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Immunity

• Innate (Natural) Immunity:          
First line of defense, pattern 
recognition 

• Adaptive (Acquired) Immunity: 
Need stimulation or infection, 
Memory and specific



Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



Adaptive immunity 
against infections

Innate immunity 





Innate-adaptive Immunity

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



Ligands or microbes

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



Different ligands bind to different receptors

Pattern recognition receptors (PRR)
PAMPs

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



Abbas et al, Cells and Molecular Immunology, 7 edition, 2012

Killing mechanisms of innate cells

 Killing by activation of 
macrophage Killing by phagocytosis

from T cells



Active and passive immunity

Vaccine

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



Adaptive immunity

Need activation via
at least 2 signals:

antigens + 
costimulators, 

complements or 
innate responses

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



T cell activation in adaptive immunity

2 signals
naive cells needs DC

APC: 
DC, B cell, 

macrophages

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



CD28 and CD40L are essential 
for T cell activation

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



State and markers for T cell activation



Activation of T cells

T cell activation leads to 
differentiation of T cell subsets

Control of stimulation can be 
blocked by costimulatory 

blockade 

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



Type of T cell responses

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



Th1 Th2 Th17
Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



Th1 help innate to clear intracellular pathogens



Th2 plays role in allergy and helminthic infections



Th17 cells are very 
important in

inflammation and 
extracellular 
pathogens

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012



B cell activation

Abbas et al, Cells and Molecular Immunology, 7 edition, 2012

TI, TD

No class switching (only IgM)



Activation of memory cells:important to generate vaccines
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What is Vaccine?

■ A vaccine is a non-pathogenic or attenuated 
antigen that mimics a particular pathogen in 
order to elicit an immune response. 

■ The goal of a vaccine is to establish immunity 
against that particular pathogen.



Principles of vaccination strategies

• Purified antigens --> protective antibody
– Not effective against microbes that mutate 

antigenic proteins or hide inside infected cells
• Attenuated microbes, viral vectors for antigens  --> 

antibodies + CMI
– Safety concerns

• Difficult to induce effective CTL responses with 
purified protein antigens
– Potential of plasmid DNA vaccines

• Clinically usable adjuvants



Vaccine: How it works

Antigens

APC: DC

T cells—> B cells

Some cases, Ag 
stimulate directly 

to B cells



Approaches 
for 

vaccines

Peter J. Delves, Seamus J. Martin, Dennis R. Burton and Ivan M. Roitt, Essential for Immunology. 12 ed. 2011 



Peter J. Delves, Seamus J. Martin, Dennis R. Burton and Ivan M. Roitt, Essential for Immunology. 12 ed. 2011 



Vaccine Types
1. Killed whole organisms 
In crude approach, the vaccine is made from the entire organism, killed to make it harmless. The typhoid 
vaccine is an example. 

2. Attenuated organisms 
Here, the organism has been cultured so as to reduce its pathogenicity, but still retain some of the antigens of 
the virulent form. The Bacillus Calmette-Gu?rin (BCG) is a weakened version of the bacterium that causes 
tuberculosis in cows. BCG is used as a vaccine against tuberculosis in many European countries but is rarely 
used in the U. S. 

3. Toxoids 

In some diseases, diphtheria and tetanus are notorious examples, it is not the growth of the bacterium that is 
dangerous, but the protein toxin that is liberated by it. Treating the toxin with, for example, formaldehyde, 
denatures the protein so that it is no longer dangerous, but retains some epitopes on the molecule that will elicit 
protective antibodies. 

4. Surface molecules 
Antibodies are most likely to be protective if they bind to the surface of the invading pathogen triggering its 
destruction. Several vaccines employ purified surface molecules. 

5. Inactivated virus 
Like killed bacterial vaccines, these vaccines contain whole virus particles that have been treated (again, often 
with formaldehyde) so that they cannot infect the host's cells but still retain some unaltered epitopes. The Salk 
vaccine for polio (IPV) is an example. 



Vaccine Types
6. Attenuated virus 
In these vaccines, the virus can still infect but has been so weakened that it is no longer 
dangerous. The measles, mumps, and rubella ("German measles") vaccines are examples. 
The Sabin oral polio vaccine (OPV) is another example. 6. Attenuated virus  
7. DNA Vaccine 
With DNA vaccines, the subject is not injected with the antigen but with DNA encoding 
the antigen. The DNA is incorporated in a plasmid containing 

DNA sequences encoding one or more protein antigens or, often, simply epitopes of the 
complete antigen(s); DNA sequences incorporating a promoter that will enable the DNA 
to be efficiently transcribed in the human cells. Sometimes DNA sequences encoding 
costimulatory molecules sequences that target the expressed protein to specific 
intracellular locations (e.g., endoplasmic reticulum) are included as well. 

The DNA vaccine can be injected into a muscle just as conventional vaccines are. 
In contrast to conventional vaccines, DNA vaccines elicit cell-mediated — as well as 
antibody-mediated — immune responses. 



Type of vaccines
Close to Nature. Virus: easy, 
Bacterial: difficult

Killed, Easy, safe and stable.

From: Ilchmann et al, Harvard Sussex Program project examining the role of S&T reviews within 
the BWC with modifications.

Only epitopes or antigens those recognized by T 
or B cells. Low side effects.

Inactivate toxins by treating them with formalin, 
a solution of formaldehyde and sterilized water.

Carbohydrate antigens with 
proteins

Naked DNA (or with particles) contained genes 
stimulate immune responses. (Herpes, West Nile, 
Influenza)

Use an attenuated virus or bacterium to introduce 
microbial DNA to cells of the body. “Vector”



Vaccine concepts
• Extracellular bacteria or toxin

–Antibodies or B cells
–Blocking antibodies
–Complements
–Need T cells for class switching.
–Need conformational epitopes (B cells)

• Intracellular bacteria or virus
–CMI or T cells
–CTL
–Activated macrophages
–Cytokines

33



How to find the candidate 
antigens?

• Conventional approaches
–Antigens selected from specific criteria (surface 

molecules and accessible).
–Derived from basic investigations.

• Post genomic approaches
–Reverse vaccinology

34



Antigen selections (1)

• Accessible to immune cells
–Toxin, surface antigens

• Possess T and B cell epitopes
• Immunogenic in human (present or not 

present in nature)
• Important for survival and diseases causation 

of pathogens.
–present in all/most of disease isolates.
–loss/alteration of disease survival

35



Antigen selections (2)

• Contain epitopes common to all/most 
isolates

• Target selection should based on
–Pathogenesis of diseases

36



Efficacy of vaccines

• Vaccines have been useful for generating 
protective antibodies, but so far, not for 
generating effective cell-mediated immunity 

• Vaccines work best against microbes that:
–Do not vary their antigens
–Do not have animal reservoirs
–Do not establish latent infection within host 

cells
–Do not interfere with the host immune 

response



Peter J. Delves, Seamus J. Martin, Dennis R. Burton and Ivan M. Roitt, Essential for Immunology. 12 ed. 2011 









Delany, et al, Spring Harb Perspect Med 2013.



J. Adu-Bobie et al. / Vaccine 21 (2003)





Peter J. Delves, Seamus J. Martin, Dennis R. Burton and Ivan M. Roitt, Essential for Immunology. 12 ed. 2011 



Neisseria meningitidis serogroup B

J. Adu-Bobie et al. / Vaccine 21 (2003)



Comparison of conventional and genomic 
approaches to vaccine development

J. Adu-Bobie et al. / Vaccine 21 (2003)



Problems with antigen selections

• No real comparison between different antigens.

• Limitation in ability to predict efficacy.

• Lack of adequate infection models.

• Function assay do not reflect in vivo conditions.

• Do not know the antigen variation or loss of 
antigens.



Technology for Vaccines

Rappuoli R. et al, Nature Rev Immunol, 2011



Vaccines in the 21st century

increase life expectancy
Rappuoli R. et al, Nature Rev Immunol, 2011



Different age groups need different vaccinations

Rappuoli R. et al, Nature Rev Immunol, 2011



Some characteristics of an ideal vaccine

Myron M Levine & Marcelo B Sztein. Nature Immunology, 2004



Adjuvants
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What is an adjuvant?

• Adjuvants are the substances that essential for 
enhancing and directing the adaptive immune 
response to vaccine antigens. 

• They enhance the either innate or adaptive 
immune responses.

• This response is mediated by two main types of 
lymphocytes, B and T cells.



Steven G Reed, Mark T Orr & Christopher B Fox Nature Medicine, 2013.



Steven G Reed, Mark T Orr & Christopher 
B Fox Nature Medicine, 2013.



Steven G Reed, Mark T Orr & Christopher B Fox Nature Medicine, 2013.



Mechanism of Adjuvants
1.Adjuvants may exert their effects through different mechanisms. 
2.Some adjuvants, such as alum and emulsions (e.g. MF59®), function as delivery 

systems.
3.Sone providing slow release in order to continue the stimulation of the immune 

system. 
4.Some enhance the antigen persistence at the injection site and increase recruitment 

and activation of antigen presenting cells (APCs). Some adjuvants are also capable of 
directing antigen presentation by the major histocompatibility complexes (MHC) [1]. 

5.Other adjuvants, essentially ligands for pattern recognition receptors (PRR), act by 
inducing the innate immunity, predominantly targeting the APCs and consequently 
influencing the adaptative immune response. 

• Toll-like receptors (TLRs), 
• NOD-like receptors (NLRs), 
• RIG-I-like receptors (RLRs) and 
• C-type lectin receptors (CLRs). 
• They signal through pathways that involve distinct adaptor molecules leading to the 

activation of different transcription factors. These transcription factors (NF-κB, IRF3) 
• Activation of some members of the NLR family, such as NLRP3 and NLRC4,

http://www.invivogen.com/alhydrogel
http://www.invivogen.com/addavax


Manmohan Singh and Derek T. O’Hagan,2002 



Mechanisms of Adjuvants

1

2
3

4
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Adjuvants



Reed, S.G et al, 2008



Adjuvants: as innate stimulators

Alan R. Shaw, Mark B. Feinberg , 2009




