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Abstract

Background: several children with COVID-19 disease present with fever, gastrointestinal symptoms, rash,
conjunctivitis, mucosal changes, shock, and myocardial dysfunction, called multisystem inflammatory
syndrome in children (MIS-C), similar to incomplete Kawasaki disease or toxic shock syndrome. The
unclear pathophysiology of MIS-C prompts clinical and genetic evaluation of the patients.

Method: In the present study, patients with MIS-C disease who were referred by medical specialists of Imam
Ali Hospital of Alborz in 2020-2021 were included. The clinical manifestations and laboratory findings
of enrolled patients were evaluated, and the genetic analysis was performed by whole exome sequencing
(WES), further confirmed by Sanger sequencing.

Results: Among 11 patients diagnosed with MISC, six patients (54.5%) were male, and the mean (SD) age
of participants was 6.55 (+2.81) years. The most prevalent clinical presentations included fever (100%), rash
(82%), bilateral non-purulent conjunctivitis (73%), and mucous membrane changes (64%). The only patient
with genetic alterations was an 8-year-old boy with a homozygous missense variant of the ATP6AP1 gene and
a heterozygous likely pathogenic canonical splice site variant of the M1B1 gene.

Conclusion: Although the young age of patients with MIS-C and their autoinflammatory presentations are
similar to patients with inborn errors of immunity, the results indicate that most patients with MIS-C do
not have genetic mutations.
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Introduction

Since December 2019, the Coronavirus Disease
2019 (COVID-19) outbreak has led to a pandem-
ic with high morbidity and mortality rates. Al-
though COVID-19 usually has mild symptoms in
children (1), the reports of severe complications
have attracted attention. A low rate of children
who tested positive for SARS-CoV-2 infection
manifested with fever, gastrointestinal symptoms,
rash, conjunctivitis, mucosal changes, shock, and
myocardial dysfunction similar to incomplete
Kawasaki disease or toxic shock syndrome (2).
The Centers for Disease Control and Prevention
(CDC) termed this condition a Multisystem In-
flammatory Syndrome in Children (MIS-C) (3).

The pathophysiology of MIS-C is not yet fully
clear. The immune dysregulation associated with
SARS-CoV-2 is the probable etiology; however,
the mechanism is unknown (4). The overlap-
ping clinical features with Kawasaki disease have
prompted an investigation into a possible shared
pathophysiologic pathway. Although the exact
etiology of Kawasaki disease is unknown, it is
speculated that genetic predisposition, immuno-
modulation, and infectious triggers have signifi-
cant roles in its pathophysiology (5). The genetic
predisposition involved in Kawasaki disease is
evidenced by racial predisposition and familial
aggregation (6). The prognosis of MIS-C is not
yet clear, and the existing case series demonstrate
that despite the severe clinical course of the dis-
ease, most patients survive and recover (7). How-
ever, the lack of knowledge in MIS-C may result
in delayed diagnosis and a worse prognosis.

Therefore, a better understanding of its patho-
physiology and possible etiologic factors could
lead to a new diagnostic approach, better out-
comes, and prevention. In this study, we aimed to
evaluate the genetic, laboratory, and clinical man-
ifestations of patients with MIS-C.

Patients and Methods
Study Design

The present study included patients with MIS-C
disease who were referred by medical specialists
(Rheumatologists and Immunologists) of Imam
Ali Hospital of Alborz in 2020-2021.

This study was reviewed and approved by the
ethical committee of Alborz University of Medical
Sciences. Potential participants were first made

aware of the project by their referring physician.
Then the participation consent was obtained from
the patients or their parents who fulfilled the in-
clusion criteria to be enrolled in the study.

Inclusion and Exclusion Criteria

The inclusion criteria were established based
on the World Health Organization (WHO) case
definition (8):

Individuals aged <19 years with fever for 3 or
more days; AND at least two of the following: 1)
Rash or bilateral non-purulent conjunctivitis or
mucous membrane changes, 2) hypotension or
shock, 3) signs of myocardial dysfunction, val-
vulitis, pericarditis, or coronary abnormalities, 4)
evidence of coagulopathy, 5) acute gastrointesti-
nal problems; AND elevated markers of inflam-
mation, including ESR, CRP, or procalcitonin;
AND absence of other etiology; AND a history of
close contact with COVID-19 or positive SARS-
CoV-2 RT-PCR, serology or antigen test.

The presence of an acquired abnormality, such
as HIV infection, chemotherapy, or malignancy,
may be grounds for possible exclusion if, in the
lead investigator’s opinion, such a disease process
interfered with the evaluation. Severely debilitat-
ed health status or poor venous access may also
preclude obtaining sufficient specimens for anal-
ysis.

Data Collection

The patient’s medical records documenting the
clinical manifestations and laboratory findings
were retrieved. For genetic analysis, 4 ml of ve-
nous blood was collected from the included pa-
tients, from which DNA was extracted for whole
exome sequencing (WES), further confirmed by
Sanger sequencing.

Statistical Analysis

The data were entered into the SPSS version
26.0 (SPSS Inc., IBM Company). Categorical and
continuous variables were demonstrated as fre-
quency (percentage) and mean (standard devia-
tion (SD)), respectively.

Results

Among 11 patients diagnosed with MISC, six
patients (54.5%) were male, and the mean (SD)
age of participants was 6.55 (+£2.81) years. None
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of the patients had a positive SARS-CoV-2 RT-
PCR at the time of admission, whereas four pa-
tients (36.4%) had a positive IgG serology. All the
patients were admitted to the standard ward, and
none of them were transferred to the Intensive
Care Unit (ICU). The mean (SD) time between
the onset of symptoms and admission and hos-
pitalization duration were 3.18 (+1.40) and 8.70

(£2.98) days, respectively (Table 1).

Regarding the clinical presentations, aside
from fever which was seen in all the patients, nine
patients (82%) had rash, eight patients (73%) had
conjunctivitis, and seven patients (64%) had mu-
cous membrane changes. Other clinical manifes-
tations are illustrated in Figure 1. The laboratory
findings demonstrated that lymphopenia, and

Table 1. Demographic and characteristics of enrolled patients with MIS-C

Variables Result*

Age [years] 6.55 (2.81)

Male 6 (54.5)
Sex

Female 5(45.5)
Positive SARS-CoV-2 RT-PCR 0 (0)
Positive IgG Serology 4(36.4)
Close Contact with a COVID-19 patient 5(45.5)
The interval between symptoms onset and 3.18 (1.40)
hospitalization [days]
Hospitalization Duration [days] 8.70 (2.98)

*Categorical variables are presented as frequency (percentage), and continuous variables as mean (standard deviation)
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Figure 1. Clinical presentations and their frequency in enrolled patients with MIS-C
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elevated CRP, ferritin, LDH, AST, ALT, Cr, and
fibrinogen were present among the enrolled pa-
tients (Table 2). All patients had normal left ven-
tricular ejection fraction (LVEF) without pericar-
dial effusion or coronary artery abnormalities.

Molecular Findings

DNA samples of included patients were se-
quenced by the NGS technique, and the candidate
genes of the immunodeficiency panel for dis-
ease-causing mutations were checked. No pathol-
ogy was identified in the enrolled patients, except

in one patient who had a homozygous missense
variant of the ATP6AP1 gene, reported to result in
immunodeficiency-47 with a recessive X-linked
inheritance pattern and classified as a variant of
uncertain significance (VUS). In addition, the
same patient had a heterozygous likely pathogen-
ic canonical splice site variant of the M1B1 gene
(c. 1238-2A>@G) which is related to left ventricular
noncompaction-7 with an autosomal inheritance
(Table 3). The identified patient was an 8-year-
old boy without previous hospital admission,
born to consanguineous parents, who presented

Table 2. Laboratory findings of the enrolled patients with MIS-C
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Laboratory Findings Mean (SD) Min — Max
WBC (x10°/L) 0.92 (4.30) 3.47-16.60
Hb (gr/dL) 11.93 (0.90) 10.30 - 13.60
Platelets (x10°/pL) 183.55 (66.90) 116 —313
Polymorphonuclear Leukocytes (x10°/uL) 8.26 (3.58) 2.85-13.60
Lymphocytes (x10°/ pL.) 0.97 (0.70) 0.80-0.32
CRP (mg/L) 143.85 (47.18) 67.60—-212.90
Ferritin (ng/mL) 610.32 (400.89) 209.06 — 1193.37
LDH (IU/L) 611.01 (375.05) 280.70 — 1634.00
AST (U/L) 87.60 (104.41) 23.00 —370.00
ALT (UL) 72.80 (71.53) 20.00 —260.00
Cr (mg/dL) 2.25(3.04) 0.60 —9.60
Amylase (U/L) 44.42 (68.23) 4.20-212.20
Fibrinogen (mg/dL) 525.33 (131.38) 370.00-725.00
Table 3. The identified variant in M1B1 gene description

Gene/ Variant Variant Chromosome Zygosity Related OMIM Inheritance Variant

Transcript Location Position Phenotype Number Pattern Classifi
(GRCh37) cation

M1B1 Intron 8 c. 1238- Chrl8 Het Left 615092 AD Likely

ENST00000 2A>G 19.379.800 ventricular pathoge
261537.6 noncompactio nic

NM_020774 n-7

Het: Heterozygous; AD: Autosomal Dominant

with fever, diarrhea, and vomiting a week before
referral. When referred to the rheumatologist, he
was dehydrated and had periorbital edema, bilat-
eral non-purulent conjunctivitis, and hematuria.
He was admitted to the PICU and was hydrated
and treated with Cefotaxime, Clindamycin, and

Methylprednisolone. In his echocardiography,
the EF was in the normal range, and a mild TR
and PFO were observed. His laboratory findings
are presented in Table 4.

Discussion
Children with MIS-C generally manifest fe-
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Table 4. Laboratory findings of the patient with ATP6AP1
and M1B1 variants

Laboratory Findings Result
WBC (x10°/L) 16.35
Hb (gr/dL) 10.3
Platelets (x10°/uL) 116
Polymorphonuclear Leukocytes 13.6
(x10°/uL)
Lymphocytes (x10°/ pL) 0.8
CRP (mg/L) 135
LDH (IU/L) 1634
AST (U/L) 370
ALT (UL) 260
Cr (mg/dL) 5.88
D-Dimer (ug/mL) >1
Fibrinogen (mg/dL) 441

ver, involvement of at least two organ systems,
elevated inflammatory markers, and evidence of
current or recent SARS-CoV-2 infection (9). In
the present study, 11 patients with MIS-C were
included, among which the main clinical features
were fever (100%), rash (82%), bilateral non-pu-
rulent conjunctivitis (73%), and vomiting (73%).
In a study by Dufort et al., the most prevalent
clinical presentations of patients with MIS-C
were fever (100%), tachycardia (97%), gastroin-
testinal symptoms (80%), rash (60%), and con-
junctivitis (56%) (10). Due to the high prevalence
of COVID-19 in Iran and the significant number
of patients referred with Kawasaki disease and
MIS-C, a retrospective study was carried out in
Tehran on 45 children with MIS-C. The most
common clinical manifestations included fever,
abdominal pain, nausea and vomiting, and rash
(11).

Several studies have demonstrated that approx-
imately 60% of patients with MIS-C have positive
serology tests and negative SARS-CoV-2 RT-PCR
tests. Moreover, a low number of patients with
MIS-C (5 to 10%) have both negative serology
and SARS-CoV-2 PCR tests, and the diagno-
sis of MIS-C is accomplished by the history of
children’s close contact with a patient diagnosed

with COVID-19 in the past four weeks (12). In
the present study, none of the patients had a pos-
itive SARS-CoV-2 RT-PCR test, four out of five
patients with available serology tests had positive
tests, and five patients gave a history of recent
close contact with a COVID-19 patient.

Several studies were recently published regard-
ing the genetic evaluation of patients with MIS-C.
In a study on 45 patients with MIS-C and 25 chil-
dren with COVID-19 as the control group in the
United Arab Emirates and Jordan, WES results
showed that deleterious heterozygous variants in
immune-related genes, including TLR3, TLR6,
IL22RA2, IFNB1, IFNAG6 were present in 19 pa-
tients, among which seven patients had multiple
variants. The number of detected genetic variants
was significantly higher in patients with MIS-C
compared to the control group (13). Since inborn
genetic defects and autoantibodies against IFN1
can cause severe pneumonia in COVID-19 dis-
ease, they can also influence the pathophysiolo-
gy of MIS-C. Therefore, in a recent case report
by Abolhassani et al., WES analysis was per-
formed on the DNA sample of a three-year-old
child who died of COVID-19 and had a com-
bination of severe COVID-19 pneumonia and
MIS-C. The results demonstrated a deleterious
homozygous mutation in the IFNARI1 gene (14).
In another study performed in a hospital in the
USA, 39 patients with MIS-C underwent genetic
evaluation, demonstrating that 25.4% of patients
had heterozygous missense mutations in prima-
ry hemophagocytic lymphohistiocytosis (LYST,
STXBP2, PRF1, UNC13D, AP3B1) or DOXK8
gene (15). In another single-center study in the
USA, 18 patients with MIS-C went through WES
analysis. Two patients without any significant his-
tory of infections had a homozygous deleterious
mutation in XIAP (X-linked inhibitor of apopto-
sis) and CYBB genes. Moreover, another patient
had a heterozygous mutation in the SOCS1 gene,
an essential negative regulator of interferons type
1 and 2 (16). Concerning the epigenetic alter-
ations in MIS-C, in a study by Davalos et al., 43
patients with MIS-C, 69 healthy children, and 15
children with COVID-19 disease without MIS-C
were evaluated for 850,000 CpG sites of the hu-
man genome for DNA methylation variants. The
results demonstrated that DNA methylation load
was correlated to MIS-C in 33 CpG loci, half of
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which were located in ZEB2, SH2D1B, VWAS,
HLA-DRBI1, CUL2, and AIM2 genes. This DNA
methylation profile is also observed in Kawasaki
disease (17). In the present study, the genetic eval-
uation of patients demonstrated that one patient,
an 8-year-old boy with consanguineous present-
ing with fever, diarrhea and vomiting, periorbital
edema, bilateral non-purulent conjunctivitis, and
hematuria, had a homozygous missense vari-
ant of the ATP6AP1 gene, reported to result in
immunodeficiency-47 with a recessive X-linked
inheritance pattern and classified as a variant of
uncertain significance (VUS), and a heterozygous
likely pathogenic canonical splice site variant of
the M1B1 gene (c. 1238-2A>G) which is related
to left ventricular noncompaction-7 with an au-
tosomal inheritance.

The reason behind the absence of immune-re-
lated genetic mutations in the majority of patients
with MIS-C in the present study could be that 1)
the genes involved in MIS-C pathophysiology are
not evaluated in the immunodeficiency panel and
it would require using high-resolution WES, or
2) epigenetic alterations are responsible for the
immune-related manifestation of MIS-C, which
WES does not assess.

In addition to the absence of high-resolution
WES and epigenetic analysis, other limitations of
the present study include the lack of evaluation of
genotype association with phenotype due to the
absence of a sufficient number of patients with
genetic mutations.

In conclusion, although the young age of pa-
tients with MIS-C and their autoinflammatory
presentations are similar to patients with inborn
errors of immunity, the results of the present
study and recent publications indicate that the
majority of patients with MIS-C do not have ge-
netic mutations.
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