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Passive Immunity and Immunization

• Passive immunity occurs when antibodies are transferred from 
one individual to another (artificial passive immunity). 
Passive immunity:
• provides temporary protection.
• does not activate the patient’s own B cell and T cells.
• is also known as serum therapy.
• is highly beneficial against bacterial produced toxins.

Specificity Memory

• Passive immunization can also occur naturally as maternal IgG passes 
through a mother’s placental barrier to the developing fetus.

• IgA antibodies in breast milk can also provide passive immunity.



Examples of antisera or antibodies used for passive immunization
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Active Immunity and Immunization

• Active immunization triggers the adaptive immune response to 
elicit protective immunity.

• Long-lived immunological memory cells are generated.
• Memory cells respond during secondary exposure to help eliminate 

the infectious agent and prevent disease.

• Active immunization can be acquired artificially via vaccination 
or naturally via exposure to an infectious agent.



-75%

- 67%

- 61%

- 41%

Rheumatic fever and 
rheumatic heart disease

Hypertensive heart disease

Ulcer of stomach and duodenum

Ischemic heart disease

• EFPIA 1999 – 2002

THERAPEUTICS

- >97%
Infectious Diseases 

(polio, measles, 
Hib, HVB, Hib etc)

VACCINATION

Vaccination has been instrumental in reducing infectious 
diseases and remains the most effective of the 

successful medical interventions



• 7000/day 
• 300/hour
• 5/min 

World Health Organization (WHO) has
estimated that vaccines have saved more than
500 million lives in the past 50 years.

Vaccines currently save an estimated 2.5
million lives annually, meaning…..



But how do vaccines work……..?

A matter of memory!
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Immunological memory ensures a faster and more 
intense secondary response!

Primary – long latency
period; IgM predominates
followed by a gradual isotype
switch; low affinity.

Secondary – short latency period;
more intense response; IgG prevails
over IgM; high affinity.



Vaccines also generate immunological memory!



Immunological memory is
not exclusive of T and B 

lymphocytes !

The term «trained immunity» was
introduced in 2011 by Mihai Netea



Adaptive immunological memory is more advanced
(described until now only in vertebrates) and results in
increased magnitude of response involving the
development of specific memory T and B cells selected
from a large repertoir obtained through gene
recombination and clonal expansion.

The Two-Step Model for the evolution
of immunological memory:

Innate immunological memory, or ‘‘trained
immunity,’’ is a primitive form of adaptation in
host defense, resulting from metabolic and
epigenetic reprogramming, which provides an
increased but non-specific response to re-
infection.



The principle behind vaccination is that exposure to
safe forms of an infectious agent can result in future
acquired protection or immunity to the real and more
dangerous agent.

Key concept:



Smallpox: An ancient and mortal disease
At the end of 18th century 600.000 people
died because smallpox in Europe every year

The European people around 80 Million

1person/140 died because smallpox every
year



Impact of vaccination on many other infectious diseases

SSPE: Subacute sclerosing panencephalitis



Eradication of poliovirus: next goal of WHO

On August 25, 2020, 
WHO announced that

the African continent is 
also polio-free!!



Successful vaccines have been developed against those pathogens 
that can be treated by antibodies and have a stable antigen repertoire



A highly susceptible 
population in which a 
transmitting case is 
likely to come in contact 
with a susceptible person 
leading to a chain of 
person-to-person 
transmission

A highly immune 
population in which a 
transmitting case is 
unlikely to come in 
contact with a 
susceptible person, 
thereby breaking the 
chain of transmission 
and achieving indirect 
protection of 
remaining 
susceptibles because 
they are not exposed

The «herd» immunity



The social value of the vaccine: 
altruistic consideration

The reduced diffusion of the 
pathogen allows even the 
weakest subjects to be 

protected



Despite the achievements and successes…..



Vaccines encounter a major crisis

Victims of their own success!

Poor memory and awareness of the potential severity of 
infectious diseases and their side effects



In 1998, a study hypothesized a link between
the measles vaccine and autism

- The results were not reproducible

An incredible fake news! 

- The author, Andrew Wakefield, was banned
from practicing medicine



…….but which were the consequences?



The Disneyland Measles outbreak

Mea
sles

rises
agai
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WHO  Warning to Italy

The occurrence of a large measles outbreak in January 2017, 
triggered the establishment of a new law…..



• Tetanus
• Diptheria
• Hepatitis B
• Polio

THE NEW LAW ON VACCINE (L. 119/2017)
Italy introduced a national law extending the number of 
mandatory vaccines from 4 to 10 in July 2017: 

Mandatory vaccines

• Pertussis
• Haemophilus influenzae

type B
• Measles
• Mumbs MMR
• Rubella
• Varicella

The obligation also exists for boosters, although it will be 
re-evaluated every three years based on epidemiological data



Vaccines for every age



“Calendario delle vaccinazioni 2017-2019”

difterite-tetano-
pertosse

poliomielite

Haemophilus 
influenzae b

papilloma 
virus



Morens DM  et al Nature 2004

Infectious diseases are still a leading cause of death

About 15 millions (>25%) of annual deaths worldwide are caused by infectious diseases



Childhood diseases are still the leading cause of death in developing countries

*other= polio, diphtheria, yellow fever

pertussis
20%

neonatal 
tetanus

13%

non neonatal 
tetanus

1%

measles
38%

other*
1%

Haemophilus influenzae
27%

In 2000, WHO estimated that 1.5 million of deaths among
children under 5 years were due to diseases that could have
been prevented by routine vaccination.





GAVI was created in 2000, operates in 73 developing countries and
has distributed almost 10 billion euro, so far.

GAVI has helped immunize about 300 million children against deadly
diseases such as diphtheria, tetanus, whooping cough, and hepatitis B.



Need to design vaccines for emerging infectious diseases



What are the main features of effective vaccines?
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Mechanisms of Adjuvant Effects

• Adjuvants enhance immunity by promoting key innate response 
mechanisms.

• Five mechanisms are proposed:
• slow the release of antigen to produce a depot effect
• recruit leukocytes to induce proinflammatory cytokines and chemokines
• promote local APC phagocytosis by aggregating antigens
• promote antigen presentation by increasing MHC class II and costimulatory 

molecules
• encourage pAPC activation and migration to lymph nodes

• Some adjuvants also serve as packaging systems (VLPs, virosomes, etc.).



Adjuvant actions on APC

Type A adjuvants (TLR agonists): APC activation
Type B adjuvants (liposomes, mineral salts and emulsions): favor antigen
capture and presentation



• Many common vaccines use 

– inactivated (killed), but still antigenic or 

– live/altered – attenuated microorganisms. 

• Caused to loose pathogenicity (cultured in 

abnormal conditions)

– substance (e.g., protein, polysaccharide) from  

pathogen, capable of producing an immune response

• DNA vaccines currently being tested for human use

Designing Vaccines for Active Immunization
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Different types of vaccines

• There are different
vaccine types:
• whole pathogen 

vaccines containing 
killed or live 
microbes

• subunit vaccines
• nucleic acid

• Each vaccine type 
includes multiple 
subtypes.



Modified form Nature | Vol 575 | 28 November 2019

Characteristics of inactivated (killed) vaccines

Cons:
• Do not replicate in host or induce 

cell-mediated immunity (humoral 
only)

• Often require repeated booster doses 
and the incorporation of an adjuvant

• Potentially dangerous if not all 
pathogen is killed/inactivated

Pros:
• Stable and easy to store and 

transport
• Safe and well-tolerated (no reversion 

to pathogenic form)
• Low risk of causing infection

The pathogen is treated with heat or
chemical to lose its ability to replicate.
The inactivated pathogen retain the ability to
be recognized by the immune system,
triggering a humoral response.
Examples: polio, hepatitis A, rabies



Characteristics of attenuated (live) vaccines

Cons:
• may mutate back (revert) to pathogenic 

form

• may have more side effects and 
complications

• may require a “cold chain” for stability 
during transport

Pros:
• retain their ability to replicate, 

promoting both humoral and cell-
mediated responses

• often do not need boosters

Attenuated viruses are generated upon serial passage in
cell cultures or unconventional hosts: they accumulates
genetic mutations and/or loses virulence genes and
therefore the ability to cause disease in the original host.

Examples: measles, mumps, rubella, varicella,



Three general forms of such vaccines are in current use:

• inactivated exotoxins, 

• capsular polysaccharides, 

• synthetic peptide vaccines 

Subunit Vaccines



Modification of toxin into toxoid

toxic compounds Immunogenic determinants

chemical 
modification

Toxin Toxoid

Examples: tetanus, diphteria
(often administered in the hexavalent DTaP5-IPV-Hib-HepB vaccine)



Three general forms of such vaccines are in current use:

• inactivated exotoxins, 

• capsular polysaccharides, 

• synthetic peptide vaccines 

Subunit Vaccines



Polysaccharides are T-I antigens, but…

…the association with a protein moiety
can recruit T cell help!

Subunit vaccines: polysaccharide-protein conjugate vaccine

This technology has allowed the 
development and licensure of 
vaccines against Haemophilus
influenza type B; meningococcus C; 
and pneumococcus.



Subunit vaccines: HPV vaccine consisting of L1 (capsid protein) 
Virus-Like Particles (VLP)

VLP technology has been used to produce other experimental vaccines
including respiratory syncytial virus (RSV) and influenza vaccines

Recombinant L1 capsid
protein (HPV-16 or
HPV-18) made in yeast
or insect cells self-
assembles to form VLPs
that are very potent at
inducing neutralizing
antibodies but are not
infectious because they
lack any viral nucleic
acid.



First- and second-generation vaccines

Key points

• Live vaccines provide the most robust and 
longest-lived immune response.  
– They generally do not require boosters or adjuvants.

• Subunit-based vaccines tend to provide a poorer 
immune response with a shorter protection time. 
– Adjuvants and boosters are generally required with 

these vaccines.



Adjuvants for general use in humans

Name Components Innate triggers Adaptive response Examples

Alum Aluminum salts NLRP3, inflammasome TH2 cells, B cells Many, including Daptacel (DTaP), Havrux
(HepA), Recombivax (HepB), PedvaxHIB
(HIB)

MF59 Squalene, polysorbate, 
Span 85

DAMP release (ATP) TH1 cells, CTLs, B cells Fluad (influenza virus)

AS04 Alum, MPLA TLR4 TH1 cells, CTLs, B cells Cervarix (HPV), Fedrix (HepB)
AS03 Squalene, polysorbate, 

α-tocopherol
UPR pathway (ER 
stress response)

TFH cells, B cells Prepandrix, Pandemrix, Arepanrix (influenza 
virus)

AS01 MPLA, QS-21 saponin TLR4 TH1 cells, CTLs, B cells Shingrix (herpes-zoster), RTS,S (malaria)

CpG 1018 22-mer, unmethylated, 
ssDNA

TLR9 TH1 cells, B cells Heplisav-B (HepB)

Poly-ICLC Polyinosinic:polycytidyli
c acid (dsRNA)

TLR3 TH1 cells, CTLs, B cells (In clinical trials)

Imiquimod Imidazoquinolines
(mimic ssRNA)

TLR7/8 TH1 cells, CTLs, B cells (In clinical trials)



Three general forms of such vaccines are in current use:

• inactivated exotoxins, 

• capsular polysaccharides, 

• synthetic peptide vaccines 

Subunit Vaccines



The advent of reverse vaccinology (RV)

Whole genome
sequencing

Bioinformatic analysis

Antigenic repertoire
1-2 years

In vivo analysis to identify
the best immunogens Vaccine

This technology allowed the development of the vaccine against meningococcus B and
advanced preclinical and clinical vaccine studies against several bacteria, including those
resistant to antibiotics such as Staphylococcus aureus and E. coli



Second generation reverse vaccinology

This methodology is currently used as a strategy for the 
preparation of new vaccines against malaria

• A method for constructing synthetic peptide vaccines that contain immunodominant
for both
– B-cell and T-cell epitopes.

Rino Rappuoli et al. J Exp Med 2016;213:469-481



Antibody-guided vaccine design

• Potent neutralizing antibodies identify the HCMV pentamer as a
critical target for vaccine development (J Virol 2009)



Antibody-guided vaccine design

• Potent neutralizing antibodies identify the HCMV pentamer as a
critical target for vaccine development (J Virol 2009)

• A pentamer vaccine induces in mice neutralizing titers 300 fold
higher that those found in CMV infected patients (PNAS 2014)



Variable amino acids
Conserved amino acids
Conserved epitope

Most 
Vaccine-
Induced 

Antibodies

Influenza Hemagglutinin

VIR-2482 

Antibody-guided vaccine design

• Potent neutralizing antibodies identify the HCMV pentamer as a
critical target for vaccine development (J Virol 2009)

• A pentamer vaccine induces in mice neutralizing titers 300 fold
higher that those found in CMV infected patients (PNAS 2014)

• Broadly neutralizing antibodies identify a conserved region in the
stem of influenza hemagglutinin relevant for a universal influenza
vaccine (JCI 2010, Science 2011, Cell 2016)
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Adsorption with RBD removes ≈90% 
of serum neutralizing activity

• Potent neutralizing antibodies identify the HCMV pentamer as a
critical target for vaccine development (J Virol 2009)

• A pentamer vaccine induces in mice neutralizing titers 300 fold
higher that those found in CMV infected patients (PNAS 2014)

• Broadly neutralizing antibodies identify a conserved region in the
stem of influenza hemagglutinin relevant for a universal influenza
vaccine (JCI 2010, Science 2011, Cell 2016)

• The finding that most neutralizing antibodies recognize the RBD of
SARS-CoV2 provides a rationale for developing an RBD-based vaccine
(Cell 2020)

Antibody-guided vaccine design
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Vaccine delivery methods using viral vectors



Nucleic-acid Vaccines



DNA vaccines can induce cell-mediated AND 
antibody-mediated responses

2nd generation DNA vaccines
Plasmid alterations:
- gene expression regulation
- co-expression of immune modulators
Delivery devices:
- gene gun; mucosal injectors; microneedle



Alternatives to vaccination with a needle

• “gene gun” (DNA vaccines)
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Mucosal administration of live, attenuated microbes

• Some live, attenuated vaccines have 
been used with mucosal 
administration. 

• FluMistTM

• Attenuated vaccine which uses a cold-
adapted strain that cannot replicate at 
human body temperature (37°C)

• Oral polio vaccine (OPV)
• a trivalent formula
• requires three administrations because a new 

strain predominates each time



A patch containing 36 dissolving microneedles is shown on a fingertip

The microneedles dissolve within minutes
after insertion into skin to release encapsulated vaccine. 

Each microneedle is 900-µm tall. 

An innovativy delivery method: microneedle patches



• Vaccines are commonly prophylactic and designed
to initiate an immune response before the onset
of disease or an antigen encounter.

• New therapeutic vaccines may enhance the
antitumor immune response.
• They are intended to enhance or redirect immune

response after disease has occurred

Key concepts:



Cancer Vaccines



The NeoVax Cancer Vaccine Platform

• Scientists at Dana Farber Cancer Institute have been using the 
NeoVax system to produce personalized, neoantigen-based vaccines 
based on unique mutations from the patient’s own cancer cells.



Personilized neoantigens-based vaccines

The personalized vaccine can act at
various levels by promoting: 

1. The activation of lymphocytes at
the lymph node level

2. An inflammatory
microenvironment

3. The activity of CD4 and CD8 T 
lymphocytes in the tumor



v To enhance antibody-mediated and cell-mediated responses

v To augment the quality of T cell responses

v To efficiently elicit mucosal immunity

v To design therapeutical vaccines, beside preventive ones

Challenges in 
the vaccination field

1930

1990

2010

1980

20..?


