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COVID-19 - SARS-CoV-2

SARS-CoV 2 Structure

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the virus that causes coronavirus disease 2019 Spike (51 & §2)

(COVID-19), the respiratory illness responsible for the

COVID-19 pandemic. Nucleocapsid (N)
The World Health Organization declared the outbreak: Membrane (M)
-a Public Health Emergency of International Concern on 30

January 2020 Envelope (E)

-a pandemic on 11 March 2020.

SSRNA

. . . . (+ sense, ~30kb in length)
SARS-CoV-2 is a positive-sense single-stranded RNA virus.

As described by the US National Institutes of Health, it is the
successor to SARS-CoV-1, the virus that caused the 2002—
2004 SARS outbreak.
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Cases

Total

500,001 — 5,000,000

575,667 | 50,001 500,000
new cases in last 24hrs
I 5,001 — 50,000
504,079,039
cu,mulativé cases 1-5,000
0
6,204,155
cumulative deaths
Not Applicable

Globally, as of 5:50pm CEST, 20 April 2022, there have been 504,079,039 confirmed cases of COVID-19,
including 6,204,155 deaths, reported to WHO. As of 18 April 2022, a total of 11,324,805,837 vaccine doses have
been administered.



Respiratory tract manifestations

Nose
Rhinitis
Anosmia
Pharyngalgia
Rhinorrhea

SARS-CoV-2

COVID-19 Manifestations

Throat Extra-respiratory manifestations
Sore throat
(pharyngitis) Neurological
Dizziness
Mouth Head?che
) Impaired
Ageusia consciousness
¢
Lung gk
DC°“9h ‘ Muscular
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\ Chest pain alaise
\ : Neck/back pain
‘ Pneumonia
ARDS
Heart
\ Arrhythmias
\ Chest pain
Digestive
Diarrhea
Nausea
Vomiting
Abdominal pain

Systemic symptoms
Chills
Fatigue
Malaise
Fever
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o Groups at Risk from GOVID-19
f§

\ SmoKers

(e

severely overweight people

® ®
’H’H’H\ Middle-aged to elderly adults
‘z People with chronic illnesses

&%&@A Men
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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.

191111
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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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angiotensin |

+
ACE

Breaks down

angiotensin I,

controls blood pressure
and blocks organ damage

ACE
inhibitor
drugs

angiotensin Il

ARB
drugs
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Angiotensin ii
type 1 receptor

\

lung injury

inflammation
leaky vessels

SARS-CoV-2 & ACE?2

target cell




SARS-CoV-2 Transmission

&
Zoonotic SARS-CoV-2 Human-to-human
iioumenly; 201 3 aCoy) Accidental laboratory
Foodborne? m exposure?
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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

Typically, the first infected human transmits the infectious agent to at least one other human, who, in turn, infects others.
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SARS-CoV-2 Transmission
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A. Direct detection methods (Viral components)

Detection techniques
o
5 %
L R
% ? Viral proteins (Antigens) EAZHHINAS
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B. Indirect detection methods (Host immune response)
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SARS-CoV-2 Antigen Rapid Test
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."I ACON Biotech (Hangzhou) Co., Ltd.
No 210 Zhenzhong Road, West Lake District, Hangzhou, P.R.China, 310030
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Antibody tests Ef"}gfg

Detects antibodies against the virus generated
by prior infection or vaccination

Not useful for telling if you
have the disease now

Positive test result
doesn't mean you can't
catch the virus again

Are usually a finger
prick/blood test

Only currently
recommended by WHO for
research purposes

Updated 5 April 2022




N95

Respirator
NIOSH-approved

When worn correctly,
respirators offer the
highest level of
protection and filter
95% of partides.

KN95
Respirator

Filtration varies
depending on
standard.

When worn correctly,
KN95s provide more
protection than
disposable masks.

-
Disposable
Mask

Sometimes referred to as
“surgical masks” or “medical
procedure masks”

Disposable masks offer
more protection than
cloth masks.

Covid-19: Protective masks

Cloth Mask

Non-medical,
made of fabric

Layered finely woven
cloth masks offer more
protection.

Loosely woven cloth https://theconversation.com/evidence-
masks provide the shows-that-yes-masks-prevent-covid-19-
least protection. and-surgical-masks-are-the-way-to-go-
167963




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




CYTOPLASM

IFN-II

IFNGR-1

IFNGR-2

ISG transcription

[FN-I IFN-1I

IFNAR-2 IFNAR-1 IFNLR1 IL10R2
o, 6,
3 E
ORF6
ORF7a E-protein
ORF7b M-protein
ORF8 N-protein
nsp1 S-protein
nspé Helicase
nsp9

'p 'p ) 3 ISGF3

ISG transcription

MEHROVR  MEEBOSOR

ANTIVIRAL ACTIVITY, IMMUNOMODULATION, HOST DEFENSE

NUCLEUS

Covid-19: IFN-I &
Clinical Symptoms

Mahdi Eskandarian Boroujeni, et al.
Frontiers in Immunology, 2022



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

SARS-CoV-2

-

Excessive infiltration
immune cells

Infiltrating immune cells
Neutrophil
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SARS CoV-2: Cardiovascular Complications

Endothelial cells MICROVESSELS Microvascular dysfunction ———>
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Covid-19: Immune Therapy
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COVID-19: Treatment

Clinical Trials & Voccines | ‘tgf’ T Nissoranice {3
COVID-19 %ﬁ TocilizumabI I Vitamin C. D %

: Chloroquine, (N ; .
Hydroxychloroquine Azithromycin I NF u IL1a I OISR %
IL-6 | IL-1B . -
% Convalescent TherapyI IFN .\n_.17 il I Remdesivir %

I Favipiravir %
I Umifenovir %
I Anticoagulants %




COVID-19: 0 o

Brought to you by CDC and %IDSA

There are many therapeutics under early investigation for treatment of COVID-19 for which there is currently insufficient clinical data to recommend either for or

Therapeutics Under Early Investigation
Last updated: February 24, 2021

against. This overview is not a comprehensive summary, but a list of therapeutics with strong biological plausibility that are available in the United
States and are or will be studied by clinical trial.

Class/Drug

Mechanism of Action

Interleukin (IL)-1 receptor antagonist; blocks activity of the proinflammatory

Notable Publications*

Cavalli, June 2020

immunoglobulin

May provide passive immune protection from viral infections via modulation of
inflammation.

Anakinra .
cytokines IL-1a and IL-1p. Huet, May 2020
Janus kinase (JAK) 1 and 2 inhibitor; inhibits JAK1-2 mediated cytokine release.
Baricitinib Disrupts endocytosis regulators and cyclin G-associated kinase; may reduce Cantini, April 2020
inflammation and interfere with intracellular virus assembly.
. . ) ) Tardif, January 2021
Exhibits broad anti-inflammatory and immunomodulatory properties. Della-Torre, August 2020
Colchicine Disrupts microtubule formation and reduces chemotaxis, phagocytosis and migration Lopes, August 2020
of neutrophils. Gendelman, July 2020
Deftereos, June 2020
Modulate the immune response in specific—not all—viral infections. Monk, November 2020
Bind to interferon-a and -P receptors on the cell membrane, resulting in Wang, July 2020
Interferons various transcription factor phosphorylation. Subsequent activation of interferon- Davoudi-Monfared, May 2020
stimulated genes leads to immunomodulatory effects and interference with viral Zhou, May 2020
. . Hung, May 2020
replication.
Derived from pooled plasma; contains antibodies typically present in adult human Sakoulas, '\!OVember 2020
Intravenous blood. Gharebaghi, October 2020

Xie, August 2020

Sakoulas, July 2020
Shao, April 2020

Janus kinase (JAK) 1 and 2 inhibitor; inhibits JAK1-2 mediated cytokine release.

for lung protection in the setting of infection.

Ruxolitinib . . ) ) )
Disrupts endocytosis regulators and cyclin G-associated kinase; may reduce
inflammation and interfere with intracellular virus assembly.
. . . . Zhang, August 2020
Statins Statins have anti-inflammatory and immunomodulatory properties that may allow Kow Auedst 2020

De Spiegeleer, July 2020

Calcifediol/Vitamin D

Prohormone of the active form of vitamin D3, calcitriol (1,25-dihydroxyvitamin D3).

Murai, February 2021
Patchen, February 2021
Castillo, October 2020

Real-Time Learning Network 2021

COVID19LearningNetwork.org

COVID-19:
Treatment
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COVID-19:
Treatment

Mahdi Eskandarian Boroujeni, et al.
Frontiers in Immunology, 2022



Cytokines, IFNs

COVID-19:
Treatment

THERAPY
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Mahdi Eskandarian Boroujeni, et al.

p Frontiers in Immunology, 2022
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Drug Discovery
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Translational Model Systems

[ Cell Cultures \ Organoids / Primary Cells Animal models Clinical trials
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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]

[12]

4

[17]

[18]

[19]

[20]

(22,29

19

Cell lines & Organoids




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.




COVID-19: Mouse Models

Scientists Develop
Specialised Mouse Models
To Study GOVID-19
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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
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
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Start codon

VA hACE?2 (or hACE2-P2A-EGFP)
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l Stop codon

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

Exon9
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wprpe e feeeseserder . Mouse sequence
CCCTAGACCCTGTGCCTCTGAAGT
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K Humanized amino acid sequences

Near-physiological levels of
partially humanized mACE2
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l Stop codon
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Near-physiological levels of
hACE2/hTMPRSS2 expression
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Category 1 Design: Knock-In




Category 2 Design: Cre-Lox

ROSAZ6 locus

Constitutive hACE2
expression

TIGRE locus
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hACE2 FEINIIEISE EGFP [9Y
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hACE2 expression TRE
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Category 3 Design

lox2272 lox5171 lox2272 lox5171
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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
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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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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

Brain

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.

SARS CoV-2




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

*

Hyperactive

immune cells hACE2 mouse

Cytokine storm Hyperactive

Inflaraation immune cells I—[Cell specific receptors including ACE2)

(Th1 and Th2 cytokines)

Endothelial dysfunction
Coagulopathy, (Complement pathways)
th [ —
Formiosls (RAS pathways)
COVID-19

B

£c:

MSCs, antithrombin,
thrombomodulin supplementation

COVID-19 phenotypes in mouse model

Rahul Kumar et al. ERJ Open Res 2020;6:00405-2020



Remdesivir

Transduced with
Ad5-hACE2

t !

As an adenosine nucleoside triphosphate analog
i T cell responses -/- _ . e
COV'DR;QTS:;U;? cDa* oD4* g.r'\:G?./- (GS-443902), the active metabolite of remdesivir
Vaccine T cell @ T coll T cell depletion  interferes with the action of viral RNA-

dependent RNA polymerase and evades
proofreading by viral exoribonuclease (ExoN),
causing a decrease in viral RNA production.

Viral load ¥ Viral load 4



https://en.wikipedia.org/wiki/Adenosine
https://en.wikipedia.org/wiki/Active_metabolite
https://en.wikipedia.org/wiki/RNA-dependent_RNA_polymerase
https://en.wikipedia.org/wiki/RNA-dependent_RNA_polymerase
https://en.wikipedia.org/wiki/Proofreading_(biology)
https://en.wikipedia.org/wiki/Exoribonuclease

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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SARS-COV-2

Lesions

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.
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Fig. 4 MI-09 and MI-30 reduce lung viral loads and
lung lesions in a SARS-CoV-2 infection transgenic
mouse model.
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Long COVID

Approxi mately Neurologic and Cardiovascular

- mental health conditions* conditions
1in 5 adults

ages 18+ have a
health condition
that might be related to

their previous COVID-19 Musculoskeletal p——
iliness, such as: conditions | and vascular issues

Talk to your health care provider
— If you have symptoms after COVID-19

*,)‘
; ,Y,':",:', g * Adults aged 65 and older at increased risk
4 bit.ly/MMWRT7121 MMWR

MAY 24, 2022

Respiratory

Kidney failure conditions




Long COVID
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cegzmen POSTCOVID SYNDROME
DEFINED AS + Depression

symptoms

Signs and symptoms that * Anxiety symptoms
developed during or after EAR/NOSE/THROAT
COVID-19 infection, up to 12 TR g

weeks or more and are not in the ear)

* Earache

explained by alternative = AR
diagnosis * Loss of taste and/or

smell

GASTROINTESTINAL

All these signs & symptoms + Abdominal pain

* Nausea

can reduce our quality of life - vare

* Anorexia and
reduced appetite

el

y - //‘ B * Joint pain
=~ \ WASH AWARE [ @ ) WEAR  © Muclepain

@ | HANDS DISTANCE MASK

> = S/

/

* Fatigue * Pain * Fever

NEUROLOGICAL

* Cognitive Impairment

( Brain Fog ,Loss Of Concentration Or
Memory Loss )

* Headache

» Sleep Disturbance

* Peripheral Neuropathy symptoms
* Dizziness

* Delirium

RESPIRATORY

* Breathlessness
* Cough

CARDIOVASCULAR

* Chest tightness
* Chest pain
* Palpitation

DERMATOLOGICAL

» Skin rashes

CPRC PERGIOMATAN HOSATAL PROGRAN PERUBATAN
TAN22




Signs and symptoms

-

Fever
Fatigue
‘Brain fog’

Potential mechanisms

Immune dysregulation

Headache
Neuropathy
Sleep problems

Loss of smellitaste -
Memory disturbances

Autonomic dysregulation

Chest pain
Heart palpitations
Shortness of breath

Dysmotility
Loss of appetite
Difficulty in swallowing

Super-Ag

%

Viral persistence

”
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Long COVID

https://www.dw.com/en/tracking-
long-covid-in-the-blood/av-
60658430




HEALTH AND SCIENCE

WHO says Covid remains a global .
emergency but pandemic could near
its end in 2023

PUBLISHED MON, JAN 30 2023.11:17 AM EST

o Spencer Kimball siare § W in N4
@SPENCEKIMBALL
Ak TV
uawk on the
KEY ® WHO chief Tedros Adhanom Ghebreyesus said Covid remains a global health g?,eet
POINTS emergency, though the world is in a much better place than it was a year ago. UP NEXT | Squawk on the Street )
11:00 am ET L
® The WHO has estimated that at least 90% of the world’'s population has some level
of immunity to Covid due to vaccination or infection.
TRENDING NOW
® The WHO chief has previously said the end of the pandemic is in sight. N . 31-year-old used her

$1,200 stimulus check to
start a business on track
to bring in $1 million

North Korea fires missiles
as U.S. aircraft carrier set
to arrive in South

Russia stirs outrage with
plan for tactical nukes in




Long COVID

Brain @
(headache, “brain fog” or other O Nose/nasal cavity

cognitive impairment, stroke) (loss of taste or smell)

® -

h, short f breath : '
(cough, shortness of breath) (pounding heart, heart failure)

EEII 0‘3 (increased risk of acute
(bruising, rashes) ’ kidney injury and kidney
failure)




WHO-COVID19

&« C @ © & https;//covid19.who.int o« @ % Q search voIN @O ®
f»’{ ' \‘Q . Covid-19 Response Fund
%@Fﬁ World .Hea.lth Search by Country, Territory, or Area
P2 Organization
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WHO Coronavirus (COVID-19) Dashboard Overview Data Table Explore

-
Cases
Total I:!:I
793,011 »
142,557,268
confimed cases
3,037,398
deaths
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



WHO-COVID19
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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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Welcome to WHO Novel Coronavirus (nCoV) Database ®

Core CRF

Your current active study
has been changed

Notes & Discrepancies Assigned to Me: 0
successfully.

Subject Enrollment By Site

Pregnancy CRF
ste vl Expoctod Evlimnt Porcontoge gnaney
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Respiratory tract manifestations

COVID-19 Manifestations

SARS-CoV-2

COVID-19

Disease transmission

Throat : . .
Extra-respiratory manifestations
Sore throat @
ege H irect contact
. e (pharyngltls) Neur°|°g|cal respiratory droplets or aerosols
Dizziness ingestion of viral particles
Headache Fever
Mouth Impaire d due to alveolar vasodilation L]
5 and permeability of cytokine
Nose Ageusia ¢ consciousness (1L-6) ﬁ 54 .
Rhinitis ’
: amd
Anosmia Lung o n « o®
Pharyngalgia Cough \2 2] Muscular v ; G, 0 MN°
Rhinorrhea Dyspnea \ =4 Mysipia/erthcalole 4 systemic K’
Expectoration . Kfatatie Cardiovascular pathogenesis
Chest pain R ——— complications

| duetoi d theti

,l' Pneumonia st‘;:m:)l:(li(::,a}i;pe?;?apgzlaiill‘;ty

| ARDS and inflammation

I/

{ Heart
: Arrhythmias )
Chest pain shortness of breath
A\ or difficulty breathing
/ - - due to intense
‘ | Dlgestlve inflammatory response
| ‘ : and lung edema
| | Diarrhea Gastrointestinal
Nausea manifestations
Vomiting :::‘;:;“f:n;’;‘;g
Abdominal pain diarrhea, anorexia,
and impaired

liver function

Systemic symptoms
Chills
Fatigue

B e ]
Fever

Trends inImmunology



PC2125%

‘o-
® e
° e
o e o
(-]
..E-
-79 4
-119
~160 - e

2 dpl versus O dpd

~egclq value]

Uyt 1) HO% S 7 e wvwsa Ol

I

o Ty | 0N digraieg patvecy
(alhd emguswe )t £ B M

peagaiaied (A) (5% An € & weux O30
i Sl g vy
Lallon g b S L BN

_;hﬂﬁ

ireyphdum of ke den i v daen
Uit () % W 1w Dl
Cymane: veh bl g > Sy

Mesponse 1© mokocue of Sackrisl ongn

Coflulr responss & type | 0N
Tioa 1N cgraleg vy

B g

Canlken wogmwen: o WA 3

Lot s b1 N

DMA reddeds e
LUpregaieioe of NS MmN Al sgraieg

—=CG1elq value]

185 pathway genes wih sigrificant upreguiaticr during the infection

4 dpi versus 0 dpi

ecct;EQi?j In K18-nhACE2 Mice

Adpi versus Odpi 7 dpi versus Odpi
(1,112 7T802324)  (3,033; 2,249784)

Distinct transcriptional
signatures are associated
with early and late
immune responses to
SARS-CoV-2 infection.




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




SARS CoV-2: Excessive Lung Inflammation

Lymphopenia
(CD4+ T, CD8+ T, NK and B-cell number) v

COVID-19 lung

g o8

Normal lung Lymphocyte activation and dysfunction

Cytokine production, TNF-c, INF-y, IL-2 4

T-cells exhaustion markers
(PD-1, TIM3, NKG2A) f

Granulocytes
Neutrophil 4 Eosinophil § Basophils

"$:>‘%
Ve

Monocytes §

Cytokine storm 4
Inflammatory cytokines, IL-1p, IL-2, IL-6, IL-7,
IL-8, IL-10; G-CSF, GM-CSF, IP10, MCP1,
IFY-y and TNF-a

Multinucl_eated

2 _-
y 58
o
—y
» T U
g
-l

Interstitial space

Complement activation
(C3a, C5a, C5b-9) 4

Antibodies
(IgM and I1gG) 4




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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By Hannah Balfour — .

Inhaled interferon beta therapy shows (Furopean Pharmaceuticl

promise in COVID-19 trial Treatment
20 July 2020

SNGO0O01 diminished the risk of COVID-19 patients developing B o comments yet

severe symptoms, reduced breathlessness and improved

recovery rates.
' I
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