
VIROLOGIA

Viral vaccines



Vaccines:
the proven best defense

against viruses

EPIDEMIOLOGY OF VIRAL DISEASES
Prevention and control

Vaccines have been very successful in preventing some
viral diseases; however, they provide modest to no
therapeutic effect in individuals that are already infected









Impact of antiviral vaccines on diseases frequency: 
pre-vaccination era vs. 1998 (USA)

VACCINES: 
the proven best defense against viruses



Profiles of successful 
vaccination 
campaigns



Decline in worldwide measles deaths due to vaccination



Milestones in antiviral vaccine development 



VACCINES: 
the proven best defense against viruses

• Development of vaccines

• Eradicating a viral disease: is it possible?

• The eradication of smallpox (1978)

• The eradication of rinderpest virus (2011)

• What make eradication conceivable?

• The poliovirus case: should be vaccine
eradication be next?



Smallpox: a Historical Perspective 

Viral vaccines



Smallpox: an historical perspective 

1978





The poliomyelitis eradication: should
vaccine eradication be next? 

Viral vaccines





Global Polio Eradication Initiative - 2006

Since the momentous launch of the Global Polio Eradication Initiative in 1988
during the World Health Assembly in Geneva, nearly five million children, who
otherwise would have been paralyzed and incapacitated by polio, are walking,
able and symptoms-free. More than 1.5 million deaths have been prevented.

The number of polio cases reported annually has decreased by 99% from
350,000 in 1988 to 2,000 cases in 2006.





As 2012, Polio remained endemic in four countries – Afghanistan, India, Nigeria and 
Pakistan – with a further four countries known to have (Angola, Chad and Democratic
Republic of the Congo) or suspected of having (Sudan) re-established transmission of 
poliovirus. Several more countries had outbreaks in 2010 due to importations of poliovirus.







Viral vaccines

Vaccination in Italy
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Il calendario vaccinale del Piano Nazionale di Prevenzione Vaccinale 2017-2019 
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Viral vaccines

Vaccine Basics



VACCINATION:
OUR PROVEN BEST DEFENSE AGAINST 

VIRUSES 
the vaccine concept

• Protects a recipient from a pathogenic virus

• Establishes an immunological resistance to an 
infection (immune memory)

• Breaks the chain of virus transmission 
(herd immunity)



THE HERD IMMUNITY CONCEPT

Herd immunity threshold (HT): 1-1/R0
R0 reproductive number
R0 smallpox: 5-7  HT: 80-85%
R0 measle: 12-18 HT: 93-95%



R0 AND THE EPIDEMIOLOGY OF A VIRAL DISEASES

R0 (basic reproductive
number): the average
number of  new infections
initiated by an infected
individual.
An epidemic will spread 
if R0 >1
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When 80% of population is immunized with measles, 76% of population is immune

THE HERD IMMUNITY CONCEPT
The correlation between herd immunity and the potential

for outbreaks.
As the % of vaccinated individuals dip below 90%, a corresponding

rise in the number of acute cases is observed



VACCINATION:
basis for protective immunity



VACCINATION: 
vaccines can be active or passive

• Active – instilling into the recipient a modified form of 
the pathogen or material derived from it that induces 
immunity to disease (long term protection).

• Passive – instilling the products of the immune 
response (antibodies or immune cells) into the 
recipient (short term protection)



NATURAL PASSIVE IMMUNIZATION:
transfer of antibody from mother to infant



Zmapp, the best known passive vaccine

• Raised in mice immunized with virus-like particles
• Chimerized into human IgG1 scaffold
• Produced in tobacco plants



VACCINATION:
requirements for an effective vaccine

1

2

3



VACCINATION: how to make a vaccine?



VACCINATION: 
viral vaccines in the USA



VACCINATION:
traditional vaccines

Traditional vaccines are of two types:  

• Inactivated (killed) - (whole cells, viruses, 
inactivated toxin proteins (toxoids)

• Attenuated (live) –viral or bacterial strain



VACCINATION:
commonly used traditional antiviral vaccines

• Inactivated vaccines
•Influenza
•Poliomyelitis
•HAV
•Rabies

• Attenuated (replication competent) vaccines
•Poliomyelitis
•Mumps
•Measles
•Rubella
•Yellow fever
•Varicella



Inactivated influenza vaccine
• >7000 deaths/yr in Italy due to influenza virus

• Vaccine: virus grown in embryonated chicken
eggs or in cell cultures, formalin-inactivated or 
detergent or chemically disrupted virions.

• Hundreds million of doses manufactered each year. 

• 60% effective in healthy children and adults <65 yr.

• Protection correlates with antibodies to HA and NA.

• Envelope proteins change each year; new strains
must be selected in the first months for manifacture.

• Use reassortants with most RNA segments from 
high-yielding strain, HA, NA from selected strain.

HA antigenic drift: influenza virus 



Annual timeline for creating an influenza virus vaccine





VACCINATION:

problems with traditional vaccines

• Disadvantages of inactivated vaccines:

- they themselselves can cause severe 

reactions.

- the organism or the toxin may not be 

completlely killed or inactivated.

- in some cases producing a sufficient quantity 

of infectious agent is extremerly costly or even 

impossible (HBV, HPV)



Severe adverse events associated with 
inactivated antiviral vaccine administration



VACCINATION:
traditional vaccines

Traditional vaccines are of two types:  

• Inactivated (killed) - (whole cells, viruses, 
inactivated toxin proteins (toxoids)

• Attenuated (live) –viral or bacterial strain



Attenuated viral vaccines are 
effective for four reasons:

1) The virus replicate to some extent in the 
host

2) They have a reduced capacity to spread 
from the site of replication

3) They cause a mild or inapparent disease

4) Nevertheless, the limited virus 
replication stimulates a potent and 
lasting immune response

VACCINATION: comparison of the predicted immune 
response to killed and  live viruses used as vaccines



VACCINATION:
producing attenuated human viruses

Passage history of the Oka-strain VZV vaccine



1954

1963

Live attenuated vaccines: passage histories of live 
attenuated measles virus vaccines derived from original 

isolate of Edmonston



VACCINATION:
live attenuated oral poliovirus vaccines

Attenuation of poliovirus neurovirulence: the Sabins9 OPV licensed in 1961

Wild Poliovirus

Type 1: Caused 100% of 2017    
cases

Type 2: Eradicated in 2015

Type 3: Last seen in 2012



VACCINATION:
live attenuated oral poliovirus vaccines



VACCINATION:
problems with traditional vaccines

• Disadvantages of attenuated vaccines:

- reversion to the virulent state (polio).

- growth in tissue culture cells or in animals 
poses the risk of introducing hidden viruses 
from host cells (early lots of polio vaccines-
SV40).

- even attenuated pathogens can produce 
severe disease in people with immune 
system deficiences.



Severe adverse events associated with 
inactivated antiviral vaccine administration



VACCINATION:
reversion of P3/sabin (1/790.000)





Limitations to Current Vaccine Production 
Methods

• Not all pathogens can be grown in culture

• Cell culture is expensive

• Yield and rate of production may be low

• Extensive safety precautions needed

• Inactivation/attenuation must be 100%

• Attenuated strains might revert

• Limited shelf-life and refrigeration requirements

• Not all diseases preventable by vaccines



NEW VACCINE TECHNOLOGY:
Impact of rDNA technology approach to viral 

vaccine production

1. Attenuate pathogenic viruses by specific 
deletion of virulence gene (s) (e.g., bacmid 
technology).

2. Engineer live, non pathogenic virus carrier 
(vector) to contain antigenic determinants from 
of pathogenic virus (viral vector technology).

3. If non-culturable, clone pathogen’s genes, and 
overexpress a subset of viral proteins to use as 
vaccines (subunit vaccines, VLPs)



VACCINATION: how to make a vaccine?



VACCINATION: how to make a vaccine?

Recombinant antiviral vaccines 



MODERNS VACCINES

• Subunit Vaccines
• Peptide Vaccines
• Genetic Immunization
• Attenuated Vaccines
• Vector Vaccines



MODERNS VACCINES

• Subunit Vaccines
• Peptide Vaccines
• Genetic Immunization
• Attenuated Vaccines
• Vector Vaccines



Subunit Vaccines

• Generally whole pathogenic agent used 
to construct attenuated or inactivated 
vaccine

• Immune response generally elicited by 
interaction with proteins on outer 
surface of pathogen



Subunit vaccines
for viruses



Subunit Vaccine

• So, is the entire pathogen required?

• No, only outer surface proteins are 
needed to elicit an immune response

• Vaccines that use components of a 
pathogen rather than the whole 
organism are “subunit” vaccines



• Advantages
– Easily to produce
– Using a purified protein ensures that the 

vaccine is safe and stable
– Inexpensively

• Disadvantages
– Isolated protein may not have the same 

conformation as in the pathogen, so may not 
have the same antigenicity (weakness and short 
duration of immunity)

– It may also be necessary to administer the 
antigen in a specific manner (in a concentrated 
form, with adjuvants

Subunit Vaccine



Virus-like particles (VLPs)vaccines: HBV



HBV as an example of chronic infection

• Transmitted by exposure to blood
(childbirth, transfusion, sex, drug use, 
tattooing, nosocomial).

• Main target is hepatocyte.

• 90% of adults, 5-10% newborns
resolve acute infection.

• ~350 million worldwide have chronic
HBV.

• Virus is not cytopathic for hepatocytes.

• CTLs kill infected hepatocytes.

• During chronic infection, fibrosis leads
to cirrhosis, liver failure.

• Hepatocellular carcinoma after 20-
30 yr of chronic (often asymptomatic) 
infection



Subunit Vaccine - Example:  HBV



Subunit Vaccine - Example:  HBV





Subunit Vaccine - Example:  HBV



Subunit Vaccine - Example:  HBV

Negative stained electron micrographs of (A) 
plasma-derived and (B) yeast-derived  hepatitis
B surface antigen vaccines





Subunit Vaccine

Vaccines that use purified components of 
viruses rather than the whole viral particles 
are defined as “subunit” vaccines



Virus-like particles (VLPs) vaccines: HPV



Virus-like particles (VLPs) 
vaccines: HPV



Virus-like particles (VLPs)vaccines: HPV



HPV VLPs vaccine development: timeline

Virus-like particles (VLPs)vaccines: HPV



The failure of a subunit Vaccine - HSV

• Herpes Simplex Viruses (HSV-1,2)
– sexually transmitted disease (HSV-2)
– cancer associated agent (HSV-2)
– encephalitis and severe eye infections

• Subunit vaccine would be best
– inactivated or attenuated virus would have 

to be 100% or risk infecting patient



Subunit Vaccine - Example: HSV
Target Antigenic Protein

• Herpes Simplex Virus
–What is the antigenic target?

–HSV viral envelope glycoprotein D
–gD interacts with entry receptors 

(HVEM, nectin-1, 3-O-sulphated HS)



•369 aa

•organized in three domains:
1) ecto-domain: aa 1-317 

N-terminal: aa 1-260 
core: aa 56-184;
a-helix, aa 224-240
C-terminal: aa 261-310

2) trans-membrane domain: aa 318-339 
3) endo-domain: aa 340-369 

Structure and function of HSV gD glycoprotein

gD functions:

1) receptor recognition

2) triggering of fusion

Campadelli et al., 2007



The three natural gD receptors:

1. herpesvirus entry mediator (HVME):
tumor necrosis factor receptor family;
in T-lymphocytes or lymphoyd organ.
HVEM binding-site: aa 1-32 (contact residues between aa 7-15 and 24-32).

2. nectin 1:
intercellular adhesion molecules family;
in sensory neurons, muco-epithelia or epithelia cells.
nectin-1 binding-site: critical aa residues (aa 34, 38, 215 and aa 222-223).

3.       O-sulphated HS (heparan sulfate):
modified heparan sulfate by enzymes in neuronal and endothelial
cells, corneal fibroblasts.

Functions of HSV gD: receptor recognition 



HSV Glycoprotein D

HSV Glycoprotein D
Transmembrane 
Domain
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HSV glycoprotein D vaccine

• Isolate gene
• Clone into mammalian exp. system
• Purify expressed protein

• Membrane proteins typically difficult to 
purify - aggregate
– Mutate so not membrane bound



Modified HSV glycoprotein D

Modified HSV 
Glycoprotein D

COOHNH2

Exterior

Interior

Viral Envelope

Signal peptide
for secretion

2 317



A Mammalian expression vector



Development of Subunit Vaccine against 
HSV

HSV

Not Protected Protected

clone gD
gene transfect

inject

purify &
concentrateinfect

infect

CHO cell secreted protein



HSV glycoprotein D vaccine

• HSV Subunit vaccine production
–Transfect modified glycoprotein gene 

into mammalian cells
–Overexpress
–Purify

• Modified HSV glycoprotein D was 
effective against both HSV-1 and HSV-2 
in animal lab tests



HSV glycoprotein D vaccine





MODERNS VACCINES

• Subunit Vaccines
• Peptide Vaccines
• Genetic Immunization
• Attenuated Vaccines
• Vector Vaccines



Peptide Vaccines

• Subunit vaccine uses entire protein
– Contains several antigenic determinants  

(B and T cells epitopes)

• Peptide Vaccine
– vaccine from a specific domain of an 

antigenic protein
– single epitope or antigenic determinant 

(immunogenic epitope)



Generalized membrane-bound protein 
with external epitopes

5 possible 
antigenic 
epitopes



• Advantages of peptide vaccines:

- can be made by chemical synthesis and 
eliminate the need of expensive process of 
protein purification (remove host DNA,LPS).

- they are purer and more stable than protein-
containing subunit vaccines.

-in addition, using only a part of the antigenic 
protein there will be no unwanted 
immunological reactions.

Peptide Vaccines



Peptide Vaccines

Peptides need to be linked to another molecule 
to prevent rapid degradation

– Keyhole limpet hemocyanin
• an inert carrier protein
• from a marine gastropos mollusk

– Hepatitis B core protein (HBcAg)
• highly immunogenic carrier protein
• self assembles into small particles



Keyhole Limpet (Diodora aspera)



Structure of a peptide vaccine

Linker

Short
Peptides

Carrier
Protein

KLH or HBcAg



Limitations of Peptide Vaccines
– Epitope must consist of a contiguous 

stretch of amino acids
– Not all peptides are effective in eliciting an 

immune response (may need 2 or more)
– Peptide must have the same conformation 

as in pathogen
– Selection of immune escape mutants is 

highly probable (may need 2 or more)
– Amount of peptide required to elicit an 

immune response may be 1000X more 
than for inactivated pathogen



Peptide Vaccine Effectiveness 
Foot and Mouth Disease Virus (FMDV)
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Peptide Vaccine Effectiveness - Example FMVD

Foot and Mouth Disease peptide vaccines

FMDV particles 1
VP1-HBcAg particles 1/10

VP1=142-160 aa

VP1-b-gal fusion 1/350
VP1=137-162 aa

VP1 142-160 aa 1/5000



MODERNS VACCINES

• Subunit Vaccines
• Peptide Vaccines
• Genetic Immunization
• Attenuated Vaccines
• Vector Vaccines



GENETIC IMMUNIZATION

• Novel variation of recombinant vaccine 
strategy
– First reported in 1992
– Instead of injecting protein antigen to elicit 

immune response, inject gene encoding 
antigen

• Also called “DNA Vaccine”



Genetic Immunization / DNA Vaccine

• Gene directs production of encoded protein 
antigen directly into tissues of the vaccinee

• A relative low dose of immunizing protein (ng 
range) seems to be sufficient to produce 
long-lasting immune response

• Antigen activates an immune response
– Antibody production 
– Cell mediated response



• The method of inoculation appears to dictate the type 
of immune response: 

– Direct Injection into muscle of an aqueous DNA  
solution (DNA travels to spleen - Th1 response) 

– Biolistic method - DNA coated metal beads 
(keratinocytes express ag, Langerhans cells move 
to the draining lymph node – Th2 response)

Genetic Immunization / DNA Vaccine



• Advantages of genetic immunization
– Cultivation of pathogen not required
– No chance of reversion
– No adjuvants are necessary to stimulate an 

immune response
– Inexpensive - no need to purify protein
– Inexpensive – purified DNA is stable
– One plasmid could encode several 

antigens

Genetic Immunization / DNA Vaccine



Genetic Immunization / DNA Vaccine



A Mammalian expression vector



• Disadvantage
– Don’t know fate of DNA

• Transient - will repeated treatments be 
needed?

• Integration into genome - mutations?
• Triggering of autoimmune responses to 

plasmid DNA?
• Induction of immune tolerance to protein 

produced?

Genetic Immunization / DNA Vaccine



Genetic Immunization / DNA Vaccine

Representative results of DNA vaccine trials



• Inject mice with plasmid 
– Gene

• influenza virus nucleocapsid NP coding 
sequences

– Promoter
• Cytomegalovirus (CMV) promoter

– Injection site
• quadriceps muscles of both rear legs

Genetic Immunization/ DNA Vaccine
Example Influenza Virus



• Couldn’t detect expression of protein
• Could detect Abs to flu virus 

nucleoprotein
• Injected mice were protected from 

Influenza virus (Iv)

Genetic Immunization of Mice 
Against Influenza Virus



Survival of DNA-immunized Mice
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DNA vaccines approved 
for veterinary use



The immunostimulatory sequences of plasmid vector 

DNA have adjuvant effects:

•Bacterial DNA has intrinsic immunostimulatory 

activity in mammalian cells through TLR9 

stimulation.

•DNA motifis containing unmethylated CpG 

dinucleotides flanked by two 5’ purines and by two 3’ 

pyrimidines  (5’-GACGTC-3’)induce synthesis of IL6, 

IFN-g, IL12, TNF.

•CpG DNA as a PAMP such as LPS, PGN, LTA 

dsRNA

Genetic Immunization / DNA Vaccine



MODERNS VACCINES

• Subunit Vaccines
• Peptide Vaccines
• Genetic Immunization
• Attenuated Vaccines
• Vector Vaccines



ATTENUATED VACCINES: a modern approach

• Attenuated vaccines
– generally more effective vaccines
– BUT - must not have virulent forms present

• rDNA techniques permit genetic 
manipulation for generating attenuated 
vaccines



rDNA Technology Based Approach  for 
Modifying Organisms to Generate 

Attenuated Vaccines

– A pathogenic organism engineered such that the 
virulence genes have been modified or deleted 
(e.g.,Bacmid technology).

– Genome segment reassortment of segmented
viral genomes (influenza viruses and reoviruses) 
in which genes encoding proteins that contribute
to virulence of a pathogenic strain are replaced
by thoses from related nonpathogenic virus 
strains.  



Benefits of Attenuated Vaccines 
generated by rDNA technology

– Only selected virulence gene(s) from the 
pathogen are deleted, so there is no chance of 
vaccine causing disease

– Deletion of virulence genes greatly decreases 
the likelihood of reversion back to the virulent 
form

– Whole pathogen are much more immunogenic 
than subunit or peptide vaccines (concentrated 
forms, in the presence of PAMPs)



Construction of attenuated
Viruses by using recombinant

DNA tecnology



Rotaviruses are the leading cause of severe diarrhea among infants and young children. In 2008, an
estimated 413,000 children died from diarrhoeal disease caused by Rotavirus, most of whom lived in
developing countries, and another two million were hospitalized.





Rotavirus
pathogenesis

Rotavirus is highly contagious 
and resistant and, regardless 
of water quality and available 
sanitation nearly every child 
in the world is at risk of 
infection.



The mechanisms of Rotavirus pathogenesis and immunity



Schematic representation of a rotavirus virion



– Rotaviruses contain 11 segments of double-stranded RNA.

– Rotaviruses are classified into seven groups (A to G) on the basis of
their distinct antigenic and genetic properties. Human infection has been
reported with group A, B, and C rotaviruses. Of these, group A rotavirus
is the most important, being a significant cause of severe gastroenteritis
in children worldwide.

– The two outer capsid proteins, VP4 and VP7, allow classification of
rotavirus into P and G genotypes, respectively. In rotavirus, at least 15 G
genotypes have been recognized by neutralization assay and 27 P
genotypes have been identified by hybridization or sequence analysis. Of
these, four rotavirus G-P combinations, i.e., G1P[8], G2P[4], G3P[8],
G4P[8], and G9P[8], are the most common globally and are therefore the
targets for current vaccine development strategies.

– Since effective antirotavirus drugs have not been developed, a rotavirus
vaccine would be very useful.

Rotavirus vaccine



Rotavirus reassortant to generate oral live virus vaccine



RotaTeq is a bovine (WC3)–human reassortant vaccin. RotaTeq is a live, oral pentavalent vaccine that
contains five rotaviruses produced by reassortment. Four reassortant rotaviruses express the outer
capsid, VP7, protein (serotypes G1, G2, G3, or G4) from the human rotavirus parent strain and the
attachment protein VP4 (type P7[5]) from the bovine rotavirus parent strain. The fifth reassortant virus
expresses the attachment protein VP4, (type P1[8]), from the human rotavirus parent strain and the
outer capsid protein VP7 (serotype G6) from the bovine rotavirus parent strain.



a) Rotarix is an attenuated human rotavirus vaccine made of a tissue-culture-adapted human
P1A[8]G1, VP6 subgroup II and NSP4 geno-group B strain.

b) RotaTeq is a bovine (WC3)–human reassortant vaccin. RotaTeq is a live, oral pentavalent
vaccine that contains five rotaviruses produced by reassortment. The rotavirus A parent strains of
the reassortants were isolated from human and bovine hosts. Four reassortant rotaviruses express
the outer capsid, VP7, protein (serotypes G1, G2, G3, or G4) from the human rotavirus parent strain
and the attachment protein VP4 (type P7[5]) from the bovine rotavirus parent strain. The fifth
reassortant virus expresses the attachment protein VP4, (type P1[8]), from the human rotavirus
parent strain and the outer capsid protein VP7 (serotype G6) from the bovine rotavirus parent strain.





Overview of the development of a vaccine against Rotavirus (Rotateq)





MODERNS VACCINES

• Subunit Vaccines
• Peptide Vaccines
• Genetic Immunization
• Attenuated Vaccines
• Vector Vaccines, see Viral vectors



Some antiviral vaccines currently under development


