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Short story of Vaccinations
• 1796 Jenner : smallpox
• 1805 : napoleonic army vaccinated
• 1840 : vacc. duty for England
• 1885 Pasteur: Rabies
• 1900-1950: diphtheritis, TBC, tetanus

• 1955 : Salk Polio killed
• 1959 : Sabin Polio attenuated

• 1981 : Smallpox eradicated





Impact of vaccination on the incidence of some viral diseases
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What is Polio?

•Polio, or poliomyelitis, is a disabling and life-threatening disease caused 
by the poliovirus.
•The virus spreads from person to person and can infect a person’s 
spinal cord, causing paralysis.

Transmission
•Poliovirus is very contagious and spreads through person-to-person contact. 
•It lives in an infected person’s throat and intestines.
Poliovirus only infects people. It enters the body through the mouth and spreads 
through:
•Contact with the feces of an infected person.
•Droplets from a sneeze or cough of an infected person (less common).

Prevention & Treatment
There are two types of vaccine that can prevent polio:
•Inactivated poliovirus vaccine (IPV) (Salk vaccine) given as an injection in the leg or arm, 
depending on the patient’s age. 
•Oral poliovirus vaccine (OPV) (Sabin vaccine)is still used throughout much of the world.
Polio vaccine protects children by preparing their bodies to fight the poliovirus. Almost all children 
(99 children out of 100) who get all the recommended doses of the inactivated polio vaccine will 
be protected from polio.





In 1997 in one week 250.000 of childrens were vaccinated in China, India, Buthan, Pakistan, 
Bangladesh, Thailandia, Vietnam and Birmania.
«Immunization days» reached about 500 millions of childrens!
Thanks to this effort, polio incidence is less than 1%



https://polioeradication.org/polio-today/polio-prevention/the-vaccines/



https://polioeradication.org/polio-today/polio-prevention/the-vaccines/



MMR= measles, mumps, and rubella









Piano Nazionale in fase di approvazione



VACCINES
Able to induce specific immune protection against 

infectious agents
(…and not only)

Among the major successes of Medicine to contrast 
infectious diseases :

mass protection                   eradication

Long experience (Jenner 1796), millions of administered 
doses, better knowledge of the  risk/advantage 

effects than for many drugs



Principle of vaccination: Immunological memory



Naive cells do not confer memory

Effector cells might confer memory by 
originating memory cells after adoptive
transfer but the process is not very efficient
(more cells needed since many cells will
die)

Memory cells effectively confer memory

Immunological memory



Basic principle of vaccination: immunological memory

• Gli anticorpi prodotti durante una risposta immunitaria primaria persistono per diversi mesi e forniscono 
protezione

• Bassi livelli di anticorpi specifici per il patogeno vengono mantenuti da plasmacellule a lunga vita residenti nel 
midollo osseo



Principles of Vaccination

• Protection produced by the person's own 
immune system

• Usually permanent

• Protection transferred from another person or 
animal as antibody

• Temporary protection that wanes with time

Active Immunity

Passive Immunity



Acquisition of Immunity

Passive protection

Hyperimmune maternal sera 
natural antibodies

Active protection

natural infection vaccines



Passive Immunization
(rapid but of short duration: 4-6 weeks)

Product Source Protection

Normal
Immunoglobulins of 

human origin

Pool of unselected
donors

Ipo/agammaglob
Hepatitis A

Hyperimmune
Immunoglobulins

Immunized or 
convalescent donors
with high specific

antibody titer

Measles, Parotitis
(mumps), Rubella, 

Chicken pox, 
B Hepatitis, Rabies, 
Diphtheria, Tetanus, 

Pertussis
Heterologous sera Animals (horse, ox) 

immunized with 
specific antigens

Botulism, gaseous
Gangrene, snake

Poisons



Vaccines

Different types of immunization

Passive Immunization
-- direct transfer of protective antibodies
-- no immunological memory

Active Immunization
-- activation of immune response
-- immunological memory

Therapeutic Immunization
-- treat existing disease



Vaccines

Active Vaccination: What are 
some important considerations 
in the design of vaccines?

Characteristics of pathogen & disease 
Intra- vs extra-cellular
short or long incubation
acute or chronic disease
Antigenic stability
route of infection 

Characteristics of vaccine
efficacy
appropriate response
booster
safety
stability, cost



Active Immunization
(slow but prolonged)

VACCINES



Caratteristiche di un buon vaccino



Vaccines



Vaccines



Vaccines



Principles of Vaccination

• A live or inactivated substance (e.g., protein, 
polysaccharide, mRNA) capable of producing 
an immune response

Antigen

Vaccines



Passive Immunity

• Transfer of antibody produced by one 
human or other animal to another 

• Transplacental most important source in 
infancy

• Temporary protection

Vaccines



Sources of Passive Immunity

• Almost all blood or blood products

• Homologous pooled human antibody 
(immune globulin)

• Homologous human hyperimmune 
globulin

• Heterologous hyperimmune serum 
(antitoxin)

Vaccines





WHICH VACCINES….
TYPE ADVANTAGES DISADVANTAGES
Inactivated No virulence

Rare controindications
Thermostability
No interference with 
other vaccines

Multiple doses
Antigen amounts
Elevated cost
Immunity duration
No mucosal response

Attenuated Single dose 
Antigen amounts
Low cost
Immunity duration
IgG and IgA response
Cellular response

Virulentation
More side effects
Thermolability
Interference with other
vaccines

Antigenic fragments Absence of useless
antigens

Difficulty in preparation
Low efficacy in infants











Inactivated Vaccines

• Cannot replicate

• Generally not as effective as live vaccines

• Generally require 3-5 doses

• Immune response mostly humoral

• Antibody titer diminishes with time

Vaccines



Inactivated Vaccines

• Subunit hepatitis B, influenza,
acellular pertussis,

(Lyme)

• Toxoid diphtheria, tetanus 

Fractional vaccines

Vaccines



Toxin-based vaccines

Vaccines





Polysaccharide Vaccines

• pneumococcal

• meningococcal

• Salmonella Typhi (Vi)

• Haemophilus influenzae type b

• pneumococcal

Pure polysaccharide

Conjugate polysaccharide

Vaccines



Vaccini contro batteri patogeni capsulati

• Molti batteri patogeni possiedono un capsula esterna 
composta da polisaccaridi (es. S. pneumoniae, N. meningitidis, H. 

influenzae, E. coli…)

• La capsula previene la fissazione del complemento per 
via alternativa

• Solo se si formano anticorpi che si legano alla capsula si 
ha la fissazione del complemento, che elimina i batteri

• L’obiettivo della vaccinazione contro tali batteri è quello 
di produrre anticorpi capaci di fissare il complemento che 
si leghino alla capsula



Pure Polysaccharide Vaccines

• Not consistently immunogenic in children 
<2 years of age

• No booster response

• Antibody with less functional activity

• Immunogenicity improved by conjugation

Vaccines



Vaccini coniugati a proteine:
Effetto aptene-carrier



Safety problems associated to vaccines







ADJUVANTS:
substances added to vaccines to 

increase their immunonogenicity
Mechanism of action:

• Immunomodulation: modifying the cytokine network by 
selection of Th sub-populations

• Presentation: mantaining the conformational integrity of Ag. 
An appropriate presentation influences Ab production e.g.: 
neutralizing Ab, affinity and immune response duration

• CTL induction: favouring the Ag binding to MHC-I and 
stability of MHC-I/Ag complex

• APC uptake: forming multimolecular Ag aggregates
• “Storage” effect: short or long term







RISKS OF NOT VACCINATING

Immunization











PM Heaton. N Engl J Med 2020;383:1986-1988.

Traditional Vaccine Development Pathway.



An overview of the different vaccine platforms in development against COVID-19

Nature Materials, 2020









Processo di produzione dei vaccini a mRNA



Cellular and humoral immune responses induced by mRNA vaccine

1) proteasoma, MHC classe I 

2) Proteina solubile, captazione da APC

Risposta CD8

Risposta CD4 e anticorpale

3) Effetto adiuvante 
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