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Outline
• Immunological memory 

• Vaccines 
– Concepts
– Methods
– Challenges

• Immune evasion 
– Antigenic variation (surface protein and 

receptors)
– Latency



Immunological Memory 



Immunological Memory 
Long-term protection after initial exposure
Specialized memory cells:
Induced during adaptive immune response
Persist in the absence of original antigen



Repeated Immunization Increase 
Concentration and Affinity of Antibodies



B Lymphocyte Differentiation

Naïve B cell

BCR engagement

TFH cell stimulation

Activated B cell

Plasma cell

Antibody secretion

Memory B cellRe-infection

Affinity Maturation
Class Switching



Blank Source of B cells

Blank Unimmunized donor 
primary response

Immunized donor 
secondary 
response

Frequency of 
antigen -

specific  B 
cells

1 is to 10 to the 
power of 4 to 1 is to 
10 to the power of 5

1 is to 10 squared  
to 1 is to 10 cubed

Isotype of 
antibody 
produced

I g M greater than I 
g G I g G, I g A

Affinity of 
antibody Low High

Somatic 
hypermutation Low High

Secondary Immune Response
Memory cells are more efficiently activated than naïve cells:
Higher CXCL13 Receptors
Higher Affinity of BCR
Higher Surface level of MHC II



Increased Survival of Memory B Cells



Question

• Why is antibody response in a secondary 
infection more robust than the initial one?



T Lymphocyte Differentiation
Naïve T cell

TCR engagement

Antigen presentation

Helper T (TH) cellCytotoxic T (TC) cell Regulatory T cell

Express CD8
kill infected cells

Express CD4 Control immune 
response

TH1

Macrophage stimulation
Inflammatory response

TH2

B cell activation

Memory



Memory T cells arise from effector T cells that 
maintain sensitivity to IL-7 or IL-15



Memory and Naive T cells 



Memory T Cells are Distinct from Effector T Cells

Immune response

Homing

Homing

Survival

Survival



CD4 T-Cell Help Is Required 
for the Development of CD8 Memory

Primes effector T cells to generate CD8 memory cells
Promote reactivation of CD8 memory cells
Maintain CD8 memory cell numbers



CD4 T cells maintain CD8 Memory Cells



Original Antigenic Sin
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Immune compromised population

In a large percentage of vaccinated population

Effective memory cells: B and T cell activation

Very successful in controlling certain infections
Toxins, extracellular pathogens, viral reinfection

Problem: elicit an effective T response

Large vaccinated population will decrease the 
circulation of the pathogens

Public concerns

Concepts



Public Concerns



Measles Resurgent



Methods
Top choice: Elicit Proper Immune response
Safety issue Others: Safer but harder

• Prime Dendritic cells
(Inflammation)
Avoid Tolerance

• Induce proper response
(Antigen Presentation)
CD8 or CD4 activation
Most vaccines induce CD4 
and antibody response

• Mucosal or Systemic

Direct loading of Dendritic Cells



1796 Edward Jenner cowpox vaccine against smallpox

Immunology Began with Immunization

Jenner’s drawing of cowpox lesion from 
which he created his vaccine.



Shared Antigenic Elements In Vaccination



Complete Eradication of Smallpox 
Was Announced in 1980

http://www.cdc.gov/Features/SmallpoxEradication/SmallpoxEradication_R250px.jpg



Attenuated Vaccine

Risks: 
loose the mutations causing attenuation
Cause very strong inflammation



Attenuation Through Recombinant DNA Techniques 
Create Avirulent, Non-Pathogenic Virus



Attenuation Through Recombinant DNA Techniques



Attenuation Through Recombinant DNA Techniques



Conjugate Vaccines



Adjuvants are Required for Conjugate Vaccines

http://www.nature.com/ki/journal/v73/n7/images/ki200857f1.jpg

Chemicals or pathogen components



Adjuvants used in F D A - approved vaccines

Adjuvant Vaccine

Alum (various 
aluminium salts)

Diphtheria slash tetanus 
slash whooping cough 

Pneumococcal conjugate 
vaccine

Aluminium 
hydroxide Cervarix

D, L-alpha-
tocopherol (vitamin 

E) and squalene

H 5 N 1 influenza 
vaccine

Squalene and
water emulsion

Fluad (seasonal 
influenza vaccine)

C p G 1018 
(synthetic D N A)

Hepatitis vaccine 
(Heplisav-B)

Quillaja saponaria 
(lipid from evergreen 

tree)

Shingrix (shingles 
vaccine for elderly)

Adjuvants



Success of Neisseria Meningitidis C Vaccine



Newer Methods



Recombinant Peptide Vaccines

ISCOM:Immune stimulatory complex (lipid micelles carrying immunogenic 
peptides)
Limitations:
High polymorphism of human HLA gens
Loading of HLA-ABC genes

-Longer peptides
Not great for infectious disease: antibodies against a single epitope on a 
pathogen are rarely protective. Failed in clinic
Use a whole protein--Novavax



Recombinant DNA Vaccines

Enhancement by adjuvants expressed by the DNA

Newer generation: RNA vaccine
RNA can act as an adjuvant



RNA-based Vaccines 

mRNA acts as an adjuvant



Challenges
• Generation of long lasting antibody response

• IgA type
• Effective protection require preexisting antibodies 

(Neutralization)
• Toxin damage
• Reinfection

• Generation of robust CD8 response
• Chronic intracellular infections
• MHC I and dendritic cells
• CD4 Cells have to be activated too
• Higher dose of antigen
• Strong inflammation



Question

What is NOT required for the generation of 
CD8 Memory T cells?
• A) protein antigen
• B) Dendritic cells
• C) CD4 helper cells
• D) B cells
• E) Cytokines



Outline
• Immunological memory 

• Vaccines 
– Concepts
– Methods
– Challenges

• Immune evasion 
– Antigenic variation (surface protein and 

receptors)
– Latency



Bacteria Subvert the Host Immune System

Extracellular Bacteria Intracellular Bacteria



Biofilms Restrain Immune Clearance

EPS: extracellular polymeric substance



Antigenic Variation Allows 
Repeated Infection with the Same Pathogen



Gene Conversion Prolongs the Infection



Viruses Subvert the Host Immune System



Antigenic Drift and Shift



Latent Viruses “Hide” from the Immune System

Herpesvirus
Lifelong infections

Neurons: immunoprivilliged site; 
neurons carry very low levels of MHC I

Virus doesn’t proliferate, thus limited 
presentation on MHC I for CD8 cells



Chronic Infections Induce Exhaustion 



Three challenges

• Long last antibody response
• Robust CD8 T cells
• Immune evasion

• What can you do?
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