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HOST DEFENSE AGAINST VIRAL INFECTION

IFNγ is induced only when certain lymphocytes are 

stimulated to replicate and divide after binding a foreign 

antigen

IFNα and IFNβ are induced by viral infection of any cell 

type





ANTIBODIES





A vaccine is a substance that teaches the 

body to recognize and defend itself 

against bacteria and viruses that cause 

disease

A vaccine induces an immune response, 

preparing the body’s immune system to 

fight and also to remember how to fight if 

exposed to a specific infection

A vaccine is not a cure, rather, it prevents 

infection or slows disease progression



Vaccines
Immunity to viral infections

depends on the

development of an immune

response to:

• Antigens on the virus surface

• Antigens on the virus-infected 
cell

Vaccines establish immunity

and memory without the

pathologic effects that

normally accompany infection

Immune memory = the

presence of specifically

dedicated T and B

lymphocytes that remain

after an infection (or

following immunization)

and maintain a

heightened ability to

respond further

challenge



Adjuvants
Indispensable components of the vaccines that potentiate the immune 

response to the antigen and/or modulate it toward the desired immune 

response

Adjuvants increase vaccine efficacy

Examples: PLGA, polymers, nanoparticles, nanosomes, and other

Improve immune responses in weaker populations: infants, the elderly, and 

immunocompromised patients

The mechanism 

of action

Depot effect

Immune cells 

stimulation

Immune cells 

recruitment

Immune 

response 

modulation

Slow release, prolonged exposure 

to the antigen 

Triggering immune cells to activate = 

a stronger immune response

Attract immune cells to the site of 

introduction

The impact on the type of immune 

response: humoral (B cells), cell-mediated 

(T cells)





Delivery systems

Immunostimulants









Edward Jenner  

1749-1823

The father 

of vaccination

Vaccinia, the first-ever vaccine which 

protects against smallpox, is actually where 

we get the term ‘vaccination’ from



2–3 million lives are saved each year by current 

immunization programmes, contributing to the 

marked reduction in mortality of children less 

than 5 years of age globally from 93 deaths per 

1,000 live births in 1990 to 39 deaths per 1,000 

live births in 2018



Inactivated vs attenuated vaccines

Inactivated (killed):

► stable

► safe

► cannot revert to the 
virulent form

► often do not require 
refrigeration (practical in use 
in developing countries)

► most stimulate relatively 
weak responses and so 
must be given more than 
once

► usually do not stimulate 
robust cellular immune 
responses (important in 
controlling disease)

Live, attenuated:

► can stimulate robust T 
and B cell responses

► mimic natural infection

► usually require special 
handling and storage

► can mutate in a way 
that restores wild-type
virulence
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Live attenuated vaccines



Live attenuated vaccines



Live attenuated vaccines

Examples: Measles, mumps, and rubella (MMR), varicella (chickenpox), 

flu, yellow fever, oral polio, Japanese encephalitis vaccines



Inactivated vaccines



Inactivated vaccines



Inactivated vaccines

Examples: Polio vaccine, influenza, Japanese 

encephalitis, HAV, rabies vaccines



Subunits vaccines
Subunit vaccines only contain pieces of a pathogen, not the whole 

organism, so they cannot cause infection - suitable for people who should 

not receive “live” vaccines, such as young children, older people, and 

immunocompromised individuals



Subunits vaccines

Examples: shingles vaccine (recombinant protein), HBV, HAV

(recombinant protein), flu, and many antibacterial vaccines



Recombinant DNA





Viral vector vaccines = a gene delivery system

Viral vector vaccines use a harmless virus to deliver to the host’s 

cells the genetic code of the antigen, stimulating the immune 

system to fight



Viral vector vaccines = a gene delivery system



Viral vector vaccines = a gene delivery system

Examples: Ebola vaccine, COVID-19 vaccine



Messenger RNA (mRNA) vaccines = use the pathogen’s 

genetic code 



Messenger RNA (mRNA) vaccines



Messenger RNA (mRNA) vaccines

Examples: Sars-CoV-2 vaccine

mRNA vaccines elicit potent in vitro immunity against infectious disease targets in 

animal models of influenza virus, Zika virus, rabies virus, and others



Virus-like particle (VLP) vaccines = nanovaccines, drug 

nanocarriers



Virus-like particle (VLP) vaccines

Examples: HPV



Liposomal (VIROSOMES) vaccines

Based on viral membrane proteins

► Virosome – drug or vaccine delivery mechanism: 

viral antigens are embedded in a phospholipid membrane





Nanoparticle-based vaccines



The waning of antibody 

levels depends on:

the age of the vaccine 

recipient (remarkably fast in 

infants due to the lack of bone 

marrow niches for B cell 

survival), 

the nature of the antigen, 

the number of booster 

doses administered



DNA Vaccines





DNA Vaccines

• Plasmids are easily manufactured in large amounts

• DNA is very stable

• DNA resists temperature extremes so storage and transport 

are straightforward

• DNA sequence can be changed easily in the laboratory - this 

means that we can respond to changes in the infectious agent

• By using the plasmid in the vaccine to code for antigen 

synthesis, the antigenic protein(s) that are produced are 

processed (post-translationally modified) in the same way as 

the proteins of the virus against which protection is to be 

produced - this makes a far better antigen than purifying that 

protein and using it as an immunogen



• Mixtures of plasmids could be used that encode many protein 

fragments from a virus/viruses so that a broad-spectrum vaccine 

could be produced

• The plasmid does not replicate and encodes only the proteins 

of interest

• No protein component, hence no immune response against 

the vector itself

• Because of the way the antigen is presented, there is a CTL 

response that may be directed against any antigen in the 

pathogen

• A CTL response also offers protection against diseases 

caused by specific obligate intracellular pathogens 

(e.g., Mycobacterium tuberculosis)

DNA Vaccines



DNA vaccines produce a situation that reproduces a 

virus-infected cell

Broad-based immune response

• Long-lasting CTL response

• Advantages of new DNA vaccines for many 

diseases

• CTL response can be against an internal protein

• In mice, a nucleoprotein DNA vaccine is effective 

against a range of viruses

DNA Vaccines





Anti-tumor vaccines

Immunotoxins 

(e.g., Pseudomonas aeruginosa

exotoxin) conjugated with

specific anti-tumor

antibody



1. What is an adjuvant? What is its role in immunization?

2. What types of vaccines against the flu are available?

3. Name the type of vaccine against HPV cancers.

4. Name three advantages of a live attenuated vaccine over the 

inactivated one.

5. Why will the vaccine not always protect from infection?

Questions



Thank you for your attention!

To get information on the presented content, 
Please send messages to the e-mail address: 

beata.sobieszczanska@umw.edu.pl

mailto:beata.surname@umw.edu.pl
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