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Summary of coronavirus diseases

No. of cases
Sporadic cases  notreported  No deaths
worldwide reported

Commonly circulating coronaviruses
HCoVs-229E, HKU1, NL63, OC43
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Middle East respiratory syndrome
MERS-CoV
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(till 22 Mar. 2020)




Structure of COVID-19
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COVID-19
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Immunopathogenesis of COVID-19
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* Excessive infiltration of monocytes, macrophages and T cells
* Systemic cytokine storm

* Pulmonary oedema and pneumonia

* Widezpread inflammation and multi-organ damage
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1In the majority of SARS-CoV?2 infections symptoms remain
mild to moderate. Approximately 15% of cases were severe to
fatal.

1At this time there are no interventions proven to be effective
for patients infected with SARS-CoV?2.

—JUnderstanding the immunological basis of how the severe
cases differed from the asymptomatic cases may form the basis
for effective treatment.




Immune response to Sever COVID-19 infection

] Stage 1 — Immunosuppression:

v"This is characterized by lymphopenia combined with T cell
exhaustion and inadequate adaptive immune response.

v The objective is to evade the immune system allowing for unchecked
viremia.

] Stage 2 — Hyperinflammation:

v"This is characterized by a cytokine storm with neutrophil, monocyte/
macrophage infiltration and activation.

v"This is manifested clinically by ARDS, multi organ failure and
coagulopathy




COVID-19 Clinical and immunological spectra




COVID-19 Clinical and immunological spectra
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Neutralizing Antibodies

» Neutralizing antibodies play critical roles in blocking viral
Infections

Spike glycoprotein (S)

Neutralizing
antibody

Host cell membrane




Antibody-Dependent Enhancement (ADE)

J Two main ADE mechanisms in viral disease:
» ADE via enhanced infection
» ADE via enhanced immune activation

Macro phage-tropic viruses: dengue virus, FIPV

: t
antibody Monocyte/macrophage Enhanced viral replication J {fg

Respiratory viruses: RSV, measles

and airway obstruction




Coronavirus
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Coronavirus Drug and Treatment Tracker

By Katherine J. Wu, Carl Zimmer and Jonethen Corum  Updated Jen. 8, 2021

e are following 22 coronavirus treatments for effectiveness and safely:

2] 3

FDA Widely Promising Mot Pseudoscience
approved used evidence Promising or fraud
| I | Lopinavir
. . Hydroxychloroquine
Remdesivir Ventilators Dex§methasgne& Other chloroquine
Corticosteroids
Prone positioning Favipiravir Drinking disinfectants
Convalescent plasma UV light
Silver

Monoclonal antibodies

Interferons

Cytokine Inhibitors
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Convalescent Plasma - COVID-19 Treatment
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Adoptive Immunotherapy
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COVID-19 Vaccine




Potential targets for vaccine development to COVID-19




An overview of the different vaccine platforms in development against COVID-19

Classical platforms

Whole-inactivated virus

Example: Polio vaccine
COVID-19:

PiCoVace in phasae 1
clinical trials

Live-attenuated virus
Example: MMR vaccine
COVID-19:

in preclinical stage

Protein subunit
Example: Seasonal
influenza vaccine
COVID-19:
NVX-CoV2373 in
phase 1/2 clinical trials

Virus-like particle

Example: Human

papillomavirus vaccine
1D-19:

in preclinical stage

Next-generation platforms

Viral vect

la:
mda vaccine
COVID-19:

AZD 1222, Ad5-nCoV
in phase 1/2/3 clinical trials

o \)
Example: \
Not currently ficonsad '~
COVID-19: ~
INO-4800 in phase 1 -
clinical trials -

Example:

Not currently licensed
COVID-19:

mRNA-1273, BNT162

in phase 1/2 clinical trials

Antigen-presenting cells
Example:

Not currently licensed
COVID-19:
LV-SMENP-DC,
COVID-19/2APC

in phase 1/2 clinical trials




VACCINE DEVELOPMENT — Mechanism of action for types of vaccines

Virus vaccines

* Virus is selected, modified Vaccines from whole virus - Attenuated live orinactivated dead viru
(weakened) or completely
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VACCINE DEVELOPMENT — Mechanism of action for types of vaccines

Protein-based vaccines

A protein is extracted Protein-based vaccines Protein sub-units or virus-like particles
from the virus (alive or [
inactivated), purified, and Protein sub-units OR Virus-like particles
injected as a vaccine

YLP

* For coronavirus, this is | Y S
most commonly the spike | -‘? A Spke proteln A 1 K
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Source: https /fwww. nature.com/articles/d41586-020-01221-y




VACCINE DEVELOPMENT — Mechanism of action for types of vaccines

Viral vector vaccines

* The gene for a pathogen
prntein is inserted into a Replicating vector Non-replicating viral vector
different virus that can
infect someone without

-0 r |
causing disease a Y |' »  Coronavirus
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Source: hitps//www.nature.com/articles/d41586-020-01221-y




VACCINE DEVELOPMENT — Mechanism of action for types of vaccines

Nucleic acid vaccines

Nucleic acid vaccines DNA vaccine or RNA vaccine

* Instead of a virus, a protein

antigen, or a virus expressing the DRANRSERE RHA vaceine
protein, nucleic acid coding for S
the antigen is injected 47 T4 RMAisoften
_,r"” encased in a
; "1 1 lipid coat so it
« DNA plasmid: enters nucleus, (\’\/’ s
translated to mRNA for
. . DA RMNA
expression of protein l I
Sk Coronavirus
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Coronavirus Vaccine Tracker

By Carl Zimmer, Jonathan Corum and Sui-Lee Wee Updated Jan. 31, 2021

PHASE 1 PHASE 2 PHASE 3 LIMITED APPROVED ABAMNDONMED
Vaccines Vaccines accines Vaccines Vaccines Vaccines
testing safety  inexpanded in large-scale in early or approved abandoned

and dosage safety trials  efficacy tests  limited use  for full use after trials




PHASE 2
m PHASE 3 APPROVED IN CANADA | EMERGENCY USE IN U.S_, E.U., ISRAEL
APPROVED IN SEVERAL COUNTRIES | EMERGENGY USE IN LS., ELSEWHERE

{2 sIONT=CH mog_e_trjg ﬂf-;n'l“’mlﬂ“.ﬁf“m'ff“'““"‘“‘
VACCINE NAME: MBNA-1373

EFFICACY: 94.504

cose: 2 doses, 4 weeks apart

mvee: Muscle injection

sToRaas: 30 days with refrigeration, 6 months at -4°F (-20°C)

VACTINE MamE: Comirnaty (also known as tozinameran or BNT162b2 )
EFFicacy: 9804

oose: 2 doses, 3 weeks apart

Tree: Muscle injection

sToRacs: Freezer storage only at -94°F (-70°C)
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How the Pfizer-BioNTech Vaccine Works

VACCINE @
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How some of COVID-19 vaccines compare

Pfizer/BioNTech Moderna AstraZeneca/Oxford
Technology mRNA mRNA Adenoviral vector
95% 95% 62% to 90%
Storage temperature -94° F -4° F 36°to 46° F
5 days 1 month 6 months
Price per dose $19.50 $32 to $37 S3 to S4
Yes Yes After pandemic ends
Doses by end of 2020 50 million 20 million 200 million

Sources: American Council on Science and Health (ACSH.org), multiple news outlets




Challenges Associated With Vaccine Production for COVID-19

v" Accelerating vaccine development by combining phases involves trials being done on
smaller groups.

v" In the past, platforms based on nucleic acids such as DNA and RNA have not resulted in
a successful vaccine for human diseases.

v' Pre-existing immunity to adenoviruses is a concern, particularly for those vaccine
candidates utilizing human adenoviruses.

v" Rapid large-scale manufacturing of vaccines still remains a challenge.
v" Vaccine hesitance, identified as a major threat to global health by the WHO.

v" There is a concern that some countries will want to secure the vaccine supply for their
citizens.

v" Mutations of the virus can result in vaccines having limited effectiveness against it.
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Leading vaccines

Developer

E Pfizer-BioNTech
B Moderna

B Gamaleya

Oxford-
AstraZeneca

B CanSino
ﬁ Johnson & Johnson

s Vector Institute
B Novavax

B Sinopharm

B Sinovac
B Sinopharm-Wuhan
& Bharat Biotech

How It
Works

mRMNA

mRMNA

Ad26, Ad5

ChAdOx1

AdS
Ad26
Protein
Protein

Inactivated

Inactivated
Inactivated

Inactivated

Phase

Status

Approved in Saudi Arabia, Bahrain, Switzerland.
Emergency use in L.5., E.U., other countries.

Emergency use in LS., UK., E.L., octher
countries.

Early use in Russia.
Emergency use in other countries.

Emergency use in Britain, India, other countries.

Limited use in China.

Early use in Russia.

Approved in China, U.ALE., Bahrain.
Emergency use in Egypt. Jordan.

Emergency use in China, Brazil. other countries.
Limited use in China, U.A.E.

Emergency use in India.



Coronavirus VVaccine Tracker

New additions and recent updates
Dec. 31 The W.H.O. giv_es emergency validation to the
vaccine.

Dec.30 [ China approves the vaccine. |
Dec. 30 Britain authorizes the vaccine for

emergency use.
Dec. 30 | announces an efficacy rate of 79 percent. |
Dec.28 | begins a Phase 3 trial in the United States. |
Dec. 27 | moves to Phase 3. |
Dec. 24 | enters Phase 1. |
Dec. 23 || Canada approves the vaccine. |
Dec.22 | Maryland-based enters Phase 1. |
Dec. 21 ‘ The European Union authorizes the vaccine. ‘
Dec.19 | moves to Phase 2. |
Dec. 18 ‘ The F.D.A. authorizes ’s vaccine for emergency use. ‘
Dec. 18 [ Cuba’s vaccine moves to Phase 2. |
Dec. 17 [ Japan’s launches a Phase 1/2 trial. |
Dec. 17 [ South Korea’s enters Phase 1/2. |



https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#pfizer
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#pfizer
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#sinopharm
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#astrazeneca
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#sinopharm
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#novavax
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#kazakhstan
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#iran
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#moderna
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#altimmune
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#pfizer
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#kazakhstan
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#moderna
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#sovereign
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#shionogi
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#geneone

New additions and recent updates

Jan.
Jan.
Jan.
Jan.
Jan.
Jan.

Jan.

w w s~ w s~ B~ 0 O

Jan.

Dec. 31

Dec. 30

Dec. 30

Dec. 30

Dec. 28

Brazil estimates the efficacy of 's vaccine.
The European Union authorizes 's vaccine.
Israel authorizes ’s vaccine.

Taiwan'’s moves to Phase 2.

India authorizes a vaccine from

Mexico authorizes the vaccine.

India and Argentina authorize the vaccine.

India’s moves to Phase 3.

The W.H.O. gives emergency validation to the vaccine.
China approves the vaccine.

Britain authorizes the vaccine for emergency use.
announces an efficacy rate of 79 percent.

begins a Phase 3 trial in the United States.



https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#sinovac
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#moderna
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#moderna
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#medigen
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#bharat
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#astrazeneca
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#astrazeneca
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#zydus
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#pfizer
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#sinopharm
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#astrazeneca
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#sinopharm
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#novavax

Detection Antibodies and Serological Tests for SARS-CoV-2

:fllr(al 's" Il;mtem COVID-19 RESEARCH
ocel Serology Test AMER_CEA
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