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What iIs a Coronavirus?

= Coronaviruses (CoV) are single-stranded RNA viruses, named because
the virus has projections (spike protein) on envelope resembling a crown.

Spike RNA, the virus
protein genetic material

* They are classified in 4 genera based on genomic
structure; can infect different hosts and have - —

. . . | — oo
different tissue tropism: fromeciarycams

/ﬁ' —>] oo
— Gamma and delta CoV infect hirds, fishes and

RN ) @
only a few mammals.

— Alpha and beta CoV infect only mammals, )
|nC|Ud|ng humans, and have repeatedly Rabi FA et al. Pathogens. 2020 Mar 20;9 (3).
crossed species barriers; bats and rodents are ~— EE—ETS =l

CoV-229E Alpha Mild respiratory infection 1967

th e ri m ar e n e SO u rceS CoV-NL-63 Alpha Mild respiratory infection 1965
p y g ’ COV-HKU-1 Beta Mild respiratory infection; pneumonia 2005
CoV-0C43 Beta Mild respiratory infection 2004

¢ There are 7 h u man COV kn Own to date1 4 SARS-CoV Beta Severe acute respiratory infection, 10% mortality 2003
Cause mlld and 3 Cause Severe d|Sease . MERS-CoV Beta Severe acute respiratory infection, 37% mortality 2012

SARS-CoV-2 Beta Severe acute respiratory infection, ?2% mortality 2019

Loeffelholz MJ et al. Emerg Microb Infect. 2020 Dec;9:747-56



COVID-19

erminology s

* SARS-CoV-2 (serious acute respiratory syndrome
coronavirus 2) refers to the virus itself.

= COVID-19 (Cornonavirus Disease 2019) is the disease
caused by the virus (named by WHO In a press release
on Feb 11, 2020).

= Terminology similar to HIV (human immunodeficiency virus),

which Is the virus that can cause the disease called AIDS
(Acquired Immune Deficiency Syndrome).


http://blog.americanhistory.si.edu/.a/6a00e553a80e1088340133f40aa02c970b-popup

How Does SARS-CoV-2 Cause Infection?

q « Alveolar (Typell) Epithelial Cells

= The human receptor for SARS-CoV-2 is Angiotensin-converting enzyme 2 (ACE2).

= This enzyme Is involved in regulation of blood pressure, through catalyzing
cleavage of angiotensin Il, a vasoconstrictor peptide, into angiotensin, a
vasodilator peptide, and is expressed by many cells in the body.

= SARS-CoV-2 binds to ACEZ2 through the spike proteins and subsequently
downregulates ACE2 expression (which could have negative effect clinically).

ACE2 Expression

SARS-CoV-2

spike protein
Eyes binding to ACE2

+ Pigmented Epithelial Cells

* Rod& Cone Photoreceptor Cells

* Miiller Glial Cells

Central Nervous System
+ Circumventricular Organs

Upper Airway
+ Ciliated Epithelial Cells
+  Goblet Cells

Heart
* Cardiofibroblasts
+ Cardiomyocytes
* Endothelial Cells

Vasculature
+ Endothelial Cells
* Migratory Angiogenic Cells
* Vascular Smooth Muscle Cells

* Pericytes
+ Epicardial Adipose Cells

Principal target cell
Lungs

Kidneys
+ Glomerular Endothelial Cells
* Podocytes
* Proximal Tubular Endothelial Cells

* Pulmonary Vasculature

Liver
+ Cholangiocytes
* Hepatocytes

* Enterocytes Viral entry, replication,
and ACE2 down-regulation

Gheblawi M et al. Circ Res. 2020 Apr 8 epub
Vaduganathan M et al. N Engl J Med. 2020 Mar 30 epub
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Endosomal Pathway

Simplified Replication Cycle

RNA TRANSLATION

by host ribosomes into proteins

PROTEOLYSIS

polyproteins cleaved by
viral specific protease

TRANSCRIPTION
replicase-transcription complex:
replicates viral RNA with viral
RNA-dependent RNA polymerase

S protein
(spike)

To gain access to the cell the
virus binds to the receptor.

el —

“—

Once inside, the genetic
material of the virus, or
RNA, is released. f/‘“ﬁ B
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The infected cell reads the
RNA and begins making
proteins that will keep the
immune system at bay.

— Non-structural proteins (16)

- Structural proteins (spike,
Viral membrane, envelope,
proteins nucleocapsid, accessary)

National Geographic: https://www.nationalgeographic.com/science/2020/03/covid-overview-coronavirus/

Prajapat M et al. Indian J Pharmacol. 2020;52:56-65

As the infection progresses,
these new proteins form
copies of the virus.

New copies of the virus are
assembled and carried to the
outer edges of the cell, then
go on to infect other host cells.

PACKAGING

Products enter endoplasmic
reticulum Golgi
intermediate compartment:
assembly viral envelope
(M, E, S proteins)
and viral RNA binds to N protein
to form ribonucleoprotein complex

—mature virion buds out of Golgi to
form an intracellular vesicle

VIRION RELEASE
Exocytosis
fusion of virion vesicle with
plasma membrane and release



https://www.nationalgeographic.com/science/2020/03/covid-overview-coronavirus/

Epidemiology: Early COVID-19 Cases Were Linked to Wuhan Seafood
Wholesale Market with Rapid Spread Among Close Contacts

—A pneumonia of unknown cause detected in Wuhan, Hubeil Province, China was
first reported to WHO China Country Office on Dec 31, 2019 and was rapidly
linked to exposure to the Wuhan Seafood Wholesale Market.

—Epidemic doubled in size every 7.4 days, with transmission among close contacts
rapidly evident.

Characteristics of First 324 Patients with COVID-19
Pneumonia in Wuhan With Exposure History

®mLinked To Market ® Not Linked to Market

100% 94%
84%
80%
64%
60%
40% 36%
16%
20%
i | o
0% [J—
Before Jan 1 Jan 1-11 Jan 12-22
N=47 N=348 N=130 Jan 1, 2020 after identified as potential origin of outbreak

Li Qetal. N EnglJMed 2020 Mar 26;382:1199-207



Rapid Spread — Global Pandemic

m Rap|d Spread Outside Of Wuhan Chronologic Incidence COVID-19 in China

] Feb 16 2020 51,174

to rest of China. Feb 13 2020 44,730
Feb 7 2020 10,000-fold increase
Jan 30 2020 in <2 months

Jan 25 2020 1975
Jan 22, 2020 571

* Then spread outside of China  o«»2wi s v

Cases with COVID-19

to current gIObaI pandemlc Guo YR. Mil Med Res 2020 Mar 13;7:11

Coronavirus (COVID-19)
Distribution of COVID-19 cases in accordance with the April 19 2020

applied case definitions in the affected countries, as of 05 March 2020

85,506
new Cases
Mumber of cases o March 4 :
o o Deaths outside China exoie
&
- . i s diath réparts in China
4000 Cutside China PO
® China February 25
3000 - Cases outside China excesd 2,245,872 7S
. confirmed cases \
cages reports in China
2000 _J gg"‘
e O¥ -
152,707 o %
1000 deaths
]
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%
o - 695k {
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-\;::- .}q -,_".-"x' -\T n{::l': :"::' ;}.-"a .-'-.?' al-'l': A" -.-'.'q' a'{éa .-'-.-'} -J':': -u:_':":I "F '\-, .l_‘:."" ﬂ' '.“q T-‘ 1;"'-: -\.;‘:l"::l 174k
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Day, manth and year of reporting
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Why Such Rapid Global Spread?

= Ease of transmission — respiratory droplets, touching contaminated surfaces
= High attack rate because:

— Infectious before symptoms — viral shedding 1-3 d before symptoms (wei
WE. MMWR 2020 Apr 10).

- Prolonged shedding after symptoms - median duration 17 days; more

severe disease = higher viral load, 1 duration shedding (xu k. clin Infect Dis. 2020
Ap 9; Xu K. Clin Infect Dis 202 Apr 9; Pan Y. Lancet Infect Dis 2020 Feb 24)

— Transmission from asymptomatic persons (aiy. JAMA 2020 Feb 21, Rothe C. NEJM 2020
Mar 5).

= Population level lack of immunity - Novel virus, no “herd immunity” globally.

= Ease of importation of cases — due to widespread global travel



COVID 19 Disease Iin Adults
Both Virus and Host Immune Response to Virus Play a Part

Siddigi HK. J Heart Lung Trans 2020 Stage | Stage |l Stage Ill
doi:10/1016/jhealun.2020.03.012 (Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)

LA 8

" Host inflammatory response phase Cytokine storm

Severity of lliness

-

! Time course |
. - I I
Mild constitutional symptoms ARDS .
’ Clinical Fever >99.6° F ! Shortness of breath, dyspnea |1 |  systemic inflammatory response |\/|Ol'ta| |ty 1%'3 . 8%7
symptoms Dry cough, headache, diarrhea | hypoxia I syndrome/shock ;
Loss of taste and/or smell | 1! Cardiac failure R|Sk faCtO I'S.
o !  Older age
. Lymphopenia, increased | el Gt ket lnk) I Elevated inflammatory markers
’ Csl:g'nC:I J l prothrombin time, increased ] | Low n-grran?asla;rq:)rgglscitonin | | (CRP,LDH, IL-6, D-dimer, feritin) ¢ Male sex
D-dimer and LDH (mild) B Troponin, NT-proBNP elevation . -
' I « Comorbidity
Zhang W. JAMA 2020 No Sx MILD MODERATE-SEVERE CRITICAL

Feb 24 epub

0, 0
72,314 cases China 1% 81% 14% _ SN 5%




SARS-CoV-2 Can Affect Organs Other than Respiratory

ract

JAMA gy | Original

Neurologic Manifestations of Hospitalized Patients
With Coronavirus Disease 2019 in Wuhan, China

Ling Mao; Huijuan Jin; Mengdie Wang: Yu Hu: Shengeai Chen; Quanwei He; Jiang Chang: Candong Hong:
¥ifan Zhou; David Wang; Xiaoping Mizo; Yanan Li, MD, PhD: Bo Hu, MD, PhD

JAMA Cardiology | Original Investigation
Association of Cardiac Injury With Mortality
in Hospitalized Patients With COVID-19 in Wuhan, China

Shaobo Shi, MD; M 0in, MD; Bo Shan, MD; vull Cal, MD; Tao Liu, MD; Fan Yang, MO: Wel Gong, MMSC; Xu Liu, MD, PhD; Snjun Liang, MD, |

Qimyan Zhao, MO, PhD; He Huang, MD, PhD; Bo Yang, MO, Ph; Congxin Huang, MD, PhD

O MEM

Two Cases of COVID-19 Related Cardiomyopathy in Pregnancy.

Alexander Juusela, MD, MPH, Munir Nazir, MD, Martin Gimovsky, MD.

Lin L, er af. Got 2020,0:1-5. doi-10.1136/gutjnl-2020-321013 m
ORIGINAL RESEARCH
Gastrointestinal symptoms of 95 cases with SARS-
CoV-2 infection

Lu Lin," Xiayang Jiang," Zhenling Zhang,' Siwen Huang,' Zhenyi Zhang,"
Zhaoxiong Fang,' Zhigiang Gu, " Liangging Gao," Honggang Shi," Lei Mai,' Yuan Liu,'
Xiangi Lin,' Renxu Lai,' Zhixiang Yan @ ,° Xiaofeng Li," Hong Shan

Acute cerebrovascular disease,
" Impaired consciousness,
skeletal muscle injury

Systemic Disorders

OPEN ACCESS

Respirato

Conjunctivitis

Fever, Cough, Fatigue,
Sputum Production,
Headache

Haemoptysis,

Acute Cardiac Injury

Hypoxemia

Dyspnoea,
Lymphopenia

hinorrhoea,
Sneezing, Sore Throat omservaTion

Smell, taste

Sudden and Complete Olfactory Loss Function
as a Possible Symptom of COVID-19

Diarrhoea

Pneumonia TR

Eu
ittps://dolorg/10:1007/500405-020-03965-1

Chen L, et al. 8r J Ophehairal 2030,0:1-4. doi:10.11 36ophthalmel-2020-3 16304

@ Ocular manifestations of a hospitalised patient with
confirmed 2019 novel coronavirus disease

Lu Chen @' Meizhou Liu," Zheng Zhang,” Kun Qiao,” Ting Huang,” Miaohong Chen,’
Na Xin," Zuliang Huang," Lei Liu,” Guoming Zhang," Jiantao Wang'

JIAMA Otoiaryngoiogy-Head & Neck Surgery  Publishad oniine Aprl 8, 2020

Michael Eliezer, MD
Charlotte Hautefort, MD
Anne-Laure Hamel, MD
Eenjamin Verillaud, MD
Philippe Herman, MD, PhD
Emmanuel Houdart, MD, PhD
Corinne Elait, MD

RHINOLOGY

Olfactory and gustatory dysfunctions as a clinical presentation

Tareck Ayad"'® . Sven Saussez' **'*

Respiratory Distress
Syndrome

Kidney

Critical Care

COMMENTARY Open Access

Acute kidney injury in SARS-CoV-2 infected ~ ®
patients -

20 Cantaluppi®, Loreto Gesualdo®, Giovanni Stalione®, Claudio Ronco® and

Modified from: Guo YR. Mil Med Res 2020 Mar 13;7:11

> X T of mild-to-moderate forms of the coronavirus disease (COVID-19):
G ro u n d g' a s S O p ac 't' e S a multicenter European study

Jerome R. Lechien'*** . Carlos M. Chiesa-Estomba'* - Daniele R. De Siati"* - Mihaela Horoi" -

Serge D. Le Bon® - Alexandra Rodriguez' - Didier Dequanter - Serge Blecic” - Fahd El Afia™ - Lea Distinguin' -
Younes Chekkoury-ldrissi'® - Stéphane Hans® - Irene Lopez Delgado' - Christian Calvo-Henriquez'® -

Philippe Lavigne"™® - Chiara Falanga"'" - Maria Rosaria Barillari""" - Giovanni Cammaroto™'? - Mohamad Khalife'* -
Pierre Leich'*: Christel Souchay'* - Camelia Rossi' - Fabrice Journe?  Julien Hsieh'"® - Myriam Edjlali'”-'*-

RNAaemia, Acute Rort ol Lapenc i - AesLovar? Cosmg D i redrueCoppesh . iclsFaky 2.



Risk Factors for Severe Disease/Poor OQutcome of COVID-19 Disease

Patient Characteristics Vital Signs Laboratory

Pre-existing pulmonary disease Respiratory rate >24/min D-dimer >1000 ng/mL
Chronic kidney disease Heart rate >125 beats/min Elevated CPK
Diabetes Sp0O2 <90% on ambient air Elevated CRP

History of hypertension SOFA (sequential organ failure assessment) score  Lymphopenia (<0.8)
History cardiovascular disease Respiratory rate >24/min Elevated LDH

Use of biologics (presume)

History transplant or other immunosuppression (presumed)

HIV, CD4 count <200 or unknown (presumed)

7

There are only FOUR papers including 8 cases of COVID-19 and HIV
in the literature | could find as of April 19, 2020 — so minimal
amount is known. No deaths, although 2 admitted to ICU (1

advanced HIV with CD4 13, other with comorbidity). It is
hypothesized if on ART and high CD4, COVID-19 disease would not
be different than for those without HIV infection.
COVID-19 disease has been in low HIV prevalence countries, not (yet)
in areas with high HIV prevalence. However, we are now seeing
cases in Africa and it s critical to monitor impact.

Elevated troponin
Elevated ferritin

Elevated IL-6

. ZhuF, Cao Y, Xu S, Zhou M. Co-infection of SARS-CoV-2 and HIV in a patient in

Wuhan city, China. J Med Virol. 2020 Mar 11 (epub)

. Zhao J, Liao X, Wang H, Wei L, Xing M, Liu L, Zhang Z. Early virus clearance and

delayed antibody response in a case of COVID019 with a history of coinfection with
HIV-1 and HCV Clin Infect Dis. 2020 Apr 9 (epub).

. Blanco JL et al. COVID-19 in patients with HIV: clinical case series. Lancet HIV 2020

Apr 15

. Chen J Computerizied tomography imaging of an HIV-infected patient with COVID 19.J

Med Virol. Apr 13 2020



=g Testing for SAR-CoV-2/COVID-19 and Potential Uses <
i

m.;wy/
Report form American Society for Microbiology COVID-19 International Summit, March 23 202 == (
Patel R et al. mBio. 2020 Mar 26 (epub)

Type of Test Meaning Value Beneficiary
f Real-Time Nucleic Acid \ / \ ﬂ Inform individual of infection status so can\ / . \
Amplification Test (NAAT) anticipate course illness and take action to — Individual
(rtPCR) for SARS-CoV-2 RNA* Current infection prevent tra.lnsmlssmn _ — Healthcare or long-term
(nasopharyngeal swab, with SARS-CoV-2 = Inform patient management and actions care facility
oropharyngeal swab, sputum, needed to prevent transmission
bronchoalveolar lavage, other \_ - = Inform actions needed to prevent — Public health

\ transmission Jk /
\ / \ K \ C ID those potentiallyimmune\

= Detect susceptible persons (antibody
and can be returned to work.

\_ fluids/tissues
/

SARS-CoV-2 Antibody negative) and those previously infected
: Past exposure e : . Health e ol
Dectection To SARS-COV-2 = |dentify individuals with neutralizing — Health care faclilities,
(virus-specific IgG, IgM) ° OV antibodies experimental therapy

= Facilitate contract tracing and surveillance — Public health
- AN A\ AN /

*As of April 17, there were 34 commercial diagnostic NAAT tests given emergency use authorization by the FDA
(lack rigorous assessment) including 3 point-of-care NAAT tests; antigen immunoassay tests (use antibody to detect

viral antigen as opposed to direct viral detection) under development. (Cheng MP etal. Ann Int Med. 2020 Apr 13; FDA website
https.//www.fda.qov/media/136702/download)



https://www.fda.gov/media/136702/download

‘Tirliigfga‘ There Are No Proven Treatments for SARS-CoV-2 ==
ClinicalTrials.gov

10004 But Many Under Study — 645 Clinical Trials!

645 Studies found for: COVID 19 SARS CoV 2

— Experimental treatment strategies attempt to interfere at different steps
INn SARS-CoV-2 replication cycle — examples:

Favipimwir Mucleoside analog:
(T-706) Viral RAA
polymerase inhibitor

mMADb/nAB prevents

[ Immune response modifiers ]

1a Fusion - i ibl T — LPV/r (& other PI,
viral blndlng .frzsastlr:)]:nt 'an‘n:i Systemic inflammation 3 Proteolysis j or—— ATV, DRV) inhibit
Monoclonal antibodies, . »
o a ‘ o p [ PN . < protease enzyme
SARS-CoV- 2- . g > Replication-
' W‘ ? /P'\\’ IL-6 transcription complex R desivir &
P L) \ emdesivir
’ BNA polyrmerase favipiravir inhibits
A — i‘ &y A viral RNA
Cell tTMPRSSZ ‘ 90, Non-endosomal & ) (( E;n‘i?;gglﬁ' 4 Translation and RNA replication polymerase
ACE2 / entry path Ve —\% {
2Translat|on } 5P i f(\ 9
[ o g Immune
RNA 1 ydroxy q 4 N\ _ - == Response
A \ .
| §i5.) Chloroqume 1 acidity Modifiers
P}(:lypeptlde "\ P | in endosomes; cell (modulate
Chains eom— \¢ f. culturejt#dlﬁsdsuggest “cytokine
. need hi oses
Camostat mesylate serine (which ?toxmlty) e st_qrm”)
protease inhibitor inhibits Tocn_lzumab
trypsin (TMPRSS2) needed to _Sgnlumab
“prime” spike to enter (non- Zitivekumab

endosomal path)

Science. Kupferschmidt K et al. Mar 26 2020;367:1412-3.



Global Clinical Trials of COVID-19 Therapeutics (as of April 19, 2020)
645 Clinical Trials

Global United States

Region Mame Number of Studies
World 645
Africa [map 14
IEast Asia [map 96 I
Japan 4 [studies . = ?%53 .
&
IEumpe map] 208 I
Alabama 4 [studies] Missouri 8 [studies]
Middle East [map 21 . )
Arzona 5 [studies| Montana 3 [studies
Morth America 144 California 19 [studies] Nebraska 3 letudies
. Colorado 10 [studi
Canada [map] 16 [studies] S— New Hampshire 2 [studies
Connecticut 4 [studies
Mexico 9 [studies Mew Jersey 10 [studies
District of Columbia 1 [studies]
j i Mew York 24 [studies
| United States [map] 123 [studles]l conca P
North Asia [mag] 2 Geargia 6 [studies Morth Carclina 14 [studies
Pacifica [I'I1E|E] 4 Hawaii 1 [studies Ohio & [studies]
Iliinois 14 [studgies) ~ Oklahoma 1 [studies]
South America [map) 17 :
Indiana 3 [studies] Oregon 6 [studies]
South Asia [map 7
lowa 2 [studies Pennsylvania 11 [studies
Southeast Asia [map] 8 e Kansas 2 [studies]  Rpgde Island 2 [studies]
rx indicale the numbser of studies with locations in thal region
Least __M.m:t Kentucky 1 [tudiesl  gon Carolina 3 [studies]
Labek give the exncl number of studies Louisiana " [studies] Tennessee 4 [studies]
Maine 3 [studies
Texas 14 [studies
The more Maryland 10 [studies
things Seem . . Utah 8 [studies
*NOTE: trial lly EXCLUDE t&Db tfeed el B i)
to change, . wrlals generally pregnan reastreeaing Vegisia 9 [studes
Michigan 9 [studies
the more they H Washington 12 [studi
. studies
stay the same.  \WWOMeN (and children) " it
—Corinne Bailey Ree Mississippi 1 [studies] Wisconsin 3 [studies]




Randomized Trials Needed To Discern Efficacy & Safety
Scientific Data Are Rapidly Changing Every Day

LA doctor seeing success
with hydroxychloroquine
to treat COVID-19

NO BENEFIT

The NEW ENGLAND
MarCh 18’ 2020 JOURNALof MEDICINE

l ORIGINAL ARTICLY I

A Trial of Lopinavir-Ritonavir in Adults
Hospitalized with Severe Covid-19

CONCLUSIONS

In hospitalized adult patients with severe Covid-l‘)‘as observed with lopi-
navir-ritonavir treatment beyond standard care. Future trials in patients with severe
illness may help to confirm or exclude the possibility of a treatment benefit.

NO BENEFIT & POTENTIALLY HARMFUL

i @ e NEW ENGLAND
Apl’ll 4’.2020 (‘\ﬂJOURNALanED[CINE

Clinical Outcomes of Hydroxychloroguine in Hospitalized

Patients with COVID-19: A Quasi-Randomized Comparative
Study

Article Type: | Rapid Review

Date Sobnmed&he 04-Apr-2020

Drug touted by Trump
not showing much effect

Barbosa, Joshua; Wayne State University School of Medicine; Sinai
Grace Hospital
Kaitis, Daniel; Henry Ford Hospital
| Freedman, Ryan; Wayne State University School of Medicine
| Le, Kam; Henry Ford Hospital
| Lin, Xihui; Wayne State Unaversity School of Medicine,

Complete List of Authors:

Condlusion: Hydroxymlor{:qume administgg
CoV-2 positive populabion was associated

lescalation of respiratory support.
hydroxychloroguine on mortality, lymphopenia, or neutl'ophll—to—
lyrmphocyte ratio imEm\.rernent.

SUGGESTION OF CLINICAL BENEFIT
(NOT RANDOMIZED)

. gy e NEW ENGLAND
April 10, 2020 & JOURNALof MEDICINE

Compassionate Use of Remdesivir
for Patients with Severe Covid-19

CONCLUSIONS

In this cohort of patients hospitalized for severe Covid-19 who were treated with

compassionate-use remdesivir, clinical improvement was observed in 36 of 53 pa-
tients (68%). Measurement of efficacy will require ongoing randomized, placebo-
controlled trials of remdesivir therapy. (Funded by Gilead Sciences.)

=40 )

NO BENEFIT & HIGHER DOSE HARMFUL
April 11, 2020
medRyiv @&

This article is a preprint and has not been certified by peer review

Chloroquine diphosphate in two different dosages as adjunctive

therapy of hospitalized patients with sovere respiratory syndrome in the context
of coronavirus (SARS-CoV-2) infoction: Preliminary safety results of a randomized,
double-blinded, phase IIb clinical trial (CloroCovid-19 Study)

BM) Yale

besoida Val, Vanderson Sousa Sampasa, Marca Arago Aleandre, Gisely Cardoso Meld,

Mayta Boeta, Fernans:
Séva, Marcus Viestius Farias Goerra,

% Naveca, Marasa Xavwr,
Rosa Croda,
s, Barsardin

Aleandre Saomac

"'14.nu > Lacerda ! » A uguerqor,

The high dose CQ arm

presented more QTc>500ms (25%), and a trend toward higher lethality (1 7%) than the
lower dosage. Fatality rate was 13.5% (95%C1«6.9-23.0%), overlapping with the Ci of

nIstonca Eam 'mm simslar patients not using CQ (95RCI=14.5-19.2%). In 14 pauents

with paired samples, respiratory secretion at day 4 was negative In only one patient




SARS-CoV-2/
COVID-19
In Children




Summary of Available Data on Pediatric COVID-19

= Children appear less likely to be symptomatic with SARS-CoV-2 than
adults, although severe disease can occur.

= Asymptomatic disease reported in 1.3% (US) to 16% (China) of
children (MMWR 2020 Apr 6; Zhang NEJM 020 Mar 18; Dong Pediatr 2020 Mar 16).

= Most common presenting symptoms are cough and fever; upper
respiratory symptoms such as rhinorrhea and sore throat also common
(30-40%); ~10% may present with diarrhea/vomiting.

= Children appear to have less severe disease and less hospitalization;
death can occur but is rare and may be more likely in youngest infants.

= In the absence of widespread community or serologic testing, uncertain
what the true proportion of children without symptoms actually is.



Age Distribution COVID-19 Cases in Children in 8 Large Studies

Country/Reference Total # # Children Proportional Age Distribution Among Pediatric COVID-19 cases
“Coses | pnot ol cases

China (china cocy 44,672 965 (2% ) 416 (43%) 549 (57%)
China (pong, Pediatrics)2 - 2,141 1,393 (65%) 379 493 523 748 (35%)
Italy (taly website)3 42.220 507 (1.2%) - - - - -
US (MmwRr)4 149,760 2,572 (1.7%) 1,077 (42%) 398 291 388 1,495 (58%)
Japan (Mizumoto. MedRxiv)5 294 10 (3.4%) - - - - -
Korea (covib team. MedRxiv)6 7,755 480 (6.2%) 75 (16%) - - - 405 (84%)
Iceland (Gudbjartsson.NEIM)7 9,199 targeted 38 (0.4%) (38) - - -

13,080 population 0/848 tested
Madrid (taggaro JAMA Ped)s 4,695 41 (0.8%) - - - - -
TOTAL 258,595* 4,613 (1.8%) ** |[2961/6158 (48%) - - - 3197/6158 (52%)

* only COVID-19 cases (excluding population screening) i 0 _
* excluding Dong paper, no denominator overall cases — Chlldren aCCOlJnt for 18 A) Of COVID 19 Cases
— |In population surveillance (non symptomatic) Iceland,
1 Chinese CDC. Chinese J Epidemiol. 2020Mar 3 . . . .
2Dong Y et al. Pediatics. 2020 Mar 16 | no detected infections in 848 children <10 yr.

3 https://www.epicentro.iss.it/coronavirus/bollettino/Infografica 20marzo%20ENG.pdf

4 CDC COVID-19 Response Team. MMWR 2020 Apr 6 : 1

5 COVID-19 National Emergency Response Center. MedRxiv 2020 Mar 15 —> Of Chlld CaseS, 48% We re 0-10 yr (abOUt 1/3 In eaCh
6 Mizumoto K et al. MedRxiv 2020 Mar 9

7 Gudbjartsson DF et al. N Engl J Med 2020 Apr 14 age group <1’ 1-4 and 5_9 yr) and 52% were 10_19yr

8 Taggaro A et al. JAMA 2020 Apr 8



https://www.epicentro.iss.it/coronavirus/bollettino/Infografica_20marzo%20ENG.pdf

,g\ . Non-Specific Signs COVID-19 in Infancy
B A 19 Case Reports COVID-19 in Infants from Around the World
= Presentation of COVID-19 in infancy may be non-specific with URI Sx with/without
fever, with/without respiratory symptoms; 2/19 cases had no symptoms and 1/19
cases did not have known exposure other than in epidemic situation (NYC).

Country/ Author Initial symptoms SARS-CoV-2 testing

China/Wei 9 pt: 8 wk-11 mo 4/9 fever; 3/9 mild URI, 1/9 no NP rtPCR + Did well, d/c
symptoms
China/Cui 55d URI, cough, no fever, CT abnl Yes NP rt PCR+ high titer d7 liver, cardiac injury,
supplemental O,; d/c
Korea/Han 27 d Fever, vomiting, mild cough, CXR nl Yes NP, oral, plasma, urine, stool, Did well, d/c
saliva rtPCR + high titer

Iran/Mogharab, 2pt:15d,75d 2/2 fever, 1/2 Cough, 1 CXR abnl, 1 Yes NP rtPCR + Required O,, d/c
Aghdam CXR nl
Italy/Canarutto 32d URI sx, fever, CXR nl Yes NP rt PCR+ Did well, d/c
New York/Robbins, 3 pt: 25, 56,58 d Fever (all), no respiratory sx, CXR nl 2 Yes NP rtPCR+ Did well, d/c
Paret 1 No
Vietham/Le 3 mos URI sx, fever, CXR nl Yes NP rtPCR+ Did well, d/c
Singapore/Kam 6 mos No symptoms Yes NP rtPCR+ Did well, d/c

Wei M et al. JAMA . 2020 Feb 14 Canarutto D et al. Ped Pulmon. 2020 Mar 19

Cui Y et al J Infect Dis. 2020 Mar 17 Robbins E et al. Pediar Infect Dis J. 2020 Apr 13

Han MS et al. Clin Infect Dis. 2020 Ap 16 Paret M et al. Clin Infect Dis. 2020 Apr 17

Mogharab V et al. J Formosan Med Assoc. 2020 Apr 13  Le HT et al. Lancet Child Adoles Health. 2020 Mar 23
Aghdam MK et la. Infect Dis. 2020 Apr 1 Kam K-Q et al. Clin Infect Dis. 2020 Feb 28



o Children Less Likely Infected or Less Likely Symptomatic?

China: Household Contact Screening Suggests Less Symptoms
Bi Q et al. MedRxiv 2020 Mar 3

proportion

= |dentified 391 COVID-19 cases in China from Jan 14-Feb 12, 2020 and 1,286 close

contacts (live together, shared a meal, travel or social interaction with case starting 2 days before
symptom onset); 95% followed for >12 days; 15% household attack rate.

= Children were as likely to be infected as adults to 50 yr; somewhat more likely to
have no fever and have non-severe disease.

Attack Rate Among Close Contacts, % Severe Disease

and % Without Fever by Age Rate of SARS-CoV-2 Positive Test in Contacts by Age
—
148 7.4% (4.2-12.8)
" 10-19 85 6 7.1% (3.3-14.6)
5 20-29 114 7 6.1%(3.0-12.1)
’ i 30-39 268 16 6.0% (3.7-9.5)
02 ‘ % ‘ ¥ ‘ i‘ , 40-49 143 7 4.9% (2.4-9.8)
[ [|‘ 4{ b I T\T 7 50-50 110 10  9.1% (5.0-15.9) — k
) 60-69 130 20  15.4% (10.2-22.6) ratggrﬁzgoblaﬁitgﬁer .

I 0-9 m-wgl 20-29 30-39 40-49 50-59 60-69 70+ 70% 79 7 9.7% (4.8-18.7) older adults (>60 yr)

age category

Iil aftack rate ¢ proportion severe Ij proportion without fever
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Children Less Likely Infected or Less Likely Symptomatic?
Iceland: Population-Based Screening Suggests Less Infection

= Conducted targeted testing of symptomatic persons coming from high-risk area or in
contact with infected persons (Jan 31-Mar 31) & population screening (Mar 13-Ap 4)

—Targeted: 564 children age <10 yr tested,
38 (6.7%) were positive (4 ~=9) compared
to 1,183 (13.7%) of 8,635 >10 yr (4>2).

Targeted: SARS-CoV-2 + by Age and Sex

25+

P
=
1

(=]
L%, ]
|

SARS-CoV-2 Positive (%6)

104

Female o Male

16.7%  vs 11.0% <
Odds ratio 1.66
(95% CI 1.47-1.87)

I I ]

Not Resolved Yet:

Are children less
susceptible to
SARS-CoV-2?

Or are they less
symptomatic with
similar rates
infection?

SARS-CoV-2 Positive (%)

|
20

40 60 80
Age (yr}

100
Gudbjartsson DF et al. N Engl J Med. 2020 Apr 14

2.5

2.04

1.5+

1.0

0.5+

—Population-based: None of 848 children
age <10 yr were positive compared to
100 (0.8%) of 12,232 >10 yr

Population: SARS-CoV-2 + by Age
0.9% < vs 0.6% ¢

Odds ratio 1.55
(95% Cl 10.4-2.3)

0.0
0

1 | T T |
20 40 &0 20 100

Age (yr)



Signs and Symptoms of COVID -19 in Children and Adults, US

CDC COVID-19 Response Team. MMWR 2020 Apr 6;69

Adults 18-64 Yr (N=10,944) Lab-Confirmed COVID-19 Children <18 yr (N=291) Lab-Confirmed COVID-19
93% report at least 1
100% 100% 3% report at least 1
\
80% . : \
80% 71% 80%
61%
60% — 7 58% 60% 56% 54%
43% 350/
40% 0310 40%
/ 230528702404
20% 16% 20% 13% 13% 110
- = | e
o - o = =
Adults N=10,944 Children N=291
mFever ® Cough u SOB i Myalgia mFever ® Cough u SOB i Myalgia
mHeadache  wmSore throat mDiarrhea m Nausea/vomit mHeadache  m®mSore throat mDiarrhea m Nausea/vomit
m Abd pain ® Runny nose m Abd pain ® Runny nose

—Fever/cough/SOB less common in children — and symptoms in general less
common (93% adults vs 73% children had one or more symptoms of fever,
cough, SOB); 1.3% of children reported to be asymptomatic.



Severity of COVID-19 in Children

= DongY etal. Pediatr. 2020 Mar 16: 2,143 cases (731 = MMWR 2020 2020 Apr 17: = MMWR 2020 2020 Apr 6:

confirmed, 1,412 suspected) in children in China. In US, children less likely Among children <18 yr,

— Majority (90%) have only mild-moderate hospitalized than adults. those age <1 yr most likely
disease; minority (4%) asymptomatic. hospitalized (62%) vs
~ Infants <1 yr highest risk more severe disease. e A Yy e 1-17 yr (4.1%-14%)
Characteristics of Children with COVID-19 China ] 13.8 - a IELI_ .
14 4 B Hospitalized
Charactenstics All cases Different Severity of lliness by Age Group L W Not hospitalized

Median age (Interquartile range) 700(11.0) o g o
;‘“lﬂm 39177 a79(18%)  7(2%)  205(54%) 127 (34%) [33(9%) 7 (2%) % 10

1.5 493(23.0) 15 493 (23%) 15(3%)  245(50%) 197 (40%)  34(7%) 2 (0.4%) 2

610 SBEAA 6-10  521(24%) 30(6%) 278 (53%)  191(37%)  22(4%)  0(0%) g‘ "]

“1'3'( ":::3 ;' 1115 413 (19%) 27 (7%) 199 (48%) 170 (41%) 14 (3%)  3(0.7%) g 6 @
Gender R 1518 335(16%) 15(4%) 164 (49%) 146 (44%)  9(3%)  1(0.3%) -

Boy 1213(56.6) | Total 2141 94 (4%) 1091 (51%)  831(39%) 112(5%) 13 (1%) 1 E

Gal B 93043 4) - . °
.M% % 1600

Modere  90% §3168 s\J ° 3

Severe 112(52) S and e

Cntical 13(0.6)

Massing 0.1
Days from symptom onset to diagnosis o

Medzan days (Interquartile range) 24.0)

Range 0-42
Province

Hube: 984459)

Swrroundmg areas® 397(18.5)

Others 762(35.6) o
Total 2143 1-4 59 10-14 1517

Age Group



Why Might Children Have Milder Disease or Be Less Susce

ntible?

= Difference in immune system compared to adults = less likely to
cytokine storm type of response?

nave

= Presence of other coronaviruses in mucosa of lung and airways which
could give cross-protective antibodies or limit the growth of SARS-

CoV-2 by direct virus-virus interactions and competition?

= Lower levels of ACEZ receptor in lung alveolar cells of their lower
respiratory tract so primarily get upper rather than lower respiratory
Infection? (note - could not find any data to address this hypothesis)

= _ess likely to have underlying disease/co-morbidity associated with

POOr prognosis?



SARS-CoV-2/
COVID-19
IN Pregnancy




‘?‘i Summary of Data on COVID-19 in Pregnant Women
NS, -

= Clinical manifestations of COVID-19 in pregnant women are similar
to nonpregnant individuals.

* Pregnancy does not appear to increase susceptibility to infection or
worsen clinical course, and most infected mothers have mild disease

and recover without undergoing delivery.

= However, severe disease necessitating ICU admission and
mechanical ventilation can occur; in review of 118 pregnant women
In China with COVID-19, 8% had severe disease (with two-thirds
developing severe disease postpartum) (chen L etal. N Engl J Med. 2020 Apr 17).
At least one death reported (02%) (Karami P et al. Travel Med Infect Dis 2020 Apr 13)
(consistent with mortality in non-pregnant adults 20-44, 0.2%).



COVID-19 in Pregnant Women Can Be Asymptomatic

= Although most women present with symptoms while pregnant, in a review of 40
papers including 542 women, 8% did not have symptoms until admitted in
labor (2%) or after delivery (6%). Additionally, 11% had no symptoms but
screened + for SARS-CoV-2 (tested either because of known exposure or, in
New York City, universal screening of women presenting in labor was instituted).

— Sutton D et al. N Engl J Med. 2020 Apr 13: 215 pregnant women
delivered at 2 hospitals in NYC, where universal NP
tPCR testing being done in labor.

« 4/215 (1.9%) had symptoms, all positive.

« 29/210 (13.7%) of women without symptoms who
were tested were positive.

* Thus, 29/33 (87.9%) positive for SARS-CoV-2 had no
symptoms at admission.

» Fever developed PP in 3/29 (10%) initially without sx.

Asymptomatic, Symptomatic, SARS-CoV-2—positive
SARS-CoV-2-positive 1.9%
13.5%

SARS-CoV-2—negative
84.6%

Figure 1. Symptom Status and SARS-CoV-2 Test Re-

sults among 215 Obstetrical Patients Presenting for

Delivery.




COVID-19 and Pregnancy Outcome

" Infected women, especially those who develop pneumonia, appear
to have an increased frequency of pre-eclampsia, cesarean
delivery for fetal distress (likely related to severe maternal iliness),
premature rupture of membranes, and preterm birth — whether
directly due to SARS-CoV-2 infection or maternal illness not clear.

= However, severe neonatal outcomes rare, and most not felt
associated with maternal COVID-19.

= Cases of neonatal COVID-19 disease have been reported but

appear to be rare, and likely associated with infant exposure to
Virus postpartum.

= |t IS unknown If SARS-CoV-2 mother to child transmission occurs.



Is There Mother to Child Transmission?

_Neonatal

“7Vertical ,‘ B e
& ~_Transmission.. IgM antibodies
[ G

H —1s MTCT feasible?

Maternal Temperature

COVID-1 9. instability Non-specific
pneumonia . ‘ opacities
Lethargy | & = / on chest X-ray
;.

. S~
Respnratory/ ereding
: intolerance

distress
) | ss g

~ Postnata .
“_transmission

/’ Q; _: ; : o ::
)4 Leukocytosis
family - Q >/ /E’

Other .
Lymphopenia

— Immunologic evidence

members or - Thrombocytopenia
S ioeraTal Nasopharyngeal

and rectal swabs

for RT-PCR SARS CoV-2

Onset: Early - first week
Late - 1 to 3 weeks after birth

— Virologic evidence

Chandrasekharan P et al. Am J Perinatol. 2020 Apr 8 (epub ahead of print)



What are Requirements for In Utero Transmission?

= |[n utero infection requires the pathogen to be able to
cross the placenta and to infect the fetus.

—Is there a receptor for SARS-CoV-2 in the placenta to
enable the virus to cross the intact placenta?

—Is there a receptor for ACE-2 In the fetus — and
specifically fetal lung given symptoms reported — to
enable the virus to infect the fetus?



ACE2 Enzyme Can Be Found in the Placenta

- ACE_Z found In placenta Iocallzed Immunohistochemical localization of mRNA for ACE2

to . (brown = ACE2 mRNA) in fetal membranes and placenta

—decidua,
—syncytiotrophoblast,
—villous stroma;

Marques FX et al. Placenta. 2011;32:214-21

ACE2 mRNA levels (no difference labor/non-labor)
90 M Non-laboring

80 ar labor

= ACEZ2 Is most abundant in placenta in early 2
gestation but is also identified at term. 1

E

230 - .
5

520

g, ﬂ

s

g 0

Amnion Decidua Placenta Chorion

Marques FX et al. Placenta. 2011;32:214-21



ACE2 Enzyme Can Be Found In the Fetal Lung

- ACE 2 can be found in the fetal lung:
—Found as early as 12 weeks gestation

— Age-related increase in ACE2 - peaks mid-gestation, then

remaining high throughout gestation and postnatal
development.

Immunohistochemical localization of ACE2 antibody
(brown = ACE2 presence) in fetal Iung
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Castro E et al. Pediatr Pulmon. 2014;49:985-90
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What About Intrapartum Transmission of SARS-CoV-2

= [ntrapartum transmission during passage through the birth canal requires
fetal exposure to infectious virus. Is SARS-CoV-2 found in vaginal fluids?

= Study of 10 postmenopausal women in the ICU with severe COVID-19
(+ PCR, + CT scan), testing for SARS-CoV-2 in vaginal fluid (as well as
blood and urine) with RT-PCR assay 17-40 days after diagnosis (while still
In ICU):
— All samples were negative for the virus
* Data to date from pregnant women at delivery:
- 0/6 samples negative for virus

= However, potential exposure to virus after birth in delivery room is possible
(but is really postnatal not intrapartum infection)



v What About Breast Milk Transmission of SARS-CoV-2
r
Vo ad

* SARS-CoV-2 rt PCR evaluated in 40 breast milk samples.
—All tested negative for virus

* Postnatally, transmission more likely through close contact of
Infected mother with infant than through breast milk.



SARS-CoV-2 Virologic rtPCR Testing

(review of 40 papers through April 17, 2020)

g

/ P

Specimens tested by rtPCR # Papers with data | Number/total sample

Nasopharyngeal (NP) swab “newborn”

Amniotic fluid
Placenta

Cord blood

Infant gastric aspirate

Infant stool

Maternal breast milk
Maternal vaginal swab

10
11

11

12/337

0/24

0/14

0/31
0/11
5/59
0/40

0/6

4%

0%
0%
0%
0%
8%
0%
0%



Proposed Definitions for MTCT (Simplified)

Shah PF et al. Acta Obstet Gynecol Scand. 2020 Apr 11 (epub)

= Accounts for 1) maternal testing; 2) symptoms in infant (more stringent if no
symptoms); 2) detection of virus (and type/timing of sample: blood, amniotic
fluid > placenta > NP swab); 3) presence of IgM antibody

= |[n utero: requires testing at birth; confirmed or probable infection requires
detection of SARS-CoV-2 virus in cord/neonatal blood, amniotic fluid, or
placenta (if virus in NP swab, must also be in placenta); possible infection if
IgM antibodies in cord/neonatal blood even if NP swab negative.

= [ntrapartum: confirmed requires NP swab positive at birth and 24-48 hours;
possible is NP swab positive at birth and no test at 24-48 hr.

= Postpartum: confirmed requires detection in NP or anal swab >48 hours and

negative at birth; probable is detection in NP or anal swab >48 hours and no
test at birth.



How Well Do Described Possible MTCT Cases Fit Definitions?

Infant Sx Birth sample Type sample Later Tests

Virologic test +

1 + Yes? resp distress birth NO NP 8d Negative 6 d
2 + No clinical sx, +CXR NO NP 3d Negative 4,8 15 d
3 + No clinical sx, +CXR NO NP 36 hr Negative 14 d
4 + No clinical sx, +CXR, lab NO NP 36 hr Negative 14 d
5 + No clinical sx, +CXR, lab NO NP 2d Negative 14 d
6 + No clinical sx, +CXR NO NP 2&4d Negative 6 d
7 + Yes NO NP 2&4d Negative 7 d
8-9 + Unclear, ?+CXR Maybe? NP @ No information
10-11 + 1 SOB, 1 no sx, both +CT NO 30 hrs, ?5d NP 30 hr, ?5d Negative ~2 wk
Immunologic test +
Cases 1-7 0 NO Few hours Blood and NP None + All samples negative
all IgM+ at or ~ birth
I — NONE meet definition confirmed/probable IU as no birth blood or

placental sample or antibody test done

— 2 meet definition POSSIBLE INTRAPARTUM (had + test at <24
hr, with no second test in infant without/minimal symptoms )

— 9 may meet definition of PROBABLE POSTNATAL if view 30-36
hr = 48 hr (detection virus NP >48 hrs in neonate not tested birth)

Meet definition of POSSIBLE IU infection
(IgM + cord blood, negative detection
virus in blood)



= Serologic data not definitive but suggestive.

= ACEZ2 receptors on placenta and in fetal lung suggest it could be
possible for SARS-CoV-2 to be transmitted in utero.

= Virologic data and IgM serology suggestive but no birth testing and
rapid conversion from rtPCR positive to rtPCR negative and rapid
decrease IgM within a few days is concerning re: potential false
positive tests.

* Thus — Is It possible? Yes.

= Do we have definitive proof? Not at this time.



Summary

&

= Children appear to have mild and less severe disease than adults and
may have asymptomatic carriage. Severe disease can rarely occur
and Is more frequent in infancy (<1 year).

* The exact burden of SARS-CoV-2 in children in the overall population
remains to be defined.

* Pregnant women do not appear to have increased risk of infection or
severity of disease. However, severe disease and even death can
rarely occur.

= Adverse pregnancy outcome (e.g., fetal distress, preterm delivery)
may be increased (possibly due to systemic disease in mother).

= Evidence for SARS-CoV-2 mother to child transmission is limited.



Thank You For
Your Attention!
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