©O0 0000

daa) g e [ Adad gy Al ) oda ad ) a0

i (98 e glaal) i o150 5 CASAED) S sad (o g YD (381 andy

Al ol (5 st e A giua

D g Y -caadla




s

Fhams roie®

COVID 19 Related Multisystem
Inflammatory Syndrome in Children
Admitted to PICU in Ain Shams
University Hospitals

Thesis
Submitted for Partial Fulfillment of
Master’s Degree in Pediatrics
By
Ahmed Mohamed Hessain AboBakr
M.B., B.Ch.; Ain-Shams University; 2016

Under Supervision of
Dr. Hanan Mohamed lbrahim

Professor of Pediatrics
Faculty of Medicine, Ain Shams University

Dr. Nevin Mamdouh Habeeb

Professor of Pediatrics
Faculty of Medicine, Ain Shams University

Dr. Sondos Mohamed Magdy

Lecturer of Pediatrics
Faculty of Medicine, Ain Shams University

Faculty of Medicine
Ain Shams University
2021






e )

Acknowledgments

First and foremost, I feel always indebted to
Allale the Most Beneficent and Merciful.

I wish to express my deepest thanks, gratitude and
appreciation to Dr. Foanan Mohamed Fbrahine, Professor of
Pediatrics, Faculty of Medicine, Ain Shams University, for
her meticulous supervision, kind guidance, valuable

instructions and generous help.

Special thanks are due to Dr. Wevin Mamdoul
Fbabeeb, Professor of Pediatrics, Faculty of Medicine, Ain
Shams University, for her sincere efforts, fruitful

encouragement.

I am deeply thankful to Dr. Sondos Mohamed Magdy,
Lecturer of Pediatrics, Faculty of Medicine, Ain Shams
University, for her great help, outstanding support, active

participation and guidance.

I wish to thank all my patients and their families
whose participation was the milestone in the completion of

this project.

I would like to express my hearty thanks to all my
family for their support till this work was completed.

\ Almed Mohamed Hessain ApoPBakr /




Qist of Contents

Title Page No.
List of Abbreviations.........ccccueeiiiiiiiiiiiiiieeee e i
List of Tables......cciiiiiiie e iii
List Of FigUuIes ....ouuuuieeeiiiieeeeeceee et eeeaees v
INtroduction ........ccciiiiiiiiii e 1
Aim of the WorK ... 2

Review of Literature

B COVID 19, 3
»  Multiinflammatory Syndrome in Children ........................... 25
Patients and Methods........c.cocouiiiiiiiiiiiiiniiiiiiiiceecc e 43
ReSULES .o 47
DISCUSSION .. e e 68
N 100000002 oy 0 RRRRRRRRRN 74
CONCIUSION ...eeeiiiiiiiiei it 76
Recommendations.........cceeeiiiiiiiiiiiiiiiiiiieicce e 77
References .........uueiiiiiiiiiieeee e 78

Arabic Summary



Tist of Abbreviations

Abb. Full term

ACE2 ... Angiotensin converting enzyme 2

ADE ... Antibody dependant enhancement

AIDS......cccvve Aquired immunodeficiency syndrome

ANTI-S-IGG ............. Anti spike immunoglobulin G

ARDS......cooveee Acute respiratory distress syndrome

BMI.....ccooeeeee. Body mass index

CAA ..., Coronary artery aneurysm

CNS .., Central nervous system

CORAD.......ccccvvvvvnnn CT signs were analyzed quantitatively
using a radiologic scoring system

CRP ..o, C-reactive protein

ECMO....................... Extra corporeal membrane oxygenation

ESR ..o, Erythrocyte sedimentation rate

FDA ..., Food and Drug administration

GCSF ..., Granulocyte-colony stimulating factor

GIT...coons Gastrointestinal tract

HINI ..o Hemagglutinin type 1 and Neuraminidase
type 1

HCoV ..o human coronavirus

HIV..oovioeeeiineen. Human immunodeficiency virus

HLH ..., Hemophagocytic lymphohistiocytosis

IFN i, Interferon

IL e, Interleukin

1 P Interleukin 1

| 1 7 O Interleukin 10

| 1 Interleukin 6

INF i, Interferon

TP10 e, Human interferon-inducible protein 10

IVIG .o, Intravenous immune globulin

KD i Kawasaki Disease

KDSS ...ccoeeeee. Kawasaki Disease Shock Syndrome

LDH....cooeerir. Lactate dehydrogenase.

MAS ..o, Macrophage activation syndrome



Tist of Abbreviations con..

Abb. Full term

MCP1........ccceeevee. Monocyte chemotactic protein-1

MERS-CoV .............. Middle Eastern respiratory syndrome
coronavirus

MIPIA ..................... Macrophage inflammatory protein 1 a

MIS-C .....coveieen Multisystem inflammatory syndrome in
children

PARDS........cccc........ Pediatric Acute Respiratory Distress
Syndrome.

PICU.....cccovvnnn. Pediatric intensive care unit

RAS.....cooe, Renin-angiotensin system

RR.oe, Respiratory rate

RT-PCR .................... Reverse transcriptase-polymerase chain
reaction

SARS-CoV-2............. Severe acute respiratory syndrome
coronavirus

SARS-HCoV ............ Severe Acute Respiratory Syndrome
human coronavirus

SHLH .....ccccvvvvnnnnnnne Secondary hemophagocytic
lymphohistiocytosis

SPO2......iiiiinnns Oxygen saturation

sSRNA ....coooiiiinns Positive-sense single-stranded RNA

TNF i, Tumor necrosis factor

TNF-B oo Tumor necrosis factor

TSS i, Toxic shock syndrome

TSS .o, Toxic shock syndrome

VIS e, Vasoactive-inotropic score



Tist of Pables

Table No. Title Page No.
Table 1: Clinical symptoms of patients with 2019-

NCoV infection ........cccceeeeiiiiiiiiiiiiceeee e, 10
Table 2: Pediatric doses of used medications ...................... 19
Table 3: Pediatric covid-19 anticoagulation regimen.......... 23
Table 4: Definition of MIS-C .......cccccoviiiiniiiiiiieeeeeeeee 26
Table 5: Comparison of clinical and laboratory

features of MIS-C with KD, KDSS and TSS ......... 32
Table 6: Shows median of some variables: .......................... 47
Table 7: Shows the frequency of symptoms and

signs in MIS-C patients (fever, rash,

conjunctivitis, git symptoms, comorbiditis

and respiratory distress). .........cccceeeeveereennnnennnnnnnnns 48
Table 8: Shows COVID-19 status in patients with

MIS-Caeteeee et e 50
Table 9: Shows treatment of MIS-C patients by

using: 1) vasoactive drugs (milrinone,

noradrenaline, adrenaline); 2) IVIG; 3)

SEETOIA ...vvvviiiieeee e 50
Table 10: Shows fate of patients who admitted to

PICU with MIS-C: ... 52
Table 11: Shows laboratory findings on admission

and before discharge:...........ccccuvvvvvvviiieiiiiiiinnnns 53
Table 12: Shows rest of laboratory findings on

admission and before discharge:............................ 56



Qist of Pables con..

Table No. Title Page No.

Table 13: Shows ECHO findings on admission and

before discharge:............ccoovvviiiiieeeeiieeee e, 58
Table 14: Shows ECHO findings on admission and
before discharge:..........cccooeeeeeiiieeiiiieeeeeeeeeeeeeeeee, 59

Table 15: Shows patients who have comorbidities and
their outcomes: ........oovvveiiiiiiiiiiiiieeee e, 66



Tist of Origures

Fig. No. Title Page No.
Figure 1: Pathogenesis of SARS-CoV-2 infection ................. 8
Figure 2: Typical patterns of COVID-19 at CT
TMNAZINE ..uueeeieeeeiiiiiiieeeeeeeeeerereeeeeeeeeeeranaaeeeeeas 15
Figure 3: Scheme of COVID-19 management in
children and adolescents..........cceeeuviriiiiieeiinnnnnnes 16
Figure 4: Breast feeding and covid-19 .........cccccceeiinnnnnnns 18
Figure 5: Infographic showing CDC criteria for the
diagnosis of MIS-C ........ccccoiiiiiiiiiiiiiiiiees 27
Figure 6: Pathogenesis of MIS-C..........cccoiuiiiiiiiiiiiiiiiiinnnnns 29
Figure 7: Algorithm for clinical approach and
management of MIS-C..........ccooeeeiiiiiiiiiiieeennnnn.n. 37
Figure 8: MIS-C management based on risk criteria ....... 41
Figure 9: MIS-C therapeutics........ccccocuuveueeeenenenneeneneennnnnnnns 42
Figure 10: Shows the frequency of symptoms and
signs in MIS-C patients (fever, rash,
conjunctivitis, git symptoms, comorbiditis
and respiratory distress)........ccccceeeeeeeeeeeirreeinnnnnnn. 49
Figure 11: Shows COVID-19 status in patients with
MIS-Coeeeeee et e e e e e e e 50
Figure 12: Shows treatment of MIS-C patients by
using: 1) vasoactive drugs (milrinone,
noradrenaline, adrenaline) ............ccccceeeevvvvnnenn. 52
Figure 13: Shows treatment of MIS-C patients by
using: solumedrol ...........ccccoovviiiiiiiiii 52
Figure 14: Shows fate of patients who admitted to
PICU with MIS-C......ccccvvviiiiieieeeeiieeeeeee e 53



Tist of rigures con.

Fig. No. Title Page No.
Figure 15: Shows comparison between laboratory
findings (inflammatory markers) on
admission and discharge.............ccccceeeeiirrniinnnnnen. 55
Figure 16: Shows ECHO findings on admission................... 61
Figure 17: Shows ECHO findings before discharge ............. 61
Figure 18: Showing LCD and RCD on admission................. 64
Figure 19: Showing LCD and RCD on discharge ................. 65
Figure 20: Image shows dilated right coronary artery......... 65

Vi



CIntroduction &

INTRODUCTION

Severe acute respiratory syndrome coronavirus (SARS-
CoV-2) infection has rapidly spread worldwide since it
was first identified in China in late 2019, with subsequent
epicenters being recognized in Europe and the U.S. Previous
reports of SARS-CoV-2 infection indicated that young children
were disproportionately spared from infection (CDC, 2020;
Parri et al., 2020).

Although it remains unclear if this is due to a lack of
detection because of predominantly asymptomatic or mild
disease in this age group. In the latter half of April 2020, a
novel syndrome in children and adolescents termed
“multisystem inflammatory syndrome in children” (MIS-C)
with likely relation to SARS-CoV-2 infection was first
described. Initial reports surfaced in the UK (Riphagen et al.,
2020) and Italy (Verdoni et al., 2020), followed by New York
and other parts of the U.S. Preliminary accounts of the features
of this syndrome resemble those of known entities such as
Kawasaki Disease (KD), toxic shock syndrome (TSS), and
secondary hemophagocytic lymphohistiocytosis (SHLH)/
macrophage activation syndrome (MAS).
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AIM OF THE WORK

ao evaluate the clinical profiles, risk factors, and outcome
for pediatric multisystem inflammatory syndrome in
children with COVID-19 admitted to PICU.
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COVID 19

Classification and origin:

SARS-CoV-Z IS @ member of the family Coronaviridae and
order Nidovirales. The family consists of two subfamilies,
Coronavirinae and Torovirinae and members of the subfamily
Coronavirinae are subdivided into four genera: (a)
Alphacoronavirus contains the human coronavirus (HCoV)-229E
and HCoV-NL63; (b) Betacoronavirus includes HCoV-OC43,
Severe Acute Respiratory Syndrome human coronavirus (SARS-
HCoV), HCoV-HKUL, and Middle Eastern respiratory syndrome
coronavirus (MERS-CoV); (c) Gammacoronavirus includes
viruses of whales and birds and; (d) Deltacoronavirus includes
viruses isolated from pigs and birds (Burrell et al., 2016).

SARS-CoV-2 belongs to Betacoronavirus together with
two highly pathogenic viruses, SARS-CoV and MERS-CoV.
SARS-CoV-2 is an enveloped and positive-sense single-
stranded RNA (+ssRNA) virus (Kramer et al., 2006).

SARS-CoV-2 is considered a novel human-infecting
Betacoronavirus (Lu et al., 2020). Phylogenetic analysis of the
SARS-CoV-2 genome indicates that the virus is closely related
(with  88% identity) to two bat-derived SARS-like
coronaviruses collected in 2018 in eastern China (bat-SL-
CoVZC45 and bat-SL CoVZXC21) and genetically distinct
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from SARS-CoV (with about 79% similarity) and MERS-CoV
(Lu et al., 2020).

Routes of Transmission:

Currently, respiratory droplets and contact transmission
are considered to be the main transmission routes. Other reports
indicate that SARS-CoV-2 can be detected in the urine and
stool of laboratory confirmed patients, implying a risk of fecal—
oral transmission (General Once of National Health
Commission, 2020).

The incubation period:

It has been found to be as long as 19 or 24 days (Huang
et al., 2020; Chu et al.,, 2020), although case definitions
typically rely on a 14 day window (World Health
Organization, 2020). The basic reproductive number (RO) has
been estimated with varying results and interpretations. RO
measures the average number of infections that could result
from one infected individual in a fully susceptible population
(Bauch & Oraby, 2013). Studies from previous outbreaks
found RO to be 2.7 for SARS (Riley et al., 2003) and 2.4 for
2009 pandemic H1N1 influenza (Yang et al., 2009). One study
estimated that that basic reproductive number (R0O) was 2.2
(95% ClI: 1.4-3.9) (Li et al., 2020). However, later in a further
analysis of 12 available studies found that RO was 3.28 (Liu et
al., 2020).




