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Overview

* Background: COVID-19 and emergence of MIS-C in children
* Epidemiology
e Pathogenesis
e Clinical & Laboratory features
— Unusual associations/complications
e Distinguishing from other clinical entities
* Patient management
e Clinical outcomes
— Short and Long-term
* Follow-up care



COVID-19 in children
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COVID-19 in children

Risk for COVID-19 Infection, Hospitalization, and Death By Age Group

Rate compared 0-4 years 5-17 years 18-29 years  30-39 years  40-49 years 50-64 years 65-74 years 75-84 years 85+ years
to 5-17-years old’ old old old old old old old old old
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All rates are relative to the 5-17-year-old age category. Sample interpretation: Compared with 5-17-year-olds,
the rate of death is 45 times higher in 30-39-year-olds and 8,700 times higher in 85+-year-olds.
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A Novel Hyperinflammatory Syndrome
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CDC MIS-C Case Definition

e Anindividual aged <21 years presenting with fever', laboratory evidence of
inflammation’, and evidence of clinically severe illness requiring
hospitalization, with multisystem (>2) organ involvement (cardiac, renal,
respiratory, hematologic, gastrointestinal, dermatologic or neurological); AND

* No alternative plausible diagnoses; AND
* Positive for current or recent SARS-CoV-2 infection by RT-PCR, serology, or

antigen test; or COVID-19 exposure within the 4 weeks prior to the onset of
symptoms

— IFever >38.0° Cfor 224 hours, or report of subjective fever lasting >24 hours

— ilncluding, but not limited to one or more of the following: an elevated C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), fibrinogen, procalcitonin, d-dimer, ferritin, lactic acid
dehydrogenase (LDH), or interleukin 6 (IL-6), elevated neutrophils, reduced lymphocytes and low
albumin

CDC Health Alert Network, May 14, 2020. 7/



MIS-C Epidemiology

Daily MIS-C Cases and COVID-19 Cases
TOTAL MIS-C PATIENTS Reported to CDC (7-Day Moving Average)
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MIS-C Geographic Distribution

Reported MIS-C Cases
() No case reported

() 25-49 cases

@ 100-149 cases

@ 300+ cases

() 1-24 cases

© 50-99 cases

@ 150-199 cases
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MIS-C Epidemiology

MIS-C Patients by Race & Ethnicity MIS-C Patients by Age Group
20% E
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MIS-C Patients by Sex

] Female [] Male
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MIS-C Pathophysiology

e Systemic hyperinflammatory syndrome following SARS-CoV-2 infection by
2-6 weeks

— Serology is consistent with early convalescence!

— Marked, transient hypercytokinemia characterized by pro-
inflammatory cytokines, chemotaxis and activated immune cells?

* Immune profile appears similar, but distinct from Kawasaki Disease?
* Unclear trigger of hyperinflammation; hypotheses include:

— Viral persistence in gastrointestinal or other sites?

— Superantigen potential of spike protein*

— Autoantibodies of pathogenic potential?

1 Gruber, et. al. Cell 2020 Nov 12; 183(4): 982-995.e14. 10.1016/j.cell.2020.09.034.

2 Consiglio, et. al. Cell 2020 Nov 12; 183(4): 968-981.e7. https://doi.org/10.1016/j.cell.2020.09.016
3 Yonker LM, et al. JC/ 2021. https://doi.org/10.1172/1CI149633.
4 Cheng HY, et. al. PNAS. 2020 Oct; 117(41): 25254-25262. https://doi.org/10.1073/pnas.2010722117 1 1



https://dx.doi.org/10.1016%2Fj.cell.2020.09.034

MIS-C Pathophysiology: Plausible Mechanism?

Exposure to SARS-CoV-2

Multisystem Inflammatory Syndrome in Children (MIS-C)

( SARS-CoV-2 in the Gl tract Increased zonulin release
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Yonker LM, et al. JCI 2021. https://doi.org/10.1172/1C1149633.
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MIS-C Clinical Features

A Cardiovascular Involvement
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MIS-C Clinical Features

Lymphocytapenia

Neutrophilia
Hemoglobin <9 g/dl
Platelets <150,000/mm?
Platelets <100,000/mm?
o-dimer >3000 ng/ml FEU
Fibrinogen >400 mg/d|
INR>1.1

Albumin =3 g/dl

C-Reactive Protein 23 mg/dl
Ferritin >500 ng/ml

ESR =40 mm/hr

Increased Troponin
BNP =400 pg/ml

ALT =40 Uliter

Age Group

<5 yr (N=66)
W 5-12yr (N=75)
W 13-20 1 (N=45)
W Overall (N=136)

T
25 50

Percent

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ”

Multisystem Inflammatory Syndrome
in U.S. Children and Adolescents

Feldstein LR et al. N Engl J Med 2020;383:334-46. DOI: 10.1056/NEJM0a2021680

Highest level of care — no. (%)
Ward
Intensive care unit
Extracorporeal membrane oxygenation

Mechanical ventilation

11 (15) 5(9) 22 (40)
62 (85) 53 (91) 33 (60)
6 (3) 1(2) 1(2)
23 (32) 8 (14) 6(11)

38 (20)
148 (30)
8 (4)
37 (20)

Feldstein LR, et. al. NEJM, June 29, 2020.




Other Clinical Features/Associations

* Neuro: Altered mental status, hallucinations, psychosis,
aseptic meningitis, stroke

* Third spacing: Pleural effusions, pericardial effusions, free
fluid in abdomen

* Acute abdomen, appendicitis, mesenteric adenitis
* Deep venous thrombosis

* Neck pain/meningismus

e Diabetes and DKA

* Acute pancreatitis

15



MIS-C Clinical Phenotypes

Positive SARS-CoV-2 Abs / Neg PCR (98%)

High prevalence of multiorgan (>6) involvement
Cardiovascular (100%) & Gl (97.5%) involvement
+ Shock, myocarditis, elevated troponin, CRP, BNP

Mixed, positive SARS-CoV-2 Abs and PCR

Younger children (median age 6 yrs)

Overlapping features with Kawasaki Disease

+ Mucocutaneous lesions

Class 1 Lesser organ involvement and systemic inflammation

n=203 (35.6%)

Class 2 Class 3
N=169 (29.6%) n=198 (34.7%)

Positive SARS-CoV-2 PCR /
Neg Abs (84%)
High respiratory involvement:

+ Cough, pneumonia, ARDS
16

Godfred-Cato S, et al. MMWR. 69(32): 1074-1080. 2020 Aug.



Distinguishing MIS-C from Kawasaki Disease

Age (median) 9 years 3 years

Recent COVID-19 iliness/exposure + T

Positive SARS-CoV-2 IgG or PCR + +/-

Symptoms Prominent abdominal pain Prominent mucocutaneous

symptoms

Cardiac involvement Myocardial dysfunction Coronary artery aneurysms
Shock
Pericardial effusion

Laboratory features Thrombocytopenia Thrombocytosis (after day 7 of
Lymphopenia fever)

Hyponatremia
Elevated creatinine
Elevated troponin

Corwin D), et al. Pediatric Emergency Care. 36(11):554-558, 2020 Nov.
Rostad CA, et. al. Pediatrics. 146(6) e2020018242; 2020 Dec.



MIS-C Management: Diagnostic Testing

 EKG and echocardiogram
 SARS-CoV-2 RT-PCR and IgG
 CBCd, CMP

* ESR, CRP, DIC screen, ferritin

* Troponin, BNP

* Blood culture

e Urinalysis with reflex to culture
e Other infectious work-up*

18



MIS-C Management: Treatments & Interventions

* Isolation considerations

e Respiratory and circulatory support
* Antibiotics if concern for sepsis

* Anti-inflammatory

— Systemic corticosteroids, IVIG, immunomodulators (IL-1
inhibitor anakinra, others)

* Anti-coagulation for VTE prophylaxis based on risk
e Anti-platelet: Aspirin 3-5 mg/kg (max 81 mg) daily
e Gastric protection: Famotidine

19



MIS-C Management: Stepwise treatment

Hospitalized patient with MIS-C? ® Su bsta ntial Va riability from
s center-to-center

Does the child have shock or organ ¢ Limited eVidence available
threatening disease?
- * Treatments can have

Yes No risks/adverse effects
* Evidence that IVIG alone is
et P T inferior to IVIG + steroids
e * Our approach:
¥ ¥ — Steroids for all

Berciry kst e — Add IVIG for severe disease or

ves s KD features
”Mll;:ell'lsiﬁ:at.:iurl'le:ltvment .‘)MIl:;E:lsiﬁ:all:iol:Tre’aLmem — Consider pulse Ste roids VS.
M anakinra for refractory
2) High-dose anakinra 2) High-dose anakinra d isease

Henderson LA, et al. Arthritis Rheumatol. 2020; 73: e13-e29. https://doi.org/10.1002/art.41616
OuldaliN, et al. JAMA. 2021;325(9):855-864. do0i:10.1001/jama.2021.0694 20



https://doi.org/10.1002/art.41616

MIS-C Follow-up & Care

* Aspirin 3-5 mg/kg (max 81 mg) daily x 4-6 weeks
— Flu vaccine if during influenza season

* Repeat echocardiogram and Cardiology follow-up in 2 weeks
and 4-6 weeks

— Activity restriction until cleared by Cardiology
 Rheumatology follow-up if patient had refractory disease

21



MIS-C Short-term outcomes

* Median duration of hospitalization = 6 days
* |CU: 63.9%

* Vasopressor requirement: 41.9%

* Mechanical ventilation: 13.1%

* Any respiratory support: 38.1%

* Death: 1.8%

* Risk factors for ICU Admission: Age > 8 years, non-Hispanic
Black patients, respiratory involvement, Gl symptoms

Godfred-Cato S, et al. MMWR. 69(32): 1074-1080. 2020 Aug.
Abrams JY, et al. The Lancet Child & Adolescent Health. 5(5): 323-331. 2021 May. 22



MIS-C Longitudinal Outcomes

* Longitudinal outcomes are generally good with minimal end-
organ involvement

Baseline
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Penner J, et. al. The Lancet Child & Adolescent Health. Published online May 24, 2021. 23



MIS-C Outcomes at 6 months

Neurological (of n=46)

Abnormal neurologic exams (n=18)
Dysmetria (n=12)
Hyperreflexia (n=9)

Proximal myopathy or lower limb
weakness (n=8)

Abnormal eye movements or saccades
(n=7)

Difficulty in tandem walking (n=4)
Abnormal posturing (n=3)
Hyporeflexia (n=2)

Upgoing plantars (n=2)

Sensory abnormalities (n=2)

Facial weakness (n=1)

Uper limb weakness (n=1)

Renal:

— 4 (10%) of 42 patients had raised blood
pressure >95th %-ile

Gastrointestinal:
— 6 (13%) of 46 patients had persistent Gl
symptoms
ENT:
— 4 (9%) of 46 had dysphonia
— 2 (4%) of 46 had anosmia or dysgeusia
Aerobic capacity/endurance:

— 18 (45%) of 40 children had 6-min walk
test results <31 %ile

Health-related quality of life:

— 7 (18%) of 38 had severe emotional
difficulties by parental report in PedsQL

— 8(22%) of 38 by self-report in PedsQL

Penner J, et. al. The Lancet Child & Adolescent Health. Published online May 24, 2021. 24



Conclusions

MIS-C is a rare but severe inflammatory syndrome that typically
follows SARS-CoV-2 infection by 2-6 weeks

Characterized by marked systemic inflammation, Gl and cardiac
involvement

Treated with corticosteroids, IVIG, and/or immunomodulatory
medications, VTE prophylaxis and aspirin

Short-term outcomes are generally good

Long-term complications include subtle neurologic findings, de-
conditioning, and emotional difficulties

Future research is needed to better define distinguishing clinical
features, prognostic variables, and optimal treatment regimens for
short- and long-term outcomes

25
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Questions
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