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Abstract

Background: Multisystem inflammatory syndrome in children (MIS-C) is a rare but serious post-infectious inflammatory
condition associated with SARS-CoV-2 infection in children. While the pathogenesis remains unclear, it is considered an
immune-mediated hyper inflammatory reaction triggered by the virus.

Objectives: To investigate the clinical characteristics, laboratory findings, treatments, and outcomes of MIS-C cases in an
Iranian hospital.

Methods: A retrospective review was conducted of 102 children meeting the World Health Organization (WHO) diagnostic
criteria for MIS-C admitted to Firoozabadi Hospital in Tehran from March 2020 to February 2021. Demographic, clinical,
laboratory, and outcome data were extracted from medical records.

Results: Fever (96.1%) and cough (47.1%) were the most common presenting symptoms, followed by ill appearance (47.1%),
nausea/vomiting (36.3%), and dyspnea (35.3%). Neurological involvement included seizures in 28.4% of cases. Lymphopenia was
observed in 55.5% of patients, and abnormal blood gas levels, including hypocapnia or hypercapnia, were present in 90.6% of
cases. Common treatments included antibiotics (78.0%), corticosteroids (44.0%), remdesivir (25.0%), and IVIG (13.0%). The
recovery rate was 90.2%, with 26.5% of patients requiring PICU admission, and a mortality rate of 9.8%.

Conclusions: This study provides epidemiological data on MIS-C in Iran, demonstrating both similarities and differences
compared to previous literature. The high rate of respiratory and neurological involvement, along with distinct treatment
patterns, highlights the need for further research to optimize management strategies across different healthcare settings.
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1.

Background has been the identification of multisystem

The emergence of the novel SARS-CoV-2 virus
responsible for the COVID-19 outbreak has challenged
global healthcare systems, leading to widespread
morbidity and mortality (1). A concerning development

inflammatory syndrome in children (MIS-C), a rare but
serious hyperinflammatory condition associated with
SARS-CoV-2 infection in children (2, 3). The MIS-C
involves inflammation affecting multiple organ
systems, including the heart, lungs, kidneys, brain, skin
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eyes, and gastrointestinal system (4). The MIS-C occurs
predominantly in those with current or recent COVID-19
infection, even in mild or asymptomatic cases. The MIS-C
often initially presents similarly to Kawasaki disease or
toxic shock syndrome but can rapidly progress to a life-
threatening illness with cardiovascular shock and
multiorgan failure (5).

The exact pathogenesis of MIS-C remains unclear, but
current insights suggest an immune-mediated
hyperinflammatory response to SARS-CoV-2 infection in
children (6, 7). Viral molecular patterns could trigger a
“cytokine storm”, resulting in systemic inflammation
and multiorgan dysfunction as seen in MIS-C (8, 9).
Genetic factors play a role in determining individual
susceptibility to MIS-C following SARS-CoV-2 exposure.
Not all exposed children develop MIS-C, suggesting
underlying genetic variations contribute to differential
responses (10).

Diagnostic criteria for MIS-C include: (1) Muco-
cutaneous inflammation signs; (2) shock or
hypotension; (3) evidence of cardiac dysfunction or
coronary anomalies; (4) elevated troponin or natriuretic
peptide levels; (5) coagulopathy; and (6) gastrointestinal
symptoms, according to World Health Organization
(WHO) diagnostic criteria for MIS-C (11). Differential
diagnoses include sepsis, toxic shock syndromes,
macrophage activation syndrome, and hemorrhagic
fevers. As MIS-C has an unknown pathophysiology, a
COVID-19 test is useful but not required for diagnosis.
The presence of multiorgan dysfunction and
hyperinflammation in the appropriate context is most
indicative of MIS-C. Rapid recognition and management
are critical given the potential morbidity and mortality.

2. Objectives

The present study aims to characterize the clinical
features, laboratory findings, treatment approaches,
and outcomes of MIS-C in an Iranian tertiary care center,
contributing to the growing understanding of this
condition's manifestations across different populations
and healthcare settings.

3.Methods

3.1. Study Design and Setting

This retrospective  observational study was
conducted at Firoozabadi Hospital, a tertiary care center
in Tehran, Iran. The study protocol was approved by the
Ethics Committee of Iran University of Medical Sciences

(approval number: dated

28/09/2021).

IR.JUMS.REC.1400.609,

3.2. Sample Size Calculation

The sample size was calculated using the formula for
estimating a proportion with specified precision:

Z: ap <1 - p)
T N 7/ )

d2
Where Z, o = 1.96 for a 95% confidence level, P is the
2

expected proportion of MIS-C (based on previous
studies), and d is the margin of error.

3.3. Participants

During the study period (March 2020 to February
2021), 102 patients diagnosed with MIS-C were included.
The inclusion criteria followed WHO diagnostic criteria
for MIS-C: (1) Age 0 - 19 years; (2) fever for > 3 days; (3) two
or more of the following: Rash, conjunctivitis,
mucocutaneous inflammation signs,
hypotension/shock, cardiac involvement, coagulopathy,
acute gastrointestinal problems; (4) elevated markers of
inflammation; (5) no other obvious microbial cause; and
(6) evidence of COVID-19 or likely contact with patients.
Patients were excluded if they had negative RT-PCR,
serology, and chest CT for COVID-19.

3.4. Statistical Analysis

Statistical analysis was performed using the
Statistical Package for the Social Sciences version 26.0
for Windows (IBM Corp., Armonk, NY, USA). Categorical
variables are presented as frequencies and percentages,
n (%). Continuous variables are expressed as mean *
standard deviation or median (interquartile range)
based on distribution normality. Chi-square or Fisher's
exact tests were used for comparing categorical
variables between groups. Post-hoc power analysis was
performed to validate the adequacy of sample sizes for
subgroup comparisons. A P-value < 0.05 was considered
statistically significant.

4. Results

4.1. Demographic Characteristics

Among the 102 patients diagnosed with MIS-C, 58
(56.9%) were male and 44 (43.1%) were female. The age
distribution showed 41 (40.2%) patients under 1 year, 21

] Compr Ped. 2025;16(4): 161545


https://brieflands.com/articles/jcp-161545
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=222031
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=222031

Masoumi-Asl H et al.

Brieflands

Table 1. Demographic Characteristics of Children with Multisystem Inflammatory Syndrome in Children (N =102)?

Variables Values
sex P
Male 58(56.9)
Female 44 (43.1)
Age groups (y) ©
<1 41(40.2)
1-2.99 21(20.6)
3-5.99 14 (13.7)
6-8.99 8(7.8)
9-11.99 10(9.8)
>12 8(7.8)
Area of residence 9
Urban 90 (88.2)
Rural 12 (11.8)
Nationality ¢
Iranian 80(78.4)
Non-Iranian 22(21.6)
@ Values are expressed as No. (%).
b Chi-square test used for sex distribution.
€ Age groups defined with non-overlapping intervals.
d Fisher's exact test used for residence comparison.
€ Chi-square test used for nationality comparison.
Table 2. Clinical Signs and Symptoms in Children with Multisystem Inflammatory Syndrome in Children (N =102) ?
Clinical Features No. (%) 95% CI
Fever 98(96.1) 92.4-99.8
Cough 48 (47.1) 37.7-56.7
11l appearance 48(47.1) 37.7-56.7
Nausea/vomiting 37(36.3) 27.6-45.9
Dyspnea 36 (35.3) 26.7-44.9
Seizure 29(28.4) 20.6-37.8
Diarrhea 26(25.5) 18.0-34.7
Loss of appetite 18 (17.6) 11.5-26.2
Rhinorrhea 17(16.7) 10.7-25.1
Pneumonia 16 (15.7) 9.9-24.0
Chest wall retraction 14 (13.7) 8.4-217
RDS 13 (12.7) 7.6-20.6
LOC 13 (12.7) 7.6-20.6

Abbreviations: RDS, respiratory distress syndrome; LOC, loss of consciousness.

2 Chi-square test used for comparison of proportions.

(20.6%) between 1 - 2.99 years, 14 (13.7%) between 3 - 5.99
years, 8 (7.8%) between 6 - 8.99 years, 10 (9.8%) between 9 -
11.99 years, and 8 (7.8%) were > 12 years. Urban residents
comprised 90 (88.2%) of cases, while 80 (78.4%) were
Iranian nationals (Table 1).

] Compr Ped. 2025;16(4): 161545

4.2. Clinical Presentation

The most frequent clinical manifestations (Table 2)
included fever in 98 (96.1%) patients, cough in 48 (47.1%),
and ill appearance in 48 (47.1%). Respiratory symptoms
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Table 3. Laboratory and Imaging Findings in Children with Multisystem Inflammatory Syndrome in Children

Parameters Total Assessed (N) Abnormal Results; No. (%) 95% CI
Hematologic parameters
Lymphopenia (<1500/pL) 101 56 (55.4) 45.8-65.1
Leukocytosis (>12000/uL) 102 33(32.4) 233-414
Leukopenia (< 4000(uL) 102 15 (14.7) 7.8-21.6
Thrombocytopenia/thrombocytosis 102 30(29.4) 20.6-383
Anemia (Hb <10 g/dL) 102 17(16.7) 9.4-23.9
Inflammatory markers
Elevated LDH (> 400 U|L) 62 51(82.3) 72.8-91.8
Elevated CRP (> 5 mg/dL) 96 22(22.9) 14.5-313
Elevated ESR (>15 mm/h) 69 24(34.8) 23.5-46.0
D-dimer (> 400 mg/L FEU) 67 18(26.9) 16.3-37.5
Blood chemistry
Elevated BUN (>20 mg/dL) 100 90(90.0) 84.1-95.9
Abnormal sodium P 101 75(74.3) 65.7-82.8
Abnormal potassium © 101 16 (15.8) 8.7-23.0
Elevated creatinine (>1mg/dL) 99 7(7.1) 2.0-121
Blood gas analysis
Abnormal PCO,¢ 96 87(90.6) 84.8-96.5
Abnormal HCO,® 95 70(73.7) 64.8-82.5
Abnormalpr 96 63(65.6) 56.0-75.2
Imaging
Abnormal echocardiogram 47 25(53.2) 38.9-67.5
COVID-19 positive HRCT 102 19 (18.6) 11.1-26.2

2<150,000 or > 450,000/jL.
b 135 or > 145 mEq/L.
€<3.50r>55mEq/L.
d<g00r>44 mmHg.
€<20 or > 24 mEq/L.

<735 0r>7.45.

were prominent, with dyspnea in 36 (35.3%) cases and
chest wall retraction in 14 (13.7%). Gastrointestinal
manifestations included nausea/vomiting in 37 (36.3%)
and diarrhea in 26 (25.5%). Notably, neurological
involvement was significant, with seizures occurring in
29 (28.4%) patients and loss of consciousness in 13 (12.7%).
Respiratory distress syndrome (RDS) developed in 13
(12.7%) cases.

4.3. Laboratory and Imaging Findings

Laboratory findings (Table 3) revealed significant
hematological abnormalities, with lymphopenia (<
1500 cells/uL) in 56/101 (55.45%) patients. Complete data
was available for most parameters, though some tests
had missing values: D-dimer (67/102), albumin (39/102),
and cardiac markers (47/102). Blood gas analysis showed

acid-base disturbances in the majority of cases, with
abnormal PCO, (< 40 or > 44 mmHg) in 87/96 (90.63%)

and abnormal bicarbonate in 70/95 (73.68%) patients.
Inflammatory markers were frequently elevated, with
high LDH (> 400 units/L) in 51/62 (82.26%) and elevated
BUN in 90/100 (90.0%) cases.

Cardiac evaluation by echocardiography, performed
in 47 patients, showed abnormalities in 25 (53.19%) cases.
SARS-CoV-2 PCR was positive in 81(79.41%) patients, while
chest HRCT showed ground glass opacities consistent
with COVID-19 in 19 (18.63%) cases.

4.4. Treatment Approaches

Treatment strategies (Table 4) varied, with antibiotics
being the most commonly administered therapy in 78
(78.0%) patients. Immunomodulatory therapy included

] Compr Ped. 2025;16(4): 161545
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Table 4. Treatment Modalities Used in Children with Multisystem Inflammatory Syndrome in Children (N =102)® b

Treatments Values
Antibiotics 78(78.0)
Corticosteroids 44(44.0)
Remdesivir 25(25.0)
IVIG 13(13.0)
Kaletra € 3(3.0)

@ Values are expressed as No. (%).

b Chi-square test used for comparison of treatment frequencies.

€ Lopinavir/ritonavir.

Table 5. Clinical Outcomes in Children with Multisystem Inflammatory Syndrome in Children (N=102)?
Variables No. (%) 95% CI
Recovery 92(90.2) 84.4-96.0
PICU admission 27(26.5) 17.9-35.0
Intubation 11(10.8) 4.9-17.1
Mortality 10(9.8) 4.0-15.6

2 Chi-square test used for outcome comparisons.

corticosteroids in 44 (44.0%) and IVIG in 13 (13.0%) cases.
Antiviral therapy with remdesivir was used in 25 (25.0%)
patients. Kaletra (lopinavir/ritonavir) was administered
in 3 (3.0%) cases, specifically in patients with severe
respiratory symptoms and early in the pandemic before
treatment protocols were established.

4.5. Clinical Outcomes

Overall, 92 (90.2%) patients recovered, while 10 (9.8%)
died (Table 5). PICU admission was required for 27
(26.47%) patients, and 11 (10.80%) needed mechanical
ventilation. Analysis of mortality risk factors (Table 6)
showed significantly higher rates among non-Iranian
nationals (7/22, 31.8%) compared to Iranian patients
(3/80, 3.8%) (P < 0.001). Mortality was also significantly
higher in patients who developed RDS (5/13, 38.5% vs
5/89, 5.6%, P < 0.001) and those requiring intubation
(6/11,54.5% vs 4/91, 4.4%, P < 0.001).

5. Discussion

This study provides important insights into the
characteristics and clinical features of MIS-C in an
Iranian hospital setting, revealing both similarities and
differences compared to previously reported cohorts.
Our findings contribute to the growing understanding
of how this syndrome manifests across different

] Compr Ped. 2025;16(4): 161545

populations and healthcare environments. Our cohort
showed a slight male predominance (56.9%), consistent
with previous studies. However, the age distribution in
our population differed notably from other reports,
with 40.2% of cases occurring in children under one
year. This contrasts with most published series where
the median age is typically 8 - 9 years (12, 13). This
difference could reflect variations in local testing
practices, referral patterns, or potentially distinct
disease manifestations in our population, warranting
further investigation.

The clinical presentation in our cohort demonstrated
some unique features. While fever was present in 96.1%
of cases, aligning with standard diagnostic criteria, we
observed higher rates of respiratory symptoms (47.1%
with cough) compared to previous reports (14, 15). The
high prevalence of gastrointestinal symptoms (36.3%
with nauseajvomiting, 25.5% with diarrhea) aligns with
the growing recognition of significant GI involvement
in MIS-C (16, 17). A striking finding was the high rate of
neurological manifestations, with seizures occurring in
28.4% of patients, substantially higher than typically
reported (18). This observation highlights the need for
careful neurological monitoring in MIS-C patients and
suggests potential regional variations in disease
presentation or severity.
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Table 6. Mortality Rates by Demographics and Clinical Variables

Variables Total (N) Mortality; No. (%) P-Value @

Sex 0.742
Male 58 5(8.6)
Female 44 5(11.4)

Age 0.084
<1 41 7(17.1)
1-3 21 0(0.0)
3-6 14 0(0.0)
6-9 8 0(0.0)
9-12 10 1(10.0)
>12 8 2(25.0)

Nationality <o0.001°
Iranian 80 3(3.8)
Non-Iranian 22 7(31.8)

Residence 0334
Urban 90 8(8.9)
Rural 12 2(16.7)

RDS <0.001°
Yes 3 5(38.5)
No 89 5(5.6)

Intubation <0.001°
Yes 1 6(54.5)
No 91 4(4.4)

Abbreviation: RDS, respiratory distress syndrome.
2 Chi-square test unless otherwise specified.

b Eisher's exact test.

Laboratory findings showed patterns of immune
dysregulation consistent with MIS-C, including
lymphopenia in 55.45% of cases (19). The remarkably
high rate of blood gas abnormalities (90.63% with

abnormal PCO,) suggests significant metabolic
derangement, possibly reflecting the severity of
systemic inflammation or cardiorespiratory

involvement. These findings emphasize the importance
of close monitoring of acid-base status in MIS-C patients.
The cardiac involvement rate (53.19% with abnormal
echocardiography) aligns with previous studies (20,
21)and reinforces the need for cardiac evaluation in all
suspected cases. The high PCR positivity rate (79.41%) in
our cohort is notable and may reflect differences in the
timing of presentation or testing strategies compared to
other centers (22).

Our treatment approaches showed some variation
from international practices, reflecting the evolving
nature of MIS-C management and potential resource
considerations. The relatively low use of IVIG (13%)

compared to other centers likely reflects a combination
of factors including resource availability, cost
constraints, and evolving treatment protocols during
the study period (23). The higher use of antibiotics (78%)
may represent a more conservative approach given the
challenge of differentiating MIS-C from severe bacterial
infections early in the disease course.

The overall recovery rate of 90.2% is encouraging,
though our mortality rate (9.8%) is higher than reported
in many series (24, 25). This difference might reflect
several factors, including: (1) The high proportion of
young infants in our cohort; (2) variations in healthcare
access and resources; (3) potential differences in disease
severity or presentation.

The significantly higher mortality among non-
Iranian nationals (P < 0.001) raises important questions
about healthcare access and potential socioeconomic
disparities that warrant further investigation. Similarly,
the strong association between mortality and
respiratory complications (RDS and intubation, P <

] Compr Ped. 2025;16(4): €161545
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0.001) highlights the critical importance of respiratory
support in severe cases.

5.1. Conclusions

This study provides valuable insights into the
manifestations and outcomes of MIS-C in an Iranian
healthcare setting. The distinct patterns observed in our
cohort, including younger age at presentation, high
rates of neurological involvement, and variation in
treatment approaches, highlight the importance of
understanding  regional differences in  MIS-C
presentation and management. These findings can help
inform clinical practice and future research directions,
particularly in similar healthcare settings.

5.2. Future Research

Our findings suggest several important areas for
future research: (1) Prospective studies to better
understand age-related variations in MIS-C presentation
and outcomes; (2) investigation of factors contributing
to the high rate of neurological complications in our
population; (3) evaluation of optimal treatment
strategies in resource-limited settings; (4) assessment of
socioeconomic factors affecting MIS-C outcomes; (5)
long-term follow-up studies to understand the chronic
sequelae of MIS-C.

5.3. Limitations

Several limitations should be considered when
interpreting our findings: (1) As a single-center
retrospective study, our results may not be generalizable
to other populations or healthcare settings; (2) missing
data for some laboratory parameters might affect the
comprehensiveness of our analyses; (3) the high
proportion of infants in our cohort may influence the
overall clinical picture and outcomes; (4) treatment
protocols evolved during the study period as
understanding of MIS-C improved; (5) long-term follow-
up data were not available.

Footnotes

Authors' Contribution: Study concept and design: H.
M. A.; Acquisition of data: S.Y.,A. M,,R. Z. M,, M. V. S, and
R. B.; Analysis and interpretation of data: K. K,; Drafting
of the manuscript: Z. V. and H. H,; Critical revision of the
manuscript for important intellectual content: H. M. A;
Statistical analysis: K. K.; Administrative, technical, and

] Compr Ped. 2025;16(4): 161545

material support: S. M.; Study supervision: H. M. A. and S.
M.

Conflict of Interests Statement: The authors declare
no conflict of interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: The authors declare the study was
approved by the Ethics Committee of Iran University of
Medical Sciences (IR.IUMS.REC.1400.609 ).

Funding/Support: The present study received no
funding/support.

Informed Consent: Written informed consent was
obtained from the parents of the patients.

References

1. Khoshnevisasl P, Sadeghzadeh M, Sadeghzadeh S. A Review of COVID-
19 in Children. J Compr Pediatr. 2020;11(3).
https://doi.org[10.5812/compreped.103780.

2. Chinniah K, Bhimma R, Naidoo KL, Archary M, Jeena P, Hoosen E, et al.
Multisystem Inflammatory Syndrome in Children Associated With
SARS-CoV-2 Infection in KwaZulu-Natal, South Africa. Pediatr Infect Dis
J. 2023;42(1):e9-e14. [PubMed ID: 36476527]. [PubMed Central ID:
PMC9725742]. https://doi.org[10.1097/INE0000000000003759.

3. Gottlieb M, Bridwell R, Ravera ], Long B. Multisystem inflammatory
syndrome in children with COVID-19. Am ] Emerg Med. 2021;49:148-52.
[PubMed ID: 34116467]. [PubMed Central ID: PMC8185530].
https://doi.org/10.1016/j.ajem.2021.05.076.

4. Hoste L, Van Paemel R, Haerynck F. Multisystem inflammatory
syndrome in children related to COVID-19: a systematic review. Eur |
Pediatr. 2021;180(7):2019-34. [PubMed ID: 33599835]. [PubMed Central
ID: PMC7890544]. https:[/doi.org/10.1007/s00431-021-03993-5.

5. Noori NM, Yaghoubi S, Soleimani G, Boryri T, Teimouri A, Safapour
Moghadam S, et al. Impacted Factors on Death in Children with
COVID-19. | Compr Pediatr. 2023;15(1). https://doi.org[10.5812[jcp-
137674.

6. Khafaja S, Youssef N, El Zein Z, Boutros CF, Bou Karroum S, Abdel-
Halim N, et al. Multisystem inflammatory syndrome in children
(MISC) and "Near MISC": A continuum? Front Pediatr.
2022;10:988706. [PubMed ID: 36683795]. [PubMed Central ID:
PMC9849890]. https://doi.org[10.3389/fped.2022.988706.

7. Lin ], Harahsheh AS, Raghuveer G, Jain S, Choueiter NF, Garrido-
Garcia LM, et al. Emerging Insights Into the Pathophysiology of
Multisystem Inflammatory Syndrome Associated With COVID-19 in
Children. Can J Cardiol. 2023;39(6):793-802. [PubMed ID: 36626979].
[PubMed Central ID: PM(C9824951].
https://doi.org[10.1016/j.cjca.2023.01.002.

8. Constantin T, Pek T, Horvath Z, Garan D, Szabo AJ]. Multisystem
inflammatory syndrome in children (MIS-C): Implications for long
COVID. Inflammopharmacology. 2023;31(5):2221-36. [PubMed ID:
37460909]. [PubMed Central ID: PMC10518292].
https://doi.org/10.1007/s10787-023-01272-3.


https://brieflands.com/articles/jcp-161545
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=222031
https://doi.org/10.5812/compreped.103780
http://www.ncbi.nlm.nih.gov/pubmed/36476527
https://www.ncbi.nlm.nih.gov/pmc/PMC9725742
https://doi.org/10.1097/INF.0000000000003759
http://www.ncbi.nlm.nih.gov/pubmed/34116467
https://www.ncbi.nlm.nih.gov/pmc/PMC8185530
https://doi.org/10.1016/j.ajem.2021.05.076
http://www.ncbi.nlm.nih.gov/pubmed/33599835
https://www.ncbi.nlm.nih.gov/pmc/PMC7890544
https://doi.org/10.1007/s00431-021-03993-5
https://doi.org/10.5812/jcp-137674
https://doi.org/10.5812/jcp-137674
http://www.ncbi.nlm.nih.gov/pubmed/36683795
https://www.ncbi.nlm.nih.gov/pmc/PMC9849890
https://doi.org/10.3389/fped.2022.988706
http://www.ncbi.nlm.nih.gov/pubmed/36626979
https://www.ncbi.nlm.nih.gov/pmc/PMC9824951
https://doi.org/10.1016/j.cjca.2023.01.002
http://www.ncbi.nlm.nih.gov/pubmed/37460909
https://www.ncbi.nlm.nih.gov/pmc/PMC10518292
https://doi.org/10.1007/s10787-023-01272-3

Masoumi-Asl H et al.

Brieflands

10.

12.

13.

14.

15.

16.

17.

Noorbakhsh S, Ehsanipour F, Sobouti B, Haghighi Aski B, Faranoush
M, Mousavi A, et al. Comparison of Antiphospholipid Antibody Levels
in Children with and Without COVID-19. Arch Pediatri Infect Dis.
2023;11(4). https://doi.org[10.5812[apid-133851.

van der Made CI, Netea MG, van der Veerdonk FL, Hoischen A. Clinical
implications of host genetic variation and susceptibility to severe or
critical COVID-19. Genome Med. 2022;14(1):96. [PubMed ID: 35986347].
[PubMed Central ID: PMC9390103]. https://doi.org/10.1186/s13073-022-
01100-3.

Brief S. Multisystem inflammatory syndrome in children and adolescents
temporally related to COVID-19. Geneva, Switzerland: World health
organization; 2020. Available from: https://www.who.int/news-
room/commentaries/detail/multisystem-inflammatory-syndrome-
in-children-and-adolescents-with-covid-19.

Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, Son MBF,
et al. Multisystem Inflammatory Syndrome in U.S. Children and
Adolescents. N Engl | Med. 2020;383(4):334-46. [PubMed ID: 32598831].
[PubMed Central ID: PMC7346765].
https://doi.org/10.1056/NEJM0a2021680.

Dufort EM, Koumans EH, Chow EJ, Rosenthal EM, Muse A, Rowlands J,
et al. Multisystem Inflammatory Syndrome in Children in New York
State. N Engl | Med. 2020;383(4):347-58. [PubMed ID: 32598830].
[PubMed Central ID: PMC7346766].
https://doi.org[10.1056/NEJM0a2021756.

Godfred-Cato S, Bryant B, Leung ], Oster ME, Conklin L, Abrams J, et al.
COVID-19-Associated Multisystem Inflammatory Syndrome in
Children - United States, March-July 2020. MMWR Morb Mortal Wkly
Rep. 2020;69(32):1074-80. [PubMed ID: 32790663]. [PubMed Central
ID: PMC7440126]. https:[/doi.org[10.15585/mmwr.mm6932e2.

Whittaker E, Bamford A, Kenny ], Kaforou M, Jones CE, Shah P, et al.
Clinical Characteristics of 58 Children With a Pediatric Inflammatory
Multisystem Syndrome Temporally Associated With SARS-CoV-2.
JAMA. 2020;324(3):259-69. [PubMed ID: 32511692]. [PubMed Central ID:
PMC7281356]. https://doi.org/10.1001/jama.2020.10369.

Miller ], Cantor A, Zachariah P, Ahn D, Martinez M, Margolis KG.
Gastrointestinal Symptoms as a Major Presentation Component of a
Novel Multisystem Inflammatory Syndrome in Children That Is
Related to Coronavirus Disease 2019: A Single Center Experience of
44 Cases. Gastroenterology. 2020;159(4):1571-1574 e2. [PubMed ID:
32505742). [PubMed Central ID: PMC7270806).
https://doi.org[10.1053[j.gastro.2020.05.079.

Tullie L, Ford K, Bisharat M, Watson T, Thakkar H, Mullassery D, et al.
Gastrointestinal features in children with COVID-19: an observation
of varied presentation in eight children. Lancet Child Adolesc Health.
2020;4(7):e19-20. [PubMed ID: 32442420]. [PubMed Central ID:
PMC7237361]. https:|/doi.org[10.1016/S2352-4642(20)30165-6.

18.

19.

20.

21.

22.

23.

24.

25.

LaRovere KL, Riggs BJ], Poussaint TY, Young CC, Newhams MM,
Maamari M, et al. Neurologic Involvement in Children and
Adolescents Hospitalized in the United States for COVID-19 or
Multisystem Inflammatory Syndrome. JAMA Neurol. 2021;78(5):536-47.
[PubMed ID: 33666649]. [PubMed Central ID: PMC7936352].
https:[/doi.org[10.1001/jamaneurol.2021.0504.

Consiglio CR, Cotugno N, Sardh F, Pou C, Amodio D, Rodriguez L, et
al. The Immunology of Multisystem Inflammatory Syndrome in
Children with COVID-19. Cell. 2020;183(4):968-981 e7. [PubMed ID:
32966765]. [PubMed Central ID: PMC7474869].
https://doi.org[10.1016/j.cell.2020.09.016.

Mohamed Sabry Mahmoud N, Ahmed El Sayed Ahmed Abu Elela M,
Ghallab Abdelghany M, Mohamad Abdel Raheem M. Association
Between SARS-CoV-2 Infection and Cardiovascular Disease in
Children and Adolescents: A Cross-sectional Study. ] Compr Pediatr.
2024;15(3). https://doi.org[10.5812[jcp-140501.

Valverde I, Singh Y, Sanchez-de-Toledo ], Theocharis P, Chikermane A,
Di Filippo S, et al. Acute Cardiovascular Manifestations in 286
Children with Multisystem Inflammatory Syndrome Associated with
COVID-19 Infection in Europe. SSRN Electronic ]. 2020.
https://doi.org[10.2139/ssrn.3634853.

Shokraee K, Mahdavi H, Panahi P, Seirafianpour F, Jahromizadeh AM,
Tofighi R, et al. Accuracy of chest computed tomography and reverse
transcription polymerase chain reaction in diagnosis of 2019 novel
coronavirus disease; a systematic review and meta-analysis.
Immunopathologia Persa. 2021;7(2):e36.
https://doi.org[10.34172/ipp.2021.36.

Henderson LA, Canna SW, Friedman KG, Gorelik M, Lapidus SK, Bassiri
H, et al. American College of Rheumatology Clinical Guidance for
Multisystem Inflammatory Syndrome in Children Associated With
SARS-CoV-2 and Hyperinflammation in Pediatric COVID-19: Version 2.
Arthritis Rheumatol. 2021;73(4):e13-29. [PubMed ID: 33277976]. [PubMed
Central ID: PMC8559788]. https://doi.org/10.1002/art.41616.

Fernandes DM, Oliveira CR, Guerguis S, Eisenberg R, Choi ], Kim M, et
al. Severe Acute Respiratory Syndrome Coronavirus 2 Clinical
Syndromes and Predictors of Disease Severity in Hospitalized
Children and Youth. ] Pediatr. 2021;230:23-31 e10. [PubMed ID:
33197493]. [PubMed Central ID: PMC7666535].
https://doi.org[10.1016/j.jpeds.2020.11.016.

Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell
AP, et al. Factors linked to severe outcomes in multisystem
inflammatory syndrome in children (MIS-C) in the USA: a
retrospective surveillance study. Lancet Child Adolesc Health.
2021;5(5):323-31.  [PubMed ID: 33711293]. [PubMed Central ID:
PMC7943393]. https://doi.org/10.1016/S2352-4642(21)00050-X.

] Compr Ped. 2025;16(4): 161545


https://brieflands.com/articles/jcp-161545
https://doi.org/10.5812/apid-133851
http://www.ncbi.nlm.nih.gov/pubmed/35986347
https://www.ncbi.nlm.nih.gov/pmc/PMC9390103
https://doi.org/10.1186/s13073-022-01100-3
https://doi.org/10.1186/s13073-022-01100-3
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
http://www.ncbi.nlm.nih.gov/pubmed/32598831
https://www.ncbi.nlm.nih.gov/pmc/PMC7346765
https://doi.org/10.1056/NEJMoa2021680
http://www.ncbi.nlm.nih.gov/pubmed/32598830
https://www.ncbi.nlm.nih.gov/pmc/PMC7346766
https://doi.org/10.1056/NEJMoa2021756
http://www.ncbi.nlm.nih.gov/pubmed/32790663
https://www.ncbi.nlm.nih.gov/pmc/PMC7440126
https://doi.org/10.15585/mmwr.mm6932e2
http://www.ncbi.nlm.nih.gov/pubmed/32511692
https://www.ncbi.nlm.nih.gov/pmc/PMC7281356
https://doi.org/10.1001/jama.2020.10369
http://www.ncbi.nlm.nih.gov/pubmed/32505742
https://www.ncbi.nlm.nih.gov/pmc/PMC7270806
https://doi.org/10.1053/j.gastro.2020.05.079
http://www.ncbi.nlm.nih.gov/pubmed/32442420
https://www.ncbi.nlm.nih.gov/pmc/PMC7237361
https://doi.org/10.1016/S2352-4642(20)30165-6
http://www.ncbi.nlm.nih.gov/pubmed/33666649
https://www.ncbi.nlm.nih.gov/pmc/PMC7936352
https://doi.org/10.1001/jamaneurol.2021.0504
http://www.ncbi.nlm.nih.gov/pubmed/32966765
https://www.ncbi.nlm.nih.gov/pmc/PMC7474869
https://doi.org/10.1016/j.cell.2020.09.016
https://doi.org/10.5812/jcp-140501
https://doi.org/10.2139/ssrn.3634853
https://doi.org/10.34172/ipp.2021.36
http://www.ncbi.nlm.nih.gov/pubmed/33277976
https://www.ncbi.nlm.nih.gov/pmc/PMC8559788
https://doi.org/10.1002/art.41616
http://www.ncbi.nlm.nih.gov/pubmed/33197493
https://www.ncbi.nlm.nih.gov/pmc/PMC7666535
https://doi.org/10.1016/j.jpeds.2020.11.016
http://www.ncbi.nlm.nih.gov/pubmed/33711293
https://www.ncbi.nlm.nih.gov/pmc/PMC7943393
https://doi.org/10.1016/S2352-4642(21)00050-X

