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Transformative Vaccine Technologies
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The vaccine field has been transformed

= Reverse Vaccinology
= Structural Vaccinology
= Synthetic biology & Digital Vaccines

= Artificial Intelligence
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Reverse Vaccinology
the beginning of big data and high throughput
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Reverse Vaccinology

genomics, the new technology (big data) made the meningococcus B vaccine possible

Express
recombinant
proteins

In silico vaccine
candidates

91 novel surface-exposed
proteins identified
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28 novel proteins
have bactericidal
activity
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S . Identification of Vaccine Candidates Against Serogroup B
Meningococcus by Whole-Genome Sequencing

Clence Mariagrazia Pizza, et al.

Science 287, 1816 (2000);

DOI: 10.1126/science. 287.5459.1816
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Structural Vaccinology
high throughput structure biology
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Structural Vaccinology

Respiratory Syncitial virus
RSV




Structural Vaccinology
in the case of RSV allowed the development of animpossible vaccine

10 A Projection Negative stain EM
RSV F+D25 RSV F+AM22 RSV F+5C4

Jur Jason S. McLellan ef al
R Science 340, 1113 (2013);
Nwas) DOI: 10.1126/science. 1234914




2 vaccines approved

for 60 years and older

1 vaccine approved

for pregnant women

1 monoclonal antibody
Approved for babies

Returnto
Passive immunization

2023 the year of RSV

FDA NEWS RELEASE

FDA Approves First Respiratory Syncytial
Virus (RSV) Vaccine

for Individuals 60 Years of Age and Older

FDA NEWS RELEASE

FDA Approves First Vaccine for Pregnant
Individuals to Prevent RSV in Infants

FDA NEWS RELEASE

FDA Approves New Drug to Prevent RSV in
Babies and Toddlers
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Stabilizing the prefusion spike protein of MERS in 2017
the prototype of SARS-CoV-2 vaccine

Immunogenicity and structures of a rationally designed
prefusion MERS-CoV spike antigen

Jesper Pallesen®", Nianshuang Wang®'2, Kizzmekia S. Corbett“", Daniel Wrapp®, Robert N. Kirchdoerfer?®,
Hannah L. Turner®, Christopher A. Cottrell?, Michelle M. Becker?, Lingshu Wang®, Wei Shi¢, Wing-Pui Kong®,
Erica L. Andres?, Arminja N. Kettenbach®f, Mark R. Denison®9, James D. Chappell?, Barney S. Graham,
Andrew B. Ward®?, and Jason S. McLellan®?
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from

Reverse Vaccinology

to
Synthetic Biology

and

Digital Vaccinology
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2009 Suine Influenza Pandemic

Science 336 (6088), 1531-1533.
DOI: 10.1126/science.1221466
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Influenza: Options to Improve
Pandemic Preparation
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Sunday March 31 2013 Easter day

- Chinese CDC postes the sequence of an H/N9 avian influenza virus
- Thevirus had already killed 3 people, high risk of influenza pandemic
- Race for vaccine developement starts

- Virus had to be sent from China to CDC in Atlanta

f;i;;;‘;laﬁoml Syntheti_c Generation of Influenza Vaccine Viruses for Rapid Response to
Medicine Pandemics

Philip R. Dormitzer et al.
AVAAAS Sci Transl Med 5, 185ra68 (2013);

DOI: 10.1126/scitransImed.3006368

Emerging Microbes and Infections (2013) 2, e52; doi:10.1038/emi.2013.54
© 2013 SSCC. All rights reserved 2222-1751/13

www.nature.com/emi




2013: Internet & Synthetic Biology-based Vaccines in One Week

In 2013 an RNA vaccine and a virus seed in one week
using information teleported by internet

Vaccine 2 ¢P%e RNA vaccine

In vitro transcription/capping
H7N9 sequences Synthetic gene shipped to NV&D of SAM vetctor, RNA

V . 1 % \s S :=' h I . released on GlSé\lD PCR primers order? for cloning DNA S°3|9T‘UP initiated  transfected into BHK cells
accine TS wnole virus |
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f}“e"cel ti 1 Synthetic Generation of Influenza Vaccine Viruses for Rapid Response to SOOI T e sy DNAmmtu,med, G e
rans .a -lona Pandem ics Gene synthesis begins at NV&D; Cloning into SAM  sequence verified and agarose gel; expression of H7
MedlClne o 5 vector linearized for transcription by SAM vector confirmed by
AVAAAS Philip R. Dormitzer et al. Western biot
SCI TranSI Med 5’ 185ra68 (201 3), line fr lectroni ting te ducti f RNA prior to f lati ith the LNP deli tem. GISAID, Global Initiative for Shari
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DOI: 10.1126/scitranslmed.3006368 Dol BCR, pomeres o anton. ’ v ¢

Emerging Microbes and Infections (2013) 2, e52; doi:10.1038/emi.2013.54
© 2013 SSCC. All rights reserved 2222-1751/13

www.nature.com/emi




Shipping Information Instead of Viruses

Sequence data are posted on the web Synthesized HA and NA genes are rescued directly
with open access and continuously monitored on high growth backbones and tested as potential
by algorthims to detect new antigenic variants vaccine seed viruses

S——— L FEEREST2

A @ TAREAEE

o Seed viruses are shipped to additional manufacturing sites.
;:ﬁ::ﬂlgssyrfraﬁz;ﬂprﬁ;zxjmgz"s When the technology matures, this shipment can also be
replaced with electronic transfer and local synthesis




2013 maked the transition from

Analog to Digital

Vaccines

Analog vaccines
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Digital vaccines RNA

SCIENCE TRANSLATIONAL MEDICINE | VIEWPOINT

CORONAVIRUS

Vaccines 2020: The era of the digital vaccine is here

Mariagrazia Pizza, Simone Pecetta, Rino Rappuoli*




Accessible Vaccines Globally and even in Mars

Digital vaccines

(internet)
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January 10" 2020 SARS-CoV-2 Sequence Posted in Internet

350 labs worldwide used the sequence to make synthetic genes
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Internet Clinical trial
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Vaccinology in the post—COVID-19 era

Rino Ra\ppuolii"1 D, Ennio De Gregorio®©®, Giuseppe Del Giudice?®, Sanjay Phogat®, Simone Pecetta®®,
Mariagrazia Pizza®, and Emmanuel Hanon®

PNAS 2021 Vol. 118 No. 3 2020368118 https://doi.org/10.1073/pnas.2020368118 | 1
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Vaccines protect well from Covid-19 disease
they do not protect well from infection

nitial

Primary immunization

doses 1,2

Secorgary
exposure

Secondary immunization

39 dose

Omicron BA.2?

Delta

Wuha

www.thelancet.com/infection Vol 23 February 2023

Trackingimmune
correlates of protection
for emerging SARS-
CoV-2 variants

21




Unprecedented Acceleration of Vaccine Develoment

Investment > 15 billion investment from the public sector (>10 billion USA alone) in
vaccine Development and Manufacturing allowed at risk development (araiei investment in discovery, early and late

development)

Discovery Phase 1 fPhase 2 Phase 3

Pre-Covid Vaccines
10-20 years

Discovery -

Phase 1
Phase 2 . .
Covid Vaccines
Phase 3 10 months
Conclusions

= |nvestment accelerated development

= Norisk taken on safety and efficacy

= Financial risk taken by public sector
Investment pay back: 12 hours




Combining
Reverse Vaccinology & Digital Vaccinology

to Cure Cancer



First efficacious Cancer Vaccine reported

(press release from Merck/Moderna)

* People with melanoma stage 3 or 4 of the disease

« 157 patients with surgically removed cancer

* 50% of patients treated with checkpoint inhibitor

* 50% of patients treated with checkpoint inhibitor +
personalized mRNA vaccine containing 34 epitopes derived
from the genome of the tumor of each patient

 Cancer vaccine reduced the risk of recurrencies or death  erc

65%



Digital/designed by Al

structure/epitope
Stability
Formulation

The vaccines of the future

Manufactured more and more
by Al driven robotics

Fermentation
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Fermentation
Filling
Purification
Digital twins
Quality controls

Clinical/regulatory

Help/risks?
5 Ways Al Transforms Clinical Trials
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Can they replace
established statistics
They may introduce bias




The challenges for the vaccines of the future

Life long immunity
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Leading Edge
Volume 187, Issue 19, P5171-5194, September 19, 2024
Transforming vaccinology

Rino Rappuoli,'-* Galit Alter,** and Bali Pulendran*5*




Looking at the future

Vaccines to be better prepared
for
Emerging Infections
Antimicrobial Resistance (AMR)

Pandemics



May 5" 2023

COVID-19 pandemic no longer constitutes a
public health emergency

3.000 x 1.688

WHO says COVID-1? is no longer a global < 0
health emergency

May s 1821

NAPOLEON
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Death of Napoleon Bonaparte

Manzoni wrote about Napoleon’s death
Ei fu. Siccome immobile, dato il fatal sospiro,stette la salma immemore orba di tanto spiro........
cosi percossa, attonita la terra al nunzio sta

né sa quando una simile orma di pie mortale la sua cruenta polvere a calpestar verra.




Emerging & Re-emerging Infectious DiSeases

will happen with increased frequency

Climate change

West Nile virus Cryptosporidiosis  Ebola virus Diphtheria Akhaneta virus

8 hillion people
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endra virus
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Chikungunya Human monkeypox

"= 1 AR AL Ebola virus
Zika virus Yellow fever / \\ // Marburg MDR/XDR \ Zika virus
Human African trypanosomiasis’ Cholera Virus tuberculosis  pjague

© Newly emerging © Re-emerging/resurging @ “Deliberately emerging” Januaey 2529

Viruses, batteria and fungi that according to Antony Fauci
may cause new pandemics
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ReVAMPP

FY24 Concept: Research and Development of Vaccines

CEPI, the Coalition for Epidemic and Monoclonal Antibodies for Pandemic Preparedness
Preparedness Innovations, a global IRSVAMPE) Network

. = Objective: Establish a network of comprehensive, cooperative basic and translational research centers to
partnership

—~ Develop and validate generalizable approaches for vaccines and mAbs for the prototype viruses and
other related family members

~ Advance scientific knowledge for prototype viruses within families with high pandemic potential

L Centers for Bunyavirales, :

Negotiating Pandemic Treaty » Mechanism: Biphasic U19 » Mechanism: Biphasic U19 * Mechanism: UG3/UH3
L . . . * # Awards: 1-2 * # Awards: 5-6 * # Awards:1
Prioritize pathogens with pandemic potential ..
* Total Cost ~§$15-30M/yr » Total Costs ~$65-80M/yr * Total Costs ~$2.5M/yr
Develop vaccines in 100 days ’

Equity ‘ — = R . f
¢ ReVAMPP Network ) m Pl
- - = Infectious Discases




European Vaccine Hub

1.1. EU4H-2024-PJ-01-1 (CP-g-24-10) - Call for proposals on the European
Hub for vaccine development (HERA)

a2p
s |
A system for end-to-end pandemic vaccine development
DISCOVERY PRECLINICAL CLINICAL MANUFACTURING
Pillar 1 Pillar 2 Pillar 3 Pillar 4
Antigen discovery
mAbs Platform In vitro Models Clitical trial Pilot plants
Platforms Vaccine technologies Network
; Industry
Infrastructures . Animal Model Study Labs
Bioter e Facilities Nefwork BSL-4 facilities
Adjuvants
it GMP
PhasSetJdiCélslnlcaI clinical lots
i Prototype vaccines Equitable
EVH Activities as suggested by DG HERA Pre-clinical Phase 2 clinical Manufacturing
Testing Studies
mAbs CHIM Stress testing
Studies
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ENLARGED ECOSYSTEM

European Vaccine Manufacturers - European Biotechs - Academia - EU projects
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