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Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)2I3ljs the virus that causes coronavirus disease 2019
(COVID-19), the respiratory illness responsible for the
COVID-19 pandemic.?l Colloquially known as simply the
coronavirus, it was previously referred to by its provisional
name, 2019 novel coronavirus (2019-nCoV),561718l gnd has
also been called human coronavirus 2019 (HCoV-19 or
hcov_lg)_[9H10H11H121

The World Health Organization declared the outbreak a
Public Health Emergency of International Concern on 30
January 2020, and a pandemic on 11 March 2020.123114]
SARS-CoV-2 is a positive-sense single-stranded RNA
virus™I116l (and hence Baltimore class IV!'7]) that is
contagious in humans.28l As described by the US National
Institutes of Health, it is the successor to SARS-CoV-1,11119]
the virus that caused the 2002—-2004 SARS outbreak.
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Respiratory tract manifestations

Nose
Rhinitis
Anosmia
Pharyngalgia
Rhinorrhea

SARS-CoV-2

COVID-19 Manifestations
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Systemic symptoms
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Fatigue
Malaise
Fever
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o Groups at Risk from GOVID-19
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COVID-19 Risk Factors

> Handwashing
> Social distancing
> Mask wearing

BEHAVIOURAL

> Obesity
> Blood pressure
> Diabetes

GENERAL HEALTH

COVID RISK COMORBIDITIES
FACTORS

and our increasing ability

to control them DEMOGRAPHIC

> Occupational exposure
> Access to healthcare

> Ethnic inequality

> Education

BIOLOGICAL

> Genes
> Gender
> Age




10 ways to manage

respiratory symptoms at home

If you have fever, cough, or shortness of breath, call your healthcare provider.
They may tell you to manage your care from home. Follow these tips:

1. stay home from work, school, 6. Coveryour coughand
and away from other public > sheezes.
places. If you must go out, .
avoid using any kind of I ;}
public transportation, . 3
ridesharing, or taxis.
2. Monitor your symptoms 7. Wash your hands often with
carefully. If your symptoms soap and water for at least
20 seconds or clean your
get worse, call your 3
healthcare provider hands with an alcohol-based
immediately. hand sanitizer that contains at
least 60% alcohol.
3. Getrestandstay 8. Asmuchas possible, stay in a 'S
hydrated. specific room and away from 5 |
other people in your home.
Also, you should use a separate
bathroom, if available. If you
need to be around other people
in or outside of the home, wear
afacemask.
4. ifyou have a medical 9. Avoid sharing personal
appointment, all the items with other people in
healthcare provider your household, like dishes,
ahead of time and tell towels, and bedding.
them that you have or
may have COVID-19.
5. Formedical emergencies, 10. Clean all surfaces that are

call 911 and notify the
dispatch personnel that
you have or may have
COVID-19.
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touched often, like counters,
tabletops, and doorknobs.
Use household cleaning
sprays or wipes according to
the label instructions.
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COVID-19 Management

» Walk, bike, or run with others | Get car
gasoline

» Grocery stores | Camping | Hotels
Golfing | Libraries | Museums

» Dentist office | Doctor waiting room
Offices | Walking in busy downtown
Restaurants (outdoor)

» Home dinner parties | Backyard BBQs
Airplanes | Malls | Beaches | Bowling

» Casinos | Restaurants (indoor)
Playgrounds | Hairsalons | Movie
theaters | Pontoon boat ride

» Basketball | Public pools | Schools

»Gyms | Amusement parks | Churches
Buffets

»Bars | Bigconcerts | Sports stadium
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SARS-CoV-2 Life Cycle
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SARS-CoV-2 Transmission

&
Zoonotic SARS-CoV-2 Human-to-human
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A zoonosis (plural zoonoses, or zoonotic diseases) is an infectious disease caused by a pathogen (an infectious agent, such as a
bacterium, virus, parasite or prion) that has jumped from an animal (usually a vertebrate) to a human.2IlZIB] Typically, the first
infected human transmits the infectious agent to at least one other human, who, in turn, infects others
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A. Direct detection methods (Viral components)

Detection techniques
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B. Indirect detection methods (Host immune response)

Ant:gen ::{ ¢, lsotype

-V sw:tchmg ¥
e
il )”* —_— \4

Inmune response IgM/IgA IgG
, Activation Secretion Secretion

| W
BooRaMple o, Anti SARS-CoV-2 antibodies

Patient serum
)| Colored
Substrale* product

hocbude

\A«&.&

Mechanism of antibody detection

Detection techniques

L

B A e h e

ELISA

s

Lateral Flow Assay

CLIA Assay



Detection Methods

Country Institute Targeting gene References | DIFFERENT DIAGNOSTIC METHODS OF COVID-19 |
China China CDC ORF 1ab and N genes (4) | l |
| Tl that PCRI Isothermal amplification | Serological testing ‘
Hong Kong SAR Hong Kong University ORF 1b-nsp14, N genes (5) | (LAMP based assay)
Mainly targeted on | | |
STETTELD daetz: elly; Bl e (6) igier apderedeigs ! ! Identification | | Identification
National Institute of Infectious (Human) SHERLOCK Method | | DETECTOR Method | | ofAntigens | | of Antibodies
Japan Diseases N gene (7) | | | |
Most accurate, U_ses Cas 13a Uses Cas 12a S. Proteins & m IgG
Thailand National Institute of Health N gene (8) sensitivity and ribonuclease ribonuclease N. Proteins of
specificity (+ve) \ / virus Indicates || Indicates
Three targets in N gene | | the 3-5 the Past
USA US CDC (N1, N2, and N3) (9) Past infection cannot Less time consumption for testing Erritre (T days post || infection
RP-RNase be detected (-ve) & Both the methods are under TR onset
l development e
Also gives the

Time consuming
for testing

CT- Scan — Detection of radiological features s
(Infection rate / Severity of infection)

‘ information for




Covid-19: Clinical Symptoms

Stage | Stage Il Stage 1l

(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)

| |
| 17

, Host inflammatory response phase

Time course

Shortness of Breath without
(I1A) and with Hypoxia (11B)
(Pa02/Fi025300mmHg)

Mild constitutional symptoms
Fever >99.6°F
Dry Cough

ARDS
SIRS/Shock
Cardiac Failure

Clinical
Symptoms

Elevated inflammatory markers
(CRP, LDH, IL-6, D-dimer, ferritin)
Troponin, NT-proBNP elevation

Abnormal chest imaging
Transaminitis
Low-normal procalcitonin

Clinical Signs Lymphopenia

' l Severity of lliness




Covid-19: IFN-I & Clinical Symptoms

Early robust type | IFN Delayed type | IFN Type | IFN deficiency Type | IFN therapy

— Type I IFN response — Recombinant type | IFN
Viral load Viral load
— Type | IFN response — Type | IFN response
Viral load Viral load
Time Time - Time f Time
Early type | IFN response ¢ Delayed type | IFN response Low or no type | IFN response * [njection of recombinant
type | IFN
Rapid viral clearance T Viral persistence, inflammation No viral control, inflammation =
¢ \/iral clearance
Mild disease s Severe disease = Milder disease

Genetic mutations

Young Older adults Early treatment

in type | IFN pathways

High viral exposure with recombinant type | IFN

Low viral exposure
- Neutralizing Abs to type | IFNs




SARS CoV-2: Potential target tissues
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SARS CoV-2: Excessive Lung Inflammation

SARS-CoV-2
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SARS CoV-2: Excessive Lung Inflammation
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SARS CoV-2: Cardiovascular Complications
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Table 1. Lcading therapeutic agents against COVID-19, cvaluated and described across common parameters

Drug
Azsthromycin

Baricitinib

CD24re

Colchicine

Dexamethasone

EIDD-2801

Parameters
Status/Remarks

Drug type/
Original purposc
Mode of
Administration
Mcchanism of
Action
References
Status/Remarks

Drug type/
Original purpose
Maode of
Administration
Mechamsm of
Action
References
Status/Remarks

Drug type/
Maode of
Administration
Mechanism of
Action
References
Status/Remarks

Drug type/
Original purposc
Mode of
Adminicients
Mechanism of
Action
References
Status/Remarks

Drug type/
Ongnal purpose
Maode of
Admmstrabon
Mechanism of
Action
References
Status/Remarks

Details
No improvement on climical outcomes, but no significant increase n detrimental
side-cflects cither
Antibiotic

Oral/Intravenous
Inhibits mRNA translation by binding to 50s subunit of bactcrial ribosome

Furtado et al (2020), Oldcnburg and Doan (2020)

Improvement i paticnt status observed, no adverse side-cfiects reported.
Currently in phasc 111 clinical trials conducted by Eh Lilly and Co

For rheumatoid arthritis treatment

Oral
Janus kmase mhibilor. Shows anbi-mflammatory activity

Cantim e al. (2020)

In phase 11 climical trals, Prelmimary results suggest effective management of
COVID-assocuded symploms

nonpolymorphic regions of CD24 attached o the Fe region of human 1gGl

Intravenous
Immunomodulator, tempers inflammatory responses

Oncolmmunc (2020)

Has been hypothesized to address inflamatory responses in COVID-19 infection,
but concems regarding adverse side-cffects have been raised. Currently under
clinical trial

Anti-gout agent

Oral

Inhibits microtubule polymenzation, promflammatory responscs, neutrophil
migration, and milosis

Cumbhur Cure et al. (2020), Dalili (2020)

Shown 1o lower mortality ratc in a recent trial, currently being provisionally
approved for patient treatment i certam regions. May be effective m critically ill
paticnis

Corticosterond

Oral/l /1 ular

Immunosuppresant. Shows anti-inflammadory effects

Horby ef al (2020)

Potent antiviral activity observed in mouse models and primary human cells.
Currently under phase 2 clinical trial

Antiviral drug,. Nucleoside derivative N4-hydroxyeytidine

Oral

Interferes with viral replication by introducing mutations

Ridgeback Biothcrapeutics (2020), Sheahan ef al. (2020)

COVID-19: Treatment

Table 1 (continued)

Dirug Parameters Details

Favipiravir Status/Remarks Clinical studies show faster viral clearence and improvement in chest imaging. A
recent clinical trial from India by Glenmark showed faster and more effective
recovery rale

Dirug type Pyruzinecarboxamide derivalive
Original purpose

Maode of Oral/Intravenous
Admimistration

Mechanism ol Inhibiis the viral RNA-dependent RNA polymerase
Action

References Glenmark (2020, Irvani (2020)

Hydroxychloroquine  Status/Remarks  Discontinued as a recommended drug for treatment. Clinical studics show no
sigmificant benefit for patients. Adverse cardiovascular effects have been
reporied. However, the siudy by Mehm ef al | claiming no significant benefits of
HCG) adminisiration, has since been withdrawn

Drug type/ Chloroquing denivative. Antimalarial drug
Onginal purpose
Mode of Oiral
Adminisiration
Mechanism of Increases lysosomal pH. Also dampens inflammatory response
Achion
References Chen et al. (2020c), Gautret ef al. (2020), Li ef al. (2020a, b, ¢, d, e, 1), Mahecvas
ef al. (2020), WHO (2020b)

Ivermectin Status/Remarks Emerging candidate against COVID-19. Initial concerns were raised over iis high
eftective dosage concentration by Caly ef af., but this is being explored as a safer
and more cffective aliemative to HCQ

Drug typef Avermectin denvalive

Lopinavir-ritonavir

Remdesivir

Onginal purpose
Mode of

Administration
Mechanism of

Action
References
Status/Remarks

Drug type/
Onginal purpose
Mode of
Administration
Mechanism of
Action
Relerences

Status/Remarks

Drug type'
Oniginal purpose
Mode of
Administration
Mechanism of
Action
Relerences

Oralfiopical

Targets ligand-gated won channels of invertchrate neural cells

Caly ef al. (2020), Gupta o ol (2020), Heidary and Gharebaghi (2020)

Clinical studies have demonstrated no significant benefits of lipinavir-ritonavir in
COVID-19 affected paticnts

Antirctrovital drug

Oral

HIV protease inhibitor

Cao ef al. (2020b), WHO (2020b)

Significant benefits from administration of this drug are doubtful. Clinical studies
have reported a marginal improvement in critically ill paticnts

Muclcoside analog

Intravenous

Inhibits the viral RNA-dependent RNA polymerase

Grein et all (20200, Wang ef af. (2020, b)
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20 July 2020

SNGO0O01 diminished the risk of COVID-19 patients developing B o comments yet
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recovery rates.
' I




Covid-19: Immune Therapy

>
l/ \\'l
}\lmmunotherapyl,l
" for COVID-19

N o

COVID-19 patient




Drug Discovery

— \ ¥
SR = tj
AN
X AN
O e
Literature analysis and Epitope Identification
Al/ML-driven platforms for peptide inhibitors

Drug Discovery for
SARS-CoV-2

Repurposed for \
: SARS-CoV-2

Drug/inhibitors
against MERS
CoV/SARS-CoV

N\

Molecular Docking _



Translational Model Systems

[ Cell Cultures \ Organoids / Primary Cells Animal models Clinical trials
s N N N N
am | ¥ 0/

L. \.,

]}

s X <
¢ 5 -y
. (eggad 'f e
| | )
G ¥ {mi) h ‘
K / \, 0 JN SE SN S AN JN SN j\ / K /

Fig. 4 Overview of the different translational model systems
used to interrogate disease mechanisms of SARS-CoV-2.




Table 1. Cell Lines and Omanoids and Animal Models Currently Being Used in COVID- 19 Research

Call Ines and organoids
Typa

Human airsay apithalkal cals

Varg B8 Wikd type calls

cellls
TMPRSS2-ovaraxprassing
cals

Caco-2 cale

Calu-3 calls

HEK233T cals

Huh7 calls

Human broncheal onganosds

Humnan lung organoids

Human kidney onganaids

Hurnan lver ductal onganacs

Hurman intestinal onganosds

Hurman biood vessal organoids

Crigin

Commencially avaiiabe from vanous
wandars {Lonza, PromoCall, etc.)

lsodted from kidnay apithalial calls
ol an African graan monkey

okitad from human oolon
adanoGananoma

lsodatad from non-gmall call lung
CANCER

odatad fom human ambryonic
kidinay HEK) calls grown in tissua
cutbung

odatad from hapatocyta-damved
callular carcinoma cellg]

Ganarated fram cammercially
availabda hurman bronchial apithahal
calls

Ganarated from human ambnyonc
stam cals

Ganarated fram hurman ambryonic
stam cals

Ganarated fraom primary bia ducts
rodated from hurman lver biopgas

Ganarated from primary gui
apithalial stam calls

Ganarated fram human inducad
plripotant stam calls

Kay paints
Hurnan airwsy apithelial calls can solate SARS-Cov-2 and

mirmec infectad human lung calls, Aftar SARS-CoV-2 infaction,
cylopathic affacts wears obsarved.

Varo ES calls ara tha mast widaly usad clona usad to raplicate
and solate the SARS-Cov'-2.

‘iral AiNA copias in tha culture supamatants of thesa calls
whara =100 limes highar than thosa of wild typa Vero BB calls.

SARS-CaV-2 could raplicata in Caco-2 calls (data not shaown).

Comparad with mock contral, SARS-Cov-2 S pseudovirons
showead an over 500-odd incraasa in lucifarasa activities in
Cahd calls.

Cals showad only mockest viral replication.

Cale showed abaout a tanfold incraass in lucierass actiity
whan transducad by SARS-CoV-2 S peaudovinons,

Aftar SARS-Cov-2 infaction, not only the intracalular viral

ganomea, but also progany virus, cylotoxicily, pyknotic calls,
and modarataincreasas of the typs | intarfaron signal can bea
olbsarvad,

The ung aorgancids, particulardy ahadar typsa |l cals, as
parmmessive 1o SARS-CoV-2 infaction.

Hurman kidnay onganoids produca infactious progany virus.

Hurnan liver ductal organcids are pammissiva to SARSCov-2
infection, and SARS-Cov-2 infaction impairs tha bila acsd
transpaing functions of cholangiocytes.

Hurman intestinal organoids weans readily infactad by
SARS-CoV-2, as demonstrated by confosal and gectron
microscopy. Significant titers of infectious viral particlas wana
datactad.

SARSCoV-2 can diracty infact hurman blood wassal
organaicds.

B

[11]
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Animal Models

Animal models

Animal species Key points Refs

Mice  Wild type mice SARS-CoV-2 cannot invade cells through mouse Ace?2. [11]

Human ACE2 transgenic mice After SARS-CoV-2 infection, the mice show weight loss, virus replication in the lungs, and interstitial [25]

preumonia.

Syrian hamster After SARS-CoV-2 infection, the hamsters show rapid breathing, weight loss, and diffuse alveolar [26]
darnage with extensive apoplosis.

Ferrets After SARS-CoV-2 infection, acute bronchiolitis was observed in the lungs. [27]

Cals After SARS-CoV-2 infection, intra-alveolar edema and congestion in the interalveolar septa were 28]
observed. Abnormal arrangement of the epithelium with loss of cilia and lymphocytic infiltration into the
lamina propria were also observed.

Cynomolgus macaques SARS-CoV-2 can infect both type | and type Il pneumocytes. After SARS-CoV-2 infection, pulmonary [29]
consolidation, pneumonia, and edema fluid in alveolar lumina were observed.

Rhesus macaques Infected macaques had high viral loads in the upper and lower respiratory tract, humoral and cellular [30-33]

immune responses, and pathologic evidence of viral pneurnonia. The therapeutic effects of
adenovirus-vectored vaccine, DNA vaccine candidates expressing S protein, and remdesivir treatment
could be evaluated.
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SARS-CoV-2 infection in K18-ACE2 transgenic mice replicates hACE2Z Tran sgen Ic Mouse

human pulmonary disease in COVID-19

Bilateral pulmonary

: g / infection

SARS-CoV-

N

hACE2

Murine K18 positive
g epitelial cell

Overexpression of ACE2 in the lung epithelium facilitates SARS-CoV-2
infection in mice



https://www.nature.com/articles/s41423-020-00616-1

hACE2 Transgenic Mouse Lines

Differences between hACE2 transgenic mouse lines
Susceptibility to SARS-CoV

Corresponding Expressions Mortality | Mean Survival | Site of Viral Lung Brain
Author(s) Transgene Pattern ToLines | Morbidity | ™=,™™ | (aays post-nfection | Replication | Pathology | Pathology
. . . . ung an
Epithelial-specific Line1 4 100 3-5 Lubﬁai‘rs d s e+
exprassion in
H ACE2 ) ) I
Paul B.McCray, Jr. | fraeanact2 | airways (excluding Lung and
and Stanley Periman . oy alveolar), liver, Line 2 ++ 100 3-5 g. ++ T+t
. . Keratin 18 (K18) . brain
University of lowa, 14 kidney, Gl tract.
promoter oo S
Also expression in Lung and
the brain, heart Ling 3 “ 100 5-7 ung 4 4
brain
ACTO " 100 6.2 Lung and +
brair
ACE0D + 100 6.9 mn.r. Mn.r. n.r.
Chien-Te K. Tseng Hurman ACE2
University of Texas CDS driven by Ubiquitous ACI2 + 100 45 n.r. Mn.r. nr
Medical Branch, TX CAG promater
AC22 + Q rna Lung=>=brain +44 *
ACB3" - 0 n/a Lung only 4 -
Horng-kui .Der*.g _an{l Human ACE?
Chuan Qin Peking CDS driven b Luna, kidn Sinal Lung and
Union Medical wen by NG, Klaney, ngle + 0 n/a NG € ++ ++
. mouse Ace intestine lire brain
College and Peking
promoter

University, China

- n.r. not reparted. *poor breeding performance _
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Start codon

Exon2

/\/\

C ATTTTTAAACAACTTTAATCAGG

GTAAAAATTTGTTGAAATTAGTCC

T

N |th J; F

7
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T F L M Q

4

VA hACE?2 (or hACE2-P2A-EGFP)

/ \

------------- @8 hACE?2 (or hACE2-P2A-EGFP)

Exon3

AGACTG CCCAAAGTTTCTCACTAC

TCTGACGGSTTTCAAAGAGTGATG
L 30 T 55
K T A Q | S | F S L

M

.-...-..

l Stop codon

\_, Near-physiological levels of hACE2
(or hACE2-P2A-EGFP) expression

Exon9
ok St St S LR FELEE TR B

GGGATCTGGGACACGGAGACTTCA
wprpe e feeeseserder . Mouse sequence
CCCTAGACCCTGTGCCTCTGAAGT

350 . . 7 . 355
W DL GlHJa D F

Ny

v

K Humanized amino acid sequences

Near-physiological levels of
partially humanized mACE2

ssDNA e =0 - [V

..l..u....... srsmramssmsamms
//

Start codon

l Stop codon

LR hACE? “‘-,.............

Near-physiological levels of
hACE2/hTMPRSS2 expression

|.H ...............................

mAce2 locus

mAce2 locus

-=mMAce2 locus

Category 1 Design




Category 2 Design

ROSAZ6 locus

Constitutive hACE2
expression

TIGRE locus

loxP loxP ROSA26locus ©
hACE2 [INIEIEE tdTomato RN

+ Dox
hACE2 FEINIIEISE EGFP [9Y
| Tissue-specific hACE2 [ZINIEIEE tdTomato WA=

hACE2 expression TRE

Inducible hACE2
expression




Category 3 Design

lox2272 lox5171 lox2272 lox5171
[ o B v SR sadived el Rl vsl < — ssDNA

\f/ mAce2 locus

ETET CYE TEEE TYY T T CEE EEEEE PRE PEEEE TEr TE TP T ErT Y

\

Stop codon

)3 STl essudniy BERIREE] 23ovuy O}

Start codon
+ Cre
Via lox2272 Via lox5171

) g hACE2 PINIES htvPRSS2 M [ ------ et A I hACE2 (NI hTMPRSS2 [

Via lox5171 + Cre Via l0x2272

Conditional and near-physiological
levels of hAACE2/hTMPRSS2
expression




Survival after Infection

K18-hACE2 [66, 67] ACT70, AC22, and AC63 [59, 68] HFH4-ACE2 [69] Mouse ACE2 promoter-driven hACE2 Tg mice [70]
Promoter Human K18 promoter CAG promoter Human HFH4 promoter Mouse ACE2 promoter
Parental mice of zygotes (C57BL/G) = SIL/D) F2 (C57BL/6J x C3H/Hel) F1 (C3H x C57BL/6) F1 ICR
Viral strains Urbani Urbani Urbani PUMCO1
TCID50%of SARS-CoV 1.6 x 10%P ACT70: 10° 7 x 10%¢ 103
AC22: 10°
AC63: 108
Mortality (%) Line 1: 100 ACT70: 100 100 0
Line 2: 100 AC22:0
Line 3: 100 ACB3:0
Survival days (p.i.) Line 1: 2-5 ACT0: 4-8 5-6 n.a.
Line 2: 3-4 AC22:n.ad
Line 3: 5-7 AC63: n.a.

aTCIDs0 50% tissue culture infective dose
PThe viral dosage used in the study, 2.3 x 10* plaque-forming units (PFU), was converted to the estimated TCID50 by the conversion TCID50 = 0.7 PFU

[71].
“The viral dosage used in the study, 10° PFU, was converted to the estimated TCID50 by the conversion TCID50 = 0.7 PFU [71].
dNot applicable



SARS CoV-2 Infection in K18-hACE2 Mice
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SARS CoV-2 Infection in K18-hACE2 Mice
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SARS CoV-2 Infection in K18-hACE2 Mice

4 b Tl c

105 10 BE ik 10 5

o g"
- 100 *kk AEAE RAEK 'G} =
& B . E &+ 000 *
g s - R z ol |e®| |®
5 o0 3 6- £ 5
2 - 5 o
a =

g %] & 4 g 4+
= = o
E a0 - I I (R E.-
& o - = 2 -
B 75 4 E ﬁ BRI R SEUTRNIY OSRUN NSTRR O

m T T T T T T T 1 ﬂ D

o 1 2 3 4 5 & T B dpi: - 2 4 7 dpi: - 2 4 7 . . . .
Days after inoculation Mock SARS-CoV-2 Mock SARS-CoV-2 Flg. 1 |SARS'COV'2 |nfect|0n N
@ Mock 4@ SARSCoV-2 K18-hACE2 mice.

d e

10 B
= @
5 ¢ ®
m 8 6 -
£
g o
:°] oo ° o 3
o o[ = 4
g Q ® 0 e ] 0@ ® 2
S4B i P PLe ° o 3 ==
g - o H ! L ] @ ™ -
£ 2 - o '
& & oy NSATN N Y
¢ mtrnriraAtt A anna At afneeds

0 anfm

dpiz: - 2 4 7 - 2 4 7 - 2 4 7 - 2 47 - 2 4 7 - 2 4 7F -2 4 7F - 2 4 7 dpi: - 4 7

Heart Brain Kidney Splean Duodenum lleum Colon Serum Mock  SARS-CoV-?
@ Mock O SARS-CoV-2 2 dpi @ SARS-CoV-2 4dpi ® SARS-CoV2 7 dpi



SARS CoV-2 Infection in K18-hACE2 Mice
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Histopathological analysis of SARS-CoV-2 infection in K18-hACE2 mice.a,
Hematoxylin and eosin staining of lung sections from K18-hACE2 mice
following mock infection or after intranasal infection with 2.5 x 104 p.f.u.
SARS-CoV-2 at 2, 4 and 7 dpi.



SARS CoV-2 Infection in K18-hACE2 Mice

SARS CoV-2

SARS-CoV-2 infection in extra-pulmonary
organs.a. SARS-CoV-2 RNA in situ hybridization
of brain sections from K18-hACE2 mice
following intranasal infection with 2.5 x 104
PFU of SARS-CoV-2 at 7 dpi.
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SARS CoV-2 Infection in K18-hACE2 Mice
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SARS CoV-2 Infection in K18-hACE2 Mice
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Potential Therapeutic Targets
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COVID-19 phenotypes in mouse model

Rahul Kumar et al. ERJ Open Res 2020;6:00405-2020
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Which animals are being used to
develop a COVID-19 vaccine?

MICE

Mice are being used to test
whether vaccine compounds are
safe to be trialled in humans.
There is only one strain of
genetically altered mice that is
susceptible to COVID-19. These
mice were developed to research
the SARS outhreak in 2003 and
are ncw being bred for COVID-19
research.

MONKEYS

Non-human primates are our
closest living relatives. Unlike
mice, they can contract the
COVID-19 virus. Researchers are
using primates to test the safety
of vaccine compounds, discover
how the virus works inside the
body, and whether it can re-infect
people that have already
recovered from the virus.

Vaccine Development
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The main protease (MP™, also known as
3CLP™), is one of the coronavirus
nonstructural proteins (Nsp5)
designated as a potential target for
drug developmentZ8, MP™ cleaves the
viral polyproteins, generating 12
nonstructural proteins (Nsp4-Nsp16),
including the RNA-dependent RNA
polymerase (RdRp, Nsp12) and the
helicase (Nsp13).



https://www.nature.com/articles/s41589-020-00689-z#ref-CR7
https://www.nature.com/articles/s41589-020-00689-z#ref-CR8
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Fig. 1 Schematic diagram of the design of novel SARS-CoV-2
Mpro inhibitors.




A Vero E6 Cells

{1 EC50=0.86 +0.07 pM _120{ EC50=0.53+0.07 yM "2 EC50 = 0.66 + 0.06 uM Novel TherapeUtIC Targ6ts

A120

100 2100 100

2> 80 3, 80- *-_>*‘ 80

S 604 = 604 35 60

2 40 ’-I-‘ 2 40 m ﬂ 'S 401

T 204 = 20 T 204 IJ—‘

[} [0}

O o0 Hﬂ : O o0 ﬂ e © o ﬁ
cz; "o ‘b N Q Q © D % O O \e. "I/ ‘”o ‘b N Q Q

4‘?’ MI 09 Y MI-12 < MI-14

1201 EC50=0.67 £+ 0.06 yM 1201 EC50=0.54 +0.13 uM 1201 EC50 = 0.83 + 0.28 uM

§100 \100- §100-

> 80 3 80+ -? 80

S 60- 5 60 T 60

2 40 m ﬂ 2 40 ’-1-’ H H 2 40/ ﬂ

= 204 = 20 = 20 ’—I-‘

[} [0} [0}

O 0 |*| o 0 |;l| T T T T L} T O 0 |-=.|
@@®%v0§ F PP * D S M) @@@@u@@

ST 128 SO0 mi-30 S i Fig. 3 Antiviral activity of six compounds against SARS-

B HPAEpIC Cells CoV-2 in cell-based assays.

—~4 o7 <
§3 EC50=1.2+0.1 nM £ EC50=7.3+0.5nM S EC50=0.3+0.1 nM
v [To) v 5
=) o =
32 -------------- :_><,3 B T X3tp{-----mmmmmmeee
81 8 8
S LA = 41 rl.-, g1l ﬁﬂﬂ_
O & '{-b > ‘bq' ,\b ) ™ Q(pM) O @G\@Q@& rbq/ '.\bQ‘b ™ {19 (M) O & & "L Q)b‘ “.)q' \"O cb ™ (L S (UM)
RN oS NN N .QQ o
= MI-09 e Mi-12 © Mi-14
=3 - -
w31 1EC50 =2.2 + 0.3 nM S5 EC50=1.1+0.2nM N EC50=0.4+£0.1 nM
o o o
X2 = 33 -------------- 33 _________________
%] (%2} (2]
217 [X-| ﬁ P S, r
SollLILI[L  Blllos gilllloo;,
SBFSO® X PUM T LRI MR UM T PO P (M)
ORI L RN
s Mi-28 MI-30 2 Mi-31

Jingxin Qiao et al. Science 2021;371:1374-1378



Novel Therapeutic Targets

MI-09 (p.o.) MI-09 (i.p.) MI-30 (i.p.)

B O(_NH
Mee [Cso  15.2 + 0.4 nM g & Mee [Cso  17.2 £ 0.6 nM
P |Cs0 2%204n Cl H © |Cs0 2%2006n
HN
FsC’ Q\O/\ﬁ HF’AEpIC ECso 1.2+0.1nM \Q\O/\ﬁ i HPAEpIC ECso 1.1 + 0.2 nM
ip.F 78.0+4.1% i ip.F 76.2+20.9%
Mi-09 H\-- po.F 11.2+6.4% MI-30 e \H po.F 146%1.0%

o
o

[ Vehicle £773 MI-09 (p.o.) C=1MI-09 (i.p.) £ MI-30 (i.p.)

3 dpi of 5x106 TCID50 SARS-CoV-2

MI-09 MI-30 = 8 2
- 8 P=0.23 i
Virus dose 2 X 106 TCIDso s < ! !
(o]
Administration i.p. p.o. i.p. i § 6
Dose 50 mg/kg, qd 50 mglkg, bid  50mgkg,ad  F T ,
Virus dose 5 X 108 TCIDso g =
< 2
Administration i.p. p.o. i-p- & LoD F
..... .00 (i .20 (i [ Vehicle
P 100 mgka, 93 100mghg, bid. 100mokg. a8 S 2 [ Vehicle i3 IMI09 (p.o.) [CIMI-09 (ip.) [IMI-30 (i.p.) et I
1 dpl 1 dp| L P 0.06 *% lp' .
2x106 TCID 5x106 TCID 35 ° ‘=006 e el
* %0 < e 4 .. 1 MI-30 (i.p.)
Z o =0.13
E Q-2 =0. 07|
2§53 r—l I I
™o -\1;] m
x A 1

CXCL10 IFN-y

==
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lung lesions in a SARS-CoV-2 infection transgenic
mouse model.
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WHO Coronavirus (COVID-19) Dashboard Overview Data Table Explore
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Cases
Total I:!:I
793,011 »
142,557,268
confimed cases
3,037,398
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889,827,023

vaosing doses administered

9 Download Map Data

Globally, as of 7:19pm CEST, 21 April 2021, there have been 142,557,268 confirmed cases of COVID-19, includingo -
3,037,398 deaths, reported to WHO. As of 21 April 2021, a total of 889,827,023 vaccine doses have been administere
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Global COVID-19 Clinical Data Platform for clinical characterization and management of patients with suspected or confirmed
COVID-19

Global understanding of the severity, clinical features and prognostic factors of COVID-19 in different settings and populations remains incomplete. ==
WHO therefore invites Member States, health facilities and other entities to participate in the global effort to collect anonymized clinical data AbOUt the CI|n|ca| Management

relating to hospitalized suspected or confirmed cases of COVID-19 and contribute data to the Global COVID-19 Clinical Data Platform. team

WHO will use the information to inform:

1. Characterization of the key clinical features and prognostic factors of cases of suspected or confirmed COVID-19, thereby increase

understanding of the severity, spectrum, and impact of the disease in the hospitalized population globally, in different countries. Reglster to the platform
2. Characterization of clinical interventions, thereby facilitating global and national operational planning during the COVID-19 pandemic.

COVID-19 Clinical Data Platform
The platform is a secure, limited-access, password-protected platform hosted on OpenClinica. WHO will use the anonymized COVID-19 data ACknOWIedgement of Clinical

solely for the permitted purpose(s) for which it is provided to WHO, and will protect the confidentiality and security of the Anonymized Data, in Platform contributors
each case, in accordance with the Terms of Use applicable to the Global COVID-19 Clinical Data Platform.
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Respiratory tract manifestations

COVID-19 Manifestations
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Distinct transcriptional
signatures are associated
with early and late
immune responses to
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