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Vaccination as a countermeasure against 
viruses with epidemic and pandemic 
potential

https://www.who.int/health-topics/vaccines-and-immunization#tab=tab_1





What do we want from a Vaccine
We want a vaccine to be:

Safe: no adverse outcome (we measure Reactogenicity and adverse events)

Immunogenic: induce Immune response (we measure Immunogenicity)

Effective in preventing the disease

Offer long-lasting protection, ideally conferring lifelong immunity

We Look for a correlate of protection to link immune response to effectiveness

Effectiveness is a real-life measure, Efficacy is a measure in clinical trials



What do we want from a Vaccine
We want a vaccine to be:

Safe: no adverse outcome (we measure Reactogenicity and adverse events)

Immunogenic: induce Immune response (we measure Immunogenicity)

Effective in preventing the disease

Offer long-lasting protection, ideally conferring lifelong immunity

We look for a correlate of protection to link immune response to effectiveness

Practical: stability, ease of administration, and cost must be considered.



What do we want from a Vaccine



The majority of the vaccines used currently to combat

infectious diseases can be broadly divided into three

categories: live-attenuated; inactivated; protein

subunits/polysaccharides

Despite the success of these established vaccine platforms,

they have failed against immune-evading pathogens such as

HIV, malaria, and tuberculosis.

In other cases, such as influenza and COVID-19, vaccines

require annual or seasonal updates to combat rapidly arising

mutations and vary substantially in efficacy year to year.

Finally, these vaccine modalities take years to decades to

develop, thereby limiting their ability to combat outbreaks

caused by rapidly emerging and re-emerging pathogens.

The need to overcome these limitations of traditional vaccine

platforms has contributed to an increasing interest in the

development of novel vaccine technologies against infectious

diseases

Pollard AJ and Bijker EM Nat rev imm 2021; Gupta A et al. Nat rev drug discovery 2024





Vaccine components



Why Vaccine Diversity Matters

Multiple platforms ensure we’re prepared for diverse threats—whether a fast-spreading

pandemic or a slow-evolving endemic virus.

Moreover, combining technologies (e.g., protein boosts after mRNA priming) could

enhance protection against complex pathogens.

The platform, route of administration, additional vaccine components, and delivery systems,

all together contribute to the safety and immunogenicity of a vaccine for a particular target

population





Different platforms exists

for Influenza vaccine from

1st to 4th generation.

How to choose?

Target population is the

key, e.g.:

Nasal administration less

invasive for children

Inactivated to be chosen

for fragile people

And…

The availability



Main Routes of administration

Administration route plays a major role 

in conferring strong and durable 

protective immunity. The site of 

administration dictates the immune 

cell subtypes that first encounter the 

vaccine, which then influence the 

resultant adaptive immune response



• Most clinically approved vaccines are administered
intramuscularly (IM) or subcutaneously (SC), as these
injection routes are well-established and these tissues
contain a large number of innate immune cells.

• Oral (GI) administered vaccines also exists.

• Other administration routes are emerging:

transdermal (TD) and respiratory (IN) administration
routes expose the vaccine to a higher number of innate
immune cells in skin and mucosa, respectively

Main Routes of administration

Cordeiro AS et al.doi.org/10.3390/pharmaceutics13122091

https://doi.org/10.3390/pharmaceutics13122091
https://doi.org/10.3390/pharmaceutics13122091
https://doi.org/10.3390/pharmaceutics13122091


a, Currently, most vaccinations are administered by injection, 
which effectively stimulates systemic immunity and leads to the 
induction of pathogen-specific serum IgG neutralizing antibodies 
and T cell immunity, resulting in control of the severity of 
infectious diseases. However, they are generally less effective in 
inducing antigen-specific immune responses on mucosal surfaces 
and thus may not provide adequate protective immunity at the 
site of pathogen invasion.

b, By contrast, nasal vaccines effectively stimulate the mucosal 
immune system to produce pathogen-specific sIgA antibodies and 
systemic (serum IgG) immunity, which together, provide broad 
protection to the host. 

Because most infections are initiated at the mucosal surfaces, mucosal 
vaccination is considered a means to induce broad protection against infection.



Route of administration and Reactogenicity 

Administration of vaccines to different tissues, may impact the reactogenicity profile 

and safety of vaccines. They can also result in dose sparing!!!!

1) In a clinical study evaluating mRNA vaccines against influenza: 

Immunity: intradermal (ID) > intramuscular (IM), adverse events: ID >IM. 

2) COVID-19 mRNA-1273 compared with IM administration, ID administration offers dose-sparing and 

an enhanced safety profile

3) Vaccination against monkeypox with MVA-BN, similar adverse events comparing SC vs ID, but dose-

sparing with ID (1/5 of the SC dose)





Vaccino esavalente (DTPa/IPV/Ep B/Hib):difterite, tetano, pertosse, polio, epatite B, Haemophilus influenzae tipo b
Morbillo, Parotite, Rosolia, Varicella (MPRV)



Polio Vaccine



Polio Vaccine

A breakthrough occurred in 1949, when poliovirus was successfully cultivated in human 
tissue by John Enders, Thomas Weller and Frederick Robbins at Boston Children’s 
Hospital. Their pioneering work was recognized with the 1954 Nobel Prize.

Not long afterwards, in the early 1950s, the first successful vaccine was created by US 
physician Jonas Salk. Salk tested his experimental killed-virus vaccine on himself and his 
family in 1953, and a year later on 1.6 million children in Canada, Finland and the USA.

The results were announced on 12 April 1955, and Salk’s inactivated polio vaccine (IPV) 
was licensed on the same day. 

https://www.who.int/news-room/spotlight/history-of-vaccination/history-of-polio-vaccination

In a 1955 interview, when asked who owned the patent for 
IPV, he replied: “Well, the people, I would say. There is no 
patent. Could you patent the sun?”



Polio Vaccine

https://www.who.int/news-room/spotlight/history-of-vaccination/history-of-polio-vaccination

A second type of polio vaccine, the oral polio vaccine (OPV) was developed by physician 
and microbiologist Albert Sabin.
Sabin’s vaccine was live-attenuated (using the virus in weakened form) and could be 
given orally, as drops or on a sugar cube. This method mimics natural infection 
more closely, activating both systemic immunity and local intestinal immunity

Trials carried out in the Soviet Union, on 20 000 children in 1958 and 10 million children 
in 1959, and in Czechoslovakia, on over 110 000 children from 1958 to 1959, proved the 
vaccine was safe and effective.
Independent review of the trials for the World Health Organization by United States 
specialist Dorothy Horstmann endorsed their findings – a crucial validation in the time 
of the Cold War.



Polio Vaccine

https://www.who.int/news-room/spotlight/history-of-vaccination/history-of-polio-vaccination

While IPV protected the vaccinated child, it did not stop the poliovirus from spreading between 
children.
OPV, on the other hand, interrupted the chain of transmission, meaning that this was a powerful 
vaccine to stop polio outbreaks in their tracks.

Pros and Cons of Each Vaccine

Both vaccines have their pros and cons worth considering:

•Safety: IPV is regarded as safer because there’s no risk of vaccine-derived paralytic 

poliomyelitis (VDPV), a rare condition associated with OPV where weakened viruses revert to 

virulence under certain conditions.

•Cost: Generally speaking, OPV is less expensive than IPV due to lower production costs; this 

makes it particularly appealing for mass immunization campaigns in low-resource settings.

•Accessibility: While both vaccines require careful handling—especially IPV which needs cold 

chain storage—OPVs ease administration since they don’t require needles or syringes.



Smallpox (Variola virus) vaccination

https://www.who.int/news-room/spotlight/history-of-vaccination/history-of-smallpox-vaccination

https://pmc.ncbi.nlm.nih.gov/articles/PMC1200696/

Edward Jenner tested the hypothesis that infection with cowpox could 
protect a person from smallpox infection.
Cowpox is an uncommon illness in cattle, usually mild, that can be spread 
from a cow to humans via sores on the cow. During an infection, dairy 
workers may have pustules on their hands

First-generation vaccines grown on the skin of live animals were widely 
distributed in the 1950s–1970s to eradicate smallpox. 

Second-generation vaccines were grown in chorioallantoic membrane or 
cell cultures for greater purity, and they were used in some areas during 
the smallpox eradication campaign. 

Third-generation vaccines are based on attenuated strains of vaccinia and 
saw limited use prior to the eradication of smallpox



HBV vaccine and correlate of protection

In 2019, the World Health Organization (WHO) estimated that hepatitis B (HBV) infections resulted in 820,000 
deaths globally, mostly from cirrhosis and hepatocellular carcinoma, with 296 million people living with chronic 
disease and 1.5 million new infections each year.

In Italy, the incidence rate of acute HBV cases decreased from 5 per 100,000 inhabitants in 1990 to 2 per 100,000 
ten years later. In 2021, only 89 new cases were reported, with an incidence of 0.18 per 100,000 inhabitants

Hepatitis B infection acquired in adulthood leads to chronic hepatitis in less than 5% of cases, whereas 
infection in infancy and early childhood leads to chronic hepatitis in about 95% of cases. This is the 
basis for strengthening and prioritizing infant and childhood vaccination.



HBV vaccine and correlate of protection

Since the HBsAg synthesized in bacteria is not able to properly assemble as particles similar to those in natural 
infection in human, the expression of the S gene was tried in eukaryotic systems. The HBsAg synthesized in the 
yeast Saccharomyces cerevisiae is able to assemble into particles similar to the 22-nm particles produced in 
human

Vaccine-efficacy studies and immunological standards
have defined an anti-HBsAg titer ≥ 10 mIU/ml as 
protective against HBV



Main Vaccines against EID
Virus Vaccine platform Licensed Use Disease

Yellow Fever Attenuated Yes Human Fever/Haemorragic fever
Tick Borne Encephalitis Inactivated Yes Human Fever/Encephalitis-Meningitis
Japanese Encephalitis Inactivated (or attenuated*) Yes Human Fever/Encephalitis-Meningitis
Dengue Attenuated Yes Human Fever/Haemorragic fever
Chikungunya VLP Yes Human Fever/Joint pain
Ebola Vector Yes Human Haemorragic Fever

Monkeypox
Vaccinia Virus based Attenuated 

and  non replicating
Yes Human

Skin lesions with complications in 
Immunocmpromised individuals

SARS-CoV-2 Vector/Subunit/mRNA Yes Human Respiratory Syndrome
Influenza Multiple platforms Yes Human Respiratory Syndrome
Avian Influenza Subunit/Split Vaccines Yes** Human Respiratory Syndrome
Avian Influenza Inactivated/Vector Yes Veterinary Respiratory Syndrome
West Nile Inactivated/Vector Yes Veterinary Fever/Encephalitis-Meningitis
Rift Valley Fever Inactivated/Attenuated Yes Veterinary Fever/Haemorragic fever

Hendra
Subunit Yes

Veterinary
Respiratory or Neurological 

syndrome
Zika Inact/Att/mRNA/Vector/DNA Phase I/II Human Fever/Congenital syndrome
Lassa DNA/Vector Phase I/II Human Haemorragic Fever
Marburg Vector PhaseI/II Human Haemorragic Fever
MERS-CoV Vector Phase I Human Respiratory Syndrome
Crimea-Congo Haemorragic fever Multiple Platforms/Vector Preclinical/Phase I Human Haemorragic Fever
*not licensed in EU and US
**H5 strains, limited to People in contact with livestock and HCW

EID: Emerging Infectious diseases



Viral vector vaccines use a harmless virus to deliver to the hosts cells the genetic code of the 
antigen you want the immune system to fight. 

Viral vector vaccines

Examples: Ebola vaccine, COVID-
19 vaccine

We can develop immunity 
against the vector…



Viral vector vaccines



Pre-existing immunity, particularly relevant for Adenovirus 5 (Ad5) and other common adenovirus serotypes, can 

significantly lower vaccine immunogenicity by neutralizing the vector before it delivers its payload. 

This challenge is circumvented in multiple ways:

•Using alternative serotypes (Ad26, Ad35, or simian adenoviruses) 

•Adopting heterologous prime-boost regimens

•Employing poxvirus, VSV, or other unrelated vectors

•Engineering chimeric capsids with novel antigenic surfaces

Viral vector vaccines

Some COVID-19 vaccines are based on Adenoviral vectors 

Oxford–AstraZeneca vaccine uses the modified chimpanzee adenovirus ChAdOx1

Sputnik V uses human adenovirus serotype 26 for the first shot, and serotype 5 for the second.

Janssen vaccine uses serotype 26

https://en.wikipedia.org/wiki/Oxford%E2%80%93AstraZeneca_COVID-19_vaccine
https://en.wikipedia.org/wiki/Oxford%E2%80%93AstraZeneca_COVID-19_vaccine
https://en.wikipedia.org/wiki/Oxford%E2%80%93AstraZeneca_COVID-19_vaccine
https://en.wikipedia.org/wiki/Sputnik_V_COVID-19_vaccine
https://en.wikipedia.org/wiki/Janssen_COVID-19_vaccine


Ebola Vaccines
Ervebo (rVSV∆G-ZEBOV-GP, live attenuated VSV with 
Ebola Zaire GP) was licensed in 2019 by the EMA and 
FDA and prequalified by WHO. The vaccine is safe and 
protective against the species Zaire ebolavirus. It is 
recommended by the Strategic Advisory Group of 
Experts (SAGE) on Immunization as part as a broader 
set of Ebola outbreak response tools. (>18years)

In May 2020, authorisation to a second new vaccine 
delivered in 2 doses called Zabdeno (Ad26.ZEBOV-GP) 
and Mvabea (MVA-BN-Filo: GP Zaire, Sudan, Tai Forest 
and Marburg) for individuals 1 year and older.

The vaccine is delivered in 2 doses: Zabdeno is 
administered first and Mvabea is given approximately 8 
weeks later as a second dose. This prophylactic 2-dose 
regimen is therefore not suitable for an outbreak 
response where immediate protection is necessary.

MVA Modified Vaccinia Ankara; EMA European Medicines Agency; FDA Food and Drug Administration in the US



Advantages:

The development and manufacture are simple and fast, and can be 
rapidly scaled up in manufacturing 

The absence of infectious agents in the production process also clears 
out the concern of incomplete virus deactivation or purification

The genetic sequence of nucleic acid vaccines can be easily modified, 
making them adaptable to emerging infectious diseases and rapidly 
evolving pathogens

Nucleic Acid vaccines



Both mRNA and DNA vaccines need to be delivered into cells for antigen expression 
(cytosol and nucleus, respectively). 

Naked DNA alone has been used as vaccines in many clinical trials, and proved to be 
useful, although further improvement in the delivery efficiency and immunogenicity 
of naked DNA vaccines is necessary to broaden their applications. 

Nucleic Acid vaccines

Vs



Faster production process, longer 
stability, and no need for cold 
chain in the case of DNA vaccines

No concern for integration in Host 
DNA, optimized delivery, and 
higher immunogenicity (so far) for 
mRNA vaccines

Vs

DNA vaccines are licensed for veterinary use



The mRNA Revolution

| Nature | Vol 597 | 16 September 2021



The mRNA 
Revolution

| Nature | Vol 597 | 16 September 2021



Benefits: “It is a very powerful technique to be able to create a lot of a vaccine fast. The benefit is that the technology is 
very adaptable. We can potentially go in and change the mRNA in the formulation to target a new antigen and can make 
a lot of high-quality vaccine material relatively quickly.”



Plasmid DNA vaccines

Relatively low manufacturing cost, easy production processes, high stability, and a good safety profile

Temperature stable and cold chain free, which are important advantages over approved RNA and 

vector vaccines for delivery to resource-limited settings. 

The primary obstacle lies in the absence of an optimal delivery system, which significantly hampers 

the immunogenicity of DNA vaccines

Specific motifs on the DNA construct can induce immunostimulatory effects



pDNA vaccines

There is a theoretical possibility that this DNA could integrate into the host genome, potentially leading to unintended
genetic changes.

DNA vaccines are designed to minimize the risk of genetic integration. The DNA used in vaccines is typically in the form of
a circular plasmid , which is different from the linear chromosomes found in the host genome.

Furthermore, the amount of DNA delivered by a DNA vaccine is usually very small, reducing the likelihood of integration.

However, it is important to continue monitoring and conducting research on DNA vaccines to
ensure their safety.
Regulatory authorities have specific guidelines and requirements in place to assess the safety and
potential for genetic integration of DNA vaccines during their development and approval
processes



The main components of various DNA
delivery systems. DNA vaccines
generally have four different
components that can enhance
immunity through high throughput
gene delivery to the target cells:

a) Injection site/admission route,
b) injection instrument,
c) nanocarriers with adjuvants,
d) external stimulations for temporary

cell permeabilization.

pDNA vaccines

Front. Immunol. Sec. Vaccines and Molecular Therapeutics Volume 15 – 2024 https://doi.org/10.3389/fimmu.2024.1332939

Nanocarriers can protect DNA from 
nuclease degradation, ensure its long-term 
stable circulation in the bloodstream, and 
facilitate targeted tissue aggregation

PLGA, poly D,L-lactic-co-glycolic acid; PEI, Polyethylenimine.

https://doi.org/10.3389/fimmu.2024.1332939
https://doi.org/10.3389/fimmu.2024.1332939


Injection of DNA plasmid into the skeletal muscle followed by a short

electrical stimulation—referred to as electro-gene transfer (EGT) or

electroporation (EP)—enhances DNA uptake and gene expression by

several hundred-fold leading to improved antigen expression and a local and

transient tissue damage favoring inflammatory cell recruitment and cytokine

production at the injection site.



Negative pressure was shown to independently enhance
transfection and synergized with EP delivery by immobilizing a
fixed volume of skin securely against the electrodes lining the
EP chamber. This technique provides a reliable, repeatable
platform to perform non-invasive EP, and the impact of
negative pressure on skin tissue and its interaction with
electroporation merits continued research.



What do we want from a Vaccine
We want a vaccine to be:

Safe: no adverse outcome (we measure Reactogenicity)

Immunogenic: induce Immune response (we measure Immunogenicity)

Effective in preventing the disease

Offer long-lasting protection, ideally conferring lifelong immunity

We Look for a correlate of protection to link immune response to

effectiveness





An important factor associated with increased severity of a dengue infection is antibody-dependent enhancement (ADE). 

ADE may also cause increased disease severity in vaccinated people. This process is mediated by cross-reactive, non-

neutralizing antibodies or antibodies in non-neutralizing concentrations

Neutralization vs ADE



Dengvaxia (Sanofi Pasteur) is a tetravalent

attenuated chimeric yellow fever vaccine (2015). It

incorporates pre-membrane (prM) and envelope

(E) genes from each DENV serotype into a

backbone existing of non-structural (NS) genes of

yellow-fever virus . Although the vaccine initially

seemed to provide reasonable protection against

dengue-related hospitalization after 2 years, the

risk of severe dengue was found to be higher in

vaccinated children who were seronegative at

baseline.

Aynekulu Mersha, D.G. et al. . Trop Dis Travel Med Vaccines 10, 22 (2024)

A possible cause of the increased amount of Severe Dengue may be the usage of a yellow fever backbone. 

NS-1 is a major pathogenic part of DENV. 

Dengvaxia does not result in the production of antibodies against dengue NS1, but instead to yellow fever 

NS1. 

These yellow fever NS1 antibodies might bind to dengue NS1 but not neutralize dengue NS1. 

Therefore, these yellow fever NS1 antigens hypothetically could play a role in ADE development.



The EMA has authorized the use of Qdenga (TAK-003) in >4 yo,

regardless of serostatus.

Although vaccine-enhanced disease has not been demonstrated,

several European countries maintain a cautious policy.

Dengvaxia CYD-TDV licensed as secondary prevention after 

laboratory-confirmed previous dengue infection for individuals aged 

6–16 years (FDA) and 6–45 years (EMA) or in areas with high 

(> 80%) seroprevalence (its used is limited). Sanofi subsequently 

announced a halt in production of CYD-TDV in 2024 due to low uptake likely 

because of the need for pre-vaccination screening. 

Dengue Vaccines

The need remains for a vaccine that is well tolerated and efficacious 
and can be used regardless of recipients’ previous dengue exposure.

A primary and central challenge is achieving balanced and long-lasting protection against all four serotypes



Experience with other flaviviruses found that using an LAV 
approach was successful for YF and Japanese encephalitis 
(JE) viruses. Therefore, a live-attenuated approach was 
selected for TAK-003. 

DENV-2 was chosen as backbone:

i) in early studies, live-attenuated DENV-2 

component elicited high rates of 

seroconversion in seronegative human 

volunteers, with minimal signs or symptoms of 

dengue;

ii) DENV-2 higher risk of severe secondary 

infection 

iii) DENV-2 higher pooled mortality  

Unlikely transmitted by vectors

…



The pivotal phase 3 Tetravalent Immunization against Dengue 

Efficacy Study (TIDES) investigated TAK-003 in >20,000 children 

aged 4 to 16 in 8 dengue-endemic countries in Latin America (Brazil, 

Colombia, Panama, Dominican Republic, and Nicaragua) and Asia 

(Philippines, Thailand, and Sri Lanka).

A multi-country study to ensure heterogeneity of dengue 

epidemiology (circulating serotypes) and flavivirus 

exposure (JE/YF vaccination or Zika infection).

To enable the assessment of the efficacy of TAK-003 

against all 4 serotypes and the impact of flavivirus 

exposure on the safety and efficacy of the vaccine





Butantan Institute, NIH and Merck (MSD) reported the initial 

results of the Butantan-DV (TV003/TV005) vaccine, from the 

phase III clinical trial conducted in Brazil with over 16,000 

enrollees (2 to 59 years of age) followed for 2 years (during 

prevalent DENV-1 and 2 circulation). 

Attenuation through the deletion of 30 and 31 contiguous nt

within the 3’UTR of wt DENV-1, -4, and DENV- 3, respectively. 

DENV-2 the prM and E in DENV-4





Chikungunya Vaccines

Utilizza strutture 
ricombinanti 
(proteine C, E1 ed E2) 
di un ceppo CHIKV del 
lignaggio dell'Africa 
occidentale

Non disponibile



Chikungunya Vaccines



Chikungunya Vaccines





Vaccine response: Immunogenicity 
ELISA CLIA/CMIA IFA

Neutralization assays (MNA, PRNT50)

ELISPOT
IGRA/CRA
ICS
AIM
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