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New technologies led to the development of new vaccines and will allow to 
conquer new diseases

• Source: Rosini R, Necchi S, Pizza M, Rappuoli R.. Frontiers in immunol 2020



From Jenner to Pasteur to Hilleman

Isolate
Inactivate
Inject the microorganism causing disease



Traditional vaccines



Subunit vaccines based on chemical inactivation

I 1924 Ramon demonstrated that the difteria toxin could be inactivated by chemical 
treatment. Vaccines against difteria, tetanus and pertussis are all based on this 
approach 
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New technologies led to the development of new vaccines and will allow to 
conquer new diseases

• Source: Rosini R, Necchi S, Pizza M, Rappuoli R.. Frontiers in immunol 2020

Reverse 
Vaccinology



Source: Anne Geddes pictures
http://protectingourtomorrows.tumblr.com/#post/67657878221/on-her-decision-to-participate-in-protecting-our?&_suid=139224491615201190848382540457

Meningococcal meningitis  
a rare disease but..

• Infection is very fast, 10-15% die 
within 48 hours

• 25% of survivors have lifelong 
sequelae, some are devastating 



Reverse Vaccinology

2. Tettelin H, et al. Science. 2000;287:1809-1815; 3. Pizza M, et al. Science. 2000;287:1816-1820; 4. Giuliani M, et al. PNAS. 2006;103:10834-10839; 5. Donnelly J, et al. Proc Natl Acad Sci U S A. 
2010;107:19490-19495; Images are ©Hurd Studios, 2011 and 2012.

A genomic-based approach to vaccine development
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Complete Neisseria meningitidis 
genome sequence2

Bioinformatic analysis3

Protein expression 
in Escherichia coli1,3

Vaccine*

Confirmation of
bactericidal activity1

Final candidates selected
for vaccine development4

Confirmation of surface exposure

Protein purification
and immunization1
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4C MenB Vaccine

Masignani, V. et al. 2019 Front Immunol

OMV



4CMenB is supported by data from real-world experience across multiple settings

1
2

Portugal: 
endemic 
setting6

UK: National 
Immunisation 
Programme2

USA: 
university 
outbreak 
setting3,4

South Australia: 
State-wide study 
in adolescents5

Canada (SLSJ 
region): 

outbreak setting1

Italy: National 
Immunisation 
Programme7

96% decrease in 
MenB disease

79% effectiveness

Effectiveness of 91% in 
Veneto and 93,6 in 
Tuscany

No cases in 
vaccinated 
individuals

75% decrease in MenB disease

No cases in 
vaccinated 
individuals
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References1. Deceuninck G et al. Vaccine 2019;37:4243–42452. Ladhani SN et al. N Engl J Med 2020;382:309–3173. Nolan T et al. Vaccine 2015;33:4437–44454. Biswas HH et al. MMWR Morb Mortal Wkly Rep 2016;65:520–5215. Marshall H et al. N Engl J Med 2020;382:318–3276. Rodrigues F et al. Portuguese Meningococcus Group B Vaccine Effectiveness Study (PT-BEST). 20o Congresso Nacional de Pediatria. Estoril, Portugal, 13–15 Nov 20197. Chiara Azzari. Effectiveness e impatto del vaccino antimeningococcico in Italia: esperienza dal mondo reale. Oral Presentation. November 2019



1320 milioni fase 1 70-100 milioni fase 2 700 milioni fase 3 + impianto 
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The development steps of MenB vaccine

First 
MenB antigen 
identification

Agreement 
with TIGR
to sequence
the whole 
of the MenB
genome

Start of the 
genome
sequencing

End 
of sequencing

Identified 
the first 
antigen 
range

Two pubblications
on Science

1996 1997 1998 2000

2002 2003 2005 2008 2009 2010 2012

Phase I 
study 
with an 
antigen

First Phase I 
study with 
more 
antigene

Start of 
Phase II 
studies 

Start of Phase 
III studies
(adults, 
adolescents, 
infants )

Effectiveness 
evidence

Development 
of a preventive 
model to assess 
MenB
immunization 
coverage (MATS)

Dossier 
presentation 
to EMA

Favorable 
opinion 
of CHMP

Research:
 6 months for the complete genome
 12 to identify protective antigens, 

never previously discovered by 
traditional approaches

Clinical Development:
 9 years to complete the dossier 

including infants, children, adolescents 
and adults

EMA
approval

2013

*The Institute for Genomic Research, Publications sciences :  Tettelin H et al, Science 287 1809-1815, 2000; Pizza M et al, Science 287: 1816-1820, 2000

2015

FDA approval
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Old technologies for the development of COVID vaccines

• Source: Rosini R, Necchi S, Pizza M, Rappuoli R.. Frontiers in immunol 2020



Covid-19 vaccines
convergence of four modern technologies
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New technologies led to the development of new vaccines and will allow to 
conquer new diseases

• Source: Rosini R, Necchi S, Pizza M, Rappuoli R.. Frontiers in immunol 2020

RNA and 
viral vectors











26

New technologies led to the development of new vaccines and will 
allow to conquer new diseases

• Source: Rosini R, Necchi S, Pizza M, Rappuoli R.. Frontiers in immunol 2020

Adjuvants



Why do we need adjuvant in some vaccines 

Strugnell R et al. Perspect Vaccinol 2011;1:61–88; Garçon N et al. Perspect Vaccinol 2011;1:89–113 (content on slide from pp. 61, 71, 72, 75, 76, 89, 111)

Illustrative figure based on Strugnell R et al. 2011; Garçon N et al. 2011
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(live attenuated 

pathogen) Non-replicating
(whole inactivated 

pathogen)

Subunit
(toxoids, split virus,

fragments of pathogens) Purified antigens 
(recombinant proteins)

High

Low High

Adjuvants
(increased immunogenicity and 

may have increased reactogenicity)

Tolerability
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In the past, vaccines have been developed empirically with formulations of either inactivated whole pathogens or live attenuated organisms with limited virulence. But not all vaccines can be developed using these methods, as some vaccines based on whole pathogens remain too reactogenic even after inactivation, and other pathogens cannot be attenuated in a suitable way for use in a vaccine.As vaccines have evolved, new vaccine formats such as subunit vaccines and purified antigens have allowed better tolerability, but they can also have decreased immunogenicity. Adjuvants are added to vaccines to restore immunogenicity while maintaining tolerability as much as possible.ReferenceGarcon N et al. Biodrugs 2011;25:217–226
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Three main vaccine types for Covid-19
more than 320 vaccines described 
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- Operation Warp Speed (OWS) is a public–private partnership initiated by the U.S. government to 
facilitate and accelerate the development, manufacturing, and distribution of COVID-19 vaccines, 
therapeutics, and diagnostics.

- The program promotes mass production of multiple vaccines, and different types of vaccine 
technologies, based on preliminary evidence, allowing for faster distribution if clinical trials 
confirm one of the vaccines is safe and effective. 

- Operation Warp Speed, initially funded with about $10 billion from the CARES Act (Coronavirus 
Aid, Relief, and Economic Security) passed by the United States Congress on March 27, is an 
interagency program that includes components of the Department of Health and Human Services, 
including the Centers for Disease Control and Prevention, Food and Drug Administration, 
the National Institutes of Health, and the Biomedical Advanced Research and Development 
Authority (BARDA); the Department of Defense; private firms; and other federal agencies, 
including the Department of Agriculture, the Department of Energy, and the Department of 
Veterans Affairs.

- Operation Warp Speed was formed to encourage private and public partnerships to enable faster 
approval and production of vaccines during the COVID-19 pandemic

- The name was inspired by terminology for faster-than-light travel used in the Star Trek fictional 
universe, evoking a sense of rapid progress. Operation Warp Speed uses BARDA as the financial 
interface between the U.S. federal government and the biomedical industry. The program was 
initially being funded with $10 billion with additional funds allocated through BARDA. Funding was 
increased to about $18 billion by October 2020.

https://en.wikipedia.org/wiki/Public%E2%80%93private_partnership
https://en.wikipedia.org/wiki/U.S._government
https://en.wikipedia.org/wiki/COVID-19_vaccine
https://en.wikipedia.org/wiki/CARES_Act
https://en.wikipedia.org/wiki/United_States_Congress
https://en.wikipedia.org/wiki/Department_of_Health_and_Human_Services
https://en.wikipedia.org/wiki/Centers_for_Disease_Control_and_Prevention
https://en.wikipedia.org/wiki/Food_and_Drug_Administration
https://en.wikipedia.org/wiki/National_Institutes_of_Health
https://en.wikipedia.org/wiki/Biomedical_Advanced_Research_and_Development_Authority
https://en.wikipedia.org/wiki/United_States_Department_of_Defense
https://en.wikipedia.org/wiki/United_States_Department_of_Agriculture
https://en.wikipedia.org/wiki/United_States_Department_of_Energy
https://en.wikipedia.org/wiki/United_States_Department_of_Veterans_Affairs
https://en.wikipedia.org/wiki/Faster-than-light
https://en.wikipedia.org/wiki/Star_Trek
https://en.wikipedia.org/wiki/Fictional_universe






Three main vaccine types for Covid-19
Immunogenicity
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Moderna, BionTech/Pfizer, Curevac

Oxford/Astra Zeneca, J&J, Reithera
Russian Vaccine, Chinese vaccines 

Novavax, Sanofi/GSK, Clover/GSK, 
Medicago/GSK

Neutralizing 
antibodies 

from Phase I
clinical studies 

Convalescent 
patients

Spike + adjuvant 

RNA 

Viral vectors  
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Three main vaccine types for Covid-19
Immunogenicity
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Moderna, BionTech/Pfizer, Curevac

Oxford/Astra Zeneca, J&J, Reithera
Russian Vaccine, Chinese vaccines 

Novavax, Sanofi/GSK, Clover/GSK, 
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95% efficacy !!!
press release November 9th

1 dose 62%
1 low + 1 High dose 90% 



Covid World Vaccination Tracker - The New York Times (nytimes.com)

https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html








GRAZIE

Sperando di riconquistare 
presto la libertà.

Sperando in un mondo 
libero dalle malattie 
infettive 
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