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ABSTRACT

Background: Multisystem inflammatory syndrome in children (MIS-C)
is a documented complication arising from SARS-CoV-2 infection. Even
pediatric patients who present with mild initial COVID-19 symptoms may
subsequently experience severe morbidity or mortality due to MIS-C;
therefore, early identification and prompt clinical management are
essential for achieving favorable outcomes. This study aimed to assess the
clinical characteristics, therapeutic strategies, and patient outcomes among
children diagnosed with MIS-C in Yazd, Iran.

Methods: This study included all pediatric patients admitted to Shahid
Sadoughi Hospital in Yazd, Iran, who presented with either suspected or
confirmed MIS-C between March 2020 and March 2021. Comprehensive
data were extracted from medical records, including demographics,
clinical symptoms, laboratory biomarkers, imaging results, and treatment
modalities.

Results: The study included 40 children (52.5% males, 47.5% females,
median age 7.3 years). Fever was the predominant symptom (87.5%),
followed by gastrointestinal complaints (57.5%) and mucocutaneous
abnormalities (20%). The digestive, respiratory, and neurological systems
were most frequently involved. Hospitalisation lasted 1-7 days in 75% and
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8—14 days in 22.5% of patients. Disease severity was severe in 25%,
moderate in 47.5%, and mild in 27.5%. Remdesivir (40%), corticosteroids
(52.5%), and intravenous immunoglobulin (47.5%) were used as
treatment. Notably, the overall mortality rate was 22.5% (9/40),
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substantially higher than the rates reported in most international studies.

Conclusion: This elevated mortality underscores the urgent need for
enhanced early detection, rapid referral systems, and timely
immunomodulatory therapy. Previous studies have reported that COVID-

License. 19 vaccination is associated with a reduced incidence of MIS-C.

Introduction

ARS-CoV-2, the pathogen responsible
for coronavirus disease 2019 (COVID-

19), has affected millions of individuals
across the world since its emergence in late
2019'. Multisystem inflammatory syndrome in
children (MIS-C) emerged as a serious post-
infectious complication associated with
COVID-19* 3. Initial reports of pediatric
inflammatory multisystem syndrome
temporally associated with SARS-CoV-2
(PIMS-TS) originated from Europe and North
America in April 2020* >,

The symptoms of MIS-C include persistent
fever, multiorgan involvement, and elevated
inflammatory markers 2-6 weeks after
infection with SARS-CoV-2% 7. While the
syndrome  exhibits clinical ~ features
overlapping with Kawasaki disease, toxic
shock syndrome, and macrophage activation
syndrome, it has a unique pathophysiology® °.
Consequently, the WHO and CDC adopted
case  definitions = emphasizing  fever,
multisystem involvement, laboratory evidence
of inflammation, and an epidemiological link
to COVID-19'% 11,

The clinical spectrum of MIS-C includes mild
illness to life-threatening complications such
as myocardial dysfunction, coronary artery
abnormalities, shock, and multi-organ
failure!> 3. Systematic reviews and meta-
analyses have indicated mortality rates ranging
from 1.7% to 3.9%, with elevated figures
observed in middle-income countries’ .
Clinical manifestations include fever (99%),
gastrointestinal symptoms (76—-88%),

mucocutaneous findings (50-65%), and
cardiac involvement (55-78%)!> 16,
Approximately 78% of patients with cardiac
complications have abnormal
echocardiography, 32-55% have myocardial
dysfunction, and 11-22% have coronary artery
abnormalities'” '®. A majority of MIS-C
patients require intensive care unit (ICU)
admission, and many require cardiovascular
support with inotropes or vasopressors'® 20,
Inflammatory markers (C-reactive protein,
ferritin, D-dimer), lymphopenia,
thrombocytopenia, and cardiac biomarkers
(troponin, NT-proBNP) are typically elevated
in patients®! 22,

IVIG (intravenous immunoglobulin) together
with corticosteroids constitutes the main
treatment strategy for MIS-C, whereas
biologic agents like anakinra are generally
reserved for patients who do not respond to
initial treatment®> %%, Early administration of
combined immunomodulatory therapies has
been shown to improve cardiac outcomes in
affected children® 2°, Respiratory support,
fluid resuscitation, and vasopressor support are
often necessary?’.

MIS-C data from Middle Eastern countries,
especially Iran, remain limited despite growing
international literature?® ?°.  Optimizing
management protocols requires understanding
regional variations in clinical presentation,
treatment responses, and outcomes. During the
COVID-19 pandemic, this study evaluated the
clinical manifestations, treatment approaches,
and outcomes of children with MIS-C admitted
to a major referral center in Yazd, Iran.
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Materials and Methods

Study Design and Setting

This was a single-center, retrospective,

observational cohort study conducted at

Shahid Sadoughi Hospital, Yazd, Iran — the

province’s tertiary pediatric referral center and

a designated COVID-19 focal point. Using

consecutive (census) sampling, all children

(<18 years) admitted with suspected or

confirmed MIS-C between March 2020 and

March 2021 were included. Data were

abstracted retrospectively from medical

records. (Clinical trial number: not applicable)

Case Definition

MIS-C diagnosis was based on WHO criteria,

which include:

e Children and adolescents aged 0—19 years
with fever for >3 days

¢ Clinical signs of multisystem involvement
(at least two of the following): rash or
bilateral non-purulent conjunctivitis or
mucocutaneous inflammation,;
hypotension or shock; cardiac dysfunction,
pericarditis,  valvulitis, or coronary
abnormalities; coagulopathy; acute
gastrointestinal symptoms

e Flevated markers of inflammation (ESR,
CRP, or procalcitonin)

e No other obvious microbial cause of
inflammation

e Evidence of COVID-19 (RT-PCR, antigen
test, or serology positive) or likely contact
with patients with COVID-19

Data Collection

Medical records were retrospectively reviewed

to extract comprehensive data including:

e Demographic information: Age, sex,
anthropometric measurements

e Clinical manifestations: Fever,
gastrointestinal symptoms (abdominal
pain, vomiting, diarrhea), respiratory
symptoms, mucocutaneous  findings,
neurological symptoms

e Comorbidities: Pre-existing medical
conditions

e Blood tests: Complete blood count,
inflammatory markers (C-reactive protein
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[CRP], erythrocyte sedimentation rate
[ESR]), liver and renal function tests,
electrolytes, creatine  phosphokinase,
lactate dehydrogenase, coagulation profile,
and, where available, D-dimer. Ferritin,
procalcitonin, fibrinogen, troponin and N-
terminal pro-B-type natriuretic peptide
(NT-proBNP) were not systematically
measured across the cohort and are
therefore not reported. Microbiological
testing: SARS-CoV-2 RT-PCR and
serology.

e Imaging studies: Chest radiography, chest
CT scan, echocardiography

e Treatment modalities: Oxygen therapy,

antiviral agents (remdesivir),
immunomodulatory  therapy  (IVIG,
corticosteroids), biologic agents,

supportive care

e Disease severity: Classified as mild,
moderate, or severe based on clinical
presentation, organ involvement, and need
for intensive care

e QOutcomes: Length of hospital stay, ICU
admission, complications, mortality

Exclusion Criteria

We excluded children with a significant

underlying chronic disease that could

confound the presentation, specifically
malignancy, pre-existing cardiac disease, or
chronic gastrointestinal disease, and records
with more than 30% of required variables

missing. Of 45 children initially identified, 5

were excluded (2 with hematologic disease, 2

with cardiac disease, and 1 with

gastrointestinal disease), leaving 40 patients
for analysis.

Disease Severity Classification

Disease severity was categorized as:

e Mild: no supplemental oxygen or
respiratory support, no
vasoactive/inotropic  agents, and no
ventricular dysfunction (subclinical or
paraclinical involvement only).

e Moderate: requirement for supplemental
oxygen by nasal cannula or mask, and/or
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limited organ involvement (e.g., coronary
changes) without shock.

e Severe: requirement for high-flow oxygen
or mechanical ventilation, and/or
vasoactive/inotropic support for
hypotension or shock, and/or ventricular
dysfunction or coronary artery aneurysm
(i.e., intensive-care—level support).

Because multi-organ involvement is intrinsic

to the MIS-C case definition, it was not used to

grade severity; severity was based on objective
support requirements and
cardiac’/hemodynamic status, consistent with
the WHO/CDC case definitions and the

American Heart Association / American

College of Rheumatology guidance.

Statistical Analysis

Statistical analyses were performed using

SPSS software version 26.0 (version 26, IBM

Corporation, Armonk, NY). Descriptive

statistics, such as frequencies, percentages,

means, and medians, were calculated.

Numbers and percentages were reported for

categorical variables, while medians and

interquartile

ranges were reported for continuous variables.

Chi-square test and Fisher’s exact test were

applied to compare categorical variables, while

t-tests or Mann-Whitney U tests were used for
continuous variables. Statistical significance

A. Sex Distribution

Female
Male

Male: n=21
Female: n=19

—
v

Number of Patients
s

-
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was defined as a P value less than 0.05.

Results
Demographic Characteristics

MIS-C was initially identified in 45 children,
five of whom had significant underlying
chronic conditions and were excluded.
Therefore, 40 children were included in the
final analysis. Figure 1 summarizes the
demographic characteristics of the study
population. Among the participants, 21 were
male (52.5%), and 19 were female (47.5%).
Half of the patients were aged between 5 and
18 years, with a median age of 7.3 years.

Clinical Manifestations

The clinical manifestations of MIS-C patients
are shown in Figure 2. Fever was the most
frequently observed symptom, occurring in
35 patients (87.5%). The second most
common manifestation was gastrointestinal
symptoms, occurring in 23 patients (57.5%).
Diarrhea, vomiting, and abdominal pain were
reported.

Specific frequencies were not provided for all
mucocutaneous, respiratory, or neurological
symptoms. A descending order of organ system
involvement showed that the gastrointestinal,
respiratory, and neurological systems were most
frequently affected.

B. Age Distribution

Medi : 3.7
20 SR »

50, 50,

0-4 years 518 years

Age Group

Figure 1. Demographic Characteristics of MIS-C Patients (N = 40)
(A) Sex distribution showing males (n =21, 52.5%) and females (n = 19, 47.5%). (B) Age distribution across two age groups (0—5
years and 5—18 years); bars indicate patient counts with percentages annotated.
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Figure 2. Frequency of Clinical Manifestations in MIS-C Patients.

Horizontal bars represent the number (percentage) of patients with each manifestation: fever (n = 35, 87.5%), gastrointestinal (GI)
symptoms (n = 23, 57.5%), respiratory symptoms (n = 14, 35.0%), neurological symptoms (n =9, 22.5%), and skin rash (n =8,
20.0%). The dashed vertical line marks the 50% threshold (n = 20). Patients could present with more than one manifestation;
therefore, percentages sum to more than 100%. GI: gastrointestinal

Laboratory and Imaging Findings
Laboratory investigations reflected
hyperinflammation and multisystem
involvement. The most frequent abnormalities
were hyponatremia (47.5%), lymphopenia
(47.4% of those tested), elevated CRP (37.5%),
elevated lactate dehydrogenase (37.5%),
elevated ALT (32.5%), hypocalcemia (30%),
elevated ESR (30%) and thrombocytopenia
(12.5%); SARS-CoV-2 testing was consistent
with prior rather than active infection (PCR
positive in 27.5%), in keeping with the post-
infectious nature of MIS-C (Table 1).
Echocardiography was performed in 16 patients
(40%) and was abnormal in 11 (68.8% of those
studied), including depressed left-ventricular
function, coronary artery abnormalities, mitral
regurgitation and myocarditis (Table 2). Chest
CT was performed in 12 patients (30%) and
showed mild, moderate and severe involvement
in 1, 5 and 6 patients, respectively (Table 3).
Disease Severity and Hospital Stay

The clinical severity of the disease varied
substantially across the cohort (Figure 3).
Specifically, 10 patients (25%) needed
intensive care support, 19 (47.5%) presented
with moderate severity characterized by the
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need for supplemental oxygen and/or limited
organ involvement without hemodynamic
instability, and 11 (27.5%) exhibited mild
disease. Given that MIS-C is a serious
condition, the high proportion of moderate to
severe cases (72.5% combined) likely reflects
the referral pattern to a tertiary care center.

Table 1. Selected laboratory findings at admission

(N = 40)
Laboratory parameter  Abnormal, n (%)*
Hyponatremia (Na <135) 19 (47.5)
Lymphopenia 18 of 38 tested (47.4)
Elevated CRP (2+/3+) 15 (37.5)
Elevated LDH (>500) 15 (37.5)
Elevated ALT (>35) 13 (32.5)
Elevated ESR (>30) 12 (30.0)
Hypocalcemia (Ca <8.8) 12 (30.0)
Elevated AST (>45) 10 (25.0)
Elevated BUN 7 of 27 tested (25.9)
Thrombocytopenia (PLT 5 (12.5)
<150k)

*Percentages are of the whole cohort unless a
denominator of tested patients is shown. CRP: C-
reactive protein; LDH: lactate dehydrogenase; ALT:
alanine aminotransferase; AST: aspattate
aminotransferase; ESR: erythrocyte sedimentation rate;
PLT: platelets; BUN: blood urea nitrogen
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Table 2. Echocardiographic findings in MIS-C
patients (N = 40).

Echocardiographic finding n (%)
Echocardiography performed 16 (40.0)
Normal study 5(12.5)
Depressed LV function / low LVEF 7(17.5)
(any)

Coronary artery abnormality (any) 5(12.5)
Mitral regurgitation (any) 7(17.5)
Myocarditis (in combination) 4 (10.0)
Not performed/missing 24 (60.0)

Echocardiography was performed in 16 patients
(40%); categories are not mutually exclusive. LV: left
ventricle; LVEF: left ventricular ejection fraction

Table 3. Chest CT findings in MIS-C patients (N =

40).
Chest CT severity n (%)
CT performed 12 (30.0)
Mild 1(2.5)
Moderate 5(12.5)
Severe 6 (15.0)
Not performed/missing 28 (70.0)

Percentages are of the whole cohort; CT was
performed in 12 patients.

Overall, 30 patients (75%) were hospitalized
for 1-7 days, 9 (22.5%) for 8-14 days, and 1

A. Disease Severity

Moderate

Sharifi, et al.

(2.5%) for >15 days. This distribution must be
interpreted with the outcome in mind: because
all 9 deaths occurred early in the admission, the
short stays are partly outcome-dependent
(early mortality)

rather than a reflection of rapid recovery, and
length of stay in survivors and non-survivors
should not be pooled when interpreting
recovery. Patient-level length-of-stay data
stratified by survival were not available for
separate quantification.

Treatment Modalities

A supportive care approach, antiviral therapy,
and immunomodulatory intervention were
used (Figure 4). Oxygen therapy was required
in 14 patients (35%), representing more than
one third of the cohort. Remdesivir was
administered to 16 patients (40% of the
sample), although its efficacy remains
controversial given the post-infectious nature
of MIS-C. Treatment was centered on
immunomodulatory  therapy. Twenty-one
patients (52.5%) received corticosteroids, and
19 patients (47.5%) received IVIG.

B. Hospital Stay Duration
k)

30
(75.0%)

30

~
©w

2
c
£
& 20
o
-
(-]
-
S
£
3
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9
10 (22.5%)
5
1
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1-7 days ~ gladays 215 days

Hospital Stay Duration

Figure 3. Clinical Severity Profile and Hospitalization Duration in MIS-C (N = 40).
(A) Distribution of clinical severity at presentation: mild (n = 11, 27.5%), moderate (n = 19, 47.5%), and severe (n = 10, 25.0%). (B)
Length of hospitalization: 1-7 days (n =30, 75.0%), 8—14 days (n =9, 22.5%), and >15 days (n = 1, 2.5%). MIS-C: multisystem
inflammatory syndrome in children
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Corticosteroids

21 (52.5%)

WIG

Remdesivir

Treatment Modality

Oxygen Therapy

o
w

16 (40.0%)

19 (47.5%)

14 (35.0%)

50% threshold
15 20 25

10
Number of Patients (N=40)

Figure 4. Treatment Modalities Used In MIS-C Management.

Horizontal bars show the number (percentage) of patients who received corticosteroids (n = 21, 52.5%), intravenous immunoglobulin
(IVIG) (n= 19, 47.5%), remdesivir (n = 16, 40.0%), and oxygen therapy (n = 14, 35.0%). The dashed vertical line marks the 50%
threshold (n = 20). Patients could receive more than one treatment modality; therefore, percentages sum to more than 100%. IVIG:

intravenous immunoglobulin

Outcomes

Out of the 40-patient cohort, 22.5%
succumbed to the illness, while 31 patients
(77.5%) survived to hospital discharge (Figure
5). A strong correlation was observed between

clinical outcomes and disease severity
classification. Although all 11 patients
presenting with mild disease survived,

mortality claimed 2 out of 19 patients with
moderate disease and 7 out of 10 with severe
disease, indicating a high mortality rate among

A. Severity-Outcome Distribution Heatmap

--

Deaths Survived

sIualed 10 Jaquiny
Number of Patients

patients requiring intensive care. Hospital
stays ranged from 1 to 7 days for 75% of
patients, 8—14 days for 22.5%, and 15 days or
longer for just 2.5%; however, in some severe
cases, this was due to early mortality rather
than rapid recovery. Mortality rates are
significantly higher in resource-limited
settings, likely because of factors such as
delayed recognition of the syndrome, limited
access to intensive care facilities, and limited
availability of immunomodulatory therapies.

B. Outcome Distribution by Severity

Mild ngem Severe

00

Figure 5. Relationship Between Disease Severity and Clinical Outcomes
(A) Heatmap showing the distribution of clinical outcomes (death vs survival) across severity categories. (B) Stacked bar chart
summarizing outcomes by severity: all mild cases survived (11/11), moderate cases included 17 survivors and 2 deaths, and severe
cases included 3 survivors and 7 deaths.
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Table 4. Mortality stratified by disease severity (N = 40).

Severity Died, n Survived, n Mortality, %
Mild (n=11) 0 11 0.0

Moderate (n = 19) 2 17 10.5

Severe (n = 10) 7 3 70.0

Severe vs non-severe

OR 32.7 (95% CI 4.5-234)

Fisher P <0.001

Severity was defined by objective support requirements (see Methods). The odds ratio compares severe versus

non-severe (mild+moderate) disease.

A Fisher’s exact test (two-sided) showed a
significant association between severity and
mortality when severity was categorized as
severe versus mild+moderate (P < 0.001).
Compared with the non-severe group, the odds
of death were significantly higher in the severe
group (odds ratio 32.7, 95% CI 4.5-234)
(Table 4, Table 5).

Table 5. 2X2 Fisher: Severe vs non-Severe

Group Deaths Survived
Severe 7 3
Non-severe (Mild+Moderate) 2 28

2x2 Fisher: Severe vs non-severe. Contingency table used for
Fisher’s exact test comparing mortality between severe MIS-
C and non-severe disease (mild + moderate). Values represent
counts of deaths and survivors in each group. MIS-C:
multisystem inflammatory syndrome in children.

Discussion

MIS-C during the early COVID-19 pandemic
waves was characterized by specific clinical
characteristics, treatment approaches, and
outcomes. In addition to similarities, there are
notable differences compared with
international reports.

Clinical Presentation

In our cohort, MIS-C showed a clinical profile
comparable to that reported in the international
literature. Fever was present in 87.5% of
patients, which is slightly below the nearly
universal frequency of approximately 99%
reported in pooled analyses®* 3. This may reflect
variations in case definition application or
documentation. We found gastrointestinal
symptoms in 57.5% of our patients, slightly
lower than the 76-88% reported in systematic
reviews!> 1°. The pathophysiology of MIS-C
includes widespread endothelial dysfunction and
hyperinflammation, both of which are associated
with GI and cardiac involvement 33,

The median age of 7.3 years in our cohort
was also consistent with international data
indicating that MIS-C predominantly affects
school-age children and adolescents** 33, MIS-
C differs from classic Kawasaki disease, which
usually affects children younger than 5 years*®
37, Our study found an equal distribution of
patients across age groups (50% aged 0-5
years and 50% aged 5—18 years).

Disease Severity and Complications

In our cohort, 25% of patients were classified
as severe, 47.5% as moderate, and 27.5% as
mild, meaning that 72.5% presented with
moderate to severe disease. According to
reports, approximately 50-53% of MIS-C
patients require ICU admission®® 3°. A high
proportion of moderate-to-severe cases in our
study may reflect both the severity of MIS-C
and the concentration of critically ill patients
in tertiary centers. MIS-C is characterized by
cardiac  involvement, though  specific
frequencies of myocardial dysfunction and
coronary abnormalities were not detailed in
our cohort. Previous studies have shown that
55-78% of patients have abnormal
echocardiographic findings, 32-55%
experience myocardial dysfunction, and 11—
22% develop coronary artery abnormalities**
2 In contrast to acute COVID-19, respiratory
manifestations in MIS-C are generally less
prominent*> . Depending on the cohort and
definition, neurological involvement varies
from 4% to 28%*> 46,

Treatment Approaches

In our study, we noted both adherence to and
deviation from international guidelines. While
IVIG and corticosteroids are recognized as the
main treatments for MIS-C*> ¥ our cohort
received 52.5% corticosteroids and 47.5% IVIG,
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compared with 78-88% IVIG and 63-75%
corticosteroids in larger pooled data*->°.
Our  cohort had lower rates  of
immunomodulatory therapy for several reasons.
First, treatment protocols were still evolving
during the early pandemic (2020-2021), and
evidence for optimal therapy was limited.
Second, middle-income countries may not have
access to IVIG due to resource constraints®! 32,
The third reason is that some patients died before
immunomodulatory ~ therapy  could  be
administered. In addition, treatment thresholds
and severity assessments varied.
During the early phase of the pandemic,
remdesivir was administered to 40% of
patients. The antiviral activity of remdesivir
against SARS-CoV-2 is questionable, as MIS-
C is a post-infectious inflammatory syndrome
rather than an acute viral infection®*>*, For this
reason, routine use of antiviral therapy in MIS-
C is generally not recommended except in
cases of concurrent COVID-19 infection® 47-%
56 Furthermore, 35% of patients required
oxygen therapy, indicating respiratory
compromise. The respiratory system is
involved in 28-39% of MIS-C cases” . In
such patients, the need for oxygen therapy may
be explained by both pulmonary involvement
and associated cardiac dysfunction.
Mortality and Outcomes
We found a mortality rate of 22.5%,
substantially higher than the 1.7-3.9%
reported in systematic reviews and meta-
analyses®*®!. Clinical practice and public
health policy in Iran should consider this
elevated mortality. Our cohort's higher
mortality may be explained by several factors.
This comparison should be interpreted with
caution, because differences in case definitions
(WHO versus CDC), referral and selection
bias inherent to a single tertiary center that
concentrates the most severe cases, and the
high proportion of moderate-to-severe disease
in our cohort may all inflate the apparent
mortality  relative to  population-based
international series.
1. Delayed Presentation: MIS-C was not
widely known during the early pandemic.

116 World J Peri & Neonatol 2025; Vol. §; No. 2

In the event of delayed recognition,
patients may have presented with advanced
disease and established organ failure®> ¢,
A timely diagnosis and
immunomodulatory  therapy  improve
outcomes®* 6.

Resource  Limitations: Healthcare
infrastructure in middle-income countries
is limited by limited ICU capacity,
advanced monitoring equipment, and
expensive medications (especially IVIG)*
66, Middle-income countries have higher
mortality rates than high-income settings,
according to Yasuhara et al.!.

Treatment Delays and Suboptimal
Therapy: Immunomodulatory therapy use
in our cohort (52.5% corticosteroids,
47.5% IVIG) was lower than international
standards  (78-88% IVIG, 63-75%
corticosteroids) and may have contributed
to worse outcomes, although this
observational study cannot establish a
causal relationship®” %%, Early combined
immunomodulatory therapy has been
reported to reduce cardiac complications
and improve recovery®® 7°,

Comorbidities and Risk Factors: We
excluded patients with  significant
underlying chronic diseases, but milder
comorbidities may have been present. In
some cohorts, obesity was associated with
more severe MIS-C’! 72, Mortality has
been associated with comorbidities in
several case studies** 7.

Severity of Presentation: Referrals to
tertiary centers may represent the most
severe cases. We found a high proportion
of moderate-to-severe disease (72.5%) in
our cohort’ 7>,

Laboratory and Clinical Predictors:
Iron levels, D-dimer levels, NT-proBNP
levels, and troponin levels are associated
with severity and poor outcomes® 7°. Heart
disease, acute kidney injury, and need for
vasopressors are strongly associated with
mortality’”> 7. For risk stratification,
detailed analysis of these biomarkers
would be useful.
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Comparison with Iranian Studies

MIS-C outcomes from Iran are scarce, making

our findings particularly useful. The clinical

characteristics of the Rostami-Maskopaee et
al. cohort are similar to ours?®. Other Iranian
studies have focused on gastrointestinal
manifestations and radiographic features’ %,

However, patient populations, treatment

protocols, and study periods may differ from

those reported by some Iranians®'.

Implications for Clinical Practice

In Iran and similar settings, our findings have

several important implications:

1. Enhanced Awareness and Education:
Pediatricians, emergency department staff,
and primary care physicians need to be
aware of MIS-C. In educational programs,
clinical features and diagnostic criteria
should be emphasized®> %,

2. Early Diagnosis and Referral: A clear
referral pathway and criteria can reduce
delays in diagnosis and treatment.
Inflammatory and cardiac biomarkers can
be assessed at the point of care® .

3. Standardized Treatment Protocols: A
combination of IVIG and corticosteroids,
as early combined immunomodulatory
therapy, may improve outcomes. Protocols
should be adapted to resource-constrained
settings®® 87,

4. Multidisciplinary Care: For MIS-C
management, healthcare systems should
provide IVIG, corticosteroids, and
intensive care®® ®8. Strategic stockpiling is
recommended during pandemic surges>*
89

5. Follow-up and Long-term Monitoring:
Follow-up after MIS-C is necessary to
monitor persistent cardiac abnormalities,
inflammation, and psychosocial effects.
PICU survivors report persistent physical
symptoms at 1-year follow-up in 62% of
studies'® .

Prevention and Vaccination

By preventing SARS-CoV-2 infection, the

burden of MIS-C can be reduced. COVID-19

vaccines are effective in preventing acute
infection and post-infectious complications,

Sharifi, et al.

including MIS-C°* !, The incidence of MIS-C
is low among vaccinated adolescents’> °3.
Children and adolescents need higher

vaccination coverage to prevent both acute
COVID-19 and MIS-C in Iran.

Study Limitations
There are some limitations. First, the single-
center retrospective design limits

generalizability and introduces selection bias.
Second, the relatively small sample size (n =
40) reduces statistical power for subgroup
analyses. Third, detailed laboratory results,
echocardiographic findings, and specific
treatment regimens were not fully captured in
the available data, limiting predictor analysis.
Fourth, the study period (2020-2021)
represents early pandemic management when
knowledge and resources were limited;
outcomes could have improved. Fifth, long-
term follow-up data are not available to assess
persistent sequelae.

Future Directions

We  recommend  larger,  multicenter

prospective studies of MIS-C across Iran to

characterize regional variations, identify
mortality risk factors, and evaluate treatment
protocols. Future research should focus on:

1. Risk Stratification: Predicting severity of
disease and evaluating treatment efficacy
using clinical and laboratory scores

2. Treatment Optimization: Comparing
immunomodulatory regimens, timing, and
biologic agents for Iranians

3. Long-term Qutcomes: Evaluation of
various  treatment  strategies  and
vaccination programs in Iran

4. Health Economics: Cost-effectiveness
analyses of different treatment strategies
and vaccination programs in the Iranian
context

5. Genetic and Immunologic Studies:
Determining genetic factors and immune
profiles that may be associated with MIS-
C
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Conclusion

This  study  describes  the  clinical
characteristics, treatment patterns, and
outcomes of MIS-C among children treated at
a tertiary pediatric center in Yazd, Iran.
Clinical features included fever,
gastrointestinal symptoms, and multisystem
involvement, consistent with international
reports. However, the mortality rate of 22.5%
was markedly higher than that reported in most
international studies, likely reflecting delayed
presentation, resource limitations, and
inadequate treatment.

Our findings support existing
recommendations that emphasize early
recognition of MIS-C, prompt referral, and
timely immunomodulatory therapy in children
who present with fever and multisystem
symptoms during or after COVID-19 surges.
As an observational study, our data cannot
demonstrate the efficacy of any specific
treatment; the elevated mortality should
therefore be regarded as hypothesis-
generating. Previous studies indicate that
COVID-19 vaccination is associated with a
reduced incidence of MIS-C, and ensuring the
availability of IVIG, intensive-care capacity,
and specialized expertise may support MIS-C
management in comparable settings.

There is also a need to strengthen MIS-C
epidemiological data across Iran, identify
predictors of mortality, refine treatment
strategies, and improve patient outcomes
through large multicenter studies. International
collaboration and knowledge sharing can
reduce mortality in resource-limited settings.
A proactive approach, early diagnosis,
evidence-based treatment, and comprehensive
vaccination programs can dramatically reduce
MIS-C mortality. Clinicians and policymakers
can learn from this study to better protect
children from COVID-19 complications.
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