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Acquired immunity

Natural

Non 

natural -

induced

Actively acquired - When the body has already 

experienced an infection by that pathogen

Passively acquired - Antibodies pass across 

placenta providing a newborn baby with immunity 

against disease. Antibodies are also present in 

breast milk.

Actively acquired – ACTIVE IMMUNIZATION.This is 

by vaccination at a suitable time in the person's life. 

Passively acquired – PASSIVE IMMUNIZATION. This 

is by administrating ready-made antibodies which are 

able to  immediately neutralize the viruses

IMMUNE SYSTEM



Active immunity (immunoprophylaxis)    Protection conferred 

by person’s own immune system, lasts for years or decades

Passive Immunity (immunotherapy)    Protection transferred 

from another person or animal, disappears after two-three weeks





Active immunity (immunoprophylaxis)    Protection conferred 

by person’s own immune system, lasts for years or decades



A vaccine is a biological preparation that improves 
immunity to a particular disease

……A vaccine typically contains an agent that resembles a disease-
causing microorganism ………. The agent stimulates the body's immune 
system to recognize the agent as foreign, “destroy it, and remember 
it”, so that the immune system can more easily recognize and destroy 
any of these microorganisms that it later encounters…….

Vaccines have proved to be one of the most powerful 
and effective ways of reducing disease and 
vaccination is considered the  most cost-effective 
medical intervention ever introduced
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1- ATTENUATION – attenuated vaccines

The idea of attenuation of virulent infections developed slowly over the course of centuries. 
It was based on the idea that an agent virulent for animals might be attenuated in humans.
Serial propagation  of a pathogen in inhabitual hosts may lead to “attenuation” 

Old examples: Jenner’s use of an animal poxvirus to prevent smallpox

Cell cultures. In 1948-1949, a revolution happened with the discovery that cells could be 

cultured in vitro and used as substrates for viral growth. Passage in cell culture leads to 

adaptation to growth in that medium, and the mutants best capable of growth have often lost 

or modified the genes that allow them to infect and spread within a human host. 

More recent examples of attenuation” in vitro in cell culture: measles, rubella, mumps, grown 

in cell culture

Rational development



Rational development

2- INACTIVATION inactivated vaccines

Another discovery toward the end of the 19th century was that immunogenicity could be retained if 

microorganisms were carefully killed by heat or chemical treatment

3- PROTEIN-BASED VACCINES “subunit” vaccines

Some vaccines used today are purified from microorganism preparation or generated by growing the 

viruses in vitro and then breaking up the whole virus with detergents. Then viral protein is purified to 

serve as the vaccine antigen. Several vaccines consist of partly or fully purified proteins. 

Sometimes tha vaccine is a “conjugated “vaccine. Conjugation is a procedure that combines a type of 

subunit vaccine (with a weak antigen) with a strong antigen (as a carrier) so that the immune system 

has a stronger response to the weak antigen.

4- GENETIC ENGINEERING

The revolution of genetic engineering toward the end of the 20th century has greatly impacted vaccine 

development. The first fruit of that revolution was the vaccine against hepatitis B.
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This technique is 

based on the 

possibility to allow the 

cells of the subject to 

be immunized to 

directly produce the 

antigens against which 

we want to induce an 

immune response. This 

is possible using a 

cDNA encoding the 

protein of interest 

carried by a plasmid

Vaccino - Proteine ricombinanti 



Strategies for the development of 

vaccines

PROCEDURE EXAMPLES

attenuation, inactivation, grown

and purification many

recombinant DNA technology HBV, HPV

conjugation technology Haemophilus influenzae B

Streptococcus pneumoniae (different serotypes)

Neisseria meningitidis A
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Further challenges for vaccinologists

Challenges  (examples) Determinants (examples) Microorganism (Examples)

Severe infections No availabilty of curative drugs,  HIV, HCV

Severe infections Variability of the pathogen Influenza

Climate changes

Incidence, frequency and 

distribution vector-borne diseases, 

of several infection infections ancient bacteria and viruses

Population growth and urbanization Population density mosquito-trasmitted diseases,

in developing countries leptospirosis, rabies, etc.

Antibiotic resistance Hospital acquired infections 

Methicillin-resistant staphyloccocus aureus

(MRSA)

Misuse of antibiotics Pseudomonas aeruginosa

Clostridium difficile

Emerging infections The number of emerging viruses Norovirus, SARS-CoV-1, MERS, SARS-CoV-2

is significantly increasing







Next generation sequencing and the metagenomic revolution 

Sequencing technology

year time needed cost needs

2000 10 years 1 billion US dollars world-wide teams

2010 10 days 50,000 US dollars 1 laboratory group

now 1 day 1,000 US dollars



Using the computer to rationally design vaccines starting with 

information present in the genome, without the need to 

grow the specific microorganisms. 

Strategies for the development of new vaccines



Strategies for the development of vaccines

PROCEDURE EXAMPLES

growth, isolation, inactivation many

recombinant DNA technology HBV, HPV

conjugation technology Haemophilus influenzae B

Streptococcus pneumoniae (different serotypes)

Neisseria meningitidis A

genomics; genome-based 

approach Ebola virus, Influenza virus, SARS-CoV-2



Figura 70.3 Produzione e trasduzione con vettore adenovirale.

Questa tecnica si basa sulla 

possibilità di far produrre 

direttamente alle cellule 

dell’individuo da immunizzare gli 

antigeni contro i quali si vuol 

indurre una risposta 

immunitaria. Questo è possibile 

utilizzando un cDNA che codifica 

la proteina di interesse veicolata 

da un virus non citopatico o 

difettivo (vettore virale)

Vaccini a DNA - vettore adenovirale

A cDNA encoding the protein 

of interest  carried by a non-

cytopathic  or defective virus 

(viral vector)



Vaccini a DNA/vettore adenovirale per SARS-CoV-2

Questa tecnica si basa sulla 

possibilità di far produrre 

direttamente alle cellule 

dell’individuo da immunizzare la 

proteina S del SARS-CoV-2 contro 

la quale si vuol indurre una 

risposta immunitaria. Questo è 

possibile utilizzando un cDNA

che codifica la proteina di 

interesse veicolata da un 

adenovirus difettivo.

A cDNA encoding the S-protein 

of SARS_CoV-2   carried by a 

non-cytopathic  or defective 

virus (viral vector)



Vaccini a RNA – SARS-CoV-2 RNA messaggero

Questa tecnica si basa sulla 

possibilità di far produrre 

direttamente alle cellule del 

soggetto vaccinato gli antigeni 

contro i quali si vuol indurre 

una risposta immunitaria. 

Questo è possibile utilizzando 

un RNA messaggero 

corrispondente alla proteina S 

di SARS-CoV-2 veicolata da un  

liposoma  per far entrare 

l’RNA nella cellula.

I liposomi sono vescicole con un diametro fra i 25 nm e 1 μm le cui pareti sono 
composte da colesterolo e lipidi e sono in grado di veicolare al loro interno
diverse sostanze, ad esempio farmaci o vaccini.  
I virosomi sono strutture assimilabili ai liposomi che contengono proteine 
presenti sulla superficie dei virus, sia incapsulate al loro interno sia al loro 
esterno.

a messenger RNA corresponding to the 

protein of interest carried by a virosome or 

liposome to let the RNA enter the cell.
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Virus Vaccines Components Who Should Receive Vaccinations

Polio, inactivated Trivalent (Salk vaccine) Children

Attenuated polio Live (oral polio vaccine, 

Sabin vaccine)

Children

Measles Attenuated Children

Mumps Attenuated Children

Rubella Attenuated Children

Varicella-zoster Attenuated Children

Rotavirus Human-bovine hybrids

Attenuated

Infants

Human papilloma-virus VLP Girls aged 9-26 yr

Influenza Inactivated

Attenuated (nasal spray)

Children, adults, especially medical personnel, and the elderly

2-50 yr

Hepatitis B Subunit (VLP) Newborns, health care workers, high risk groups (e.g. sexually promiscuous, intravenous 

drug users)

Hepatitis A Inactivated Children, child care workers, travelers to endemic areas, Native Americans and Alaskans

Adenovirus Attenuated Military personnel

Yellow fever Attenuated Travelers at risk to exposure, military personnel

Rabies Inactivated Anyone exposed to virus

Preexposure: veterinarians, animal handlers

Smallpox Live vaccinia virus Protection from bioterrorism, military

Japanese encephalitis Inactivated Travelers at risk to exposure

Viral Vaccines



Property Live Inactivated, “Subunit”, DNA, RNA

Route of administration Natural or injection Injection

Dose of virus, cost Low High

Number of doses, amount Single, low Multiple, high

Need for adjuvant No Yes

Duration of immunity Long-term Short-term

Antibody response IgG, IgA IgG

Cell-mediated immune response Good Poor

Potential lability Yes No

Interference Occasional None

Side effects Occasional mild symptoms Rare  

Reversion to virulence Rarely None

Advantages and Disadvantages of Live versus Inactivated Vaccines

Modified From Murray et al  Medical Microbiology Elsevier 2016 



HPV is a common virus that can lead to certain types of cancer later in 

life. 

Getting your 11-12 year-old child two doses of the HPV vaccine can 

prevent these cancers.



CDC recommends HPV vaccination for children at ages 11 or 12 years 

to protect against HPV infections that can cause some cancers later in 

life. Vaccination can be started at age 9 and is recommended through 

age 26 years for those who did not get adequately vaccinated when 

they were younger. 

Vaccine Composition

9-valent HPV vaccine (Gardasil-9 [23 pages]) is a non-infectious

recombinant vaccine prepared from the purified virus-like particles

(VLPs) of the major capsid (L1) protein of HPV types 6, 11, 16, 18, 31, 

33, 45, 52, and 58.

All HPV vaccines have been found to have high efficacy (close to 

100%) for prevention of HPV vaccine type-related persistent 

infection, cervical intraepithelial neoplasia (CIN) 2/3, and 

adenocarcinoma in situ (AIS) in clinical trials in analyses limited to 

persons without evidence of infection with the vaccine types at the time 

of vaccination.

https://www.fda.gov/media/90064/download


RSV, is a common respiratory virus that usually 

causes mild, cold-like symptoms. Most people 

recover in a week or two, but RSV can be 

serious. Infants and older adults are more likely to 

develop severe RSV and need hospitalization. 

Vaccines are available to protect older adults from 

severe RSV. Monoclonal antibody products are 

available to protect infants and young children 

from severe RSV.



CDC Recommendations

Adults aged 60 years and older

•Adults aged 60 years and older may receive a single dose of RSV vaccine 

using shared clinical decision-making.

Infants and young children

To prevent severe RSV disease in infants, CDC recommends either maternal 

RSV vaccination or infant immunization with RSV monoclonal antibody is 

recommended. Most infants will not need both.

Vaccination for pregnant people

•1 dose of maternal RSV vaccine during weeks 32 through 36 of pregnancy, 

administered immediately before or during RSV season. Abrysvo is the only 

RSV vaccine recommended during pregnancy.

Immunization for infants and young children

•1 dose of nirsevimab for all infants aged 8 months and younger born during 

or entering their first RSV season.

RSVpreF (Abrysvo, Pfizer) consists of a recombinant RSV F protein 

antigen (based on both the RSV-A and RSV-B subtypes), stabilized in the 

prefusion conformation (preF).



BA.2.86 Variant- September 2023

BA.2.86 Variant hyper-mutated variant has shown 

up in many places now.  To date, the BA.2.86 

variant has been detected in Israel, Denmark (3 

individuals), the UK, the US (2 individuals, one 

coming back from Japan), and South Africa (2 

individuals). It has also been detected in 

wastewater in 1 region in Switzerland (2% level), 

along with wastewater detection in Ohio and in 

Thailand. It’s safe say that BA.2.86’s presence is 

widespread across the world at this point.

BA.2.86 has probably been circulating in a 

region of the world with poor viral surveillance 

and

has now been repeatedly exported to other 

places in the world

The lineage seems to be descended from an 

Omicron subvariant called BA.2, which caused 

large case spikes in early 2022. However, the 

BA.2.86 spike protein carries 34 changes 

relative to BA.2. Large numbers of spike 

mutations have been observed in people with 

long-term SARS-CoV-2 infections, and it is 

likely that BA.2.86 emerged from one such 

chronic infection



BQ.1.1 and XBB.1 variants escaped neutralizing antibodies substantially more effectively than the BA.5 variant by 
factors of 7 and 17, respectively, after monovalent mRNA boosting and by factors of 7 and 21, respectively, after 
bivalent mRNA boosting











• Are broadly neutralizing antibodies an absolute
necessity?

• We do not know how to generate long-lasting protective
antibodies at mucosal surfaces

• There are multiple viral serotypes/genotypes and 
antigenic variation requires constant updating of vaccine 
formulations;  

• For some infectious diseases, no validated immunological      
correlates of immunity (protective or pathological) do 
exist

Vaccination against infectious diseases: challenges



Any effort to rank the vaccines must take into 
account their reported effectiveness, but also:
 their ability to fend off emerging viral variants
 the durability of the protection they offer 
 the logistics of deploying them 
 the supply and cost issues

The ‘best’ vaccine






