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Coronavirus disease 2019
(COVID-19). Multisystem
INnflammatory syndrome

Iy children (MIS-C)

Dr.Dorreh



In children, COVID-19 is usually mild.

In rare cases, children can be severely affected.

April of 2020, reports from the United Kingdom documented a
presentationin children similar to incomplete Kawasaki
disease (KD) or toxic shock syndrome.

in children (MIS-C; also referred to as pediatric multisystem
Inflammartory syndrome [PMIS], pediatric inflammatory
multisystem syndrome temporally associated with SARS-CoV-2
[PIMS-TS], pediatric hyperinflammatory syndrome, or pediatric
hyperinflammatory shock)



EPIDEMIOLOGY

incidence of MIS-C isuncertain, it appears to be a rare

.In one report, the estimatedincidence of laboratory-
confirmed SARS-CoV-2 infectioninindividuals <21 years
old was 322 per 100,000

the incidence of MIS-C was 2 per 100,000



EPIDEMIOLOGY

Most MIS-C cases have occurred in previously
healthy>70 percent

Black and Hispanic

. The medianage was8to 11 years (range 1 to 20

/A lag of several weeks between the peak of
COVID-19 cases and the rise of MIS-C cases



PATHOPHYSIOLOGY

60 percent had positive serology with negative PCR,
34 percent were positive on both tests,

and 5 percent were negative on both tests.

abnormal inflammatory response or Immune

A post-infectious process is suggested,
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CLINICAL MANIFESTATIONS

Persistent fevers (median duration four to six days) — 100 percent

Gastrointestinal symptoms(abdominal pain, vomiting, diarrhea) — 60 to 100 percent
Rash — 45 to 76 percent

Conjunctivitis— 30 to 81 percent

Mucous membrane involvement— 27 to 76 percent

Neurocognitive symptoms (headache, lethargy, confusion)— 29 to 58 percent

Respiratory symptoms — 21 to 65 percent
ore throat— 10 to 16 percent

Myalgia— 8 to 17 percent

Swollen hands/feet — 9 to 16 percent

Lymphadenopathy—6 to 16 percent




Clinical finding:

Criteria met for complete Kawasaki disease (KD) 22 to 64 percent

e Myocardial dysfunction (by echocardiogram and/or elevated troponin or brain natriuretic peptide
[BNP]) — 51 to 90 percent

eShock — 32 to 76 percent
Arrhythmia—12 percent

eAcuterespiratory failure requiring noninvasive or invasive ventilation —28 to 52 percent

eAcutg kidney injury (most cases were mild) — 8 to 52 percent

Sefositis (small pleural, pericardial, and ascitic effusions) —24 to 57 percent

patitis or hepatomegaly —5 to 21 percent

halopathy, seizures, coma, or meningoencephalitis—6 to 7 percent



Symptoms of Multisystem Inflammatory Syndrome
in Children (MIS-C)

Red or Pink Eyes Loss of
(Conjunctivitis) Appetite
Red, Cracked Lips
Fever Lasting or Red Tongue
Enlarged Gland Several Days (looks like a
(lymph node on (100.4F or more) strawberry)

one side of neck)

b ss Diarrhea and/or
Vomiting

Hive-like
Skin Rash
Abdominal
‘ B Pain
e Swollen Hands
i and Feet
.. (may also be red)

Irritability or
Sluggishness
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Laboratory findings:

Abnormal blood cellcounts, including: =

Lymphocytopenia- 80 to 95 percent =

Neutrophilia— 68 to 90 percent =

*Mildanemia- 70 percent =

eThrombocytopenia- 31 to 80 percen =




Laboratory findings:

Elevatedinflammatory markers, including: =
C-reactive protein (CRP)- 90 to 100 percent =
e Erythrocyte sedimentationrate — 75 to 80 percent =

*D-dimer— 67 to 100 percent

*Fibrinogen —80 to 100 percent =

eFerritin—551to 76 percent =»

s[lProcalcitonin—80 to 95 percent =

terleukin-6 (IL-6) — 80 to 100 percent =




Laboratory findings:

Elevated cardiac markers: =
*Troponin—- 50 to 90 percent =

*BNP or N-terminal pro-BNP (NT-pro-BNP) — 73 10 90 =
pergent

eHypoalbuminemia- 48 fo 95 percent =

eMildly elevated liverenzymes— 62 to 70 percent =

eElevatedlactate dehydrogenase — 10 to 60 percent =

eHyperitriglyceridemia- 70 percent =




Echocardiography

Depressed LV function

eCoronary artery (CA) abnormalities, including dilation or
aneurysm

e Mitral valve regurgitation

ePericardial effusion




Imaging finding

hest radiograph — Many patients had normal chest radiographs. Abnormal

findingsincluded pleural effusions, patchy consolidations, focal consolidation,

q

nd atelectasis

Lomputed tomography (CT) of chest— Chest CT (when obtained) generally

ad findings similarto those on chestradiograph. A few patients had nodular
round-glass opacification.

bdominalulirasound or CT included free fluid, ascites, and bowel and

esentericinflammationincluding terminalileitis, mesenteric
enopdthy/adenitis, and pericholecystic edema



EVALUATION

Mild symptoms

e CBC with differential

CRP

eSerum electrolytes and renal functiontest




EVALUATION

moderate to severe symptoms:

eComplete blood count (CBC) with differential

*C-reactive protein (CRP) and erythrocyte sedimentation
rate (optional: procalcitonin)

eFerritin

e iverfunction tests and lactate dehydrogenase
Serum electrolytes and renal functiontests

e Urinalysis

Coagulation studies Troponin

Brain natriuretic peptide (BNP) or N-terminal pro-BNP (NT-
pro-BNP)

e Cytokine panel






Tesfing for other pathogens

eBlood culture
eUrine culture
eThroat culture

eStool culture

eNasopharyngeal aspirate or throat swab for respiratory viral panel

efjpstein-Barr virus serology and PCR

Cytomegalovirus serology and PCR

eEnferovirus PCR

denovirus PCR



Spectrum of disease

the spectrum of COVID-19-associated disease ranges
from mildto severe.

MIS-C without overlap with acute COVID-19 or Kawasaki

disease (KD)

35 percent

early all patients in this group had cardiovascular and
gastrointestinalinvolvement

one-half had 24 additional organ systemsinvolved.
shock, cardiac dysfunction

markedly elevated C-reactive protein (CRP) and ferritin
Nearly all patients in this group had positive SARS-CoV-2
serology (with or without positive polymerase chain
reaction [PCR]).



Spectrum of disease

MIS-C overlapping with severe acute COVID-19

30 percent.

Many childrenin this group presented with respiratory
Involvement, including cough, shortness of breath,
pneumonia, and acute respiratory distress syndrome.

ositive SARS-CoV-2 PCR without seropositivity.

The mortality rate was higherin this subgroup compared
with the other two subgroups (5.3 versus 0.5 and O
percent, respectively

older than those with KD-like features and they more
commonly have comorbidities.



Spectrum of disease

MIS-C overlapping with KD

35 percent of the cohort.

Childrenin this group were younger than the other two

groups (median age 6 versus? and 10 years,
respectively).

Théy more commonly had rash and mucocutaneous
iNvolvementand less commonly had shock or myocardial
dysfunction.

Approximately two-thirds of patients in this group had
positive SARS-CoV-2 serology with negative PCR, and
one-third were positive on both tests.






Ditferentiating MIS-C and
Kawasaki disease

MIS-C commonly affects older children and adolescents

eln MIS-C, black and Hispanic children appear to be disproportionally affected and Asian children account for only a
small number of cases.

e Gastrointestinal symptoms (particularly abdominal pain) are very common in MIS-C
e Myocardial dysfunction and shock occur more commonly in MIS-C compared with classic KD .

eInflimmatory markers (especially CRP, ferritin, and D-dimer) tend to be more elevated in MIS-C compared with
clagsic KD and KDSS . In addition, absolute lymphocyte and platelet counts tend to be lower in MIS-C compared with

elt is unclear if the risk of CA involvement in MIS-C is comparable with the risk in classic KD. Among patients with KD,
those with KDSS more frequently have CA abnormalities and intravenous immune globulin (IVIG) resistance compared
with those without shock. It is unclear if MIS-C is similar to KDSS in



DIFFERENTIAL DIAGNOSIS

Bacterial sepsis
Kawasaki

Toxic shocksyndrome
Appendicitis

Ofther viral infections

Hemagphagocytic lymphohistiocytosis (HLH)/macrophage activation
syngrome (MAS)

Sygtemic lupus erythematosus (SLE)







Management

Abnormal vital signs (tachycardia, tachypnea
*Shock

Respiratory distress

*Evidence of cardiac involvement (eg, elevated troponin or brain natriuretic peptide, depressed ventricular
function or coronary artery [CA] abnormality on echocardiogram, abnormal electrocardiogram)

e Features of Kawasaki disease (KD)

Neurologic changes (eg, depressed mentalstatus, abnormal neurologic examination, seizures)

*Severe abdominal pain or vomiting, especially if unable to tolerate oral feeding
Clinical or laboratory evidence of dehydration
*Laboratory evidence of acute kidney injury, acute hepaticinjury, or coagulopathy

» Underlying medical condition that may place the child at increased risk for complications (eg,
immunodeficiency, cardiac or pulmonary conditions)

Inability toreturn for followup




Management

Shock

Children presenting with shock should be resuscitated
according to standard protocols

most children with MIS-C presented with
hat was refractory to volume expansion.

Epinephrine or norepinephrine are the preferred
asoactive agents for the management of fluid-

refractory shockin children. Epinephrine is preferred when

there is evidence of left ventricular (LV) dysfunction.

In children presenting with severe LV dysfunction, the
addition of may be helpful.



Management

Features of Kaowasaki disease

standard therapies for KD, including ,and, if
there are persistent signs of inflammation or coronary
artery (CA) dilation/aneurysm,

As it will be increasingly difficult to distinguish patients with

Incident KD who have seroconverted from prior SARS Co-

V2/infections from patients with MIS-C who meet KD

criteriq, it isimportant to intensify freatment if KD high-risk
riteria are present.



Management

Cardiac dysfunction

children with cardiac involvement may present with arrhythmias and
hemodynamic compromise.

Serial echocardiographic assessment of cardiac function and
monitoring of brain natriuretic peptide and troponin levelscan help
guide therapy.

ementfocuseson to maintain hemodynamic
ity and ensure adequate systemic perfusion. is often used,
thoygh conclusive evidence of benefitis lacking.

ontinuous cardiac monitoring is essential so that arrhythmias are
promptly detected and treated.

Patients with significant LV dysfunction are treated with intravenous
and inotropic agents, such as

In cases of fulminant disease, mechanicalhemodynamic support



Management

Antibiotic therapy

Ceftriaxon-vancomycin

Anftiviral therapy

Severe MIS-C with active infection

Immune-modifying therapies

Intyavenousimmune globulin




Management

We recommend IVIG for

- dll patients who meet criteriafor complete orincomplete KD
-Shock

-Cardiiac involvement, including any of the following:
Depressed LV functionon echocardiography
CA abnormalities (dilation or aneurysm) on echocardiography
rhythmia

levated brain natriuretic peptide and/or troponin

-Other severe manifestationsrequiring PICU



Management

lucocorticoid therapy may be given concomitantly with IVIG if severe or
life-threateningillnessis present. It also may be given as a second-line
treatment in patients who do not respond to IVIG.

Dosing - Glucocortficoid therapy is initially given intravenously (1V) with
methylprednisolone at a dose of 2 mg/kg/day in two divided doses .

Once the patient has defervesced and is improved clinically, this can be
1ron5|’r|on dto an equivalent oral dose of prednisolone or predmsone by the




Management

The benefits and risks of adjunctive therapies (interleukin-1 [IL-1] inhibitors
[eg, anakinra, canakinumab], IL-6 inhibitors [eg, tocilizumalb],
convalescent plasmafrom recovered COVID-19 patients) are uncertain.

Consyltation with pediatric infectious disease and rheumatology
spedalistsis advised.




Management

Antithrombotic therapy
Patients with MIS-C are aft risk of experiencing thrombotic complications

For example, patients with severe LV dysfunction are at risk for apical LV
thrombus gdnd those with KD who have large or giant CA aneurysms are af risk
for myocgardialinfarction.

In addition, patients may be at risk for venousthromboembolism (VTE),
inclbding pulmonary embolus, due to hypercoagulability associated with




Management

Antfithrombotic therapy

KD :At a minimum low dose aspirin

LV dysfunction: Moderate to severe

Other patients Is individualized




Management

Patients with mild symptomswho lack KD-like features, shock, and cardiac
Involvement can be monitored conservatively inifially.

However/if the patient's clinical status worsens or they remain persistently
febrile with elevated inflammatory markers, includingrising ferritinlevels,

we typrcally administer IVIG.




outcome

Prognosisisuncertain
In 655 patients with MIS-C there were 11 death.(1.7 % )

Most patient with cardiac involvementhad recovery




Algorithm 1: A pproach to children with fever and rash <19 years old

Age<19 + fever and rash

History of closed contact with COVID-19 or highly suggestive of COVID-19

Algorithm 4

Clinical manifestations of Complete

Sy Incomplete Kawasaki disease criteria Complete Kawasaki disease criteria
and Incomplete Kawasaki disease : : ; : £
- with confirmed laboratory data* with confirmed laboratory data
with non-confirmed laboratory data
Algorithm 4 Algorithm 3 Algorithm 2

*According to American Heart Association 2017 diagnostic criteria for complete and incomplete

Kawasaki disease.

Figure 1. Approach to Kawasaki-like syndromes in pandemic COVID-19: The Tehran Children’s Medical Center Protocol {algorithm 1); designed by Pediatric Rheumatology
Department confirmed by Pediatric Infectious Diseases, Pediatric Intensive Care, Pediatric Cardiology, and Pediatric Emergency Departments.




Confirmed laboratory data:

«ESR>=40

CRP=30

«WBC=15000

«Platelets in upper limitor
thrombocytosis

«ALT elevation

«Normal ferritin or <450

No other organ involvements
explained in algorithm 4

Fever longer than 4 daysand 4
of the following five criteria:

«Polymorphous skinrashes

«Bilateral non-purulent
conjunctival injection

«Mucosal changes: cracked lips,
strawberry tongue, mucosal
erythema

«Extremity changes: hands and
feet edema or palmar erythema

eUnilateral cervical

lymphadenopathy=15 cm

Laboratory data

The classic Kawasaki treatment
IVIG 2 gr/kg + ASA 30-50 mg/kg/d
4

Echocardiography

r

Treatment with ASA 3-smg/kg/d
continued
+

{Response to
treatment:
fever resolved) Echocardiography (after10-14

days and 2 months later)

F

.

No response to
treatment
(Fever not

resolved)

Abnormal Echocardiography

=

Refer to Pediatric Rheumartologist



Algorithm 3: Incomplete Kawasaki according to American Heart Association aiteria

Fever= 5 days plus two or three clinical criteria

ESR<40 »
Brte D 4m— ESR. R — ‘

¥

Patient follow up -
Clinical and laboratory evaluated after 48 hours ESR<40 3 from the following 6
CRP > 30 laboratory tests positive:
l I « WBC =15000

l « Platelet >=450000

« Anemia {not appropriate for
I Fever resolved Peeling I | New _clinical I age)
> manifestation » Increased ALT
. . » Albumin < 3g/dl
' .‘ t = Sterile pyuria (= 8-10 WBC)
with negativeirineculture

. ' Echocardio- Decision OR
No other 3 .
follows up graphy and ccording new Algorithm 4 )
. decision manifestations » Abnormal echocardiography

with coronary involvement

+
Treatment = Ferritin normal or <450
according = No other organ involvements
algorithm 2 explained in algorithm 4

BOX 1: Paraclinic evaluation for all suspicious patients:

- CBC, ESR, CRP, B{C, UJA, U[C

- Liver function test, PT, PTT, INR, serum albumin and serum Ferritin
- D-Dimer, BNP, IL6, Procalcitonin (if available)

- Pancreatic and Cardiac Enzymes {in selective patients)

- Abdominal ultrasonography

- Echocardinoranhyv Ak



caused by SARS-COV2

Complete or incomplete Kawasaki criteria

with= 1 unusual clinical criteria or laboratory results
and

Closed contact with COVID-19 or high suspicio us to COVID19

|

1

Procalcitonin >1 ng/ml

|
Box 2 Box 3 BOX 4
Unusual clinical manifestations in Unusual laboratory results in KD: Imaging evaluations in CT scan and
KD: ;
« Hematologic involvement: ultrasonography
+ Shock or low blood pressure o Leukopenia (WBC <4000)
« Cardiac failure, Carditis o Thrombocytopenia « Pulmonary involvements according
« Acute abdominal presentations (platelets <150000) to COVID19
0 Acute gastroenteritis o Lymphopenia {according to age) « Free fluid in abdominal cavity
0 Ascites or edema of intestinal « Acute phase reactants: +Edema of intestinal wall
wall i i ; C
¥ " o ER0 with tighily Slevated CRY: « Thrombosis suspicions in imaging
« Hepatic failure o Ferritin =450 ng/ml : s
« Pancreas involvement o 11-6 =100 pg/mL - Ejection fraction <45%
« Splenomegaly o
o

Clinical icterus

Clinical manifestations of

coagulopathy {thrombosis,
bleeding, .. )

« CNS involvements (seizure, loss of
consciousness, cranial nerve
involvement)

BNP =100 pg/mL
« Hypercoagulopathy state:
o Increased PT, PTT
o Decreased fibrinogen <150
o D-Dimer=1000
Hepatic dysfunction:

.

o Increased ALT =2 times

Plus

L g, S F Y TR Rl et E il et JRN TRy, ™, ]

= Suspicious to KD according to clinical criteria (algorithm 2, 3)

= Two of the 3 following criteria:

o Atleast One clinical criterion (box 2)

o At least two laboratory criteria (box 3)

Box 5: Diagnostic criteria




Algorithm 5: Therapeutic approach to Kawasaki-like syndrome or multisystem inflammatory
syndrome in children (MIS-C) by SARS-COV2

Box 6: Treatment of cytokine storm™:

- Treatment with methylprednisolone pulses
(20-30 mg/kg/day) for 3 consecutive days.
+
-Treatment with IVIG 2gr/kg single dose after the first
MTP (If coronary arteries involved)
+
- Enaxaparin in critical patients (admitted in ICU) 0.5
mg/kg/dose every 12 hours
4
- Aspirin 3-5 mglkg
IVig should be infused with blood pressure and pulse
rate monitoring in a prolongated time of about 18-24
hours with complete hydration
* Consult pediatric rheumatologist

Box 7: Suspicious to infectious disease*

- Antibiotic therapy (if necessary}

- Ant viral therapy (if necessary)

- Hydroxychloroquine treatment

- Treatment of other symptoms

* The above mentioned approaches should be performed
parallel cytokine storm treatment with pediatric infectious
disease consultation

Fever notresolved I | Fever resolved

List of Abbreviations:

IVIg: Intravenous Immunoglobulin
ASA: Acetylsalicylic Acid
ESR: Erythrocyte Sedimentation Rate

Echocardiography (after 7, 14 days and 2

and normal platelet count (at least 2 months)

CRP: C-Reactive Protein (mg(L)
KD: Kawasaki Disease

) ' ) months}) I1-6: Interleukine-6
Consider blOl?glC ::’Ugs based and BNP: Brain natriuretic peptide
hO" expenlt pe s : Aspirin (3-5 mg/kg/day) until complete CNS: Central Nervous System
rhedmatolgEarconsme recovery with 3 normal echocardiography PT: Prothrombin Time

PTT: Partial thromboplastin time
ALT: Alanine Aminotransferase

Figure 5. Approach to Kawasaki-like syndromes in pandemic COVID-19: The Tehran Children’s Medical Center Protocol (algorithm 5); designed by Pediatric Rheumatology
Department confirmed by Pediatric Infectious Diseases, Pediatric Intensive Care, Pediatric Cardiology, and Pediatric Emergency Departments,
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