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Schematic diagram of a coronavirus structure
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Coronaviruses are medium-sized enveloped positive-stranded RNA viruses,
crown-like appearance,
the largest known viral RNA genomes, with a length of 27 to 32 kb,
in a helical nucleocapsid
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The spike (S) protein of SARS-CoV-2 Structure
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Mutations in Spike Protein
of Omicron & Delta Variant
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Variants of concern

B.1.1.7 B.1.351 P.1
Alpha Beta Gamma
May 2020 August 2020 November 2020 October 2020 November 2021
UK South Africa Brazil India Multiple countries
Spreads Spreads more Spreads more Spreads Early studies
more easily easily and some easily and some more easily show that it
vaccines may vaccines may spreads
be less effective | be less effective S}’e";ep:\?r&?f ngu more easily
against it against it P y
May reduce
vaccine efficacy

Still protects against

severe disease

Source: www.who.int/en/activities/tracking-SARS-CoV-2-variants/




WHO
label

Lambda

nfa

Lineage +
additional
mutations

B.1.621

C.37

AY 4.2

Variants of Interest (VOI)

Country first
detected
(community)

Colombia

Feru

United
Kingdom

Spike
mutations
of interest

R346K.
E484K,
N501Y.
D614G,
PB31H

L4520,
F4905,
D614G

L452R,
T478K,
D614G,
PE31R.
A222V
Y145H

Year and

month

first Impact on
detected transmissibility

January Increased (m)
2021 (24)

December No evidence
2020

June 2021  Increased (v)
(28)

Impact
on
immunity

Increased
(m) (25)

Increased
(v) (26,
27)

Similar (v)
(28, 29)

Impact
on
severity

Mo
evidence

Mo
evidence

Similar
(v) (28)

Transmission
in EU/EEA

Sporadic/Travel

Sporadic/Travel

Community



WHO
label

n/a

n/a

nia

nia

nia

n/a

Lineage +
additional
mutations

B.1.1.318

B.1.617.2
+ K417TH

B.1.617.2
+ E484%
(d)

B.1.617.2
+ QI613H

B.1.617.2
+ QG7TH

Variants under monitoring

Country first
detected
([community)

Unclear {b)

United
Kingdom

South Africa

India

India

India

Spike
mutations
of interest

E454k.
DG140G,
P&a1H

L452R,
T4TEE,
DG140G,
P&a1R.
K417

DG140G,
E454K,
HG35Y,
M501Y,
MNGTAE.
¥ 449H

L452R,
T4TEE,
061406,
P& 1R.
E454x (d)

L452R,
T4TEK,
DG14G,
P@E1R.
Q613H

L452R,
T4TEE,

et e

Year and
month
first
detected

January
2021

June 2021

June 2021

April 2021

April 2021

April 2021

Impact on

transmizsibility

Mo evidence

Mo evidence

Increased (m)
(24)

Mo evidence

Mo evidence

Mo evidence

Impact
on
immunity

Increazed

(m) (23)

Mo
evidence

Increazed
(m) (23)

Mo
evidence

Mo
evidence

Mo
evidence

Impact
on
severity

Mo
evidence

Mo
evidence

Mo
evidence

Mo
evidence

Mo
evidence

Mo
evidence

Transmission
in EUW/EEA

Detected (a)

Detected (a)

Detected (a)

Detected (a)

Detected (a)

Detected (a)

10



&) ALPHAB.11.7
ryeeorvanuyT: Variant of concern
T'MELINE 0F THE EARLIEST DOCUMENTED ON WMPQINZG

ensLesT oocusenten e United Kingdom

spuce MuTamons: 11 50% moretransmissible than eartier strains
incanaoa: December 26, 2020

OF CORONAVIRUS

Sources: WHO, Nationad Collsboratiag Centre for Infectious Diseases. n
Centers for Disease Controt and Prevention

* There aee indications that Dmicron was alieady spréading
inwestern Europe before being Identified in southern Africe
The REYM health institute said it found Omicron in samples

dating from November 19 2nd 23

EIBETAB..351

e o viaianr, Variant of concern
st noeeenon May 2020
eauest oocumenten i South Africa
soIve mmaTioNs: 10
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WeanaA: January 8, 2021

phabet
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reet of vagianT: Variant of concern rove o varuan. Variant of concern e oF vrian: Variant of concern

o oo o November 2020 e e o October 2020 snes oo o November 24, 2021
EaRuesT pocumesteo i Brazil eauest oocumenteo i: India earuest oocumenTeo iv: Multiple countries

Spike MUTATIONS: 12 5pIE MUTATIONS: 10 60% moretransmisible thanth Alphavarian South Atria first reported the case”

weanaon. February 8, 2021 canaon: April 21,2021 SPREMUTATONS 32
weanaoa: November 28, 2021



Sub variants of Omicron .;Co’v,bqg
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Omicron Family
BA.1: 20 additional mutations; 13 unique
Wuhan D614G (Triad) Omicron Parent BA.2: 27 additional mutations; 10 unique
Nov‘19 Feb 20 Mar‘21

BA.3: 13 additional mutations; one unique
BA.1 + BA.2 shared mutations: zero
BA.1 + BA.3 shared mutations: five
BA.2 + BA.3 shared mmutations: seven Nov‘21 12



Sub variants of Omicron

Omicron Family

BA.1: 20 additional mutations; 13 unique

Wuhan D614G (Triad) Omicron Parent BA.2: 27 additional mutations; 10 unique
Nov‘19 Feb 20 Mar ‘21

BA.3: 13 additional mutations; one unique
BA.1 + BA.2 shared mutations: zero
BA.1 + BA.3 shared mutations: five
BA.2 + BA.3 shared mmutations: seven Nov‘21
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Viral vectors like human
or chimpanzee
adenovirus carry SARS-
CoV-2 DNAinto host
cells.

Examples
- Oxford/AstraZeneca

- Johnson & Johnson

Genetic vaccines deliver
the pathogen’s genes
(DNA/messenger RNA)
into host cells.

Examples

Pfizer/BioNTech
(mRNA)

- Moderna (mRNA)
- Inovio (DNA)

Nanoparticle-based
vaccines: the pathogen’s
DNA/proteinis attached
to a nanoparticle (eg. in

the form of a virus-like
particle)

Examples

- Novavax (contains
SAR-CoV-2 spike
protein)

Newer and novel vaccine approaches

Protein

5660

A pathogen’s whole
protein/protein
fragments are used to
make the vaccine.
Commonly, the SARS-
CoV-2 spike protein,

Examples

- Flinders
University/Vaxine

Killed or
attenuated
Virus

Killed/inactivated virus
vaccines are being
developed by Chinese
and Indian companies.

Live attenuated COVID-
19 vaccines are unlikely
to progress dueto
difficulties in production
and attenuating
(weakening) the virus

Traditional approaches




How mRNA-based vaccines work

@ Vacgine
enters cell

(4) APCs present
immunogens

Activates Bce“
T and B cells )(

)W“Jk

Protective neutralizing anti-
bodies against the spike
protein to prevent spread

T-helper cell
(CD4+)

mmunagens Cytotoxic T cell

(CDB+)

are built

Attacks virus infected cells and
helps increase length of protection

Memory B cells for immune memory
should a new infection occur.

The vaccine encodes the presentation of small, harmless fragments of the COVID-19 virus to the immune cells, so they “learn” how to recognize
and attack the virus. This allows for a quick and specificimmune response upon exposure with the actual virus, thereby preventing its replication
and spread in the human body and to other individuals.

Inflammatory

cytokines
mMRNA
vaccine ..
]
IFN-0/B and Proinflammatory T
Cytokines

CD4* T cell

0
l O J Antibodies

Endosome }:

§-6 |
4
G

Ribosome /
B 17); 4

/)

IFN4 Pathway ’

Proteasome
00
& .e.o° Antigen peptides
N )
(0 —> o
JGalai ' Perforin or
“Golgi CD8* T cell granzyme

Fig.1 Cellular and humoral immune responses induced by messenger RNA (mRNA) vaccine. mRNA delivered in an r
cells by endocytosis and, after release from the endosome, is translated into protein by ribosomes. Translated proteins ¢



Target Target Type Species Delivery  Delivery Doses Immunity Efficacy  Control Citation

pathogen molecule system route induced
H1N1 influenza HA mRNA  Mice Protamine .d. 3 H+C 48/49 0/44 Petsch et al. (46)
HIN1 influenza HA, NA, mRNA  Pigs Protamine I.d. 1 H+C 5/5 0/5 Petsch et al. (46)
NP
H1N1 influenza HA saRNA  Mice PEI Lm. 2 H+C 15/15 0/5 Vogel et al. (14)
HIN1 influenza HA taRNA  Mice N/A .d. 2 H 25/25 0/5 Beissert et al. (47)
H3N2 influenza HA mRNA  Mice Protamine .d. 3 H+C 8/8 0/8 Petsch et al. (46)
H5NT influenza HA mRNA  Mice Protamine 1.d. 3 H+C 8/8 0/8 Petsch et al. (46)
H7NQ influenza HA mRNA  Mice LNP im., i.d. 2 H+C 131/135 7/90 Bahl et al. (48)
SARS-CoV-2 S-2P mRNA  Mice LNP Lm. 2 H+C 9/10 010 Corbett et al. (29)
SARS-CoV-2 S-2P mRNA  NHPs LNP Lm. 2 H+C 14/16 0/8 Corbett et al. (49)
RSV RSV-F saRNA  Rats LNP i.m. 2 H+C 6/6 0/6 Geall et al. (37)
Zika prM-E mRNA  Mice LNP .d. 1 H 19119 114 Pardi et al. (50)
Zika prM-E mRNA  NHPs LNP i.d. 1 H 4/4 0/6 Pardi et al. (50)
Zlka prM-E saRNA  Mice LNP i.m. 1 H 50/50 010 Erasmus et al. (51)
Ebola EBOV-GP  mRNA  Guineapigs LNP Lm, 2 H 5/5 0/5 Meyer et al. (52)
Ebola EBOV-GP  saBNA  Mice MDNP Lm. 1-2 H+C 26/30 010 Chahal et al. (53)
Rabies virus RABV-G mRNA  Mice Protamine .d. 2 H 20/20 0/5 Stitz et al. (54)
Powassan virus prM, prE mRNA  Mice LNP Lm. 1-2 H 29/29 2/30 VanBlargan et al.
(55)
Nipah virus sHeVG mRNA  Hamster LNP Lm. 1 H 7710 010 Lo et al. (56)
VEEV TC-83 saRNA  Mice CNE i.m. 2 H 20/20 010 Samsa et al. (57)

Experiments with differences in challenge virus/time or dose/administration protocol were pooled, except where large discrepancies in efficacy. H, Humoral immunity; C, Cellular immunity;
VEEV, Venezuelan equine encephalttis virus; PEI, polyethylenimine polyplexes; LNP, lipid nanoparticles; MDNP, modified dendrimer nanoparticle; CNE, cationic nanoemulsion; N/A,
not specified.



How does the vector vaccine work against

coronavirus?

Corona-

virus

A coronavirus contains a gene
that directs cells to produce

the coronavirus surface protein
(spike protein). In the vaccine,
this gene has been turned into
part of the genome of a harmless
carrier virus,

Adenovirus, Cell

containing

agene
Nucleus

The carrier virus takes the gene
into a cell at the injection site.

The carrier virus for the corona-
virus vaccine is an adenovirus. It

cannot reproduce inside the body.

Surface protein

\ Antibody

4 T
Whit
T blood cell

The cell starts producing surface
protein on its surface according
to the instruction of the gene.
The body recognises the protein
doesn’t belong there and starts to
fight it off.



% WORLD HEALTH ORGANIZATION (WHO)

We are tracking the progress of COVID-19 vaccine
candidates to monitor the latest developments.

Find out which COVID-19 vaccines have been approved and where
COVID-19 vaccine clinical trials are taking place to stay up to date.

By the Numbers

38 197 10

Approved Countries with WHO EUL
Vaccines Approved Vaccines Vaccines
Vaccine Vaccine Countries with

Candidates Trials Vaccine Trials
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Lost Updated 13 May 2022.

10 Vaccines Granted Emergency Use Listing

(EUL) by WHO

Novavax
Nuvaxovid

0

Approved in 37 countries
15 trials in 12 countries

Approval Source:
extranet who.int &

Serum Institute of India
COVOVAX (Novavax

formulation)

0

Approved in 5 countries

2trials in | country

Approval Source:
extranetwhoint @

Moderna
Spikevax

9

Approved in 85 countrias
63 trigls in 22 countries

Approval Source:
extranetwho.int @

Pfizer/BioNTech
Comirnaty

0

Approved in 144 countries
78 trigls in 26 countries

Approval Source:
autranat who.int &

Janssen (Johnson &
Johnson)

Ad26.COV2.S

0

Approved in 111 countries
2Ntrigls in 23 countrias

Approval Source:
extranetwho.int &

Oxford/AstraZeneca
Vaxzevria

Approved in 136 countries
63 trials in 30 countries

Approval Source:
extranetwhodint &

Serum Institute of India
Covishield (Oxford/
AstraZeneca

formulation)

9

Approved in 47 countries

2trials in 1 country

Approval Source:
extranetwho.int &

Bharat Biotech
Covaxin

0

Approved in 14 countries
10 trials in 2 countries

Approval Source:
extranetwho.int &

Sinopharm (Beijing)

Covilo
0

Approved in 81 countries
28 trials in 12 countries

Approval Source:
extranet whoint &

Sinovac
CoronaVac

9

Approved in 55 cauntries
37 trials in 9 countries

Approval Source:
axtranetwhoint &




Covid-19 Vaccines

*As of 6 May 2021

-

L f)

sinovac

Sinovac

Manufacturer: Sinovac

Effectiveness: 49‘6 - 50.7%
|
Authorized groups: 18-60 Years old
Dosing: 2 Doses (3 Weeks between the shots)
Passible side effects: Pain at the injection site,
Headache, Numbness

s \( @

Mederna
COvID-13
Vaccine

J
Moderna \

Manufacturer: Moderna —

Effectiveness: 94. 1%

Authorized groups: Over 18 Years old
Dosing: 2 Doses (4 Weeks between the shots)
Possible side effects: Pain, Swelling, Redness at

the injection site, Chills or shivers, Headache,
Fatigue

Di | (X

feleoars bt

VACCINE

Johnson & Johnsoh

Manufacturer: Johnson & Johnson E

66.9%
—

Authorized groups: Over 18 Years old

Dosing: 1 Dose

Paossible side effects: Pain at the injection site,
Headache, Fever, Muscle pain, Fatigue, Nausea

J

Effectiveness:

“?Uj\ 4 U

W

=
=2

(ﬂ

Sinopharm

Manufacturer: Sinopharm

79.3%
I

Authorized groups: 18 - 60 Years old
Dosing: 2 Doses (3 - 4 Weeks between the shots)|
Possible side effects: Pain, Swelling, Redness at
the injection site, Headache, Muscle pain, Rash,
Fever

Effectiveness:

W EJINAR

AstraZeneca

Manufacturer: AstraZeneca dr

Effectiveness: 70.4 - 82.4%
|

Authorized groups: Over 18 Years old
Dosing: 2 Doses (4-12 Weeles between the shots|
Possible side effects: Pain at the injection site,

Chills or shivers, Fever, Headache, Fatigue,
Muscle pain, Thrombosis )

Pfizer - BioNtech \

Manufacturer: Pfizer - BioNtech —

Effectiveness: 81.8 = 95%
|

Authorized groups: Over 16 Years old
Dosing: 2 Doses (3 Weeks between the shots)
Possible side effects: Pain, Swelling, Redness at

M\fﬂam\fﬂg )

Spumik\f

the injection site, Chills or shivers, Headache,
Fatigue /
Sputnik V

Manufacturer: Sputnik V '

Effectiveness: 91,1 -9 1. 5 %
|

Authorized groups: Over 18 Years old

Dosing: 2 Doses (3 Weeks between the shots)
Possible side effects: Pain, Swelling, Redness at
the injection site, Headache, Muscle pain, Rash,

i ) @

NOVAVAX

i

Fatigue

Novavax

Manufacturer: Novavax =

89.3%
—

Authorized groups: Over 18 Years old
Dosing: 2 Doses (3 Weeks between the shots)
Possible side effects: Pain at the injection site,

Headache, Fever, Fatigue, Nausea, Swollen
lymph nodes /

Effectiveness:

**Remark: The effectiveness of the COVID -19 vaccines from each manufacturer shall not be compared

because each study was made in different groups of people using various methods of research.
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Vaccination Rates

T

Parcentags of populstion fully vaccinatsd

0% 0% 20% 30% 4% GOW EO% PO B O0%

Lixafet | The:

1
o]
m
1

i — Esri, Del orma, NAWTED

Countries shown are those for which Our World In Data reports vaccination rates. Individuals
who have received all doses recommended according to the vaccination regimen are
considared fully vaccinated. Countries that are coloured white are those for which
vaccination rates are not available or not reported. This situation might occur if a country

has not started administering vaccines or if data about vaccination administration are not
publicly available. Map Notes.



Vaccine Approvals/Authorizations

Number of Approvad/Authorized Vaccinas

[
2 3 4 5 B T 8 5 &

a1
Liafat | Ties © Esi — Esrl, Delorma, MANTEQD

Countries shown are those where at least one COVID-18 vaccine approval of any type hos
been announced publicly. Vaccine approvals include those vaccines that have bean

approved, authorizad, licensed, given emargency use status, or made available for use
outside of clinical tricls via any pathway. Map Notes.



Vaccine Clinical Trials

a1 2
Esil, Delarma, NAVTED

T

Humber of Ragletered Trial Phases

- ——

ER

Countries shown are those where at laast one COVID=19 vaccing clinical trial is registarad.
Registered trials include those that are yet to enroll, ongeing, completed, or suspended. Each

trial-phase is counted separately; a registered Phase 1/2 trial is listed under Phase 1 and
Phase 2. Map Notes,




Agency

Africa Requlatory Taskforce (ART)

Caribbean Regulatory Systerm (CRS)

World Health Organization (WHO),

Country
Afghanistan

Albania

Antigud and Barbuda

Argentina
Armenia

Australia

Guaternnala

Guinea

Guinea-Bissau

Suyana
Haiti
Honduras
Hong Kong
Hungary
lceland

Indic

Indonesia

Iran (Islamic Republic of)

Trials & Approvals by Country

Approved
Vaccines

5

Vaccine
Trials

o

o

ht=

26

31

1B

23

Approwved
Vaccines

2

A
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It avaccine has an
etficacy of 80 percent:

It does not mean that the vaccine
will only work 80% of the time,

It does mean that in a vaccinated
population, 807 fewer people will
contract the disease when they
come in contact with the vitus,

Vaccine effectiveness is a measure of how well vaccines work in the real world. Clinical trials include a wide range
of people — a broad age range, both sexes, different ethnicities and those with known medical conditions - but they
cannot be a perfect representation of the whole population. The efficacy seen in clinical trials applies to specific
outcomes in a clinical trial . Effectiveness is measured by observing how well the vaccines work to protect
communities as a whole. Effectiveness in the real world can differ from the efficacy measured in a frial, because we
can't predict exactly how effective vaccination will be for a much bigger and more variable population getting
vaccinated in more real life conditions.



Vaccines do not provide full (100%) protection,
so breakthrough infections can happen.

But as more people get
vaccinated, it is expected
fewer people will come into
contact with the virus,

INFECTED ~ VACCINATED



What are the ingredients in a vaccine?
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World

Share of people vaceinated against COVID-19, May 13, 2022 =

in Data

B Share of people with a complete initial protocol [l Share of people only partly vaccinated
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No one Is really safe until everyone Is safe






