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Globally, as of 7:12pm CEST, 27 May 2020, there have been 5,491,678 confirmed cases of COVID-19, including 349,190 deaths, reported to WHO.



Characteristics of and Important Lessons From the Coronavirus

Disease 2019 (COVID-19) Outbreak in China Summary of a Report of
72 314 Cases From the Chinese CDC
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+ 8.0% in patients aged 70-79 years (312 of 3918) 70
» 49.0% in critical cases (1023 of 2087) 60
Health care personnel infected 50
* 3.8% (1716 of 44 672) 40
* 63% in Wuhan (1080 of 1716)
» 14.8% cases classified as severe or critical 30
(247 of 1668) 20
5 deaths 10 8 2
1 1 .
0 — — [ |

a1n199usy 14%,
a1g >80 1l mu 15%

<10Y 10-19Y 20-29Y 30-79Y >80Y

yaarnsminsunng 3.8%
uiln 15%

Wo Z. JAMA. 2020 Feb 24. doi: 10.1001/jama.2020.2648. [Epub ahead of print]



Age specificity of cases and attack rate of novel
coronavirus disease (COVID-19)

313 domestically acquired confirmed cases among from 2496 close contact cases

A Age distribtution, Male B  Age distribtution, Female
Suspected close contacts Suspected close contacts
3D 300 -
g I II E Il
W 400 - W 100 -
o o LaiAas
m--. ._ P--l .I..- )

|||||||||||||||||||||

Roc aroun Roc aroun mdhﬂwqu
C Age distribtution, Male D Age distribtution, Female
Cnrrl" rmed case Confirmed case
. ﬂ NN ﬂ
.. E .. N
§ I - I IMNAUNY
J 10- 20- 30- 40- SO sEs 70- 80- ®O- {:T 10- 20- 30- 40- S0- 60- 70- 8O- 8O-
ﬂﬂ ﬂ Age group
E Attack rate, Male F Attack rate, Female
§ 0.2 + + E 0.2 L
§ + ‘é Mizumoto K. medRxiv
0.1- + + + . e * * " preprint doi:
= https.//doi.org/10.1101/202
T T s s s s st es  <Thisss 030920033142




Nasal Gene Expression of Angiotensin-Converting Enzyme 2 in

Children is less than in Adults

While ACE2 binds to the receptor binding
domain of SARS-CoV-2,....

...ACE2 can cleave angiotensin Il to angiotensin 1-7,
which can suppress inflammation and fibrosis and
generate vasodilation by binding to the Mas receptor.

Previous studies have found ACE2 to play a protective
role in severe lung injury in ACE2 knockout mice.

....If ACE2 can mitigate lung injury but
serves as a receptor for viral entry, then is
more ACE2 or less ACE2 expression
protective for children?

Bunyavanich S. JAMA. Published online May 20, 2020.
doi:10.1001/jama.2020.8707
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Tests for trend using polynomial orthogonal contrasts indicated a significant linear

trend for change in ACE2 expression with advancing age group (P <.05).



Characteristics of Children’ COVID-19 Cases in China

(N=2143): wnawlniioimstes msnilemaridnuinnai

Characteristics All cases Different Severity of Iliness by Age Group
(Severl‘ry of iliness \ ° w2
Asymptomatic 94(4.4) 50
Mild 1091(50.9) | 4o .
Moderate 831(38.8) 30
Severe 112(5.2) 20
\  Critical 13(0.6) J N w05
1SSINg 2(0.1) 1 3 I Ed
Days from symptom onset to diagnosis * asymptomatic Mild Moderate Severe/Critical
Median days (Interquartile range) 2(4.0) m<1y W1-5Y W>5Y
Range 0-42

Severe and critical 5.8% 1n children

<1y had higher rate of severe/critical

(10% vs 3-7%)

vs 209% 1n adults

Dong Y, et al. Pediatrics. 2020; doi: 10.1542/peds.2020-0702
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The ground-glass and/or consolidative opacities are
usually bilateral, peripheral, and basal in distribution.
54% of asymptomatic patients had pneumonic changes
on CT
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SARS-CoV-2 Infection in Children

Epidemiologic Characteristics, Clinical Features, and Radiologic Findings of 171 Children with

SARS-CoV-2 Infection

60 H Cough B Pharyngeal erythema  ® Fever
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Shortness of breath 31(31%) S e O o -
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Confusion 9 (9%) d
s Wluea
Sore throat 5(5%)
Rhinormrhoea 4 (4%)
Chest pain 2(2%)
Diarrhoea 2(2%)
Nausea and vomiting 1(1%)
More than one sign or symptom 89 (90%)
Fever, cough, and shortness of breath 15 (15%) Lu X. NEJM March 18, 2020.
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https://www.nejm.org/doi/full/10.1056/NEJMc2005073

Clinical and epidemiological features of 36 children with
coronavirus disease 2019 (COVID-19) in Zhejiang, China

* 36 children (mean age 8:3 years)

* The route of transmission: contact with family
members (32 [89%[]) or exposure to the
epidemic area (12 [33%])

* 19 (53%) had pneumonia
* 10 [28%] asymptomatic (ten [28%])
* 7[19%] had URI

¢ Common symptoms on admission were fever
(13 [36%]) and dry cough (7 [19%)]).

* Typical abnormal laboratory: elevated CK MB
31%], decreased lymphocytes [31%][,
eucopenia [19%], and elevated PCT [17%)].

* 6 (17%) needed oxygen inhalation.
* Mean time in hospital was 14 (SD 3) days.

Figure 1: Chest CT scans from two paediatric patients with coronavirus disease 2019
(Left) CT of 10-year-old boy showing multiple opacities in lower lobes of both lungs (arrow). (Right) CT of
1.5-year-old girl showing multiple ground-glass opacities with a big patchy opacity in the right lung (arrows).

Childrenwith  Adults with Childrenwith Children with

COVID-19 COVID-19  SARS(n=44)" HIN1
(n=36) (n=175)~ influenza
(n=167)*
Age, years 83(3:5) 45(14) 12-2(41) 41(3-5)
Fever 13 (36%) 150 (86%) 44 (100%) 153 (92%)
Cough 7(19%) 109 (62%) 28 (64%) 138 (83%)
Pharyngeal congestion or sore throat

Dyspnoea

1(3%) 8 (5%) 6 (14%) 159 (95%)
- 12 (7%)

Asymptomatic*

IPneum onia

Comorbidities or complications
(except pneumonia and bronchitis)

Mild and moderate cases
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Leucopenia 7 (19% 65 (39%)

Lymphopenia 11 (31%) : 4 (77%) NA
IMyoca rdial enzymes elevated 11(31%) 39 (22%) 3 (7%) 18 (11%)

Liver enzymes elevated 2(6%) 32 (18%) 21 (48%) 12 (7%)

Elevated C-reactive protein 1(3%) 86 (49%) NA 42 (25%)

Antiviral therapy 14 (39%) 170 (97%) 42 (96%) 167 (100%)

Qiu H. Lancet Infect Dis 2020;20: 689-96



Clinical and epidemiological features of 36 children with
coronavirus disease 2019 (COVID-19) in Zhejiang, China

* 36 children (mean age 8:3 years)

* The route of transmission: contact with family
members (32 [89%]) or exposure to the
epidemi

Figure 1: Chest CT scans from two paediatric patients with coronavirus disease 2019
(Left) CT of 10-year-old boy showing multiple opacities in lower lobes of both lungs (arrow). (Right) CT of
1.5-year-old girl showing multiple ground-glass opacities with a big patchy opacity in the right lung (arrows).

Childrenwith  Adultswith  Children with Children with
COVID-19 COVID-19 SARS (n=44)" Hi1N1
(n=36) (n=175)~ influenza
(n=167)"
Age, years 83(35) 45(14) 122(41) 41(3-5)
Fever 13(36%) 150 (86%) 44 (100%) 153 (92%)
Cough 7 (19%) 109 (62%) 28 (64%) 138 (83%)
Pharyngeal congestion orsorethroat  1(3%) 8 (5%) 6 (14%) 159 (95%)
Dyspnoea 1(3%) 23 (13%) 4 (9%) 12 (7%)
Asymptomatic* 10 (28%) <5% 0 <5%
[Pneumonia 19(53%) 166 (95%) 40/62 (65%)t 18 (11%)
Comorbidities or complications 0 10 (6%) 5§ (11%) 7 (4%)
(except pneumonia and bronchitis)
Mild and moderate cases 36 (100%) 136 (77%) 35 (79%) 135 (81%)
Severe cases 0 39(23%) 9 (21%) 32 (19%)
Leucopenia 7(19%) 44 (25%) 15 (34%) 65 (39%)
Lymphopenia 11 (31%) 61(35%) 34 (77%) NA
IMyoca rdial enzymes elevated 11 (31%) 39 (22%) 3 (7%) 18 (11%)
Liver enzymes elevated 2(6%) 32 (18%) 21 (48%) 12 (7%)
Elevated C-reactive protein 1(3%) 86 (49%) NA 42 (25%)
Antiviral therapy 14 (39%) 170 (97%) 42 (96%) 167 (100%)

Qiu H. Lancet Infect Dis 2020;20: 689-96




Age, years

Case ascertainment fraction

Estimates of the severity of coronavirus disease 2019: a model-based analysis:
Children has a lower fatality rates 'anlsirasidadan
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Death  Fatality ratio

Owerall 1023 0-657% (0-389-1-33)

Age group, years
0-9 o 0-00161% (0-000185-0-0249)
10-19 1 0-00695% (0-00149-0-0502)
20-29 0-0309% (0-0138-0-0923)
30-39 18 0-08444% (0-0408-0-185)
40-49 38 0-161% (0-0764-0-323)
50-59 130 0-595% (0-344-1-28)
60-69 309 1-93% (1-11-3-89)
70-79 312 4-28% (2-45-8-44)
=80 208 7-80% (3-80-13-3)

Age category (binary),
=60 194 0-145% (0-0883-0-317)
=60 829 3-28% (1-82-6-18)

Estimated overall infection fatality ratio for China was 0-66% (0-39—-1-33), with an increasing profile with age.
Similarly, estimates of the proportion of infected individuals likely to be hospitalised increased with age up to a
maximum of 18:4% (11-0—37-6) in those aged 80 years or older.

Verity R. The Lancet Infectious Diseases 2020 20669-677DOI: (10.1016/S1473-3099(20)30243-7)



COVID-19 and
lmmune
Mediated Events:
We are learning
more about this
infection




Severe Covid-19: fiheazdumniin MaARDS ludanifiaesdailugaed
TSaisuanas uatinain cytokine storm

Incubation Period Fever
Coggh Critical illness in 5%
Fatigue of symptomatic patients
Anorexia
Myalgias
Diarrhea
Dyspnea in 40% of symptomatic patients
1 1 1 1 1 | | | | | | 1 1 1 1 1 1 | | —
5 4 -3 2 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Median Days from Median Days to Onset after Development of Initial Symptoms
Infection to Onset
of Symptoms
Onset of
Symptoms

Figure 1. Timeline of Symptoms of Severe Coronavirus Disease 2019 (Covid-19).

The left border of the colored boxes shows the median time to onset of symptoms and complications. There is wide
variation in the duration of symptoms and complications. Adapted from Zhou et al.2 and the Centers for Disease

Control and Prevention.!

Berlin DA. NEJM 2020.



Clinical course and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort study
giheazi3umiin ARDS cytokine storm wdsnndlarvinsn

Survivors

Fever

Cough

Dyspnoea

ICU admission

Systematic corticosteroid
SARS-CoV-2 RNA positive .
Days afterillnessonset Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Dayl10 Day1l Day12 Day13 Day14 Day1S Day16 Day17 Day18 Day19 Day20 Day21 Day22

t 1

Sepsis ARDS Discharged

Non-survivors

Fever

Cough

Dyspnoea

ICU admission

Invasive ventilation

Systematic corticosteroid
SARS-CoV-2 RNA positive
Days afterillnessonset Day1l Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day10 Day1l Day12 Day13 Day14 Day15 Day16 Day1l7 Day18 Day19 Day20

LA A

Secondary infection
Acute kidney injury
Acute cardiac injury

Clinical courses of major symptoms and outcomes and duration of viral Zhou F. Lancet MARCH
shedding from illness onset in patients hospitalised with COVID-19 28, 2020



The cytokine storm in COVID-19: An overview of the
involvement of the chemokine/chemokine-receptor

system: The “cytokine storm” and the subsequent ARDS result from the
effects of the combination of several immune-active molecules.

Cytokines
(IFN-a, IFN-y, IL-18, IL-6, IL-12,
IL-18, IL-33, TNF-a, TGFB, others)

Chemokines
[CCL2, CCL3, CCLS, CXCLE,
CXCLS, CXCL10,0thers)

The presence of SARS-CoV-2
in the lung induces an
uncontrolled generalized
immune response. Several
immune cells (like T-
lymphocytes, macrophages
and dendritic cells) sustain
the impressive secretion of
cytokines and chemokines
ultimately leading to acute
respiratory distress
syndrome.

Coperchini F. Cytokine & Growth Factor Reviews. Available online 11 May 2020



Pulmonary Vascular Endothelialitis,
Thrombosis, and Angiogenesis in Covid-19:
Autopsy in 7 Covid-19 vs 7 Influenza

... severe endothelial injury associated with
intracellular SARS-CoV-2 virus and disrupted
endothelial cell membranes.....

Alveolar capillary microthrombi were 9
times more than in patients with influenza
(P<0.001).

The amount of new vessel growth —
predominantly through a mechanism of
intussusceptive angiogenesis — was 2.7
times higher than those with influenza
(P<0.001).

Ackermann M, et al. NEJM May 21, 2020
DOI: 10.1056/NEJMo0a2015432

The
histopathological
examination,
shown in Panel B,

revealed interstitial &
and perivascular

predominantly
lymphocytic
pneumonia with

multifocal @ - %
endothelialitis ", %" ¥

Microthrombi in
the Interalveolar
Septa of a Lung
from a Patient
Who Died from
Covid-19.




Immune Response to COVID-19: SARS-CoV-2 in establishing an
inflammatory feedback loop between IL-6 and angiotensin II.

Cytokine IL-6 has been found increased in COVID-19 patients,

. - thus suggesting a direct role of SARS-CoV-2 in a massive
O SATEALON-Z Rioresen cytokine release. IL-6 is able to activate a soluble form of IL-6
’5‘ " ;‘A“ ——————————————————— IL-6 expression and b= = w= = - - ﬁ . . . :
AL IASI) secretion ' receptor interacting with gp130, thereby promoting the
" »

0
-q(i :r"g‘{' + downstream activation of JAK/STAT signaling, and thely
' ADAM17 ampiifies IL-6 release production of IL-6. Moreover, SARS-CoV-2 has been directly

‘ a ,}:::?‘;5’ [ throw the conversion of a soluble } ( IL-6 )

x gf.ﬁ'g:‘é‘} Ko AR form of IL-6 receptor related with the occurrence of cardiovascular implications,
;%0“‘0“{*‘.. 7 1‘,3‘} such as coronary atherosclerosis, inflammation in the vascular

k )/ v . . . . . .
% _!!i:i._ !W" system and diffuse microangiopathy with thrombosis. Synthesis

SARS-CoV-2 The angiotensin IVAT1 and secretion of IL-6 are directly implicated in cardiovascular
- -@—( receptor axis activates ] ( gp130 ) damages. Indeed, IL-6 production is also induced by
1 ADAM17 angiotensin Il in AT1/JAK/STAT-dependent manner. As
[ ADAM17 inawv;tes observed in SARS-CoV, also SARS-CoV-2 may be hypothesized

ACE2 enhancing J to downregulate ACE2 expression, thus resulting in over-
angiotensin Il retention < Angiotensin Il >—@——*<JAKISTAT pathway> production of angiotensin Il by the related enzyme ACE. In turn,

increased angiotensin Il enhances IL-6 production via JAK/STAT

pathway, thus establishing a positive inflammatory feedback
Angiotensin |l binds AT, receptor, . . . .
SARS-CoV-2 induces the | activates JAK/STAT pathway and Ioop,. u.Itlr.nater resulting in the (.axacer.batlon of vascular an.d
downregulation of ACE2 promotes the production of IL-8 lung injuries. Moreover, the angiotensin II/AT1 receptor axis
receptors thus resulting in over- LS é)_ oy . . .
Diodiion of maglotsiel 1 IL-6 activates ADAM17 that cleavages and inactivates ACE2,

enhancing angiotensin Il retention. In addition, ADAM17
induction has been found to process the membrane form of IL-
6Ra to the soluble form (sIL-6Ray), followed by the gp130-
mediated activation of STAT3 via the sIL-6Ra-IL-6 complexin a
[CARDIOVASCULAR IMPLICATIONS ] variety of IL-6Ra-negative non-immune cells. The IL-6 amplifier
promotes the production and secretion of several pro-
Coronary atherosclerosis inflammatory cytokines and chemokines, such as IL-6,
. Inflammation in the vascular system sustaining the IL-6 amplifier-driven positive feedback. 17

Diffuse microangiopathy . ]
Thrombosis Catanzaro M. Signal Transduction and Targeted

Therapy volume 5, Article number: 84 (2020)



«+COVID RASHES -

Skin manifestation of EMERGING SKIN MANIFESTATIONS OF COVID-19
COVI D-1 9 C. Galvan Casas

A report of 375 cases from Spain BJD, 29 Apr 2020

* Erythema with vesicles or pustules in acral
areas (Pseudo-chilblain) (19%), appears late
(59% after other symptoms) URTICARIA ACRAL ISCHEMIA  MORBILLIFORM

Urticarial wheals were Micro-thrombi causad by Diffuse maculopapular

» vesicular eruptions (9%), appear early (15%
before other symptoms).

 urticarial lesions (19%),
» maculopapular eruptions (47%)

Livedo or necrosis (6%).

i ) Lok LIVEDO RETICULARIS VESICULAR PETECHIAL

Transient blanching o Italian study raported

i . mottling ol skin from ischamia ) 1alo S N in pelechial eruption in COVID-
of cutaneous blood vessels COVID patients in llaly 19 conlirmed patients from
3 bleeding under the skin
e
COVID-19 associated rashes were reported in 20% of patients in a northem ltalian hospital.
Dermatologists across the nations and borders are reporting many manifestations of this rash, in confirmed,

Courtesy of Dr. suspected, and asymptomatic cases. The latter represents a potentially infectious, and possibly even a
Randy Jacobs plasma-donor population. Submit your suspicious cases to national registry at AAD.org. References and
updates available. If you are a heaith care worker you can gel free evaluation by texting your history and
i T

nical nhnios 10 2 dermatoloe: T



Hyperinflammatory shock in children

duringCOVID-19 pandemic: South Thames
Retrleval Service, London UK sreamusanny KD-like

In mid-April 2020, an unprecedented cluster of 8 children with hyperinflammatory shock,
similar to atypical Kawasaki disease, Kawasaki disease shock syndrome, or TSS

All children were previously fit and well. 6/8 were Afro-Caribbean descent, and 5/8 were
boys

All progressed to warm, vasoplegic shock, refractory to volume resuscitation and
eventually requiring noradrenaline and milrinone for haemodynamic support.

Most had no significant respiratory involvement

Other notable features (besides persistent fever and rash) included development of
small pleural, pericardial, and ascitic effusions, suggestive of a diffuse inflammatory
process.

Echo found bright coronary vessels, which progressed to giant coronary aneurysm in one
patient within a week, one died

SARS-COV-2 PCR positive in 2 patients

Riphagen S. Lancet 2020
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27 April 2020 o _oa® A
Royal College of Pri Definition iesiusiu

Paediatrics and Child Health U A o <
Leading the way in Children’s Health ﬁjﬂ?ﬂ‘ﬂﬁ’ﬁﬁﬂiﬂﬂ!ﬁ I NU 3 8 318

Guidance: Paediatric multisystem inflammatory

syndrome temporally associated with COVID-19 | 38 cases identified between
25 March - 1 May 2020

Demographic features

Case definition:

Age 1—16 years

. . . . . . . (Median 11 years)
1. A child presenting with persistent fever, inflammation (neutrophilia, elevated CRP

and lymphopaenia) and evidence of single or multi-organ dysfunction (shock, cardiac,

. . . . . . . Sex 62% male (23 /37)
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 o
dicease Co-morbidities 1 asthma, 1 epilepsy

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).

Michael Levin, MBE, PhD, FRCPCH, FMedSci.
Imperial College
London, United Kingdom

. " : Presented for COCA Webinar, May 19, 2020
3. SARS-CoV-2 PCR testing may be positive or negative




Echocardiography
Clinical Experience in UK 19/25 at least 1 echo performed 3 o l

o - 08/19 significantly impaired v ¢
C||n|ca| prese ntatIOnS ventricular  function (SF% <28 or S

equivalent) : -
Symptom . -

3]
°|
&

o i CREAT dial Shock 05/19 dilated coronaries or aneurysms
2 sNoC OcCardila Rash
’ : o I 14 0 y Conjunctivitis Echo — LCA giant an('eurysm (z+15) - Early echo
involvement e e had normal coronaries
Swollen hands/feet . LMCA mm (z) LAD mm (2) RCAmm (2) comment
Abdominal pai 4.6 (+4.6) 8.0 (+15) 4.0 (+3.7) Early echo had normal coronaries
Sm Lo el 5.0 (+4.9) uniformly dilated LMS to LAD coronary arteries
° 0, yncope - (<2.0) (<2.0) (<2.0) dilated left circumflex
54 A) ras h Lymphadenopathy 3.5 (+0.7) 3.7 (#4.2) 3.7 (+1.8) diffuse coronary ectasia:
— 30% conjunctivitis, 20% mucus membrane Sore Throat 4.4 (+1.8) 6.8 (+12.5) 5.4 (+4.5) Severe coronary ectasia involving both right & left coronary artery
Neck Swelling
Diarrhoea
* 57% abdominal involvement Vomiting M m t
Respiratory symptoms a n a e e n
Cough
: L. Oxygen requirement . .
* 38% acute kidney injury, only 1 Naurviogical symptons e All admitted to HDU/P|CU for supportive
. Headache
required renal replacement therapy ol | care

Confusion - - . .
S  All required fluid resuscitation

Coronoary Artery Involvement

* Unlike adults - only 32% respiratory i o B © Inotropes required for 26 (70%)
SymptomS Thrombosis

Acute Kidney Injury I8 - 38% of children did not received IVIG, just

Renal replacement therapy

Peripheral Oedema . SUppOFtlve Ca re

Ascites

TREATMENT =
Intravenous immunoglobulin (IVIG)
Corticosteroid 15
SARS-CoV-2: PCR Positive 12, Ab positive 23 omashea
Infliximab




An emerging new spectrum of
SARSCov2 in children- not just COVID

COVID 19 in children:

generally mild or

asymptomatic

PSS

KD-TS

FIS-TS

Paediatric Inflammatory Multisystem Syndrome-
Temporally associated with SARS-CoV-2

Kawasaki Disease-Temporally associated

with SARS-CoV2-

Febrile Children with Inflammation-
Temporally associated with SARS-CoV-2

Michael Levin, MBE, PhD, FRCPCH, FMedSci.
Imperial College, London, United Kingdom
Presented for COCA Webinar, May 19, 2020
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» Patients included: April 17- May 13, 2020

Mu |t|SVStem mﬂ.a m matory * Patients Included: 33 (43 currently reported to NYS DOH)
Syﬂd rome in Children * Age: 8.6 yr (Range: 2.2-17 yr)
Associated with COVID-19 - Gender: 61% male

* Race: Black 24%, Asian 9%, White 9%
James Schneider, MD, FAAP, FCCP

T . o
Chief, Division of Pediatric Critical Care Medicine ¢ Ethn|C|ty- H ISpanic 27%
Associate Professor of Pediatrics

. * No underlying medical conditions (excluding obesity): 79%
337 Cohen Children’s /- * Normal weight: 45%; Obese: 39%
Medical Center ¢

Northwell Health--Fa- bty * Reactive airway disease: 15% lgG+, PCR+ 18%
. . . + - >
* Fever duration prior to presentation: 4 dy (IQR: 3, 5) glGrr, PR 7o

* Neurocognitive sx’s: 58%

h | h |
AN

* Any coronary artery abnormalities: 48%
P
* Gl sx’s: 97% * LAD/RCA findings: Z-score 2-2.49: 9%; Z-score >2.5: 15%; lack of
» Respiratory sx’s: 52% tapering (Z-score <2): 24%
e Shock: 76% * Any myocardlal dysfunction: 58% AKI: 70%
OCK. 0 e Mild: 33% .
d: 557 O2 or Positive Pressure: 52%

* Complete Kawasaki disease criteria: 64% * Moderate: 24% Mechanical ventilation: 18%
* With shock: 76% * Severe: 0% \_IVIG 100%, Tocilizumab 70%

/" Acute liver injury: 21% N




Percent of Patients

Severe COVID-19 in Children and Young Adults
in the Washington, DC Metropolitan Region

numudihelu DC wu 1 510 aedo

80%

70% -

60% -
50%

illl[

40%
30%
20%
10%

0%

<lyr

1-4yr

5-9yr
Age Group

10-14 yr

>15yrs

*p=0.07
#p=0.02

m All SARS-CoV -2 +
W Hospitalized

Critically 1l

Underlying conditions present in
39% overall but hospitalized and
critically ill patients were more
likely to have underlying
conditions.

One previously well child had
hyper-inflammatory phenotype

of SARS-CoV-2- associated KD-
like shock syndrome

DeBiasi RL. J Pediatr. 2020



Hospitalized and Critically Il Children and Adolescents with COVID-19
at a Tertiary Care Medical Center in New York City
Severe cases are not uncommon

Clinical outcomes and therapies administered to patients with COVID-19

Parameters no. (%) or Admitted to Admitted to
median (IQR) floor (n=33) PICU (n =13)

ARDS 0(0) 10 (76.9)

Mild ARDS 0(0) 4 (30.8)
Moderate ARDS 0 (0) 5(38.5)

Severe ARDS 0 (0) 1(7.7)

Severe Sepsis 0(0) 4 (30.8)

Septic Shock 0(0) 3(23.1)

J

Chao JY. J Pediatr 2020, May 11

 Of 67 children, 31.3% were

outpatients, 13 (28%) were
admitted to PICU. Obesity and
asthma were highly prevalent.
Admission to the PICU
associated with higher C-reactive
protein, procalcitonin, and pro-B
type natriuretic peptide levels
and platelet counts (p<0.05 all)



More Early Data of 110 suspected MIS
from NYC

In New York, 1% of those hospitalized are under the age of 20; around 750 children,
of which 110 had MIS and 3 death.

Age Distribution of 110 MIS Cases, NYC i

z Racial Breakdown of
24 MIS, NYC
g 10
]

. [

<1 1-4 5-9 10-14 15-19 20-21
Agein Years

https://coronavirus.health.ny.gov/childhood-inflammatory-disease-related-covid-19



Number of cases

Number of patients

0 s 1 An outbreak of severe
Kawasaki-like disease at
) the ltalian epicentre of

| the SARS-CoV-2

" H HH — H - H epidemic: an observational

" 2015 | 2016 2007 2018 2019 ' 2020 ' COhOfT StUdy
. ime (trimeste

1 e 30-fold increased incidence of
oo il | Kawasaki-like disease after
N COVID-19 outbreak

THH e 8/10 cases after the outbreak had
evidence of COVID-19 infection
| (swab PCR+2/10, 1gG+8/10,
P 1 IgM+3/10, Contact Hx 5/10)
Q@?& vo”w &o-’”& \&»”9 \«@?5? ’ @o?& @&9 ,&@f‘& _\@“& ,@07’& Verdoni L. Lancet May 13, 2020
<@ & RX ‘\\b ‘\\\c @L W& & &



Antibody responses to SARS-CoV-2 in patients with COVID-19 appeared

in the second week when viable virus fading
maifa MIS-C wuludiheiisi Antibody uéh naasindandsonmsaaiendledistion 2 dlasi
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Antibody responses against SARS-CoV-2. a, Graph of positive rates of virus-specific IgG and IgM versus

days after symptom onset in 363 serum samples from 262 patients.

Long QX. Nature Medicine https://doi.org/10.1038/541591-020-0897-1
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Arons MM. N Engl J Med 2020;
382:2081-2090
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Cheng H-Y et al. JAMA Intern Med 2020 May 1



An outbreak of severe Kawasaki-like disease at the Italian

epicentre of the SARS-CoV-2 epidemic:
More severe in KD associated with COVID-19

Older, more
RS and GI

Age 3-0(2-5) 7-5(3-5) 0-00035 involvement,
: 10/month mer.lingeal
Incidence 0-3/month (<1:1000 COVID-19) <0-00001 signs,
cardiovascular
Incomplete Kawasaki disease 6/19(31%)  5/10 (50%) 0-43 involvement,
marked
CRP, mg/dL 16-3 (8-0) 25(15-3) 0-05 lymphopenia,
. thrombocytop
Lymphocytes, x 107 /L 3-:0(1-8) 0-86 (0-4) 0-0012 enia,
Platelets, x 10 /L 457 (96) 130 (32) <0-00001 increased
ferritin,
Ferritin, ng/mL 187 (89) 1176 (1032) 0-011 markers of

myocarditis
Troponin |, ng/L .. 1004 (1862)

pI’OBNP, ﬂg/L - 1255 (929) - Verdoni L. Lancet May 13, 2020



An outbreak of severe Kawasaki-like disease at the
ltalian epicentre of the SARS-CoV-2 epidemic:

KD associated with COVID-19 was more severe

Kobayashi score =5

MAS 18

KDSS 14

Abnormal echocardiography
Adjunctive steroid treatment
Inotropes treatment

Response to treatment

2/19 (10%)
0/10 (0%)
0/10 (0%)
2/19 (10%)
4/19 (16%)
0/19 (0%)
19/19 (100%)

7/10(70%)
5/10 (50%)
5/10 (50%)
6/10 (60%)
8/10 (80%)
2/10 (20%)
10/10 (100%)

0-0021
0-021
0-021
0-0089
0-0045
0-11

1

Verdoni L. Lancet May 13, 2020

More
cardiac
involvement
KDSS, MAS,
and need for
adjunctive
steroid
treatment
p<0-01).



Naive T cells enable the defenses against new and
poreviously unrecognized infection by a massive and tightly
coordinated release of cytokines, whereas memory T cells

mediate antigen-specific immune response. A
dysregulation in their balance, favoring naive T cells
activity compared with regulatory T cells, could highly
contribute to hyperinflammation.

In a retrospective, single-center study enrolling a cohort of 452 patients with COVID-19 in Wuhan,
patients with severe COVID-19 displayed a significantly lower number of total T cells, both helper T cells
and suppressor T cells. In particular, among helper T cells, a decrease in regulatory T cells, with a more
pronounced reduction according to the severity of the cases, and in memory T cells has been observed,

whereas the percentage of naive T cells was found increased.

Qin, C. et al. Dysregulation of immune response in patients with COVID-19 in Wuhan, China. Clin. Infect. Dis. Publ.
Infect. Dis. Soc. Am. https://doi.org/10.1093/cid/ciaa248 (2020).



Kawasaki Disease

Always think and search for criteria Kawasaki (need fever
for at least 5 days and 4/5 criteria)

Bilateral bulbar conjunctival injection (Not exudative)

Erythematous mouth, cracked lips, and strawberry
tongue

(Not discrete lesions or exudative)

Rash (Not vesicle or bullous)
Changes of extremities
Lymphadenitis >1.5 cm (usually unilateral)

Incomplete KD may present with 2-3 criteria, esp. in
infants with fever >
7 days without source need to w/u for incompleted KD

>> Need to work up for supplementary lab criteria

Albumin <3.0, anemia, elevated transaminase, Platelet at
> D7 of >=450,000,

WBC >=15,000, U/AWBC >= 10, CRP>=3

>> Echocardiogram

Dr. Tomisaku Kawasaki first reported his
50 cases in Japan in 1961.

Pathogenesis of KD: an
aberrant immune

response to
unidentified pathogens
in genetically

predisposed patients
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Concurrent Respiratory Viruses and Kawasaki
Disease: szmuaswiiues KD wuimsaadelhda

aWins-negalive BViInS-posiees

illhhmll

APR LAY

41.9% of the 192 patients with KD had
a positive respiratory viral PCR, and
the majority were positive for
rhinovirus/enterovirus. No statistically
significant differences were found in
the clinical characteristics and
laboratory values between the groups
with and without positive respiratory
viral PCR findings. Both groups had
the same frequency of upper
respiratory and gastrointestinal
symptoms and had the same
incidence of admission to the PICU,
intravenous immunoglobulin-resistant
disease, and coronary artery lesions.

Turnier JL. Pediatrics September 2015, 136 (3) e609-e614
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The breakdown of the results Paired serum samples were
HCOV-NLE3 HCOV-229E obtained from patients with
Kawasaki disease |Positive (%) Negative (%)| Tolal Kawasaki disease| Positive (%) Negative (%)| Total Kawasaki disease who had not
Acute phase 7 (47) 8 (53) 15 Acute phase 5(33) 10 (67) 15 been treated with v-g|obu|in_
Recovery phase 7 (47) 8 (53) 15 Recovery phase 6 (40) 9 (60) 15
Contol Contol
Group1 9(39) 1461) | 23  Groupt 2(9) 21(91) | 23 Shirato K. J Med Virol. 2014 Dec; 86(12): 2146-2153.
Group2 15 (51) 14 (49) 29  Group2 3(10) 26 (90) 29




Kawasaki and Kawasaki Disease Shock Syndrome
KDSS wdluludaiilani 18umnin

CAAs, no(%) 15(55.56)
Aseptic meningitis, no. (%) 13(48.15)
ECG abnormality,no.(%) 18 (66.67)
IVIG-resistance,no.(%) 19(70.37)
Second dose of IVIG,no(%) 10 (37.04)
ICU, no.(%) 13(48.15)
vasopressor,no.(%) 8 (29.63)
Other organ damage,no. (%) 23(85.19)
KD recurrence,no. (%) 2(7.41)
Incomplete KD,no. (%) 8(29.62)

KDSS were older age (43.41 vs 28.81 M), longer
duration of fever (10.63 vs 6.98 d), higher IL-6,
IL-10,TNF-a and IFN-y (all P < 0.05).

Li, Y. Pediatr Rheumatol 17, 1 (2019).
https://doi.org/10.1186/512969-018-0303-4




The Figure below illustrates what we know about the clinical course of the disease

COVID-19 lliness Course Schematic

Viral load

- Peaks in respiratory tract ~1 day pre symptom onset (peak infectiousness)
- ¢viral load = more severe disease

- Some patients develop viremia (can persist for days)

- Occurs ~6-12 days post symptom onset
- ¢ IgM/IgA first
- ¢ 1gG ~2 weeks post symptom onset

l Seroconversion

Incubation Acsjrt]gg/eiral Hyperinflammatory phase Recovery

- Time from transmission event to symptom onset
- Median: ~5 days with long tails

] - Typically flulike illness; Gl symptoms in ~50%
- Lasts ~5-10 days

- Occurs in ~20% of symptomatic patients
- Symptoms: dyspnea, tachypnea, hypoxemia
- Abnormal coagulation, inflammatory

Medscape markers, and other labs

Courtesy of Meyerowitz - Can last weeks
and Richterman

A Quick Summary of
the COVID-19
Literature So Far

MIS-C or KD-like is another FACE

of COVID-19 in children caused by
host immune excessive response

Eric A. Meyerowitz, MD; Aaron G. Richterman, MD, MPH
DISCLOSURES May 18, 2020.
https://www.medscape.com/viewarticle/930588?src=wnl

_newsalrt 200519 MSCPEDIT&uac=67754A1&implD=238

6374&faf=1#vp 2



Multisystem Inflammatory Syndrome in Children
o (MIS)
Elevated

Hypotension @ inflammatory
markers

Persistent

fever

No other
identifiable
cause

* Though MIS shares Multiorgan
features of Kawasaki dysfunction
disease, the classic
bilateral conjunctival
injection, rash, and
strawberry tongue aren't

Evidence of
SARS-CoV-2

Infection (mostly
always present. NS




Multisystem inflammatory syndrome in children
and adolescents with COVID-19:

WHQO calls for standardized data describing clinical presentations, severity, outcomes,
and epidemiology

Preliminary case definition
* Children and adolescents 0-19 years of age with fever > 3 days

AND two of the following:
1. Rash or bilateral non-purulent conjunctivitis or muco-cutaneous inflammation signs (oral, hands or feet).
2. Hypotension or shock.

3. Features of myocardial dysfunction, pericarditis, valvulitis, or coronary abnormalities (including ECHO findings or elevated Troponin/NT-
proBNP),

4. Evidence of coagulopathy (by PT, PTT, elevated d-Dimers).

5. Acute gastrointestinal problems (diarrhoea, vomiting, or abdominal pain).

AND

» Elevated markers of inflammation such as ESR, C-reactive protein, or procalcitonin.

AND

* No other obvious microbial cause of inflammation, including bacterial sepsis, staphylococcal or streptococcal shock syndromes.
AND

+ Evidence of COVID-19 (RT-PCR, antigen test or serology positive), or likely contact with patients with COVID-19.

E-mai | WHO: COVID C | inP | aﬂ:o rm@Wh o.int https://www.who.int/news-room/commentaries/detail/multisystem-

inflammatory-syndrome-in-children-and-adolescents-with-covid-19



Case Definition for Multisystem Inflammatory
Syndrome in Children (MIS-C), US-CDC

« An individual aged <21 years presenting with fever|, laboratory evidence of
inflammation’i, 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

'Fever >38.0°C for =24 hours, or report of subjective fever lasting =24 hours

Including, 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

Additional comments

» Some individuals may fulfill full or partial criteria for Kawasaki disease but should be reported if they meet the
case definition for MIS-C

» Consider MIS-C in any pediatric death with evidence of SARS-CoV-2 infection



*RCPCH

Royal College of
Paediatrics and Child Health

(eading the way in Children's Health

Guidance: Paediatric multisystem inflammatory
syndrome temporally associated with COVID-19

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.
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

All stable children should be discussed as soon as possible with specialist services to ensure
prompt treatment (paediatric infectious disease / cardiology / rheumatology™).
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Mechanism of action:
-Convalescent plasma: neutralize virus
-Camostat: inhibit transmembrane
protease, serine 2 (TMPRSS2)

-CQ, HCQ: reduce pH, inhibit endosome-
mediated fusion

Suppress TNF, IL-6 relaease

-bPI (LPV/r, DRV/r): inhibit protease
-Remdaesivir, favipiravir: inhibit RdRp
-Interferon: Enhance host immunity
-lvermectin: Protecting host antiviral
response
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N1 95% wueu 1Muenasdnedas 3 4laAa favipiravir 1HWea 5-10 94 wazendn 2 TanNda 2 Tluean
5-10 94 anafasu lieNTRAN 4 SauA98Aa azithromycin 11lWLa 5 34



wuaTl iR nsunisunng 1 wornnan 2563
nsailsadimdalalsun 2019 gilaawan

DRV/rif >3 Yo CQ or HCQ | Favipiravir | Azithromy

LPV/rif <3 Yo cin
Mild without risk factors +/- +/- _ _
5 du 5 du
Mild with risk factors +/- 5 du - +/- 5 §u
Any Pneumonia 5-10 4u 5-10 4u 5-10 +/-5 4u

(]
¥ > o

[ i 1 1 Y s s (Y £ a (]
fadzided: a1guaandt 5 1, Isatlan wala 1w1wnu ANNAYN AL BIU LAUIARARNAY QRANNUGN NELT

* 14 DRV/r nau LPV/r wszan AE, uazan drug-drug interaction nu CQ
¢ CQ wia HCQ lsiuansing usi CQ s7a1gnnan
* ilu G6PD deficiency il CQ 15 wwsrzlanmaiia hemolysis sasndn 1%
¥ a :; d o Y 1 va :’ (% L4 1 W a' 1! 1
*  mslden CQ lundsasassa saldayalinin Iudaihuidnisslanduazing aneiusnlan waslilazaniinnvainisn uwalid
wanguitludunsie szauegnaialainaluiua ldddaianisldlumsnudandninsss
* FPV fdayanuwsaig 1 1 walsifdavinnlumsn wsilsinqsldlundeninssa



ﬁi‘:{gzﬁ& [ Tocilizumab - Sarilumab ]

receptor
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[Serine protease inhibitors]
G-protein
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Schematic representation of

The induction of the S1P/S1PR, axis host intracellular signaling
MyD88/TRIF inhibits the secretion of cytokines and

chemokines associated with virus- pathways induced by SARS-

induced pathology

CoV-2 infection. Selected
Expression of pro-inflammatory .
[ AT ns drugs, acting on these
related proteins CYTOKINE STORM ] &Inﬂiximab - Adalimumab ]
[ \N ) pathways, are repurposed to
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Catanzaro M. Signal Transduction and Targeted Therapy volume 5, Article number: 84 (2020)



*RCPCH

Royal College of
Paediatrics and Child Health

(eading the way in Children's Health

Guidance: Paediatric multisystem inflammatory
syndrome temporally associated with COVID-19

Early medical management:

e Wear appropriate PPE

e Standard APLS resuscitation and supportive management. Deterioration can be rapid

e Empiric antibiotics should be commenced as per local sepsis protocols with blood cultures taken.

e Close cardiorespiratory monitoring including continuous saturations and ECG, with BP monitoring. ¢ Early
12-lead ECG / echocardiography are indicated if possible (timing determined by clinical picture)

o Look for multisystem involvement (liver, renal, neurological etc.)
o If not already done, additional research samples. Consent may be taken retrospectively.

o Consider IVIG and aspirin early if fulfils criteria for Kawasaki Disease. o Consider IVIG if fulfils criteria for
toxic shock syndrome

o All cases with suspected myocardial involvement (elevated troponin | / ECG change and / or ECHO
abnormalities) should be transferred to a cardiac centre with continuous infectious disease / immunology
input.
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Tocilizumab for Treatment
of Severe COVID-19
Patients: Preliminary
Results from SMAtteo
COvid19 REgistry
(SMACORE) N=21

TCZ did not significantly affect ICU
admission (OR 0.11; 95% Cl between
0.00 and 3.38; p = 0.22) or 7-day mortality
rate (OR 0.78; 95% Cl between 0.06 and
9.34; p = 0.84) when compared with SOC.
Analysis of laboratory measures showed
significant interactions between

time and treatment regarding CRP, ALT,
platelets, and INR levels.

Colaneri M. Microorganisms 2020, 8, 695
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FDA Approves Phase Il Clinical Trial
of Tocilizumab for COVID-19

Pneumonia

novel monoclonal antibody that competitively inhibits the binding of interleukin-
6 (IL-6) to its receptor (IL-6R). Inhibiting the entire receptor complex prevents IL-6
signal transduction to inflammatory mediators that summon B and T cells.

* Tocilizumab (Actemra™) is already approved by the FDA for the
treatment of cytokine release syndrome (CRS) that is severe or
life-threatening. The agent is used in adults and children aged 2
years and older who have CRS caused by CAR T-cell therapy.



Reinfection could not occur

in SARS-CoV-2 infected
rhesus macaques
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Four monkeys were initially challenged with 1x106 TCID50 SARS-
CoV-2 with the intratracheal route. To investigate the influence of
reinfection, M3 and M4 after recovery were intratracheally
rechallenged with the same dose of SARS-CoV-2 at 28 days post-
infection (dpi). Two animals (M1 and M3) were sacrificed at 7 dpi
and 5 days post-rechallenge (dpr), respectively. M2 with single
infection and M4 with primary infection followed by secondary
challenge were longitudinally monitored during the entire
observation.
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Figure. Survival Curve in Patients With Acute Respiratory Distress
Syndrome Who Did and Did Not Receive Methylprednisolone Treatment

Risk Factors Associated With

1.0+ . .
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= os. Syndrome and Death in Patients
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Administration of methylprednisolone reduced the risk of death (hazard ratio,

0.38; 95% Cl, 0.20-0.72; P = .003).
Wu C. JAMA Intern Med. doi:10.1001/jamainternmed.2020.0994

Published online March 13, 2020.



Seropositive rate(%)

Antibody Detection and Dynamic Characteristics in Patients with COVID-19
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Detection of IgM and IgG antibodies in
different periods. A log-distribution was
used to describe the distribution time
period of seropositive rate of the two types
of antibodies. Serological IgM and IgG
antibodies tested by ELISA in patients with
confirmed diagnosis. The IgM and IgG
antibodies were detected as positive as
early as on the 4th day after onset, the
seropositive rate of IgM increased

gradually; however, IgG was increased
sharply on the 12th day after onset.

Xiang F. Downloaded from https://academic.oup.com/cid/article-abstract/doi/10.1093/cid/ciaa461/5822173 by
Siriraj/Ramathibodi/Mahidol University / Library & Information Center user on 23 April 2020



Virological assessment of hospltallzed cases of COVID-19
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Clinical and laboratory features:
Clinical
All:

Most

Some

imaging and ECC

Laboratory

All

Some

General principles

* Discuss early with PICU and paediatric infectious
diseases / immunology / rheumatology*

team
e All children should be treated as suspected COVID-19

* For mild to moderate disease supportive care only is
recommended

e If clinically deteriorating or severe disease discuss
transfer with PICU retrieval teams

e Candidate antiviral therapies should only be given in
the context of a clinical trial if available

e Immunomodulatory therapy should be discussed with
paediatric ID and/or clinicians with appropriate
experience in their use (e.g. rheumatology, immunology,
haematology) on a case by case basis and used in the
context of a trial if eligible and available.

* Each Region may have a different specialty delivering
support for inflammatory conditions including
immunology, infectious diseases and rheumatology.



