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Coronavirus Vaccine Tracker(Total)
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Currently testing: 111
Preclinical: 75



Current Status (Global)
Approved Viral Vector platform Vaccines

CanSino Non Replicating in 9 countries Ad5-nCoV China
Viral Vector 11 trials in 6 countries
Gamaleya Non Replicating  in 19 countries Sputnik Light Russia
Viral Vector 4 trials in 2 countries
Gamaleya Non Replicating  in 73 countries Sputnik V Russia
Viral Vector 22 trials in 7 countries
Ad26, Ad5
Janssen Non Replicating  in 78 countries Ad26.COV2.S US, Israel
(Johnson & Johnson) Viral Vector 16 trials in 18 countries
Oxford/AstraZeneca Non Replicating  in 125 countries AZD1222 UK, Sweden
AZD1222 Viral Vector 49 trials in 23 countries
Serum Institute of India Non Replicating ~ Approved in 46 countries Covishield UK, Sweden,
Covishield (Oxford/AstraZeneca Viral Vector 2 trials in 1 country India

formulation)



Current Status (Global)

Approved Subunit protein platform Vaccines

Anhui Zhifei Longcom Protein in 3 countries ZF2001 China
ZF2001 Subunit 10 trials in 5 countries
Center for Genetic Engineering and Protein in 4 countries Abdala Cuba
Biotechnology (CIGB) Subunit 5 trials in 1 country
CIGB-66
FBRI Protein in 2 countries EpiVacCorona, Russia,
EpiVacCorona Subunit 3 trials in 1 country Aurora-CoV Turkmenistan
Medigen Protein in 1 country MVC-COV1901 Taiwan
MVC-COV1901 Subunit 8 trials in 2 countries
Serum Institute of India COVOVAX Protein in 2 countries Novavax, Covovax US, India
(Novavax formulation) Subunit 3 trials in 3 countries
Vaxine/CinnaGen Co. Protein in 1 country Spikogen Australia, Iran
COVAX-19 Subunit 4 trials in 2 countries
Instituto Finlay de Vacunas Cuba Protein in 4 country Soberana 02 Cuba
Soberana 02 Subunit 3 trials in 2 countries
Instituto Finlay de Vacunas Cuba Protein in 2 country Soberana Plus Cuba
Soberana Plus Subunit 5 trials in 2 countries
Razi Vaccine and Serum Research Institute Protein in 1 country Razi Cov Pars Iran >
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Current Status (Global)

Developer Platform Approvals

Bharat Biotech Inactivated iy 10 countries Covaxin (also known India
7 trials in 1 country as BBV152 A, B, C)
Chumakov Center Inactivated i 1 country KoviVac Russia
KoviVac 2 trials in 1 country
Kazakhstan RIBSP Inactivated iy 2 countries QazVac Kazakhstan
QazVac 3 trials in 1 country
Minhai Biotechnology Co Inactivated i 2 countries KCONVAC, China
SARS-CoV-2 Vaccine (Vero Cells) 5 trials in 1 country KconecaVac
Shafa Pharmed Industrial Co Inactivated i 1 country COVlran Barekat Iran
COVID-19 Inactivated Vaccine 6 trials in 1 country
Sinopharm (Beijing) Inactivated i 68 countries BBIBP-CorV China
BBIBP-CorV (Vero Cells) 19 trials in 10 countries
Sinopharm (Wuhan) Inactivated i 2 countries Sinopharm Wuhan China
Inactivated (Vero Cells) 8 trials in 7 countries
Sinovac Inactivated iy 43 countries CoronaVac (formerly China
CoronaVac 26 trials in 8 countries PiCoVacc)
Organization of Defensive Innovation Inactivated jn 1 countries FAKHRAVAC (MIVAC) Iran
and Research 3 trials in 1 countries 6

EAKHRAVN/AC ININAC)



Current Status (WHO)

Developer
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Current Status (IRAN) Approved Vaccines and Developing platforms

Oxford/AstraZeneca

Viral Vector

AZD1222

Serum Institute of India

Covishield (Oxford/AstraZeneca formulation)

Gamaleya

Bharat Biotech
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Sinopharm (Wuhan)

Viral Vector

Viral Vector

Inactivated (Vero Cells)

Sinovac
CoronaVac

Shafa Pharmed Industrial Co
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Covaxin (also known as
BBV152 A, B, C)

BBIBP-CorV

Sinopharm Wuhan

CoronaVac (formerly
PiCoVacc)

COVlran Barekat

Spikogen

UK, Sweden

UK, Sweden,
India
Russia

India

China

China

China

Iran

Australi, Iran

8



Current Status (IRAN)

Developing Vaccines

Gountyof orig

Shafa Pharmed Industrial Co Inactivated 1 approvalin Iran COVlran Barekat Iran
COVID-19 Inactivated Vaccine 6 trials in 1 country
Vaxine/CinnaGen Co. Protein 1 approval in Iran Spikogen Australia, Iran
COVAX-19 Subunit 4 trials in 2 countries
Finlay Vaccine Institute/ Institute Protein Approved in 3 countries Soberana 2, or Cuba, Iran
Pasteur of leran Subunit 4 trials in 2 countries PastoCoVac

Soberana 2, or PastoCoVac

Bagiyatallah University of Medical Protein 3 trialsin Iran Noora Iran
Sciences Subunit
Razi Protein 1 approval in Iran Razi Cov Pars Iran
Vaccine and Serum Research Institute Subunit 3 trials in Iran
Iran’s Ministry of Defence Inactivated 1 approvalin Iran Fakhravac Iran

2 trails in Iran



Development times for COVID-19 vaccines were highly compressed compared
with standard practice.

Vaccine development then and now, months

FaSt'fO rwa rd Sample baseline scenario,' (after multiple years of research)
: Will the
speed of
COVID-19
vaccine
development
reset
industry

~12-24 ~12-24

&
o‘o.‘. ~10
..‘.. years

Preclinical, including Phase 1: Phase 2: Phase 3: Filing Registration
norms ? toxicity, technology Safety and Proof-of- Large-scale safety
development immunology concept study and efficacy trials

Sample accelerated timeline,? (based on previous SARS/MERS research)
Development was simultaneous rather than sequential. Clinical phases were continued after subsequent steps were initiated.
~2 ~2 ~2 ~4 ~1

https://www.mckinsey.com/indust ‘ . . . . . . . ‘ ‘ . AUthOfiZ&tiOﬂB <1

ries/life-sciences/our-insights/fast- MCKin%f r

forward-will-the-speed-of-covid-1
9-vaccine-development-reset-indu 'Timelines can vary widely based on disease and trial designs. & Company
stry-norms ’Patient safety was paramount despite the condensed timeline.
May 13, 2021 35 g , E S T L et iea ot tbhapipab
Continuation of clinical development after emergency-use authorization.




Five factors affected the speed with which COVID-19 vaccines were developed.

Potential time savings associated with five key development factors, years

Fast-forward 1 2 3 4 5

] Wl” the ~10 years Technology- Investing at Operational Sample
. 34 enabled risk excellence accelerated
o advancement and innovation timeline for
Speed Of in execution COVID-19
vaccine

COVID-19
vaccine

~1-2
Regulatory -
factors -

development specific  Widely available =
to the knowledge
reset pandemic about the
. disease, amid =
| nd UStFy a fast-moving )

andemic ~1year
norms? e I i

May 13, 2021
Sample
' >
baseline
scenario Restricted to Applicable
specific areas' to any drug
Note: Time savings across acceleration categories are not cumulative and depend on critical development path. McK Imsey

'For instance, other pandemic situations or areas of high unmet medical need. & Company



Current Status (Global) All combined trial genetic vaccines

Pfizer/BioNTech Pfizer/ US, Germany
BNT162b2
BioNTe
ch
Arcturus Sl N/A US & Singapore 2&3

Therapeutics and Duke-NUS
Medical School

Genexine DNA N/A South Korea 2&3

AnGes,Osaka DNA N/A et
University and Takara Bio / P 1&2

Gennova RNA N/A India & US 1&2
Biopharmaceuticals and HDT Bio

GeneOne Life Science DNA N/A South Korea 1&2

Takis Biotech and Rottapharm DNA N/A Ital
Biotech / Y 1 &2

Daiichi San .I?oan: University of RNA N/A Japan 1&2

Elixirgen Therapeutics A N/A US 1&2

Eyegene A N/A South Korea 1&2
12

Vaccibodyv DNA N /A N trvwravy 1 O



Current Status (Global) All combined trial viral vector vaccines

Oxford/AstraZeneca Non Replicating Viral Vector AZD1222 UK Sweden 2&3
AZD1222

Serum Institute of India Non Replicating ViralVector—— Covjshield UK, Sweden, 2 g 3
Covishield (Oxford/AstraZeneca formulation)

India

Rei-rhera & Non Replicating Viral Vector N/A India 2 &3

Lazzaro Spallanzani National
Institute for Infectious

Israel Institute for Biological Non Replicating iral Vector N/A Israel 2&3
Research

Washillg'l:on Univel'si!][ & Non Replicating Viral Vector N/A US & India 2&3
Bharat Biotech

Cellid & LG Chem Non Replicating Viral Vector N/A South Korea 1&2

BIOCAD Non Replicating Viral Vector N/A RUSSia 1 &2
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Current Status (Global) All combined trial Sub-protein Vaccines

Clover Biopharmaceuticals & Dynavax Protein Subunit Inactivated China & US
Shionogi & National Institute of Protein Subunit Inactivated Japan 2&3
Infectious Diseases & Kyushu University
Finlay Vaccine Institute Protein Subunit Inactivated Cuba 1&2
Soberana 1
SpyBiotech Protein Subunit Inactivated GB 1 &2
EuBiologics 1&2
VBI Vaccines Protein Subunit Inactivated US 1 &2
Akston Biosciences Protein Subunit Inactivated US 1&2
Sinopharm Protein Subunit Inactivated China 1&2
Research Institute for Biological Safety Protein Subunit Inactivated Kazakhstan 1&2
Problems
St. Petersburg Scientific Research Protein Subunit Inactivated Russia 1&2
Institute of Vaccines and Sera
HIPRA Protein Subunit Inactivated S D 2in 1&2
Human Stem Cells Institute Protein Subunit Inactivated US 1&2 14



Current Status (Global) All combined trial Inactivated vaccines
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How Did We Get a COVID-19 Vaccine in Less Than 1 Year?

SARS-CoV1 outbreak infects
>8,000 people and kills 774

2001 2003

First RNA vaccine tested in mice

Molecular understanding of viral receptor biology and development of stabilized
coronavirus prefusion Spike protein as a vaccine antigen (2005-2018)

SARS-CoV1 vaccine
phase | clinical trial

people and killed >850. The
MERS outbreak is still ongoin

MERS outbreak starts. Since
2012, MERS has infected >2,500 Moderna starts

personalized RNA
g. cancer vaccine trial
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2009 2011 2013

First human prototype RNA
cancer vaccine trial completed

2015 2017 2019
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SARS-CoV2 genome
sequenced
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BioNTech/Pfizer start phase |

COVID-19 vaccine trial

C
———
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BioNTech publishes results from
personalized RNA cancer vaccine trial

First confirmed SARS-CoV2 infection 12/1/2019

Moderna starts phase |
COVID-19 vaccine trial

U.S. declares a national
emergency

BioNTech/Pfizer and Moderna
start large-scale phase Il/lll
COVID-19 vaccine trials

First phase Ill randomized clinical trial
data on COVID-19 vaccines published

v

U.S. FDA authorizes BioNTech/Pfizer
and Moderna COVID-19 vaccines

https://clincancerres.aacrjournals.org/content/27/8/2136.full-text.pdf CLl N | CAL CAN CER

RESEARCH



A Snapshot of the Global Race for Vaccines
Targeting SARS-CoV-2 and the COVID-19 Pandemic

First recognized cases
or clinical description

SARS-CoV-2

Worldwide
SARS-CoV2 1stvaccine batch pandemic
genome sequenced (mRNA-1273) declared 1stclinical trial :
| | | |
I I I 1 1
2019 (Dec) 2020 (Jan) 2020 (Feb 7) 2020 (Mar 11) 2020 (Mar 16) 2020 (May)

bl iy Vaccine in 12-18 months? Slild 2

MERS genome  MERS outbreak

SARS-CoV-1

| sequelnced (Satlei Arabia) 1st clinif:al trial 1
| | | | |
2012 2013 2014 2016 (Feb) 2020
 GGGGREEEEEEEREREEEEEEEEEEEERERE o vaccine - 6 years |[puittbEEEs
SARS genome
SARS outbreak sequenced 1stclinical trial
| | | | |
| | | | |
2002 (Nov) 2003 (early) 2003 (Apr) 2005 2020
l---------------------------------------------------l
Ebola genome Canadian team Largest outbreak: Vaccine approved
sequenced publishes 1stvaccine =~ West Africa - 1st clinical trial Ervebo (VSV vector) —|
| | |
| | [ | I I
1976 1993 2005 2014 2015 2019
. . . Polio
First Epidemic  getermined Salk vaccine Sabin vaccine ‘Wild’ polio Polio genome
(USA) ————— tobe viral (inactivated virus)  (oral, live-attenuated) eradicated (USA) sequenced
| | | | | |
| | | | | |
1789 1894 1908 1953-54  1957-59 1979 1981
~ 60 years e

https://www.frontiersin.org/articles/10.3389/fphar.2020.00937/full

'frontiers
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The NEW ENGLAND
JOURNAL of MEDICINE

Traditional Paradigm —

Small-scale clinical trial material

Manufacturing scale-up,

. Large-scale
commercial scale,

Multiple Years validation of process G

Developing
COVId-1 9 v_aCCI“es Target ID, development partner Phase 1 Phase 2 Phase 3 Lic }
at Pandemic Spee! selection, and preclinical trial i A3nES = el
Difference A 2
between Go or no-go First trial Efficacy trial Evaluation trial

1 decision to invest in humans in humans in humans
Tradl_tlonal in candidate
Vaccine
Development and Outbreak Paradigm — Target ID, develop-
Development Overlapping Phases ment partner

selection, and
preclinical trial

Shorten Development Time

Using a Pandemic
Paradigm. may 21, 202

Go or no-go Clinical development
decision to invest
in candidate Safety/dose selection  Safety/efficacy
A
First in humans Efficacy trial

(safety)

Manufacturing development, scale-up,
clinical trial material, commercial
scale, validation of process

313#0€95002dINIIN/

elpaw™saJn
950T°0T/|Iny/10p/340" wilou'mmm//:sdny

A

Regulatory pathway for
emergency authorization

Large-scale manufacturing

Access: Geographic spread of
manufacturing and development
sites and pursuit éfemergency
authorization before licensure



m U.S. National Library of Medicine
Find Studies ¥ About Studies ¥ Submit Studies ¥ Resources ¥ About Site ¥ PRS Login

ClinicalTrials.gov

Home >  Search Results >  Study Record Detail () Save this study

Investigating a Vaccine Against COVID-19

ClinicalTrials.gov Identifier: NCT04400838

The safety and scientific validity of this study is the responsibility of the
study sponsor and investigators. Listing a study does not mean it has
been evaluated by the U.S. Federal Government. Read our disclaimer
for details.

Recruitment Status € : Active, not recruiting
First Posted @ : May 26, 2020
Last Update Posted @ : October 20, 2021

Sponsor:
University of Oxford

Information provided by (Responsible Party):
University of Oxford

Study Details Tabular View No Results Posted Disclaimer  [EJ How to Read a Study Record

Study Description Goto | =

Brief Summary:
A phase 2/3 study to determine the efficacy, safety and immunogenicity of the candidate Coronavirus Disease (COVID-19) vaccine ChAdOx1 nCoV-19 in healthy UK volunteers.



Economic insight of COVID-19 vaccines
2021 Financial Guidance()

$81.0 to $82.0 Billion
(previously $78.0 to $80.0 billion)

Revenues

39.1% to 39.6%

Adjusted Cost of Sales(") as a Percentage of Revenues .
(previously 39.0% to 40.0%)

$11.6 to $12.1 Billion

Adjusted SI&A Expenses(!) ! 8,
(previously $11.5 to $12.5 billion)

$10.4 to $10.9 Billion

Adjusted R&D Expenses() , -
(previously $10.0 to $10.5 billion)

~$2.3 Billion

Adjusted Other (Income)/Deductions(") : ; - ,
(previously approximately $2.2 billion of income)

Effective Tax Rate on Adjusted Income(") Approximately 16.0%

$4.13t0 $4.18

Adjusted Diluted EPS() :
(previously $3.95 to $4.05)

Midpoint of Revenue Range Reflects 91% Op Growth Compared to 2020 Revenues;
Midpoint of Adjusted Diluted EPS(") Range Reflects 80% Op Growth Compared to 2020

Qan CQlidae 28 and 20 far dafinitinne and far additinnal infarmatinn reaardina Pfizaer'e 2N21 financial atidance
o€ee Slides 36 and 39 Tor definitions ana for aaaitional information regaraing r ers 2ZuUZ1 lnancial guiaance

@ Pﬁzer Third Quarter 2021 Earnings



Economic insight of COVID-19 vaccines
Selected 2021 Financial Guidance!! Ranges Excluding Comirnaty(")

$45.0 to $46.0 billion

R (previously $45.0 to $47.0 billion)

Adjusted Cost of Sales(!) as a Percentage of Revenues 21% to 22%

$2.60 to $2.65

Adjusted Diluted EPS(") (previously $2.55 to $2.65)

Midpoint of Revenue Range Reflects ~6% Op Growth Compared to 2020 Revenues Excluding Revenue Impacts
of Comirnaty(); Midpoint of Adjusted Diluted EPS(") Range Reflects ~12% Op Growth Compared to Prior Year

21

@ Pﬁzer Third Quarter 2021 Earnings



Economic insight of COVID-19 vaccines

2022 Outlook for Potential Comirnaty(!) Sales

4B

Expected doses to be produced in 2022

1.7B

Expected doses to be delivered in 2022 based on contracts signed as of
mid-October 2021

~$29B

Direct sales and alliance revenues anticipated in 2022 based on
contracts signed as of mid-October 2021

We Continue to Engage with Governments Regarding
Potential Additional Orders for 2022

) See Slides 38 and 39 for definition of Comirnaty, which is the name for the Pfizer-BioNTech COVID-19 Vaccine

é Pﬁzer Third Quarter 2021 Earnings



Genetic Vaccines

Vaccines that deliver one or more of the
coronavirus’s own genes into our cells to
provoke an immune response. sy,

; %
2
t = § ]

| | le o
RNA vaccine | | \\\\N DNA vaccine

23



Coronavirus Tracker(Genetic Vaccines)
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Currently testing: 23
Abandoned: 4
Preclincal: 41



Genetic Vaccines

01- Pfizer & Biontech
Comirnaty (also known as tozinameran or BNT162b2)

PHASE 2

PHASE 3 —
COMBINED PHASES BIO —C|—I
APPROVED IN U.S,,

ELSEWHERE EMERGENCY USE IN OTHER COUNTRIES

VACCINE NAME: Comirnaty (also known as tozinameran or BNT162b2)
EFFICACY: 91%

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Freezer storage only at —13°F to 5°F (—25°C to —15°C)

5 years and older




Genetic Vaccines
01- Pfizer & Biontech

B Approved
] Early, limited or emergency
use




Comotic Vaces modernd
enetic Vaccines m)

- - Nati | Institut f Health
02- Moderna & National Helath Institute s Drcovers o o
MRNA-1273 or Spikevax

PHASE 3
APPROVED IN SWITZERLAND
EMERGENCY USE IN U.S., ELSEWHERE

VACCINE NAME: mRNA-1273 or Spikevax

EFFICACY: Preventing Covid-19 illness: 93.2%. Preventing severe disease: 98.2%.
DOSE: 2 doses, 4 weeks apart

TYPE: Muscle injection

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

18 years and older

27



moderna

Genetic Vaccines mNatlonal Institutes of Health
02- Moderna & National Helath Institute e

] Approved

& Early, limited or emergency b\ el ' | {J
use S . 28



Zydus

Genetic Vaccines dadicated [
03- Zydus e Z g
PHASE 3

EMERGENCY USE IN INDIA

VACCINE NAME: ZyCoV-D

EFFICACY: 66.6%

DOSE: 3 doses, 4 weeks apart

TYPE: Skin injection

STORAGE: Stable at room temperature for three months
12 years and older

29



Genetic Vaccines zydus

- dedicated [ :
03- Zydus ec l/[g

\71;

B Approved ¢
> 7 I Early, limited or eme enCY}% 5

use




Genetic Vaccines
04- Academy of Military Medical Sciences,
Suzhou Abogen Biosciences and Walvax Biotechnology

PHASE 3

In June 2020, Chinese researchers at the Academy of Military Medical Sciences, Suzhou

Abogen Biosciences and Walvax Biotechnology announced they would start their @ NBOGEN
country’s first safety trials on an mRNA-based vaccine, called ARCoV. Earlier studies on VVA LGRS
monkeys reportedly showed protective effects, and in the Phase 1 trial indicated it was safe " oreoereo. 1w
in people. On Dec. 21, Xinhua reported that China was building a factory to produce 120

million doses per year.

Researchers launched a Phase 2 trial for the vaccine in January 2021, and reqistered a
Phase 3 trial in April. In September, Bloomberg reported that the trial would soon be
launched in Indonesia and Mexico, with results expected by the end of the year.
Updated Sept. 3

31



ARCTURUS

Genetic Vaccines therapeutics
05- Arcturus Therapeutics and Duke-NUS Medical School

71 DukeNUS

Medical School

PHASE 2

PHASE 3
COMBINED PHASES
The California-based company Arcturus Therapeutics and Duke-NUS Medical School in
Singapore have developed an mRNA vaccine called ARCT-021. It has a “self-replicating” design
that leads to a greater production of viral proteins. Tests on animals showed that it protected them
against infection. In August, Arcturus launched a Phase 1/2 trial at Singapore General Hospital.
On Nov. 9, the company announced that an interim analysis of the trial showed that the vaccine
produced an immune response that’s in the range of responses seen in people who recovered
from Covid-19. On Jan. 6 Arcturus announced that they had permission to start the Phase

2 portion of the trial in both Singapore and the United States. Singapore reached an agreement
with Arcturus to spend up to $175 million to acquire vaccines when they’re ready.

In August, Arcturus received approval to begin testing its next-generation mRNA vaccine in

Vietnam. The company registered a Phase 2/3 trial of the vaccine, called ARCT-154. The (
researchers registered a Phase 1/2 trial evaluating the two vaccines head-to-head with another
candidate, called ARCT-165, on Sept. 8. Arcturus said it plans to file a request for emergency use
authorization by the end of 2021. 32 g

1l IlnrAA~A+AA NAt 19




Genexine

Genetic Vaccines
06- Genexine

PHASE 2
PHASE 3
COMBINED PHASES

The South Korean company Genexine started testing the safety of a DNA-based vaccine in
June 2020. In December, the Korea Biomedical Review reported that Genexine got
disappointing results from their initial formulation and decided to restart their trials with a
modified vaccine. On Jan. 20, 2021, the company reqistered a Phase 1/2 trial, and in June they
registered a Phase 1 trial for elderly volunteers.

The Indonesian pharmaceutical company Kalbe Farma pledged in April to buy 10 million doses

of Genexine’s vaccine if it is proven to be safe and effective. In July, Indonesian regulators Y am N

gave the green light for a late-stage clinical trial. Genexine registered a Phase 2/3 clinical R . P
o . . . N

trial in October to test their vaccine as a booster for other vaccines.

Updated Oct. 7 P

33



Genetic Vaccines POWERING DNA MEDICINES
07- Inovio

PHASE 2

VACCINE NAME: INO-4800

EFFICACY: Unknown

DOSE: To be determined

TYPE: Skin injection

STORAGE: Over a year at room temperature

34



Coronavirus Vaccine Tracker
(Viral Vector Vaccines)
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Currently testing: 20
Abandoned: 04
Preclinical: 13



MUHUCTEPCTBO
3APABOOXPAHEHMA
POCCUUCKOU ®EAOEPALINU

&%,
Viral Vector Vaccines L

01- Gamaleya Research Institute
Sputnik V (also known as Gam-Covid-Vac)

PHASE 3
EMERGENCY USE IN RUSSIA, IRAN

VACCINE NAME: Sputnik V (also known as
Gam-Covid-Vac)

EFFICACY: 91.6%

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Freezer storage. Developing an alternative
formulation that can be refrigerated.

36



MUHUCTEPCTBO
3APABOOXPAHEHMA
POCCUUCKOU ®EAEPALINU

Viral Vector Vaccines
01- Gamaleya Research Institute
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UNIVERSITY OF
Viral Vector Vaccines =7 OXFORD
02- the University of Oxford and AstraZeneca

Vaxzevria (also known as AZD1222, or Covishield in

India) AstraZeneca
PHASE 2

PHASE 3

COMBINED PHASES

APPROVED IN BRAZIL

EMERGENCY USE IN E.U., ELSEWHERE

VACCINE NAME: Vaxzevria (also known as AZD1222, or
Covishield in India)

EFFICACY: 74% against symptomatic

Covid19; 100% against severe or critical Covid-19.
DOSE: 2 doses

TYPE: Muscle injection SN
STORAGE: Stable in refrigerator for at least 6 months >
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Viral Vector Vaccines
03- CanSino Biologics and
Academy of Military Medical Sciences.

PHASE 3
APPROVED IN CHINA
EMERGENCY USE IN OTHER COUNTRIES

VACCINE NAME: Convidecia (also known as Ad5-nCoV)
EFFICACY: 63.7%

DOSE: Single dose

TYPE: Muscle injection

STORAGE: Refrigerated
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Viral Vector Vaccines

03- CanSino Biologics and
Academy of Military Medical Sciences.
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Viral Vector Vaccines

04- Beth Israel Deaconess Medical Center and
Johnson & Johnson

PHASE 3
APPROVED IN CANADA
EMERGENCY USE IN U.S., ELSEWHERE

VACCINE NAME: Ad26.COV2.S

EFFICACY: 72% in United States, 68% in Brazil and 64% in South Africa
DOSE: 1 dose

TYPE: Muscle injection

STORAGE: Up to two years frozen at —-4° F (—=20° C), and up to 6
months refrigerated at 36—46° F (2—-8° C).

e
janssen )'

Beth Israel Lahey Health )
Beth Israel Deaconess Medical Center

(ohmronfolmon
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Viral Vector Vaccines

05- University of Hong Kong and
Xiamen University and

Beijing Wantai Biological Pharmacy

PHASE 3

AR

XIAMEN UNIVERSITY

r PEAEW

WANTAI BioPharm

In 2019, researchers at the University of Hong Kong and Xiamen
University created a nasal-spray vaccine for the flu based on a genetically
weakened form of the influenza virus. In early 2020, they engineered the
vaccine to produce part of the coronavirus spike protein as well. On Sept. 9,
they received approval to start clinical trials in partnership with Beijing
Wantai Biological Pharmacy. They reqistered a Phase 1 trial on March 22,
2021. At a June 11 press conference, a researcher for the Chinese Center
for Disease Control and Prevention said that this vaccine has completed
Phase 2 trials. And on Sept. 22, the researchers registered a Phase 3 trial.
The researchers are receiving $5.4 million in support from CEPI, the
Coalition for Epidemic Preparedness Innovations.

Updated Oct. 13
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06- ReiThera & IRCCS

Lazzaro Spallanzani National Institute for Infectious Diseases+ HAZEARG SPALLANZAN
PHASE 2

PHASE 3

COMBINED PHASES

The Italian biotechnology company ReiThera has developed a Covid-19 vaccine, called
GRAd-COV2, that is based on an adenovirus that infects gorillas. Working in collaboration
with the Lazzaro Spallanzani National Institute for Infectious Diseases in Rome, they
found that it produced strong levels of antibodies in mice and monkeys. In July 2020, they
launched a Phase 1 clinical trial. In November, they announced that the vaccine was well
tolerated and produced antibodies, and released a report on the trial.

In March 2021, researchers launched a Phase 2 trial of the vaccine, which
delivered encouraging results in July. But it remained unclear if ReiThera would be able to
advance to a final Phase 3 trial.

In May, Reuters reported, a court in Italy struck down the government’s plan to fund the
Phase 3 trial. The government later said it was ready to support the vaccine trial, but has yet

to offer up the funds. 45
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Protein-based Vaccines

Vaccines that contain coronavirus proteins but no genetic
material. Some vaccines contain whole proteins, and
some contain fragments of them. Some pack many of
these molecules on nanoparticles.
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Protein-Based Vaccines
01- Vector Institute
EpiVacCorona, Aurora-CoV
PHASE 3

APPROVED IN TURKMENISTAN
EARLY USE IN RUSSIA

VACCINE NAME: EpiVacCorona, Aurora-CoV
EFFICACY: Unknown

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Stable in refrigerator for up to two years




Protein-Based Vaccines
01- Vector Institute
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4G INSTITUTE OF MEDICAL BIOLOGY
Gass’’/ CHINESE ACADEMY OF MEDICAL SCIENCES

@ Zr-rSWw

The Biologics Compony

Protein-Based Vaccines
02- Anhui Zhifel Longcom
Institute of Medical Biology at the Chinese Ac

Medical Sciences
PHASE 3
EMERGENCY USE IN SEVERAL COUNTRIES

VACCINE NAME: ZF2001,
Zifivax

EFFICACY: 81.76%

DOSE: 3 doses, 4 weeks apart
TYPE: Muscle injection
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Protein-Based Vaccines

02- Anhui Zhifei Longcom
Institute of Medical Biology at the Chinese Acad

Medical Sciences
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INSTITUTO
Protein-Based Vaccines IFV FINLAY DE

03- Finlay Vaccine Institute SrGINED

Soberana 2, or PastoCoVac (in Iran) S

PHASE 3
EMERGENCY USE IN IRAN, CUBA

VACCINE NAME: Soberana 2, or PastoCoVac (in Iran)
EFFICACY: 71% with two doses, 92.4 % with Soberana
Plus booster




Protein-Based Vaccines
03- Finlay Vaccine Institute
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Protein-Based Vaccines B e someres
04- Center for Genetic Engineering and Biotechnology of
Cuba

Abdala

PHASE 3
EMERGENCY USE IN CUBA

VACCINE NAME: Abdala
EFFICACY: 92.28%
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Protein-Based Vaccines
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Protein-Based Vaccines INNOVATING IMMUNOLOGY
05- Dynavax & Medigen @ B BRI AR A
MEDIGEN VACCINE BIOLOGICS CORP

PHASE 3
EMERGENCY USE IN TAIWAN

Taiwan-based vaccine maker Medigen created a vaccine containing a combination of spike proteins and an
adjuvant from Dynavax. After a series of promising experiments on animals, they began injecting volunteers
for a Phase 1 trial in early October 2020, which showed that the vaccine provoked strong immune responses.
On Dec. 30, Medigen announced that it had received permission to commence a Phase 2 trial. The first
volunteers in the trial were injected in late January 2021. In July, Medigen started another Phase 2 trial

on children between 12 and 18 years old. Medigen received permission to begin a Phase 3 trial in Paraguay
on July 20. And on Oct. 15, the researchers reqgistered a trial to assess their vaccine’s effectiveness as a
booster for those who have received one dose of the Moderna shot. They reqgistered a similar trial on Oct. 27
for adults with two doses of the AstraZeneca vaccine.

Taiwan granted emergency use authorization to the vaccine on July 19. Results from the Phase 2
trial suggested that volunteers were producing strong levels of antibodies and did not have serious advg
reactions. Taiwan started administering Medigen'’s vaccine on Aug. 23. By Oct. 22, Medigen said that
1,362,524 doses had been administered.

| | |
EANMEDOENICNV TICE IN: TAnnAan - T .



Protein-Based Vaccines INOVATINGIMMUNOLOGY
05- Dynavax & Medigen @ B NN ERAS

MEDIGEN VACCINE BIOLOGICS CORP
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Protein-Based Vaccines vaxine

06- Vaxine &
Spikogen

PHASE 3
EMERGENCY USE IN IRAN

VACCINE NAME: Covax-19, Spikogen
DOSE: 2 doses, 3 weeks apart

In June, 2021, Vaxine launched a Phase 2 trial in Iran, followed by a Phase 3 trial,
reqgistered Aug. 13. In October, Iran issued an emergency authorization for
Spikogen, to be produced by the Iranian company CinnaGen. Official results of the
Phase 3 trial are expected by the end of the year.
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Protein-Based Vaccines
06- Vaxine & Cinnagen
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PHASE 3
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NOVAVAX

Protein-Based Vaccines Creating Tomorrow’s Vaccines Today
07- Novavax

(also known as Covovax in India)

PHASE 3
EMERGENCY USE IN INDONESIA & Philippines

VACCINE NAME: NVX-CoV2373 (also known as
Covovax)

EFFICACY: 89.7%

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Stable in refrigerator

In July the U.S. government awarded Novavax
another $1.75 billion to support the vaccine’s clinical
trials and manufacturina.




Protein-Based Vaccines
07- Novavax
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medicago

Protein-Based Vaccines
08- Medicago & gsk

PHASE 3

VACCINE NAME: CoVLP
EFFICACY: Unknown

DOSE: 2 doses, 3 weeks apart
TYPE: Muscle injection
STORAGE: Stable in refrigerator
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Protein-Based Vaccines gsk & Sanofi

10- Sanofi & gsk
PHASE 3

In early 2020, Sanofi developed a Covid-19 vaccine based on viral proteins they
produced with engineered viruses that grow inside insect cells. GSK supplemented
these proteins with adjuvants that stimulate the immune system. The vaccine,
called Vidprevtyn, is based on the same design Sanofi used to create Flublok, an
approved vaccine for influenza. The companies launched a Phase 1/2 clinical trial in
September 2020.

Vidprevtyn was widely expected to play a major role in tackling the pandemic. In the
United States, Operation Warp Speed selected it as one of six vaccines to secure in
large quantities, reaching a $2.1 billion agreement for 100 million doses. On Sept.
18 Sanofi closed another deal with the European Union for 300 million doses for an
unspecified amount, and later reached an agreement with Canada for up to 72
million doses. In addition, Sanofi agreed to provide 200 million doses to COVAX, an
international collaboration to deliver the vaccine equitably across the world. The
company expected to move to a Phase 3 trial in December and potentially seek




SANOFI \7

Protein-Based Vaccines gsk & Sanofi
10- Sanofi & gsk

PHASE 3

But on Dec. 11, 2020, Sanofi and GSK announced that Vidprevtyn was proving
disappointing. While it provided promising levels of antibodies in people under 50,
older people did not respond as strongly as they had hoped. The company halted
the trial. In January Sanofi decided to help Pfizer and BioNTech make 100 million
doses of their vaccine, and they reached a similar agreement with Johnson &
Johnson in February.

Meanwhile, Sanofi developed a stronger formulation of Vidprevtyn. On Feb. 22, the
company launched a new Phase 2 trial, which showed that the new

version produced strong immune responses. They began enrolling participants for
their Phase 3 trial on May 27. On July 20, 2021, the European Medicines Agency
started a rolling review of Vidprevtyn in advance of their application for
authorization. In an earnings report on Oct. 28, Sanofi said it expected results from
its new Phase 3 trial by the end of 2021.

| Ilndated Oct R0
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g\, J) West China Hospital of Sichuan University

Protein-Based Vaccines
11- West China Hospital of Sichuan University

PHASE 3

In July 2020, researchers at West China Hospital of Sichuan
University published a study in Nature describing a vaccine made from
the RBD region of the spike protein that could protect mice and
monkeys from the coronavirus. To make the vaccine, researchers
encoded the RBD region in a gene, which they inserted into a virus.
They then infected insect cells with the virus, causing them to make the
molecule in huge amounts. On Aug. 24, they launched a Phase 1 trial,
and on Nov. 16 they moved to Phase 2 with a study on 960 volunteers.
On Jan. 22, 2021, the researchers registered another Phase 2 trial with
4,000 volunteers. A Phase 3 trial began on June 1.

Updated June 1
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Protein-Based Vaccines BIOPHARMACEDTICAL
12- Nanogen Biopharmaceutical

PHASE 3

On Dec. 10, 2020, Nanogen Biopharmaceutical in

Vietnam began recruiting 60 volunteers for a Phase 1 trial of
their protein-based vaccine Nanocovax. Vietham news
agencies announced that Nanocovax entered a Phase 2 trial in
February, 2021. Nanogen researchers reported that in these
early studies, the vaccine did not cause any dangerous side
effects and promising levels of antibodies. In June,

Nanogen |aunched a Phase 3 trial.

Updated Oct. 19
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Protein-Based Vaccines II ' V f}ﬂéﬁﬁ,’f«f
13- Finlay Vaccine Institute

Soberana 2, or PastoCoVac (in Iran)

PHASE 3
EMERGENCY USE IN INDONESIA & Philippines

VACCINE NAME: Soberana 2, or PastoCoVac (in Iran)
EFFICACY: 71% with two doses, 92.4 % with Soberana Plus booster

On June 29, Iran’s health minister announced that Soberana 2 has received emergency use
approval. The Pasteur Institute of Iran is marketing the vaccine in the country as PastoCoVac.

On Aug. 20, 2021, the Cuban government announced the emergency authorization of both
Soberana 2 and Soberana Plus. Just two weeks later, on September 2, Cuba authorized
Soberana 2 for children between the age of 2 and 18. In their announcement, Cuban regulators
said that the immune response in children was similar to adults who received Soberana 2.

EMERGENCY USE IN: Cuba, Iran, Nicaragua.
Updated Nov. 4




Protein-Based Vaccines
13- Finlay Vaccine Institute
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UNIVERSITY of WASHINGTON

Protein-Based Vaccines

14- University of Washington & SK Bioscience & gsk "B{ ,
SK bioscience

PHASE 3

Last spring, researchers at the University of Washington developed a
nanoparticle studded with pieces of the coronavirus spike

protein. Experiments on mice showed a strong immune response. The
South Korean vaccine company SK Bioscience licensed the vaccine,
called GBP510. After partnering with GSK, they launched a Phase 1/2
trial of the vaccine in February 2021. Genetic Engineering and
Biotechnology News reported that people who received the vaccines
made five to eight times more antibodies than people who recovered from
Covid-19. SK Bioscience has received $210.1 million from the Coalition for
Epidemic Preparedness Innovations for the development of GBP510. In
August, the company launched a Phase 3 trial, comparing GBP510 to
AstraZeneca'’s Vaxzevria vaccine. SK Bioscience expects results in the
first half of 2022.

Updated Nov. 4
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Protein-Based Vaccines LIVZZON

15- Livzon Pharmaceutical Group & Institute of Biophysics

‘N Institute of Biophysics

4/ Chinese Academy of Sciences

PHASE 3

A subsidiary of Chinese company Livzon Pharmaceutical
Group has developed a protein vaccine in collaboration with
the Institute of Biophysics at the Chinese Academy of
Sciences. Called V-01, the vaccine completed Phase 1 and
2 trials earlier in 2021. A Phase 3 trial began in the
Philippines on Aug. 25 and expanded to Russia in
November. They reqgistered a booster trial of the vaccine on
Sept. 20, and reqgistered another study to gauge its
effectiveness as a booster in adults who received

BBIBP-CorV or CoronaVac on Oct. 27.
| Indated Nlaovy 10
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Protein-Based Vaccines
16- Razi Vaccine and Serum Research Institute

Cil

On Feb. 7, 2021, Iran announced that it was launching a clinical

trial of a second vaccine, known as Cov-Pars Razi and developed by
the Razi Vaccine and Serum Research Institute. The vaccine
contains fragments of coronavirus spike proteins and is delivered in
three doses: two injections and one nasal spray. The

researchers began dosing participants for their Phase 2 trial on May
28. In July Razi officials promised that they would be able to produce
at least one million doses of the vaccine every month. At the end of
August, Iran rolled out a Phase 3 trial. The Tehran Times reported on
Oct. 12 that a nasal dose of the vaccine reduces the transmission of
the virus by as much as 90 percent.

Nasal phase is withdrawn

PHASE 3
EMERGENCY USE IN IRAN
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Protein-Based Vaccines
16- Razi Vaccine and Serum Research Institute

PHASE 3
EMERGENCY
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Protein-Based Vaccines

17- Zhongyianke Biotech, Liaoning Maokangyuan Biotecl
Academy of Military Medical Sciences

PHASE 3

Researchers at Zhongyianke Biotech, Liaoning
Maokangyuan Biotech and the Academy of
Military Medical Sciences are using Chinese
namster ovary cells to help create immunity in
numans. They registered a Phase 1 trial in China
ast November. On March 24, they advanced the

vaccine to Phase 2. The researchers registered
a Phase 3 trial on Sept. 5.

Updated Oct. 13
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Protein-Based Vaccines

18- Lanzhou Institute of Biological Products, Beijing Zhong Sheng Heng Yi
Pharmaceutical Technology and Zhengzhou University AU

EIRIPE:

ZHENGZHOU UNIVERSITY

PHASE 3

Researchers at the Lanzhou Institute of Biological
Products, Beijing Zhong Sheng Heng Yi
Pharmaceutical Technology and Zhengzhou
University are testing a vaccine that is grown in
Chinese hamster ovary cells. They registered a Phase
1/2 trial on May 3. In October they reqgistered a Phase
3 trial to test their vaccine as a booster for an
inactivated virus vaccine. ;
Updated Oct. 19 ,
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Clover Biopharmaceuticals

Protein-Based Vaccines YYNAVL
19- Clover Biopharmaceuticals & Dynavax INNOVATING IMMUNOLOGY
PHASE 2

PHASE 3

COMBINED PHASES

VACCINE NAME: SCB-2019

EFFICACY: 79 percent against disease from the Delta
variant, 100 percent against hospitalization

DOSE: 2 doses, 3 weeks apart

TYPE: Muscle injection

STORAGE: Stable at 2-8 degrees C for 6 months, room
temperature for one month




Protein-Based Vaccines
20- Shionogi & National Institute of Infectious ®
Kyushu University

PHASE 2
PHASE 3
COMBINED PHASES
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NATIONAL INSTITUTE OF INFECTIOUS DISEASES

Shionogi, a Japanese pharmaceutical giant, launched a Phase 1/2 trial of a

coronavirus vaccine on Dec. 16. The company developed it in collaboration with
the National Institute of Infectious Diseases and Kyushu University. The vaccine
IS based on a coronavirus protein which is produced in insect cells by genetically

altered viruses. But according to a March report from The Japan Times, Shionogi has
faced difficulties with recruiting enough participants for its trials, and it is unlikely that
the vaccine will be ready by the end of 2021. In a slide deck from its Aug. 2

conference call with investors, Shionogi said that it is using a new adjuvant with its
vaccine after receiving disappointing preliminary results from the original trial. A new

Phase 1/2 trial began in July 2021, they said. On Oct. 21, the
company announced that it had moved to a Phase 2/3 trial.
Updated Oct. 30
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vaxxinity

Protein-Based Vaccines
21- Vaxxinity

PHASE 2

Dallas-based Vaxxinity is testing a vaccine called UB-612 containing parts of several
viral proteins. (Vaxxinity formed in April 2021 when the companies COVAXX and
United Neuroscience combined.)

On Sept. 11, 2020, COVAXX reqistered a Phase 1 trial in Taiwan which led to 100
percent of volunteers producing antibodies without any serious side effects. In
February COVAXX launched a Phase 2 trial, also in Taiwan, as well as a Phase 2/3
trial in Brazil, India and other countries. On Nov. 25, Covaxx announced agreements
with countries including Brazil, Ecuador, and Peru to deliver more than 140 million
doses for $2.8 billion. In a June 21 press release, Vaxxinity said it expected to deliver
the vaccine by the end of the summer, but in August, Taiwan regulators rejected their

application for emergency authorization. In Vaxxinity’s October filing for an initial public : S :
offering, the company said it was appealing the decision. The chief executive said in
an interview with Fortune that same month that the company had gained permission to

test the vaccine in the United States.



Protein-Based Vaccines m’“} Bilkent University

22- Middle East Technical University and Bilkent Umverslty

PHASE 2

A team of Turkish researchers at Middle East

Technical University and Bilkent University have NOBEL
developed a vaccine that is made up of virus-like
particles. Each particle carries four of the coronavirus
proteins. On March 26, they registered a small Phase
1 trial sponsored by TUBITAK, the Scientific and
Technological Research Council of Turkey. The
researchers registered a Phase 2 trial of the vaccine
on July 15.

Updated July 15

TUBITAK
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Shanghai Zerun Biotechnology Co. Ltd.

Protein-Based Vaccines ‘ ,‘ ”

23- Shanghai Zerun VANNZN
Biotechnology and Walvax Biotechnology

PHASE 2

Chinese researchers at Shanghai Zerun

Biotechnology and Walvax Biotechnology have modified
the structure of the coronavirus spike protein to better
stimulate an immune response from their vaccine. They
registered a Phase 1 trial for their prototype vaccine, called
202-CoV, in China on July 29. On Aug. 4, they registered

a Phase 2 trial. ZerunBio and Walvax announced on July 21
that they are also partnering with CEPI, the Coalition for
Epidemic Preparedness Innovations, to support the

development of 202-CoV and to create a variant vaccine
1iceinAa the eame technoloay
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Protein-Based Vaccines o “ )
24- Bavarian Nordic o AA R AN N O RO

PHASE 2

As part of the European Union-funded PREVENT-nCoV consortium, a
team of biotechnology companies and research laboratories developed a
vaccine against Covid-19. It contains a coronavirus protein called
nucleocapsid. The vaccine, called ABNCoV2, uses technology from
consortium members AdaptVac and ExpreS2on, among others. After
promising preclinical results in primates, Bavarian Nordic announced that
it would proceed with a Phase 1/2 trial of the vaccine in the

Netherlands. The first volunteers received doses of the vaccine on March

H
15. On Aug. 9, the researchers said that the trial showed . -

ABNCoV2 produced high levels of antibodies without dangerous side
effects. Later that month, Bavarian Nordic launched Phase 2 trials of the
vaccine, both as an initial protection against Covid-19 and as a booster for ,, ;.-

Nnthar \vacrrinac v D v




EBERHARD KARLS

UNIVERSITAT

Protein-Based Vaccines TUBINGEN
25- University of Tubingen

PHASE 2

In early 2020, researchers at the University of
Tubingen in Germany created a vaccine made
of eight parts of two viral proteins, along with an
immune-stimulating adjuvant. In September
they launched a Phase 1 trial. On Oct. 28, the
researchers announced that the vaccine was
entering Phase 2 trials.

Updated Nov. 1 {E

80



Bagiyatallah

University of Medical Sciences

Protein-Based Vaccines
26- Bagiyatallah University of Medical Sciences

>
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PHASE 2 }\T?ORIIAIJ%JJ
. ] (J/\tgmfl)g\q.wsss S g Sl
Iranian researchers at the Baqiyatallah

University of Medical Sciences developed a
protein-based vaccine against the coronavirus.
On June 27, 2021, the Islamic Revolutionary
Guard Corps announced that the vaccine,
called Noora, had entered Phase 1 trials. The
researchers registered a Phase 2 trial on Oct.
11. :
Updated Oct. 20 .




Inactivated or attenuated Vaccines
01- Sinopharm
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Inactivated or attenuated Vaccines = >1hoVac

02- Sinovac
CoronaVac (formerly PiCoVacc)

PHASE 3
APPROVED IN CHINA
EMERGENCY USE IN OTHER COUNTRIES

VACCINE NAME: CoronaVac (formerly PiCoVacc)
EFFICACY: 50.65% in Brazil trial, 83.5% in Turkey trial
DOSE: 2 doses, 2 weeks apart

TYPE: Muscle injection

STORAGE: Refrigerated
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Inactivated or attenuated Vaccines
02- Sinovac
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Inactivated or attenuated Vaccines —
03- Sinopharm & Wuhan Institute of Biological Products

PHASE 3 7
APPROVED IN CHINA &INOPHARNI
LIMITED USE IN U.A.E.

EFFICACY: 72.8%

f\f\lv\f\

WUHAN INSTITUTE OF BIOLOGICAL PRODUCTS CO ,LTD.

developed by the Wuhan Institute of B|olog|cal Products. The Phase 1/2 trial showeo tiat
the vaccine produced antibodies in volunteers, some of whom experienced fevers and other
side effects. Sinopharm then launched a global Phase 3 trial of the Wuhan vaccine. In
December, Peru briefly paused their trial to investigate neurological problems that one
volunteer experienced, but determined that it had nothing to do with the vaccines. On Feb.
25, China announced the approval of the Wuhan vaccine for general use. In May, the
vaccine researchers published the results of the Phase 3 trial, demonstrating that the vaccine
has an efficacy of 72.8 percent.

APPROVED FOR USE IN: China.
LIMITED USE IN: United Arab Emirates. 85
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Inactivated or attenuated Vaccines
03- Sinopharm & Wuhan Institute of Biological Products
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BHARAT
Inactivated or attenuated Vaccines BIOTECH
04- Bharat Biotech & Indian Council of Medical Research and the National
Institute of Virology

PHASE 3
EMERGENCY USE IN INDIA, ELSEWHERE

VACCINE NAME: Covaxin (also known as BBV152 A, B,
C)

EFFICACY: 77.8%

DOSE: 2 doses, 4 weeks apart

STORAGE: At least a week at room temperature




Inactivated or attenuated Vaccines
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RIBSP
I“aCtivated or attenuated vaCCines Research Institute for

05- Research Institute for Biological Safety r rGuicins
QazVac

PHASE 3
EARLY USE IN KAZAKHSTAN

The central Asian nation of Kazakhstan began research on a vaccine made from inactivated
coronaviruses over the summer. On August 28, 2020, their Research Institute for Biological
Safety Problems reqistered a Phase 1 trial on the vaccine. On Dec. 19,

Kazinform reported that researchers had completed the Phase 2 trial, finding that the vaccine
was safe and produced a promising immune response. The researchers commenced a Phase
3 trial in March, 2021. Kazakhstan’s vice minister of education and science announced that the
vaccine, known as QazVac, was expected to be authorized in April, despite the lack of
published results from the Phase 3 trial.

Kazakhstan began administering its vaccine to the public in late April. On July 29, govern

officials announced that they would deliver 25,000 doses of the vaccine to neighboring country: Z :

Kyrgyzstan. :

89

EARLY USE IN: Kazakhstan, Kyrgyzstan.
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Inactivated or attenuated Vaccines
05- Research Institute for Biological Safety Problems

Biological Safety Problems
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Inactivated or attenuated Vaccineim BIOKANGTAI

06- Shenzhen Kangtai Biological Products
KCONVAC, KconecaVac

G 3 @uum

EMERGENCY USE IN CHINA

Shenzhen Kangtai Biological Products is a Chinese company that makes
vaccines for diseases such as hepatitis B and measles. In August 2020,
AstraZeneca reached an agreement with Shenzhen to supply China with their
adenovirus vaccine, despite the reports of corruption and scandals that have
plagued the company. In October Shenzhen Kangtai launched a Phase 1 trial on
180 volunteers of its own vaccine, based on inactivated coronaviruses. In February
2021 the company ran a Phase 2 trial, followed by a Phase 3 trial launched in May,
with an expected completion in November 2021. In May, the company

also announced that the Chinese government had given it emergency use approval,
despite the lack of Phase 3 results. The first volunteers in the trial received
injections on June 21 in Malaysia.

EMERGENCY USE IN: China.
Updated Oct. 30
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06- Shenzhen Kangtai Biological Products
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Inactivated or attenuated Vaccines

07- Shafa Pharmed Pars
COViran Barekat

PHASE 3
EMERGENCY USE IN IRAN

Shafa Pharmed Pars, an Iranian pharmaceutical company, developed a
vaccine made of inactivated coronaviruses. Results from preclinical

trials showed that the vaccine was safe and effective in animals. Known as
COVlran Barekat, it entered a Phase 1 trial at the end of December,
becoming the first vaccine developed in Iran to go into clinical testing.
COVlran Barekat began a Phase 3 trial on April 25, 2021, and on June 14,
the Iranian government announced it had authorized the vaccine, despite
the fact that many volunteers in the Phase 3 trial had not yet received their ___©
second dose. On June 25, Ayatollah Khamenei received the COVlran
Barekat vaccine on television. Tehran Times reported that COVIran would
begin a clinical trial on adolescents in November.

EMERGENCY USE IN: Iran. -
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G More Press Announcements

FUOA NEWS RELEASE

Coronavirus (COVID-19) Update: FDA Takes
Additional Actions on the Use of a Booster Dose

for COVID-19 Vaccines

f Share | W Tweet | in Linkedin | &% Email | & Print

For Inmediate Release:  October 20, 2021

Espaiol

Today, the U.S. Food and Drug Administration took action to expand the use of a booster
dose for COVID-19 vaccines in eligible populations. The agency is amending the
emergency use authorizations (EUA) for COVID-19 vaccines to allow for the use of a single
booster dose as follows:

e The use of a single booster dose of the Moderna COVID-19 Vaccine that may be
administered at least 6 months after completion of the primary series to individuals:
o 65 years of age and older
o 18 through 64 years of age at high risk of severe COVID-19

o 18 through 64 years of age with frequent institutional or occupational exposure
to SARS-CoV-2

e The use of a single booster dose of the Janssen (Johnson and Johnson) COVID-19
Vaccine may be administered at least 2 months after completion of the single-dose
primary regimen to individuals 18 vears of age and older.

Content current as of:
10/20/2021

Regulated Product(s)
Biologics

Health Topic(s)
Infectious Disease
Coronavirus

Follow FDA

¥ Follow @US FDA &'
€3 Follow FDA (&

¥ Follow @FDAmedia &'
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Coronavirus (COVID-19) Update: FDA Expands
Eligibility for COVID-19 Vaccine Boosters

& More Press Announcements

https://www.fda.gov/news-events/press
_annotincementes/coronavirtic-covid-19-1;

FDA NEWS RELEASE

f Share | W Tweet | jn Linkedin | % Email | & Print

For Immediate Release:  November 19, 2021

Espaniol

Today, the U.S. Food and Drug Administration amended the emergency use
authorizations (EUA) for both the Moderna and Pfizer-BioNTech COVID-19 vaccines
authorizing use of a single booster dose for all individuals 18 years of age and older after
completion of primary vaccination with any FDA-authorized or approved COVID-19
vaccine. The Centers for Disease Control and Prevention’s (CDC) Advisory Committee on

Immunization Practices will meet later today to discuss further clinical recommendations.

“Throughout the course of the COVID-19 pandemic, the FDA has worked to
make timely public health decisions as the pandemic evolves. COVID-19
vaccines have proven to be the best and highly effective defense against
COVID-19. Authorizing the use of a single booster dose of either the Moderna
or Pfizer-BioNTech COVID-19 vaccine for individuals 18 years of age and
older helps to provide continued protection against COVID-19, including the

Content current as of:
11/19/2021
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FDA NEWS RELEASE

Coronavirus (COVID-19) Update: FDA Expands
Eligibility for COVID-19 Vaccine Boosters

Prior to today’s authorizations, a single booster dose of the Moderna and
Pfizer-BioNTech COVID-19 vaccines was authorized for administration to
individuals 65 years of age and older, individuals 18 through 64 years of
age at high risk of severe COVID-19 and individuals 18 through 64 years of
age with frequent institutional or occupational exposure to SARS-CoV-2.
Today’s action expands the use of booster doses of both vaccines to include
all individuals 18 years of age and older [at Ieast six months|after
completion of the primary vaccination series of the Moderna COVID-19
Vaccine or Pfizer-BioNTech COVID-19 Vaccine or [at least two months after
completion of primary vaccination with the Janssen COVID-19 Vaccine.

https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-expands-eligibility-covid-19-vaccine-boosters 97



# Centers for Disease Control and Prevention Search COVID-19 Q
g CDC 24/7: Saving Lives, Protecting People™

COVID-19

@ Your Health Vaccines

Cases & Data Work & School Healthcare Workers Health Depts Science More

M Vaccines
Your Vaccination
Find a Vaccine

Preparing for Your
Vaccine

Specific Groups of People

When Getting Your
Vaccine

COVID-19 Vaccine Booster Shots

Updated Nov. 29, 2021 Languages ~ Print

NEwW Everyone ages 18 and older should get a booster shot

Everyone Ages 18 and Older Should Get a Booster
Shot
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nature
How

COVID vaccines could
the pandemic

ONES TO WATCH: VACCINE MAKERS WITH PROTEIN JABS IN LATE-STAGE

CLINICAL TRIALS
Company Location

Biological E Hyderabad, India

Clover Chengdu, China

Medicago Quebec City, Canada

Gaithersburg,

Novavax Maryland

Sanofi/GSK Paris/Brentford, UK

SK Seongnam, South

bioscience  Korea

Vaccine type

Soluble protein

Soluble protein

Virus-like particle
Protein
nanoparticle
Soluble protein

Protein
nanoparticle

https://www.nature.com/articles/d41586-021-03025-0

Cell manufacturing
system

Microbial cells (yeast)

Mammalian cells (hamster
ovary)

Plant cells
(tobacco-like Nicotiana
benthamiana)

Insect cells (fall armyworm)
Insect cells (fall armyworm)

Mammalian cells (human)

PROTEIN VACCINES 101

There are a number of ways to formulate a protein-based COVID-19 vaccine,
including using free-floating protein or tethering protein to a nanoparticle.
Many vaccines are based on the coronavirus’s spike protein, but some

use only a key part of the protein, called the receptor-binding domain.

1. Vaccine production

Coronavirus Spike protein o
SARS-CoV-2 genetic code [ ‘\
Kt ? » removed /’ = Spike
. ~un protein
AR | b
i ‘\7:‘ B Genetic code C\' 4 '\ Erodult:ed
¥z .~? inserted into e Yy Gels
L]
4 4 W cells =
Spike protein l
W _—
i i Spike Virus-like
Protein vaccine 4 » #’ protein particles
formulated M = purified purified

X

Immune-stimulating ®

0o
© adjuvants added e®

» v L
i ;T{\?

Soluble protein Protein nanoparticle Virus-like particle
vaccine vaccine vaccine
Free-floating single Spike proteins Spike proteins self-assemble

units of spike protein, tethered to the into spherical structures
or complete trimers. surface of a particle. resembling viruses.

2. Vaccine administration

Inoculation with Antigen-presenting cell

protein vaccine Human cells engulf

vaccine antigens
(proteins or particles)
and display portions

of the spike protein "

\\/‘”'4\~

A multistep immune 4/
Human response to the cells
creates antibodies

against SARS-CoV-2

)(,\\(
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( Total doses per 100 N Percent vacmm Percent fully Total doses Latest
Location ¢ residents v least one dose) ¢ vaccinated ¢ given ¢ update ¢
Cuba 2520 N | 399 28.5m Dec3
UAE 2211 [ 21.9m Nov 30
Chile 216.1 [N 883 413m Dec3
Uruguay 196.0 N 79.2 6.8m Dec3
Malta 187.1 [ 845 83.c I im Dec2
Iceland 1815 [ 78.0 76.2 I 0.7m Dec 2
China 1z0.0 [ 2.5bn Dec2
Singapore 177.3 | R 89.2 222 I 10.1m Nov 5
Isrzel 176.0 |EGEGN 68.9 2.7 N 16.2m Dec2
UK 1743 | R 76.1 69.3 I 116.9m Dec2
Qatar 173.4 |1 5m Dec2
Bahrain 1733 [ 69.9 63.2 2.9m Dec2
Cambodia 1725 N 847 0.2 28.8m Dec2
Brunei 1720 [N 923 79.7 0.8m Decl
Puerto Rico 1709 [ 85.3 7.3 R 5.5m Dec3
Portugal 170.5 [ 883 17.6m Nov 28
Denmark 169.3 |1 785 76.5 9.9m Decl
Malaysia 166.7 [N 79.9 7. I 54m Dec3
Ireland 166.2 | 773 76.0 I 83m Decl
South Korea 165.9 |1 823 79.c GG 85.9m Dec2
northern Cypru 165.7 | 76.3 7.1 N 0.6m Nov 26
Italy 163.¢ 1N 79.4 7.1 97.4m Dec 2
Spain 1629 [N 811 79.5 77.2m Dec2
Canada 1625 [N 86.0 76.5 I 61.8m Dec 3
Norway 1623 [N 78.9 72 R 8.7m Decl
Austria 159.1 [N 715 67.3 R 142m Dec2
France 152.2 [N 772 70.2 I 107m Dec2
Japan 156.9 N 79.4 77.5 R 197.4m Dec2
Sweden 1544 | 73.4 69.2 I 16m Dec2
Kuwait 1540 N 774 71 6.6m Nov 30
Australia 153.7 781 75.c I 39.5m Dec2
Argentina 1527 812 ¢6.1 N 69.3m Dec2
G7 \ 151 0 I J 743 a6 o NN 1 7hn Dec 3

e At least 8.12bn doses of coronavirus vaccines have been

administered around the world, data from 233 locations

show.

Dec 04, 2021

FINANCIAL TIMES
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’ Total doses per 100 ‘ Percent vacm@t Percent fully Total doses Latest

Location ¢ residents v least one dose) ¢ vaccinated ¢ given ¢ update ¢
Saudi Arabia 136.3 [ 70.7 ¢z.5 N 47 &m Decl
Sri Lanka 135.4 [N 727 2.7 IR 29.7m Dec2
Greece 1353 [N 66.1 s1.9 IR 14.5m Dec2
Taiwan 1342 N 774 57 [N 318m Decl
Mongolia 134.6 N 69.0 65.7 44m Dec2
Thailand 1343 [N 69.5 59.¢ 93.8m Dec2
Lithuania 1339 [N 67.1 63.9 1IN 3.7m Dec2
Morocco 1324 R 66.4 ¢1.7 IR 48.9m Nov 29
Peru 129.7 N 69.1 42.8m 3
New Caledonia 1252 N 66.6 62.2 N 350.4k Nov 30
Slovenia 1284 [N 58.7 ss.o N 27m Dec2
Vietnam 1286 [N y/ATA sz2 N 1252m Decl
CzechRepublic | 128.0 [N 62.4 59.2 13.7m Dec2
Dominican 127.¢ R 63.4 13.8m Dec 3
Republic

Hong Kong 126.7 R 63.7 0.7 1IN 9.5m Dec2

: m M

Iran 1227 N 68.3 55.4 [ 104.8m Nov 28
Laivia 702 BN I 251 DN 2om Dec?
Oman 1162 R 64.8 ss.4+ N 5.9m Nov 23
Serbia 1144 [N 472 452 N 7.9m Nov 30
Colombia 1132 N 57.9m Dec 3
French Polynesiall  113.5 [ 58.0 55.5 [ 318.8k Nov 30
Estonia 1115 [ 623 59« 15m Dec2
Poland 1113 [N 55.1 53.9 N 422m Dec2
Azerbaijan 1045 N 50.3 453 R 10.6m Dec2
Belize 103.¢ 57.5 412k Dec3
Mexico 103.+ N 60.0 133.3m Dec3
Croatia 1033 [N 54.2 432 N 42m Decl
Barbados 1011 53.5 290.7k Dec3
Uzbekistan 99.9 N 51.7 34.2m Dec2
Cabo Verde 979 IR 53.4 s.4 R 0.5m Nov 26
Nicaragua 9.5 R 612 6.4m <3
Venezuela 925 R 57.7 26.3m Dec 3

. Y

e JRAN:
Total doses given per 100: 125

Total doses given: 110m

Dec 04, 2021

Percent vaccinated(at least one dose): 70%
Percent fully vaccinated: 58.5%

FINANCIAL TIMES
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Total doses per 100 Percent vaccinated (at Percent fully Total doses Latest
Location ¢ residents ¢ least one dose) ¢ vaccinated ¢ given v update ¢
China 180.0 [EGEGEE 2.5bn Dec 2
India 91.0 R 57.6 33.4 [N 1.3bn Dec 2
G7 1510 [N 74.3 Xy | 1.2bn Dec 3
European Union  145.0 | IR 70.9 67.3 EEIR 648.8m Dec 3
us 133.8 R 69.9 s9.0 D 460.2m Dec 3
Brazil 1472 R 312.8m Dec 3
Indonesia 87.6 - 517 35.5 R 239.5m Dec 2
Japan 156.9 | EEINR 79.4 77.5 197.4m Dec 2
Mexico 103.4 - 60.0 133.3m Dec3
Russia 89.1 R 46.7 40.0 | 128.4m Dec 2
Germany 150.8 - 71.6 68.7 _ 125.5m Dec 2
Vietnam 128.6 R Tt s4.2 | 125.2m Dec1
Pakistan 56.5 IR 36.7 232 IR 124.8m Dec 2
Turkey 1430 [N 66.8 s9.0 N 120.6m Dec 2
UK 1743 | IR 76.1 69.3 N 116.9m Dec 2
France 158.s | 77.2 7o0.2 107m Dec 2
Iran 1247 | IR 68.3 55.4 [N 104.8ml Nov 28
Bangladesh 60.6 - 38.0 22.6 - 99.9m Dec 2
Italy 163.6 [N 79.4 741 [N 97.4m Dec 2
Thailand 1323 | R 69.5 59.5 N 93.8m Dec 2
Philippines 82.3 - 34.1 - 90.2m Dec 2
South Korea 165.9 IR 82.3 xy @0 | 85.9m Dec 2
Spain 162.9 N 811 79.5 1 77.2m Dec 2

Total doses given

FINANCIAL TIMES
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Percent vaccinated ([ Percent fully \

Total doses per 100 Total doses Latest
Location ¢ residents ¢ least one dose) ¢ vaccinated v given ¢ update ¢
Hong Kong 126.7 R 63.7 B 0.7 1IN 9.5m Dec 2
Turkey 143.0 |EEGEGB 66.8 59.9 G 120.6m Dec 2 Percent fu"y
Hungary 146.5 | IEIN 62.8 59.9 EGEGN 14.3m Nov 29 vaccinated
Thailand 1323 | 69.5 59.8 N 93.8m Dec 2
Czech Republic 128.0 [N 62.4 59.8 13.7m Dec 2
Estonia 1115 1N 62.3 59.2 N 1.5m Dec 2
US 138.8 [N 69.9 59.0 TN 460.2m Dec 3
Taiwan 134.8 | IR 77.4 57. [N 31.8m Dec 1
French Polynesia  113.5 ||l 55.5 [ EIR 318.8k Nov 30
104.8m Nov 28
Oman 5.9m Nov 23
Slovenia 128.6 | 58.7 55.0 | EGEG 2.7m Dec 2
Vietnam 128.6 | IR 7.4 542 [EGEGB 125.2m Dec 1
Poland 1113 | 55.1 53.9 |IEGEGB 42.2m Dec 2
Turkmenistan 125.7 | 72.5 7.6m Aug 29
Croatia 103.3 | 54.2 4.2m Dec 1 FINANCIAL TIMES
Azerbaijan 104.9 - 50.3 10.6m Dec 2 v
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