider discharge if clinically
well appearing, stable vital
signs, reassuring labs (such as
low levels of inflammation,
i.e. CRP <30, ESR <30), normal
imaging if done, and other
other workup not concerning.

PMD should follow up in 24 -
48 hours, review symptoms,
consider repeating labs and
evaluations on ongoing basis.

g g =
PCR + or more Remote Myocarditis/Cardiogenic
consistent with infection and and/or distributive shock
acute COVID predominant (KD predominant or non-
inflammation KD features KD predominant)
-Remdesivir if -IVIG 2g /kg -Critical care
available -Aspirin -IVIG 2g /kg and 3 day
- IVIG 2g /kg, -Consider pulse methylprednisolone
particularly if corticosteroid with taper
KD overlap -Enoxaparin prophylaxis

-Rheumatology and

Daily Labs A Daily Labs A Hematology consults

-Consider disease
modifying agents

Reassess, may
deteriorate quickly

Daily Labs A B

| Set 1- Studies :
{ COVID-19 PCR (if not '
i performed within 48 hours) !
i COVID IgG (unless known +) !
i Respiratory viral panel :
| EKG ;
i Procalcitonin ;
! ESR !
i Urinalysis with microscopic

' (clean catch to assess

i urethritis)

! Blood culture i
' Urine culture :
i ACBC with differential

i ACMP (albumin and LFTs)

i ACRP ;
i AFerritin

i AD-dimer

i ATroponin
i ABNP '
! ALDH Q
! BVBG '
! Blactate

| ePT/PTT

! BFibrinogen

| 8cK

| Set 2- Studies

i Chest X-ray '
! Echocardiogram ;
! Triglycerides i
i Anti-thrombin Il :
i ADAMTS13

Consider:

| Blood type and Screen :
f Additional blood cultures

i Rapid strep and throat culture

i and Antistreptolysin O (ASO)

5 Specific viral titers or collecting
large volume (5-10mLs) serum

i to store for future studies :
i Cytokine panel

i Von Willebrand Panel

i Immunoglobulins , including IgA |
! (particularly if your center uses |
5 IVIG known to have significant

AND llIness requiring hospitalization
AND No alternative plausible diagnoses
AND COVID 19 positivity/exposure
SARS-CoV-2 RT-PCR positive currently or
or COVID-19 exposure within the 4 weeks prior to the onset of symptoms

* MIS-C CDC Case Definition- Fever (>24 hours reported or documented >38.0°C) AND Laboratory evidence* of inflammation
AND Multisystem (>2) organ involvement (i.e. cardiac, renal, resp, gi, heme, derm or neuro)

# May include one or more of the following laboratory value abnormalities: reduced lymphocytes , low albumin, or elevations in any of
the following (Neutrophil count, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), fibrinogen, procalcitonin, d-dimer,
ferritin, lactic acid dehydrogenase (LDH), or interleukin 6 (IL-6)).

recently positive on Antibody testing

Fig. 1 Guideline for evaluation of a child with suspected MIS-C, proposed by Hennon et al. 2020 [19]; adapted with written permission
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system” for the immune pathogenesis of KD in 2012 [34].
Both innate and acquired immune systems are activated after
pathogen infection. Meanwhile, the occurrence of KD seems
to be more related to the activation of the innate immune
system [35]. However, the cell-mediated part of acquired im-
mune system activates macrophages and T cells which leads
to the release of lymphokines. Plasma levels of T helper cell
type (Th)1 cytokine such as interferon-y (IFN-y) and inter-
leukin (IL)-2 and Th2 cytokines such as IL-4 and IL-10 are
increased during CK stages [36, 37].

In 2008, Wang et al. showed that the abnormal activation
of TLR4 may lead to being one of the initiating factors and
caused immune dysfunction in KD patients, which also in-
volved the activation of the nuclear factor kB (NF-kB) and
its downstream pathway with the excessive production of pro-
inflammatory cytokines such as TNF-« [38]. Furthermore, a
study in 2020 revealed that plasma IL-35 that identified from
IL-12 cytokine family members increases in patients with KD.
IL-35 suppresses CD14+ monocytes and inhibits tumor ne-
crosis factor (TNF)-a and granzyme B secretion by CD14+
monocytes from patients with KD [39]. A recent research
identified that TNF and IL-1 would be responsible cytokines
key for playing roles in cardiac inflammation and vasculitis in
KD patients [40]. In 2020, Sun et al. showed that nuclear
factors of activated T cells (NFAT1, NFAT2) and the calcine-
urin (caN) have been proposed as a significant pathway to be
related with KD development; CaN and NFAT are increased
at the acute stage of KD, while crucially decreased after treat-
ment with intravenous immunoglobulin (IVIG), along with
clinical improvement [6] Moreover, the immune response
and clearance of viral infections are directly associated with
type I interferon (T1IFN) released amount. A study in mice
showed that T cells with a lack of NFAT1 and NFAT2 were
unable to clear the acute viral infection [41].

Consistent with bioinformatic analysis data, TLR4,
CASP3, and CDA40 are the most important genes among all
that may be involved in the KD pathways. In addition to
participating in apoptosis, CASP3 is reported as a coronary
lesions factor in KD. The interaction of CASP3 with the T cell
receptor was correlated to the increased transcription of
CASP3 and activation of the nuclear factor of the activated
T cell signaling pathway, accompanied by the increased level
of cytokines such as IL-2 [42].

Besides, it was proven by examining patients that the expres-
sion level of CD40 was significantly higher in both acute KD and
KD with coronary artery lesion groups, suggesting the possible
immunological role of CD40 in the pathogenesis of KD [43].

Infection
Due to the serological and polymerase chain reaction (PCR)-

based analyses, possible causal microorganisms of KD have
been proposed. In addition to a variety of bacteria and fungi,

at least 14 viral species, including coronaviruses, have been
reported to be relevant to KD [44]. RNA virus-like inclusion
bodies have been detected in the cytoplasm of bronchoepithelial
cells of KD patients in the acute phase. In 2011 Rowley et al.
reported that KD synthetic antibodies detect antigen. The anti-
gen was localized to intracytoplasmic inclusion bodies (ICI) that
has consistent with viral protein and nucleic acid [45]. In another
study, Rowley proved that KD antigen can also be detected in
ICI in ciliated bronchial epithelium in late-stage KD fatalities in
all ages. The high rate of this detection may strengthen the effect
of persistent or latent infection following the acute illness hy-
pothesis. A persistent infectious agent could clarify recurrences
of KD in at least 1-3% of affected children [46].

Potential Treatment Protocols

Due to the rapid spread and expansion of SARS-CoV-2 infec-
tion globally, human society urgently needs to expand ways of
treatment and vaccination therapy to overcome the infection.
For pediatric patients with COVID-19, who have MIS or KD-
like illness (ferritin > 700 ng/mL, CRP > 30 g/dL, or multisys-
tem organ failure or cardiac involvement), the following treat-
ment could be recommended: intravenous immunoglobulin
(IVIG) 2 g/kg and aspirin 20-25 mg/kg/dose every 6 h (80—
100 mg/kg/day) [47]. Meanwhile, IVIG 2 g/kg as a single
infusion with 3-day pulse methylprednisolone could be rec-
ommended for those who are at higher risk, such as infants,
KD shock syndrome, CRP > 130 g/dL, admission echo Z
score>2.5, or aneurysms. A second dose of IVIG or
infliximab (a TNF-alpha inhibitor) could also be considered
in the case of first-line treatment failure [19]. It should be
mentioned that the first antiviral choice at the moment is
Remdesivir. A dose of 5 mg/kg load IV once (max dose
200 mg) on day 1 and then a dose of 2.5 mg/kg (100 mg
max dose) IV daily for 9 days are proposed for children [19,
48]. To reduce and control fever, paracetamol or dipyrone is
recommended [49]. Antibiotics should be added in patients
with secondary bacterial infections base on cultural results.
In patients who presented with severe inflammatory symp-
toms consistent with cytokine storm syndrome (CSS) with
or without KD features, the chosen treatment could be
anakinra and corticosteroids [50-52]. In a very recent study,
the administration of IVIG is recommended in COVID-19
patients, with or without MIS features, because it effects on
the production of TNF-« and reduces the number of regula-
tory T cells, which control inflammation and T cell activation.
All these therapeutic protocols could affect the cytokine-
mediated interstitial and alveolar wall edema in ARDS and
consequently on the viral clearance [53].

Sometimes, we encounter a problem in the treatment of KD
patients, called IVIG resistance. First time, IVIG resistant was
introduced as the persistent fever for 48 h after completion of
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IVIG treatment [54]. Approximately 10% of KD patients did
not respond to IVIG treatment; these patients eventually lead
to a higher risk of CALs formation or KD shock syndrome
[55]. Several reports and scientific research have suggested
various types of biomarkers and genetic genes that may be
the reason for being resistance to IVIG. Some of them are
clusterin, IL-6, IL-10, IL-17, TNF-«, and regulatory T cells.
Other involved risk factors are age, sex, number of illness
days, platelet count, ESR, aspartate aminotransferase, hemo-
globin concentration, CRP, eosinophil, total bilirubin, lactate
dehydrogenase, cholesterol, serum albumin, percentage of
neutrophils, and serum sodium level [42]. No alternative treat-
ment has been found yet, but researchers believe that steroids
such as prednisolone may reduce the incidence of coronary
abnormalities [56]. Infliximab, methotrexate, and plasma ex-
change have also been reported to be useful in IVIG treatment
failure patients [42]. Sometimes standard AAS treatment after
IVIG therapy causes an adverse effect called Reye’s syndrome
(RS) in KD patients. Reye’s syndrome comes to pass during
the treatment of fever with AAS (anabolic-androgenic ste-
roids), and it is usually preceded by a viral infection, specifi-
cally influenza and chickenpox in childhood and teenage, and
it may lead to possible side effects such as toxic encephalop-
athy or liver dysfunction [57]. In general, the point that must
be considered in the treatment of these patients is that every
child would have a different clinical presentation and therapy
must be tailored to each case.

Conclusion

COVID-19 could lead to MIS in children, a few days after
infection with SARS-CoV-2. However, it should be consid-
ered that the viral etiology of KD was previously reported; and
it is still unclear if the prevalence of such phenotype after
SARS-CoV-2 is more prevalent than other viruses. Anyway,
such inflammatory disease should be promptly treated; it is
highly recommended that these patients be visited again a
week later after treatment and discharge, because of the risk
of developing heart failure or vascular disease.
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