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Objectives
• Review the epidemiology of COVID-19 in children,
including differential impacts across age groups
• Understand the clinical manifestations, complications, and
management of acute COVID-19
• Describe the clinical manifestations, diagnosis, and
management of Multisystem Inflammatory Syndrome in
Children (MIS-C)

Epidemiology of COVID-19 in Children
• Children under age 18 typically account for 1-5% of
reported cases
» 3% of cases in NC (22% of population)
» Probably due both to lower acquisition rates AND lesser
severity
» Lower acquisition rates could reflect less exposure, less
susceptibility, or both

• Infants under age 1 may be more likely than older children
to have more severe manifestations (hypoxemia or worse)
• Mortality is far lower in children compared to adults
» NYC: 9 deaths in 0-17 year age group (0.06% of all deaths)
Dong et al., Pediatrics 2020;
https://www.worldometers.info/coronavirus/coronavirus-agesex-demographics/

Infants of Mothers with SARS-CoV-2
•
•
•

•
•
•

Vertical transmission, when it occurs, is most likely postpartum and via
respiratory secretions
AAP/CDC recommendations: test all neonates at 24 and 48 hours (OK
to omit second test if discharged first)
Breast-milk provision is encouraged
» No evidence of virus transmission via breast milk
» Direct breastfeeding is case-by-case – mother should wear mask
and practice hand hygiene
Other household contacts likely infected – minimize unnecessary
exposures
Clinical manifestations in neonates similar to other respiratory viruses
We have not observed neonatal infection in these infants; reports of
neonatal COVID-19 disease are rare

Acute COVID-19

Case 1
• 15 yo Latino male, presented to Moses Cone with
»
»
»
»
»

3 days of fever, cough, nausea and vomiting
Seen by PCP 1 day prior to admission and started on Abx
No initial hypoxemia in ER
Tachypnea (RR 30-40)
COVID PCR +

• Admitted and developed hypoxemia
» 2 lpm initially

• Transferred to UNC PICU approximately 18 hours after
admission
» 15 lpm non-rebreather at 55% FiO2

Case 1
• Labs on Admission
» Normal WBC
• ALC 0.8

»
»
»
»

CRP - 358
D-dimer - 1004
ALT/AST - 39/117
BNP - 256

• CXR
» Patchy GGO

• Diagnosis: acute COVID-19

Risk Factors for Severe Disease

Appendix 1. Risk factors for more severe COVID-19 disease. Additional conditions of similar severity that are not listed here may also be
considered risk factors.
Immunocompromised Status
Hematopoietic stem cell transplant recipient
Solid organ transplant recipient
Receiving anticancer chemotherapy
Primary immunodeficiency
HIV infection
Chronic steroid therapy
Other immunosuppressive medications (e.g., TNF blockade)
Hematologic Disease
Sickle-cell disease
Symptomatic cardiac disease
Major congenital heart defects
Cardiomyopathy
Significant pulmonary disease
Severe chronic lung disease with lung function <50% or ≥2 hospitalizations in the past year
Oxygen while awake and/or asleep
Tracheostomy
Pulmonary hypertension
Asthma requiring chronic oral steroids
OSA
Metabolic or endocrine disease
Diabetes mellitus requiring insulin
Morbid obesity (BMI >99th percentile or >40)
Metabolic disorders significantly affecting multiple organ systems
Medically complex
Technology dependence associated with developmental delay and/or genetic abnormalities

Pulmonary Disease
In COVID-19

Pulmonary Disease in COVID
• SARS-CoV-2 is primarily a respiratory disease
»
»
»
»

Usually enters through respiratory epithelium
High concentration of ACE receptors in airway
Most patients in acute disease report respiratory symptoms
Some patients with asymptomatic hypoxemia
• Need pulse oximetry screening on all COVID+ patients

• Imaging has variable findings
» CXR show bilateral infiltrates, effusions
» CT can show diffuse ground glass vs consolidation

• Initial reports described severe ARDS picture
» Stiff, non-compliant lungs
» Severe hypoxemia
» Chest CT with consolidation, ground glass opacities

Pulmonary Disease in COVID
• Due to severe ARDS, recommendation for early intubation
» Thought to be beneficial to patients
» Thought to be lower risk for healthcare workers than NFNC
or non-invasive ventilation
» Ñamendys-Silva and Cheug et al papers
» Pediatrica intensive podcast with Italian COVID experience
in early March

• Subsequently recognized early hypoxemic phase without
severe ARDS
» Possibly due to thrombotic vasculitis
» Significant hypoxemia, high lung compliance, CT’s with
ground glass without significant consolidation
» Significant potential role for HFNC
Ñamendys-Silva, A. Lancet Respir Med. 2020. Cheung et al. Lancet Respir Med. 2020

Imaging

Chung et al. Radiology. 2020

Acute Management
• Consensus on treatment
» Start with HFNC early, titrate to high levels of flow
» Early anticoagulation

» Can switch to CPAP if needed
» Avoid BiPAP and non-invasive ventilation
• Higher rates of late intubation and death in some reports

» Once intubated, consider high PEEP, low tidal volume
ventilation
• Needs to be individualized

» Proning, if tolerated, may help

• Patients often spend a prolonged time on respiratory
support

Back to Case 1
• Required HFNC up to 60 lpm for 6 days
• Remained on supplemental O2 for another 2 days
» Eventually weaned to room air

• Remains dyspneic with exercise
• Plan to get PFTs in 2 months

COVID-19 Associated
Coagulopathy

COVID-19 associated Coagulopathy (CAC)
•

•

•

A hypercoagulable state associated with ↑ fibrinogen and very ↑↑ DDimer levels, but modestly elevated PT.
» Does not have coagulopathy meeting criteria for DIC per ISTH criteria
• ↓ platelets, ↑ of PT and aPTT, ↑↑D-dimer, ↓ fibrinogen
Baseline characteristics of the first 99 patients hospitalized in Wuhan
found1:
» 6% elevated aPTT
» 5% elevated PT
» 36% elevated D-dimer
» 12 % thrombocytopenia
High D-Dimer (at least 4x increased/> 2.0 mcg/mL) associated with
increased mortality2
» 92.3% sensitivity and 83.3 % specificity

•
1

D-Dimer levels in pediatric COVID-19 not clear- elevated in 37% of severe cases3

Chen et al. Lancet 2020
et al. J Thromb Haemost 2020
3
Wang et al. Pediatr Infect Dis J 2020
2Zhang

Pathophysiology for Thrombosis in COVID-19

Joly BS, Siguret V, Veyradier A. Understanding pathophysiology of hemostasis disorders in critically ill patients
with COVID-19 [published online ahead of print, 2020 May 15]. Intensive Care Med. 2020;1-4.
doi:10.1007/s00134-020-06088-1

Hypercoagulability Manifestations in COVID-19
• High rate of VTE in hospitalized patients1
• High rate of PE despite anticoagulation
» 27% despite standard thromboprophylaxis2
» Separate study: 8/8 patients receiving standard DVT
prophylaxis and 10/18 receiving therapeutic anticoagulation
developed DVT3

• Arterial thrombosis
» Strokes observed with high frequency in adult patients 2, 4, 5

1 Cui S, et al. J Thromb Haemost. 2020;10.1111
2 Klok, F.A. et al. Thrombosis Research, Volume 191, 145 – 147
3 Llitjos J-F et al. J Thromb Haemost. 2020;00:1–4.
4 Helms et al. Intensive Care Med.2020 May 4;1-10.
5 Oxley et al. NEJM 382;20

Microvascular Thrombosis
• Non-embolic
thrombosis in
pulmonary circulation
• May help explain
hypoxia out of
proportion to imaging
findings in some
patients
Thrombi present in peripheral small vessels

Magro C et al. Transl Res. 2020

Tang N, Li D, Wang X, Sun Z. J Thromb Haemost. 2020

Back to Case 1
• Patient was started on thromboprophylaxis given his HIGH
RISK of VTE development.
• With rapid respiratory decline requiring significant support
and elevated D-Dimer (4 x ULN), patient was transitioned
to therapeutic anticoagulation with heparin given concern
for PE.
• Prior to discharge, CTA obtained showed no evidence of
PE.
» D- Dimer decreased to 224 (ref < 230) on day of discharge

• Discharged on apixaban prophylaxis for 30 days.
Anticoagulation to be discontinued once he is back at
baseline.

COVID-19 Therapeutics

Antiviral Drugs and Candidates
• Good drugs
» Remdesivir

• Unknown, possibly promising
» COVID-19 Convalescent Plasma

• Not looking good
» Hydroxychloroquine/chloroquine

Remdesivir
• Adenosine analog incorporated into viral RNA
genome à delayed chain termination (similar
mechanism to AZT, acyclovir, etc)
• Broad RNA antiviral, no prior applications (failed
for Ebola)
• Major toxicity: hepatic transaminase elevation
» Adverse events no more common than in placebo
groups, but AEs requiring discontinuation more
common in remdesivir groups in some trials

Beigel et al., NEJM
5/22/20 (ACTT Trial)
• Placebo-controlled trial
of remdesivir
• 60 sites, 1063
participants
• COVID-19 disease of
any severity (no
oxygenation through
ECMO)
• Primary outcome
measure: recovered
(discharged or eligible for
discharge) by Day 28

ACTT Trial Key Points
•
•
•
•
•

Key limitation: as of this report, many participants had not completed
28-day follow-up
Remdesivir recipients recovered faster, median of 11 vs 15 days
Greatest apparent impact in patients requiring standard oxygen at
initiation
AEs requiring discontinuation were exactly the same in the two groups
(n = 36 in each group)
Mortality at 14 days: 7.1% vs 11.9%, HR = 0.70 (0.47-1.04); NNT = 21
» Comparable to oseltamivir for critical illness in H3N2 (RR of death: 0.69)

•

Trial stopped by DSMB on 4/28/20; they had met targeted number of
recoveries
» Some criticism of a missed opportunity to power the mortality outcome
and subgroup analyses

Remdesivir: Practical Aspects
•
•

•

Available under Emergency Use Authorization
» NOT an FDA-approved product
Dosing is available down to 3.5 kg
» 5 mg/kg on Day 1 (max 200 mg)
» 2.5 mg/kg on Days 2-5 or 10 (max 100 mg)
Duration is 5-10 days
» No difference in a separate trial

• Supply is limited. Requires process to assess eligibility.
Recipients must be aware that it is not FDA-approved, but
signed consent not required.
•
•
•

Inclusion: SARS-CoV-2 PCR positive with SpO2 < 94% in RA
Common exclusion criteria: ALT >5x ULN or CrCl < 30 ml/min
Recommendation: USE IF AVAILABLE AND CRITERIA MET

COVID-19 Convalescent Plasma
• Donation of plasma by a donor who has recovered from
COVID-19 with resolution of symptoms >14 days
» Ideal anti-SARS-CoV-2 titer of 1:160 or greater
» Transfused like FFP; not enriched for antibodies

• Safety (Joyner et al., preprint, 5/14/20):
» First 5,000 cases: 25 related serious adverse events (TRALI,
TACO, and anaphylaxis)
» Probably on par with FFP transfusion

• Efficacy (Liu et al., preprint, 5/22/20):
» Case-control study of 45 cases matched 1:4 with controls
» Recipients had lower likelihood of mortality; all benefit was in
patients not intubated at time of administration

COVID-19 Convalescent
Plasma
• Available in adults via Expanded Access
Protocols (e.g., Mayo Clinic)
• Only accessible in children via emergency
IND application to FDA
• Experimental – requires consent
• Administered to 3 pediatric patients at
UNC Children’s
» ~40 patients transfused at UNC total

• Recommendation: Consider if feasible
https://www.uscovidplasma.org/

Hydroxychloroquine/Chloroquine
• Antimalarial and anti-inflammatory drugs
• In vitro antiviral effects against influenza, dengue,
Chikungunya, HIV, Zika
» HCQ failed clinical trials for influenza and dengue
» Chloroquine enhances Chikungunya in primates

• Toxicities: cardiomyopathy, QT prolongation, retinopathy
» Chloroquine also multiple drug-drug interactions

• HCQ prophylaxis for high-risk exposures did not work
(Boulware et al, NEJM, 6/3/20)
• Most likely scenario: no benefit, small risk of severe Aes
• Recommendation: AVOID

Back to Case 1
• Remdesivir initiated as he clearly met criteria
» Initially had elevated ALT but normalized spontaneously
» Completed 7 days of therapy; ALT rose above >5x ULN,
requiring discontinuation

• Convalescent plasma administered on HD #2
» No adverse reactions
» No clear impact
» Required eIND from FDA

Summary of Acute COVID-19 Inpatient
Management at UNC
Infection

Respiratory

Thrombosis

Inflammation

Initial
assessment

COVID-19
PCR; RVP;
cultures as
needed

SpO2 in room air,
PaO2 / FiO2 ratio,
CXR

D-dimer, PT,
PTT, fibrinogen;
consider CTA

CBC/diff, CRP,
ESR, CMP, ferritin

Ongoing
assessment

Fever curve,
CRP

Pulse ox per routine,
blood gases as
needed; CXR/CT as
needed

Coags, D-dimer,
fibrinogen

CBC/d, LFTs, CRP
daily; consider
ferritin, TG

Treatment

Remdesivir;
NC à HFNC; avoid
consider conv BiPAP; proning;
plasma
avoid early intubation

Enoxaparin or
heparin drip for
most

Anakinra
preferred;
tocilizumab;
generally avoid
steroids

Follow-up
considerations

Educate
about MIS-C

Consider
anticoagulation
x30 days after
discharge

Educate about
MIS-C

Consider Pulm f/u
with PFTs; may need
outpatient rehab

Multisystem Inflammatory
Syndrome In Children (MIS-C)

April 24
Italy
Articles

An outbreak of severe Kawasaki-like disease at the Italian
epicentre of the SARS-CoV-2 epidemic: an observational
cohort study
Lucio Verdoni, Angelo Mazza, Annalisa Gervasoni, Laura Martelli, Maurizio Ruggeri, Matteo Ciuﬀreda, Ezio Bonanomi, Lorenzo D’Antiga

Summary

Background The Bergamo province, which is extensively aﬀected by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) epidemic, is a natural observatory of virus manifestations in the general population. In
the past month we recorded an outbreak of Kawasaki disease; we aimed to evaluate incidence and features of patients
with Kawasaki-like disease diagnosed during the SARS-CoV-2 epidemic.
Methods All patients diagnosed with a Kawasaki-like disease at our centre in the past 5 years were divided according
to symptomatic presentation before (group 1) or after (group 2) the beginning of the SARS-CoV-2 epidemic. Kawasakilike presentations were managed as Kawasaki disease according to the American Heart Association indications.
Kawasaki disease shock syndrome (KDSS) was defined by presence of circulatory dysfunction, and macrophage
activation syndrome (MAS) by the Paediatric Rheumatology International Trials Organisation criteria. Current or
previous infection was sought by reverse-transcriptase quantitative PCR in nasopharyngeal and oropharyngeal swabs,
and by serological qualitative test detecting SARS-CoV-2 IgM and IgG, respectively.
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Findings Group 1 comprised 19 patients (seven boys, 12 girls; aged 3·0 years [SD 2·5]) diagnosed between Jan 1, 2015,
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Guidance: Paediatric multisystem inflammatory
syndrome temporally associated with COVID-19
Most children are asymptomatic or exhibit mild symptoms from COVID-19 infection. However,
in the last two months a small number of children have been identified who develop a
significant systemic inflammatory response. All children have been diagnosed and managed
appropriately along standard referral pathways. Affected children may require paediatric
intensive care and input from paediatric infectious diseases, cardiology, and rheumatology.
This rare syndrome shares common features with other paediatric inflammatory conditions
including: Kawasaki disease, staphylococcal and streptococcal toxic shock syndromes, bacterial
sepsis and macrophage activation syndromes. It can also present with unusual abdominal
symptoms with excessive inflammatory markers.

27 April 2020

Early recognition by paediatricians and specialist referral including to critical care is essential.
Advice currently given to families and carers of children and young people (for example RCPCH
parent advice during COVID-19 leaflet) supports appropriate referral to health services.

PICS Statement: Increased number of reported cases of novel presentation of multisystem
inflammatory disease
This document is to raise awareness and gives management advice to clinicians and has been
developed after expert review of the cases.

Please note this is a statement intended for medical professionals who look after critically
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HEALTH ADVISORY: PEDIATRIC MULTI-SYSTEM INFLAMMATORY SYNDROME
POTENTIALLY ASSOCIATED WITH CORONAVIRUS DISEASE (COVID-19)
IN CHILDREN
SUMMARY
•

•

Recently, the Novel Coronavirus (COVID-19) has been reported as possibly linked with a pediatric
multi-system inflammatory syndrome disease – “Pediatric Multi-System Inflammatory Syndrome
Potentially Associated with COVID-19.”
As of May 5, 2020, sixty-four (64) suspected pediatric clinical cases compatible with multi-system
inflammatory syndrome associated with COVID-19 have been reported in children in New York
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Summary

Background The Bergamo province, which is extensively aﬀected by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) epidemic, is a natural observatory of virus manifestations in the general population. In
the past month we recorded an outbreak of Kawasaki disease; we aimed to evaluate incidence and features of patients
with Kawasaki-like disease diagnosed during the SARS-CoV-2 epidemic.
Methods All patients diagnosed with a Kawasaki-like disease at our centre in the past 5 years were divided according
to symptomatic presentation before (group 1) or after (group 2) the beginning of the SARS-CoV-2 epidemic. Kawasakilike presentations were managed as Kawasaki disease according to the American Heart Association indications.
Kawasaki disease shock syndrome (KDSS) was defined by presence of circulatory dysfunction, and macrophage
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Most children are asymptomatic or exhibit mild symptoms from COVID-19 infection. However,
in the last two months a small number of children have been identified who develop a
significant systemic inflammatory response. All children have been diagnosed and managed
appropriately along standard referral pathways. Affected children may require paediatric
intensive care and input from paediatric infectious diseases, cardiology, and rheumatology.
This rare syndrome shares common features with other paediatric inflammatory conditions
including: Kawasaki disease, staphylococcal and streptococcal toxic shock syndromes, bacterial
sepsis and macrophage activation syndromes. It can also present with unusual abdominal
symptoms with excessive inflammatory markers.
Early recognition by paediatricians and specialist referral including to critical care is essential.
Advice currently given to families and carers of children and young people (for example RCPCH
parent advice during COVID-19 leaflet) supports appropriate referral to health services.
This document is to raise awareness and gives management advice to clinicians and has been
developed after expert review of the cases.

Case definition:
1.

A child presenting with persistent fever, inflammation (neutrophilia, elevated CRP
and lymphopaenia) and evidence of single or multi-organ dysfunction (shock, cardiac,
respiratory, renal, gastrointestinal or neurological disorder) with additional features (see
listed in Appendix 1 ). This may include children fulfilling full or partial criteria for Kawasaki
disease.

2.

Exclusion of any other microbial cause, including bacterial sepsis, staphylococcal or
streptococcal shock syndromes, infections associated with myocarditis such as enterovirus
(waiting for results of these investigations should not delay seeking expert advice).

3.

SARS-CoV-2 PCR testing may be positive or negative

Copyright © 2020 Elsevier Ltd. All rights reserved.
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Causality Has Not Been Proven, But…
• Majority of patients are testing positive for COVID-19,
more by serology than RT-PCR
• Clustering of cases in areas with higher disease burden
• Peak of MIS-C cases occurring several weeks after peak
in acute COVID-19 cases or after documentation of viral
transmission in the community

MIS-C Baseline Characteristics
Verdoni et al
Bergamo, Italy
N=10

Riphagen et al
London, UK
N=8

Belhadjer et al
France, Switz
N=35

Toubiana et al
Paris, France
N=17

2/18 – 4/20/20

10 days,
mid-April

3/22 – 4/30/20

4/27 – 5/7/20

30

*

*

13.2

7.5 (2.9-16)

8 (4-14)

10 (2-16)

7.5 (3.7-16.6)

Male (n, %)

7 (70%)

5 (50%)

18 (51%)

7 (41%)

Race (n, %)

8 (80%) W

6 (75%) AA

*

10 (59%) AA
2 (12%) Asian

2 (20%) PCR
8 (80%) IgG

2 (25%) PCR
4 (50%) exposed

12 (34%) PCR
28 (80%) IgG

7 (41%) PCR
14 (88%) IgG

Period
“Incidence” Ratio
Age (years)
Median (Range)

COVID + status
(n, %)

Verdoni L et al. Lancet. 2020.; Riphagen S et al. Lancet. 2020.;Belhadjer Z et al. Circulation. 2020.; Toubiana J et
al. medRxiv pre-print. 2020.

New York State
• As of June 16, 2020, NY has had 211 suspected cases,
including 3 deaths
• 94% test positive for COVID by PCR or serology
40
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7
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5
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15-19

20-21
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40

Percent (%)

35
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20
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5
0
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Other
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MIS-C Presenting Features
Verdoni et al
Bergamo, Italy
N=10

Riphagen et al
London, UK
N=8

Belhadjer et al
France, Switz
N=35

Toubiana et al
Paris, France
N=17

Mean 6 days
Range 4-8 days

100%
>3 days

100%
>4 days

Median 6 days
Range 1-13

GI symptoms

60%
diarrhea

88%

83%

100%

Complete KD

50%

*

0%

47%

Incomplete KD

50%

*

*

53%

Shock

50%

100%

68%

65%

Conjunctivitis

70%

63%

89%

76%

Rash

60%

50%

57%

76%

Mucositis

50%

30% odynophagia

54%

71%

Headache or
meningeal signs

40%

25%

31%

29%

Fever duration

Verdoni L et al. Lancet. 2020.; Riphagen S et al. Lancet. 2020.;Belhadjer Z et al. Circulation. 2020.; Toubiana J et
al. medRxiv pre-print. 2020.

MIS-C Cardiac Complications
Verdoni et al
Bergamo, Italy
N=10

Riphagen et al
London, UK
N=8

Belhadjer et al
France, Switz
N=35

Toubiana et al
Paris, France
N=17

Ventricular
dysfunction

60%

75%

80%

71%

CA changes

20%

25%

17%

29%

*

*

3%

12%

Troponin

1,004 ng/L
(nv <53 ng/L)

252 ng/L

408 ng/L
(nv<26 ng/mL)

136 ng/L
(nv<26 ng/mL)

Pro-BNP

1,255 ng/L
(nv<100 ng/L)

*

5,743 ng/L
(nv<100 ng/L)

2,879 pg/mL
(nv<100 ng/L)

*

19,961 ng/L

41,484 ng/L
(nv<300 ng/L)

*

EKG changes

NT-Pro-BNP

Verdoni L et al. Lancet. 2020.; Riphagen S et al. Lancet. 2020.;Belhadjer Z et al.
Circulation. 2020.; Toubiana J et al. medRxiv pre-print. 2020.

MIS-C Laboratory Parameters
Verdoni et al
Bergamo, Italy
N=10

Riphagen et al
London, UK
N=8

Belhadjer et al
France, Switz
N=35

Toubiana et al
Paris, France
N=17

10.8
84.5%
0.86

*
*
*

16
13 x 109/L
*

16.8
11 x 109/L
*

ESR (mm/h)

72

*

*

*

CRP (mg/L)

250

304

241

219

Ferritin (ng/mL)

1176

1087

*

*

Sodium (mEq/L)
Albumin (g/dL)

130.8
3.2

*
2.2

*
*

130
2.0

D-dimer (ng/mL)

3,798

10,387

5,284

4,762

177.1 pg/mL
(nv<3.4)

*

135 pg/mL
(nv<8.5)

218 pg/mL

50%

40%

*

38%

WBC (x 109/L)
ANC
ALC (x 109/L)

IL-6
Abnormal chest
imaging

Verdoni L et al. Lancet. 2020.; Riphagen S et al. Lancet. 2020.;Belhadjer Z et al. Circulation. 2020.; Toubiana J et
al. medRxiv pre-print. 2020.
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MIS-C Treatment
Verdoni et al
Bergamo, Italy
N=10

Riphagen et al
London, UK
N=8

Belhadjer et al
France, Switz
N=35

Toubiana et al
Paris, France
N=17

100%

100%

71%

100%

*

100%

*

82%

Hemodynamic
support

20%

100%

80%

59%

Steroids

80%

63%

34%

29%

100%
aspirin

75%
aspirin

71%
heparin

100%
aspirin

IVIG
Antibiotics

Thromboprophylaxis

What is the role for Anakinra? Tocilizumab? Infliximab?
Verdoni L et al. Lancet. 2020.; Riphagen S et al. Lancet. 2020.;Belhadjer Z et al. Circulation. 2020.; Toubiana J et
al. medRxiv pre-print. 2020.

EVALUATION OF PEDIATRIC PATIENTS SUSPECTED TO HAVE MISC-C
1.
2.
3.
4.
5.
6.
7.

Vital signs per unit routine
CBC/D, CMP, LDH, CRP, ESR, DIC panel, troponin, pro-BNP
COVID PCR and/or COVID IgG if not already done
EKG and consider telemetry
Chest imaging if any respiratory symptoms
If abnormal troponin and/or pro-BNP and/or EKG, consult pediatric cardiology and consider ordering an echocardiogram
If considering initiation of immunosuppressive therapy, consult pediatric rheumatology (see Table 3)

CDC Definition of MIS-C

MIS-C CASE DEFINITION
1. Individual <21-years-old presenting with fever >24 hours, laboratory evidence of inflammation, and evidence of clinically severe illness requiring
hospitalization, with multisystem (≥2) organ involvement (cardiac, renal, respiratory, hematologic, gastrointestinal, dermatologic, or neurologic); AND
2. No alternative plausible diagnosis; AND
3. 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 onset of
symptoms

EXAMPLES OF ORGAN SYSTEM INVOLVEMENT
Cardiac: shock, elevated troponin, elevated pro-BNP, coronary arteritis, abnormal echocardiogram, arrhythmia
Gastrointestinal: severe abdominal pain, vomiting, diarrhea, elevated transaminases
Hematologic: elevated d-dimers, coagulopathy, lymphopenia, thrombocytosis or thrombocytopenia
Mucocutaneous: petechia or purpura, polymorphous rash, mucositis, conjunctivitis
Neurologic: headache/irritability, altered mental status, seizures, focal neurologic deficits
Respiratory: ARDS, pulmonary embolism
Renal: acute kidney injury or failure
LABORATORY EVIDENCE OF INFLAMMATION
Elevated CRP and/or ESR
Elevated d-dimer
Elevated ferritin
Elevated IL-6
Elevated neutrophils and/or reduced lymphocytes

Summary of MIS-C Assessment
and Management
• If there is low suspicion for MIS-C, start with CBC/D, CMP,
and CRP
• If there is high suspicion for MIS-C, start with CBC/D,
CMP, CRP, d-dimer, troponin, pro-BNP, EKG,
echocardiogram, COVID-19 PCR and IgG in addition to
other ancillary studies that will aid in evaluating alternative
diagnoses
• Multi-faceted treatment approach
» Consider antimicrobial therapy if clinical picture supports and
until cultures are negative
» Supportive care: respiratory support, hemodynamic support,
ECMO
» Anti-coagulation: ASA, heparin, Lovenox

Summary of MIS-C Assessment
and Management

• Anti-inflammatory treatment

» IVIG used by majority at anti-inflammatory doses of 2 gm/kg
» Consider IV then oral steroids with taper over 2-4 weeks
depending on response
• Mild disease, start at 2 mg/kg/day then taper
• Moderate disease, start at 10 mg/kg/day x 2-3 days then taper
• Severe disease, start at 30 mg/kg/day (max 1,000 mg) x 3 days
then taper

» Biologic therapies for more severe presentations
• IL-1 inhibitor anakinra more commonly used than IL-6 inhibitor
tocilizumab; consider TNF inhibitor infliximab for patients with
more classic KD presentation

» Follow guidelines for laboratory monitoring and follow-up
echocardiogram

MIS-C vs COVID-19
COVID-19

MIS-C

Symptoms

Cough, dyspnea, fever, loss of
taste/smell, may have GI
symptoms

High-grade fever, abdominal
pain, rash…

Pulmonary
involvement

Most cases

Uncommon (may occur
secondary to cardiac
dysfunction)

Cardiac
involvement

Appears uncommon in children Very common; ventricular
(myocardial ischemia can
dysfunction, CA dilation; can
occur in adults)
resemble viral myocarditis

Thrombosis risk

High

???

SARS-CoV-2 PCR Positive

Positive or negative

SARS-CoV-2 IgG

Usually negative

Usually positive

Treatment

Remdesivir
Steroids generally avoided
Anti-inflammatory drugs

IVIG, steroids
Possible second-line: anakinra,
infliximab

Similar, But Different…
• Children with MIS-C tend to be older and have more GI
involvement (severe abdominal pain, diarrhea>>vomiting)
than children with Kawasaki disease
• Children with MIS-C tend to have marked lymphopenia
and higher CRP and d-dimer
• Children with MIS-C can present with more sudden and
prominent cardiac dysfunction and shock and have more
elevated markers of myocardial inflammation

Call for Cases
North Carolina Patient Summary Form
Multisystem Inflammatory Syndrome

ROY COOPER • Governor
MANDY COHEN, MD, MPH • Secretary
MARK T. BENTON • Assistant Secretary for Public Health

Name of physician who can provide additional clinical/lab information, if needed:

Division of Public Health

__________________________________________________________________________________________
Affiliation__________________________________________________________________________________
Phone: ___________________________ Email: __________________________________________________

To:
From:
Subject:
Date:

All North Carolina Health Care Providers
Erica Wilson, MD, MPH, Medical Epidemiologist
Multisystem Inflammatory Syndrome in Children Associated with COVID-19 (3 pages)
May 14, 2020

This memo is intended to provide information regarding identification and reporting of a pediatric
multisystem inflammatory syndrome potentially linked to COVID-19.

Name of main hospital that provided patient’s care: ________________________________________________
State: ________ County: ______________________

-----------------------------------------------------------------------------------------------------------------------------------------1. Today’s date__ __/__ __/__ __ __ __ (mm/dd/yyyy)
2. Patient first name _________________________________ 3. Patient last name ____________________________________
4. Sex:

M

F 5. Date of birth __ __/ __ __/ __ __ __ __

Residence: 6. State_______ 7. County______________________

Background
A possible link between COVID-19 and a serious inflammatory disease in children and teenagers has been
reported in multiple European countries and recently in the United States.

8. Race:

American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

9. Ethnicity:

(check all that apply)

Hispanic or Latino

Not Hispanic or Latino

10. Date of onset of symptoms __ __/__ __/__ __ __ __ (mm/dd/yyyy)
11. Date of admission to first hospital__ __/__ __/_ _ _ _

The specific features of this inflammatory syndrome are still being determined, but reports include
features of Toxic Shock Syndrome and/or Kawasaki Disease. Additional reported features include
laboratory evidence of inflammation and single or multi-organ dysfunction.
Case Classification

12.Date of discharge from last hospital__ __/__ __/__ __ __ __ (or
13. Did the patient die from this illness?

a. Molecular/PCR

positive/detected

positive/detected

c. Serology/antibody

14. If yes, date of death__ __/__ __/__ __ __ __

negative/not detected

negative/not detected

IgM positive

IgG positive

indeterminate

indeterminate

Total antibody positive
yes

not done

not done

no

negative

not done

unknown

17. Other testing done:
a. Respiratory viral panel
Results:
b. Blood culture

Note that patients may present with typical or incomplete Kawasaki disease or symptoms similar to toxic
shock syndrome. This multisystem inflammatory syndrome should be considered in any pediatric death
with evidence of SARS-CoV-2.

c. C-reactive protein

Results:

Results:

yes

yes

no

yes

unknown

no

if yes, date __ __/__ __/__ __ __ __

unknown

if yes, date __ __/__ __/__ __ __ __

abnormal/positive _______________________________

yes

normal/negative

normal/negative

if yes, date __ __/__ __/__ __ __ __

abnormal/positive _______________________________

normal/negative

e. Metabolic panel (BMP or CMP)
Results:

unknown

abnormal/positive _______________________________

normal/negative

d. Complete blood count (CBC)
Results:

no

normal/negative

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.

Clinicians are requested to report suspected cases of multisystem inflammatory syndrome in children to
the NC DPH Communicable Disease Branch at 919-733-3419.

still hospitalized at time of form submission)

unknown

16. Did the patient have known exposure to COVID-19 in the past four weeks?

No alternative plausible diagnoses; AND

Reporting

no

15. SARS-CoV-2 test result

b. Antigen

An individual aged <21 years presenting with fever (measured or subjective lasting at least 24hrs),
laboratory evidence of inflammation (e.g. elevated CRP, elevated troponin, etc), and evidence of clinically
severe illness requiring hospitalization, with multisystem (>2) organ involvement (cardiac, renal,
respiratory, hematologic, gastrointestinal, dermatologic or neurological); AND

yes

no

unknown

if yes, date __ __/__ __/__ __ __ __

abnormal/positive _______________________________
yes

no

unknown if yes, date__ __/__ __/__ __ __ __

abnormal/positive _______________________________

f. Other _____________________________________________________________________________
18. Symptoms:

NC DPH requests that clinicians complete the patient summary form (attached) and submit completed
forms to NC DPH Communicable Disease Branch via secure fax at 919-733-0490 to the attention of “MISC surveillance”.

Fever Abdominal pain Confusion Conjunctivitis Diarrhea Headache Lymphadenopathy
Mucus membrane changes Neck swelling Rash Respiratory symptoms Sore throat
Swollen hands and/or feet Syncope Vomiting Other________________________________

THANK YOU!

