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History of Vaccines

1798: 
Smallpox 
vaccine

1813: 
Congress 
creates 
National 
Vaccine 
Agency

1855: MA 
passes 
first US 
law 
mandating 
vaccinatio
n for 
schoolkids

1896: 
Cholera 
vaccine 

1885: 
Rabies 
vaccine 

1891: 
Glycerin 
used to 
reduce 
germs in 
vaccines

1923: 
Diphtheria 
vaccine 

1926: 
Discovery 
of 
aluminum 
salt as 
adjuvant

1936:
Influenza 
vaccine 

1935: 
Yellow 
fever 
vaccine

1886: 
Typhoid 
vaccine 

1800 1850 1900 20001950

1926/1927 
Pertussis & 
Tb vaccines

1924: 
Tetanus 
vaccine 

1955: 
Polio 
vaccine 

1963: 
Measles 
vaccine 

1967: 
Mumps 
vaccine 

1969: 
Rubella 
vaccine 

1970: 
Anthrax 
vaccine 

1974: 
Meningitis 
vaccine 

1977: 
Pneumon
ia vaccine

1981/198
6: Hep B 
& Hep A 
vaccines

*Note that this timeline is abbreviated to give an overview of vaccine development and the recent explosion of discovery

1995: 
Varicella 
zoster 
vaccine

1999: 
Rotovirus
vaccine 

2006: 
HPV & 
shingles 
vaccines

COVID-19

2020





Sorveglianza

• Impatto della vaccinazione

• Effectiveness del vaccino

• Effetti della pressione selettiva prodotta dal vaccino, 
con eventuale emergenza di ceppi che sfuggono 
all’effetto del vaccino

• Sicurezza, eventi avversi, reazioni avverse



Vaccine Effectiveness

Graphic created by Leon Farrant based on CDC data



Eventi avversi e reazioni avverse

Evento avverso (Adverse Event Following 
Immunization, AEFI)

Evento indesiderato dopo vaccinazione 
(non necessariamente è presente una relazione 
causale)

Reazione avversa

Evento indesiderato di cui è dimostrata la relazione 
causale con la vaccinazione

Necessario distinguere tra relazione causale ( = 
rapporto causa-effetto) e temporale (= dovuta al 
caso)



Frequenza dell’evento negli individui vaccinati =

Frequenza dell’evento nei non vaccinati =
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Spike e RBD di SARS-CoV-2

Montemiglio et al.. 
Zanichelli  SIBBM, 
2020



ACE, ACE 2 functions and SARS-CoV-2 

Fig1a

Fig 1b

Cassone A, Gucciardo D, Cauda R.Pathog Glob Health. 

2020 May 18;114(4):165-167.









First camera 
phone

Facebook launches

First iPhone

Twitter 
launches

1990s

Dr. Katalin Karikó
begain studying 
mRNA technology 
for humans at 
Temple, then UPenn

2000

Dr. Barney Graham, 
head of Vanderbilt 
AIDS Vaccine 
Evalution Unit, 
recruited as one of 
founders of NIH 
Vaccine Research 
Center

2002

SARS-CoV-1

2005

Dr. Karikó and Dr. 
Drew Weissman 
created successful 
synthetic mRNA 
delivery system

2012

MERS

2013

Dr. Graham and Dr. 
Jason McLellan 
solved way to 
modify RSV virus 
prefusion spike 
protein to allow for 
successful structure-
based vaccine

Dr. Karikó joins 
BioNTech to 
oversee mRNA 
research

2014

Dr. Kizzmekia 
Corbett appointed to 
NIH Vaccine 
Research Center 
after years of 
working on viruses 
and vaccines

2017 

Dr. McLellan (UT 
Austin) and Dr. 
Andrew Ward 
(Scripps Research) 
figured out 
coronavirus 
prefusion spike 
structure

Dr. Graham partners 
with Moderna for 
mRNA MERS 
vaccine

2020

SARS-CoV-2

https://cen.acs.org/pharmaceuticals/vaccines/tiny-tweak-behind-COVID-19/98/i38

Dr. Graham and Dr. 
Corbett get genetic 
code for virus to create 
structure-based 
SARS-CoV-2 vaccine 
with Moderna

@ScrippsSHARCs

Timeline of mRNA technology and key figures in vaccine development

https://cen.acs.org/pharmaceuticals/vaccines/tiny-tweak-behind-COVID-19/98/i38
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Mutazioni in RBD, S1 ed S2 della proteina 
Spike di SARS-CoV-2

Variante 
inglese
N501T

Garcia-Beltra, et al.
MedRxiv. 
https://doi.org/10.1101/202
1.02.14.21251704

D614G Italiana
Benvenuto et al. J.Infect.2020







The electrostatic potential of the Omicron variant spike is higher than in Delta and Delta‐plus variants: A hint to 

higher transmissibility?

Journal of Medical Virology, First published: 16 December 2021, DOI: (10.1002/jmv.27528) 





Garcia-Beltram WF et al 

Cell  2020

https://www.cell.com/cell/fulltext/S0092-8674(21)00298-1

Multiple SARS-CoV-2 variants escape neutralization by vaccine-

induced humoral immunity

Il siero di 99 individui vaccinati con vaccino a mRNA Pfizer o 

MODERNA contro SARS-CoV-2 neutralizza il virus wildtype e 

alcune varianti, ma non la B.1.351 (“sudafricana”) e la P.2 

(“brasiliana”), per cui andrebbe supportata secondo gli autori la 

sintesi di ulteriori dosi di vaccino adeguate alle mutazioni della 

proteina Spike.

https://www.cell.com/cell/fulltext/S0092-8674(21)00298-1























