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The vaccine field has been tranformed

 Reverse Vaccinology

 Structural Vaccinology

 Synthetic biology
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Reverse Vaccinology 
the beginning of big data and high throughput
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Reverse Vaccinology 
genomics, the new technology made the meningococcus B vaccine possible
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Structural Vaccinology
high throughput structure biology
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Structural Vaccinology
Respiratory Syncitial virus 

RSV
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Structural Vaccinology 
in the case of RSV allowed the development of an impossible vaccine 



2 vaccines approved 
for 60 years and older 

1 vaccine approved 
for pregnant women 

1 monoclonal antibody 
Approved for babies

Return to 
Passive immunization

2023 the year of RSV



P

Stabilizing the prefusion spike protein of MERS in 2017
the prototype of SARS-CoV-2 vaccine
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from

Reverse Vaccinology 

to

Synthetic Biology 

and 

Digital Vaccinology  
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– 2009 

– 8 months to deliver H1N1 vaccines 

– Vaccines were delivered after the pandemic peak 

2009 Suine Influenza Pandemic
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Sunday March 31st 2013 Easter  day

- Chinese CDC postes the sequence of an H7N9 avian influenza virus 

- The virus 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
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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 1

Vaccine 2

whole virus 

RNA vaccine
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Shipping Information Instead of Viruses
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2013 maked the transition from 
Analog to Digital Vaccines 
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January 10th  2020 SARS-CoV-2 Sequence Posted in Internet 
350 labs worldwide used the sequence to make synthetic genes
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Combining

Reverse Vaccinology & Digital Vaccinology

to Cure Cancer
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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 by 65%



May 5th 2023 

COVID-19 pandemic no longer constitutes a 
public health emergency 

May 5th  1821

Manzoni wrote about Napoleon’s death

Ei fu. Siccome immobile, dato il fatal sospiro,stette la salma immemore orba di tanto spiro……..

così percossa, attònita la terra al nunzio sta

né sa quando una simile orma di piè mortale la sua cruenta polvere a calpestar verrà.

Death of Napoleon Bonaparte
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Reverse Vaccinology 2.0

Fondazione Toscana Life Sciences
Via Fiorentina, 1 53100 Siena ITALIA
Tel. +39 0577 231211 - Fax +39 0577 43444

Rappuoli et al_JEM_2016

Monoclonal 
Antibodies

Monoclonal Antibodies 
for prevention and 

therapy  

Vaccines
discovery of protective antigens 

antigen structure 
structure-based design 



Killing 5 million
per year

More than HIV and TB 
combined

AMR a silent pandemic 



bacteria are complex

Small genome
One target 
One assay (neutralization)

Large  genome
hundreds targets 
Many assays 

Viruses are simple  Bacteria are complex  

Vaccines and human monoclonals can help address AMR, but … 

The effort for AMR needs to be bigger and longer lasting than 
the one for Covid-19



NIH Priority list of viruses with pandemic potential



Prototype Vaccines 
Using Genome-Based Vaccine Discovery & Design 

Image from NIH ReVAMPP

Genomes
Antibodies Structures Structure-based vaccine design



 Immediate reaction     30 days
 Sequence day 0
 Vaccine design
 Use prototype vaccine information
 Precinical studies off critical path
 Clinical batches

 Evidence Generation    60 days
 Clinical testing Phase 1-3
 Use information from prototype vaccines

 Dosing, safety, Correlates, CHIM studies
 Innovative trial design 

 Adaptive and platform trials, digital twins

 Filing      10 days
 Safety and immunogenicity generated 
 Predefined benefit/risk authorization
 Master file on vaccine platform
 Accelerated authorization based on small & interim data 
 Continuous developer-regulator communication
 Aligment between regulatory authorities

Delivering vaccines in 100 days 
a strategy of CEPI, NIH, G7  



Grazie 
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