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SARS-CoV-2
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SARS-CoV-2 causes COVID-19 disease,
first detected in Wuhan, China, in
December 2019.

WHO declared the outbreak a pandemic
on March 11, 2020

June 30, 2021 6:09 pm CEST (WHO site):
181,521,067 cases
3,937,437 deaths

2,915,585,482 vaccine doses administered

NIAID-RML

https://www.flickr.com/photos/niaid/496
45120251/in/album-
72157712914621487/
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Vaccine Target

Spike protein as key antigen for current engineered vaccines

Spike = Main antigen
to elicit neutralizing antibodies

Membrane
glycoprotein

Spike
—) protein

Main antigen used as a whole
or in part by many of the Envelope
approaches. PIFER
Different modifications used to
optimize performance.

Nucleocapsid
protein

Du et al, Nat Rev Microb, 2009 U Receptor ACE2

Signal peptide Fusion peptide

l +— 31 sz—>/

NTD RBD HR1 CD HR2 TM

Adapted from Wrapp et al. Science 2020
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Vaccine Technologies (1/2)

Nucleic Acid Vaccines

A process called
electroporation

creates pores in ———— v
membranes to mRNA
increase uptake ] v
of DNA into a cell Viral
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qQ

> A
”aﬂmﬁ —> 4
Electroporation

| X ~

/ Coronavirus
> o— peptide
DINA DNA )
vaccine
()
Coronavirus
spike gene ¢
[ Immune response
RNA_ RNA is often
vaccine

encased in a
lipid coat so it
can enter cells

RNA Callaway and Spencer, 2020, Nature

(’ INSTITUT

5 | Pasteur Foundation Japan COVID-19 webinar | Vaccines | C. Gerke | July 3, 2021 PASTEUR




Vaccine Technologies (2/2)

Modified Virus, Vectors, Subunits
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Attenuated
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Vaccine
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Most advanced vaccines

Interactive website tracking COVID-19 vaccine development

RNA

Viral Vector

Inactivated Virus

Protein

VLP
DNA

BioNTech/Pfizer BNT162b2-
Moderna mRNA-1273-
CureVac CVnCoV-

Walvax ARCoV-

Oxford/AstraZeneca ChAdOx1-S-
Gamaleya Gam-COVID-Vac/Sputnik V-
Cansino Ad5-nCoV-

Janssen Ad26.COV2.S-

ReiThera GRAd-COV2-

Beijing/Sinopharm BBIBP-CorV-

Bharat Covaxin/BBV152-

Sinovac CoronaVac-

Wouhan/Sinopharm vaccine-

Shenzhen Kangtai KCONVAC -

Chinese Academy of Medical Sciences vaccine-
RIBSP Kazakhstan QazCovid-in-

Valneva VLA2001/Oxford ChAdOx1-S-
Chumakov Center CoviVac-

Shifa Pharmed-

Vector Institute EpiVacCorona-

Novavax NVX-CoV2373-

AZLB ZF2001-

Sanofi’'GSK CoV2 preS dTM-

Clover SCB-2019-

Covaxx UB-612-

CIGB CIGB-66/Abdala-

Instituto Finlay de Vacunas Soberana 02-
Nanogen Nanocovax-

West China Hospital vaccine-

Registered trial

Published

Medicago CoVLP- --- -

Inovio INO-4800- | | N T
AnGes AG0302-coviD19- [ I I
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In use
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An interactive website
tracking COVID-19
vaccine development

Madhumita Shrotri, Tui
Swinnen, Beate
Kampmann, Edward P K
Parker

The Lancet Global
Health

Volume 9 Issue 5 Pages
€590-e592 (May 2021)

DOI: 10.1016/S2214-
109X(21)00043-7

{D INSTITUT
PASTEUR



Overview of vaccine development

Other sources

WHO

COVID-19 vaccine tracker and
landscape

- Vaccine candidates in development
- Status of COVID-19 Vaccines within
WHO EUL/PQ evaluation process

https://www.who.int/publications/m
/item/draft-landscape-of-covid-19-
candidate-vaccines
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New York Times

Coronavirus Vaccine Tracker

By Carl Zimmer, Jonathan Corum and Sui-Lee Wee Updated June 30, 2021

USA. v World 3 Health
PHASE 1 PHASE 2 PHASE 3 AUTHORIZED APPROVED ABANDONED
Vaccines Vaccines Vaccines 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

https://www.nytimes.com/interactive/20
20/science/coronavirus-vaccine-
tracker.html?referringSource=articleShare
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Shots across the Globe

rke | July 3, 2021

9.6 billion doses already sold as of March 1, 20201

= enough for half of the world’s population
(most vaccines use 2 doses)

A global Network of publicly disclosed vaccine deals
https://www.bloomberg.com/graphics/covid-vaccine-tracker-global-
distribution/contracts-purchasing-agreements.html

World Map of Vaccination
https://www.bloomberg.com/graphics/covid-vaccine-tracker-global-distribution/
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Vaccine development — standard timeline

AL TTIILL 3
Il Sass
eeee seee BERERE
Expl d Phase 1 N Phase2 . Phase 3 Manufacturing and
Cli?:gal Post-Marketing
y Surveillance

10-15 years or longer

SoBoBole
Sodolole

Adapted from Sharma et al. 2002. Front. Immunol.
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Vaccine development — accelerated schedule

Exploratory and
Pre-Clinical
Phase 1
Clinical

Phase 3
Clinical

BESEI2ZER
et tatatatatala)

e
Manufac.:turmg an'd Post- Sttt
Marketing Surveillance SBESRERRE

Adapted from Sharma
et al. 2002. Front.
Immunol.
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Vaccine development — accelerated schedule

o
Target antigen for SARS-CoV-2 known from SARS-CoV and

Exploratory and )
Pre-Clinical MERS-CoV

Phase 1

Technologies with previous proof Clinical

of concept in humans available -
pre-clinical toxicity studies waived if
technology already tested several
times

Combined Phase 1/2, 2/3,
or 1/2/3 trials

Phase 3
Clinical

Rolling review ’i

Emergency use authorization

Sy

SE2ARIRR

ﬂaﬂﬂaaag
st
Manufacturing and Post- ~====22%
Marketing Surveillance e tatataPVa¥a¥=3

Adapted from Sharma
et al. 2002. Front.
Immunol.
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How 1s efficacy determined?
Example Biontech/Pfizer BNT162b2 — Combined Phase I, II,

Vaccine: Efficacy Readout — Cumulative number of cases in
Lipid nanoparticle-formulated, nucleoside modified mRNA vaccine vaccine and placebo recipients

encoding full-length spike protein

(e ) Placebo
Safety: ,,
Reactogenicity acceptable in all groups = ] e i
Immunogenicity : a5 e e &
Neutralizing antibody levels higher (18-55y) or similar (65-85y) = T T3 R b b A /_;"’}d
as in convalescent patients £ g
E B
E 5
Efficacy: .
ﬂﬂ}?
44,338 received 2 injections (36,532 SARS-CoV-2 naive) " - .lgf BNT162b2
e ‘
Vaccine recipients : placebo recipients = 1:1 T”ﬂ} . 0
Protection in previously naive = 7 days after 219 injection: o 7 M o2 2 % e 49 % e 0 77 s 9 s 105 12 1S
Days after Dose 1
170 COVID-19 cases: 8 in vaccinees, 162 in placebo recipients
= 95% efficacy Polack et al. N Engl J Med 2020
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Real-World Effectiveness of Licensed Vaccines
Full vaccine regimen

Phase Ill “Real-World” observation
results
100
()]
% 90
c g * m Biontech Pfizer
)
>
5 7 m Oxford Astrazeneca
O
4= 60
*k Mod
u: 50 oderna
o
> 40 Janssen
@
O %0 Gamaleya
E 20
o 10 Inactivated
> 1
0
Original alpha beta gamma delta
strain SARS-CoV-2 variant

*Sinopharm (UAE, Bahrain)
** Sinovac (study in Brazil with 75% occurrence of P.1) _ o
Sources: Peer-reviewed publications,

pre-prints from PHE, WHO website {' L’X%?EHE
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Real-World Effectiveness of Licensed Vaccines

One shot effectiveness and new developments

Moderna develops|
booster based on

beta variant

Phase llI
results

“Real-World” observation

1 00
90
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10

0

% Efficacy or Effectiveness
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Protection after
1 immunization

-

Protection after
1 immunization

around 50%
around 33% g Biontech Pfizer
,/ m Oxford Astrazeneca
AStrazeneca " Moderna
develops new
candidate based Janssen
on beta variant:
AZD2816 Gamaleya
Inactivated

Original
strain

alpha beta gamma
SARS-CoV-2 variant

*Sinopharm (UAE, Bahrain)
** Sinovac (study in Brazil with 75% occurrence of P.1)

delta

Sources: Peer-reviewed publications,

pre-prints from PHE, WHO website {' INSTITUT
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What do we know so far?
Endpoints of an efficacious vaccine

> 80% efficacy for

1. Results Of the Phase I" trials mRNA and Chadox First reports of lower viral load
+ real world effectiveness data / Ad vaccines after BNT162b2 vaccination
First data showing ‘ l
prevention of Infection
by BNT162b2 Prevent Prevent intensive Prevent
disease care unit admission transmission
SARS-CoV-2 ‘ Asymptomatic
exposure ° &
- e ~ 0000
@,
= N — R = R o KR > kgm < [l ¢
e
AR
Prevent Prevent Prevent .
infection hospital admission death Hodgson et al. 2020 Lancet Inf Dis.

Open questions:

* How long will the protection elicited by the vaccination last?

 To which level will the vaccines prevent transmission of highly transmissible variants?

» Will boosting be implemented? Several boosting studies and new vaccine developments ongoing.

PASTEUR
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Institut Pasteur and the fight against COVID-19

* Development of the first RT-qPCR test in France, virus
isolation, sequencing of multiple isolates and understanding of
virus introductions (NRC VRI)

* Development of serology tests and application to
seroprevalence studies
«  Community transmission (Crépy-en-Valois)

» Establishment of humoral responses in different populations and
protection

* SARS-CoV-2 biology: key viral and host determinants of
infection, neurotropism, immunity, genetics

* Vaccine development

4 ientists in 69 r rch gr
+ 5 vaccine candidate projects 50 scientists in 69 research groups

A rapid engagement allowed by

Institut Pasteur model and public
* Therapeutic approaches generosity

 Rodent models

» Platform for antiviral evaluation (in vitro, in vivo)
 Identification of drug candidates

{o INSTITUT
PASTEUR
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COVID-19 Vaccine Research - Institut Pasteur

5 Vaccine Candidate Projects

Example:

-> Lentiviral vector - Laleh Majlessi, Pierre Charneau

Animal models:

hACEZ2 transiently transgenic mice — Pierre Charneau
hACE2 transgenic mice — Pierre Charneau

Collaborative cross - Xavier Montagutelli

(D INSTITUT
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Lentiviral Vector Technology
Pierre Charneau

DNA Flap A U3
Y RRE oTS

Lentiviral vector U3 |R (U5 XZ| cmv XXXXX R[U5

Eco RI BsiWi BssHII

LV-HIV — Therapeutic candidate

Phase | randomized, placebo-controlled trial 38 HIV-positive patients under HAART
= first-ever lentiviral vector vaccination trial in humans

Interim resuilts:
» good safety profile: absence of any serious adverse events and safety concerns.

» elicited multi-specific and poly-functional CD8 and CD4 T-cell responses in most of the
vaccinated patients

{D INSTITUT
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A

LV vector-based
COVID-19 vaccine

Single injection in mice elicits similar levels of
neutralizing antibodies as found in recovered
COVID-19 patients

Intransal immunization results
in much larger reduction of viral
RNA in the lungs

/ “Prime target” immunization

prime (i.p.) boost (i.p. ori.n.)
¢ LViSy ¢ VS AdS::hACE2 SARS-CoV-2
sham sham instillation (i.n.) inoculation (i.n.)
1 wk31 wk41-4dm  odp 3dpi
' } } v
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Non-integrative vector for preventive vaccine use

Laboratoire commun Institut Pasteur/ TheraVectys
Laleh Majlessi
Pierre Charneau

Ku at al. Host Cell Microbe

https://doi.org/10.1016/j.chom.2020.12.010 INSTITUT
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