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Outline of Talk
• The immune system is a mobile defense system and your personal TSA

• Overview of Innate and Adaptive Immunity

• Comparison of Passive and Active Immunity

• B cells, T cells, and Immunologic Memory

• Immune System Capacity (aka ’clonal selection theory’)

• Vaccines  – immune response to different formulations 

• mRNA 

• live, attenuated

• subunit 

• conjugate

• inactivated

• Concept of Herd or Community Immunity

• Immunization Schedules and Altered Immunocompetence



Learning Objectives
• Compare and contrast innate and adaptive immunity

• Describe the role of B cells and T cells in the adaptive immune system

• Compare and contrast passive immunity and active immunity

• Evaluate vaccines in relation to formulation and immune response

• Describe the role of the adjuvant in vaccines

• Explain the concept of herd immunity

• Discuss the use of vaccines in populations with immunodeficiency or an 
immunocompromised state (aka ‘altered immunocompetence’)

• Review clonal selection in relation to immunization

• Explain the capacity of the immune system in the context of the number of antigens that 
can be combated at any given time



I’m on 
my way!

– like an ambulance – made up of lots of different cells that travel to the site of an injury

Much of immune function relies on 
getting the right cells to the right place 
at the right time

The immune system is a  mobile defense system 



The immune system is your personal 
Transportation Security Administration (TSA)



Function of the TSA
o Scan passengers for possible security threats

o Early detection of security threat

o Gather information about threat

o Rapid containment of local threat

o Initiate identification of larger threat

o Neutralization/elimination of local and disseminated threat

o After resolution, better prepared for next possible threat

✓ TSA

✓ TSA

✓ TSA

✓ TSA

✓ TSA

✓ FBI/CIA/armed forces

✓ TSA/FBI/CIA/armed forces

Function of the Immune System

o Scan tissues for infectious threats

o Early detection of infection threat

o Gather information about infection

o Rapid containment of local infection

o Initiate identification of infection

o Neutralization/elimination of local and disseminated infection

o After resolution, better prepared for next possible infection

✓ Innate immunity

✓ Innate immunity

✓ Innate immunity

✓ Innate immunity

✓ Innate/adaptive immunity

✓ Adaptive Immunity

✓ Adaptive immunity



• Adaptive immunity is specific in 
response to each pathogen 
• Recognizes highly specific, unique 

molecules of each pathogen

Two basic types of immunity

• Innate immunity is non-specific 
• first line of defense

• recognize ‘patterns’ associated 
with categories of pathogen

first encounter (primary) takes 7-14 days
subsequent encounter (secondary) 1-3 days

Innate Immunity Adaptive Immunity



• All blood cells arise from the 
hematopoietic stem cell (HSC), 
which differentiates along one 
of two pathways - lymphoid 
progenitor cell or myeloid 
progenitor cell

• Myeloid progenitors give rise to 
innate cells

• Lymphoid progenitors give rise 
to adaptive cells (B & T) 

HSC

Hematopoiesis is the 
formation and 
development of red 
and white blood cells in 
our bone marrow



FIRST LINE OF DEFENSE.  
physical barriers and 
epithelial surfaces that 
separate the body from 
the external environment

Initiating host defense (aka TSA)



SECOND LINE OF DEFENSE. Innate immune response
• Local, rapid response at site of infection

THIRD LINE OF DEFENSE. Adaptive immune response
• Slow, specific, centralized response to infection

Location of lymphoid 
tissues in the human body

Continuing host defense (aka TSA)

Innate Immune system
• First Barrier (skin, mucous membranes)
• Rapid, First Responders 
• No Memory
• Containment of infection

Adaptive Immune system
• T cells and B cells
• Delayed, targeted response… highly specific
• Long-term immune memory
• Elimination of infection 



https://ib.bioninja.com.au/higher-
level/topic-11-animal-physiology/111-
antibody-production-and/types-of-
immunity.html

Passive. transfer of antibodies from one 
person to another 
• Examples: maternal or pooled from donated 

samples

Two major forms of immunity – passive and active

The goal of passive immunization is transient
protection or alleviation of an existing condition 

The goal of active immunization is long-lasting
immunologic memory and protective immunity

Active. pathogen exposures that generates an 
effective immune response and leads to 
memory of the pathogen 
• Examples: infection ‘out in the wild’ (aka natural) or 

vaccines



• Vaccines work with our immune system to provide long-lasting protection

• Vaccines are harmless forms of the pathogen that train the B and T cells of our immune 
system to recognize and remember (called ‘memory’ cells) the pathogen

• These memory cells will be ready to attack when the real, harmful pathogen enters the 
body

Vaccines Train the Immune System

The ultimate goal of a vaccine is to 
provide long-lasting protection through 
the creation of memory B and T cells

Memory T cells Memory B cells

Long-term active protection



• Anti-vaccinia antibodies (B cells) and CD4 and CD8 T cells continue to persist for as long as 75 
years after the last exposure to vaccinia virus, the smallpox surrogate that is used for vaccination, due 
to long-lived memory B and T cells

Parham Immunology
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FUN FACT. 
B cells and T cells 
can be trained to 
remember 
pathogens

Active immunization elicits long-term protection (memory)

anti-vaccinia antibodies (B cells)

anti-vaccinia T cells



B and T cells are specific for 1 antigen*

Each B cell and each T cell 
has a unique specificity

Every time we encounter a pathogen 
(in the wild or in a vaccine) only a few 
B cells and T cells respond!

*actually 
1 piece of 
1 antigen



Due to the exquisite specificity 
of each B cell and its unique 
and specific BCRs, only a small 
number of B cells will respond 
to any given pathogen that 
enters our body

B and T cells are specific for 1 antigen*



FUN FACT. The specificity of 
B cells and T cells of the 
adaptive arm of the immune 
system means that we can 
NOT overwhelm the immune 
system through vaccination. 
Ever.

Specificity is due to ‘clonal selection theory’ of B and T cells

• Just like all other antigens detected in the body, the principle of clonal selection is at play in 
response to vaccine antigens 

• Vaccine antigens induce the proliferation of the few cells that have antigen receptors (BCR 
for B cells, TCR for T cells) specific for the pathogenic components in  the vaccine 



‘History’ of immunizations and antigens - decreased amounts over time!

1900 1960 1980 2000

Vaccine Proteins Vaccine Proteins Vaccine Proteins Vaccine

Proteins/

Polysacc

Smallpox ∼200 Smallpox ∼200 Diphtheria 1 Diphtheria 1

Total ∼200 Diphtheria 1 Tetanus 1 Tetanus 1

Tetanus 1 WC-Pertussis

(whole cell)

∼3000 AC-Pertussis

(acellular)

2–5

WC-Pertussis ∼3000 Polio 15 Polio 15

Polio 15 Measles 10 Measles 10

Total ∼3217 Mumps 9 Mumps 9

Rubella 5 Rubella 5

Total ∼3041 Hib 2

Varicella 69

Pneumococcus 8

Hepatitis B 1

Total 123–126

Recreated from Offit et al., Pediatrics, January 2002

The number of 
antigens in all 

immunizations 
combined has 

decreased over 
time!

SPOILER ALERT. 
No!



Check out my Team Vaccine ‘Immunology 101’ blog series ☺
Immunology 101 Series: Adjuvants, Aluminum, and Gelatin! Oh My! 
The Scientific Scoop on Vaccine Ingredients https://teamvaccine.com/2014/07/11/immunology-101-series-adjuvants-

aluminum-and-gelatin-oh-my-the-scientific-scoop-on-vaccine-ingredients/

https://teamvaccine.com/2014/07/11/immunology-101-series-adjuvants-aluminum-and-gelatin-oh-my-the-scientific-scoop-on-vaccine-ingredients/
https://teamvaccine.com/2014/07/11/immunology-101-series-adjuvants-aluminum-and-gelatin-oh-my-the-scientific-scoop-on-vaccine-ingredients/


Adjuvants enhance the immune response! 

• Adjuvants are probably the least understood 
component of a vaccine for the general public

• Adjuvants enhance the immune response -
they are added into some vaccines to ensure a 
vigorous and protective response 

• Varies by vaccine formulation; most vaccines that are not 
live, attenuated don’t stimulate the immune system as 
strongly as desired

• The most common adjuvant is aluminum; it 
modulates Th2-type response and antibody 
production through B cell activation

• Aluminum stimulates the pattern recognition 
receptors on innate cells and promotes antigen 
uptake  

https://www.cdc.gov/vaccinesafety/concerns/adjuvants.html

Adjuvants used in U.S. vaccines

Most with no 
adjuvant are live, 
attenuated vaccines 
b/c the immune 
response is vigorous



circa 1970

part 1 
start

start end

part 2 
start

end 
end

part 1 
end

Experiment that demonstrated the usefulness of adjuvants 

RH Schwartz, 
Scientific American, 1993

Immune response!!

No Immune response – purified antigen is not 
immunogenic, does not stimulate an immune response

Weak Immune response – immune system has seen 
the antigen and produces little to no response upon 
second exposure – is tolerant

Adjuvants enhance the immune response! 



Numerous vaccine formulations for numerous types of pathogens

Pollard, A.J., Bijker, E.M. A guide to vaccinology: from basic principles to new developments. Nat Rev Immunol 21, 83–100 (2021). https://doi.org/10.1038/s41577-020-00479-7



Splicing

AAA
mRNA

RNA

DNA

Every cell in our body uses genetic instructions to make protein

central dogma of molecular biology
DNA RNA protein

transcription translation(mRNA)



23NIH. Senate Hearing 090920.

Splicing

AAA
mRNA

RNA

DNA

mRNA that codes for the spike 
protein is purified and used in the 
vaccine

The coronavirus is studied in labs 

Scientists sequence the virus’ 
genetic code 

Our immune system responds and 
makes protective antibody

The cells in our body use the mRNA 
to make coronavirus spike protein

mRNA vaccines use our cellular machinery to make spike protein



Callaway et al. Nature. April 2020.

• mRNA surrounded by a lipid ‘bubble’ is 
injected into muscle cells and used as 
instructions to make the SARS-CoV-2 viral 
spike protein

• The immune system recognizes the spike 
proteins as foreign and uses them to mount 
an immune response to produce plasma cells 
(antibody) and memory B and T cells for long-
term protection

mRNA Vaccines nucleus
(where DNA lives) cytoplasm

(where mRNA is used to make 
protein)



mRNA-based vaccines disappear in 24 hours
FUN FACT. The 
mRNA is gone 
within 24 hours 
of injectionFormer Commissioner of Health NYC



Live attenuated virus vaccines 

• Contains a non-pathogenic (i.e. does not cause disease) version of a virus that has been derived 
from a wild-type (WT) virulent strain 

• Generally produced by growing virus in cells of nonhuman origin or long-term human cultured 
cells until deemed non-pathogenic

• The antigens for the attenuated version of the virus must be identical or very similar to the WT 
virus so that the immune response to the vaccine virus provides protection from the WT virus

Advantages. The amount of virus antigen in the body increases as the virus replicates and 
the immune response is typically wide-ranging and includes B cells, CD4, and CD8 T cells



Subunit vaccines 

Advantages. You can’t get the flu from the flu shot!
The innate antigen-presenting cells pick up bits of the injected vaccine to show off to T cells 
to alert the adaptive immune system to train and provide long-lasting protection via memory 
cells as well as antibody production (plasma B cells)

• A subunit vaccine contains purified outer components of the pathogen

• Example, the injection formulation of the influenza vaccine contains the 
surface antigens hemagglutinin (H) and neuraminidase (N)

• The H and N subunits are then purified to make the subunit vaccine

• The only bits of the virus that are in the vaccine are the outer surface 
components – H & N – everything else is missing! 

Cross-section drawing of influenza virus

Hemagglutinin (H)

Neuraminidase (N)



Conjugate Vaccines 

• Polysaccharides on the outer surface of some bacterium will activate B 
cells in a T cell independent manner resulting in IgM production, 
little/no class switching and little/no development of memory cells 
because T cells are not called into action 

– T cells only respond to protein, not polysaccharide

• One way to involve CD4+ helper T cells directly is to conjugate the 
polysaccharide antigen to a protein carrier (example here is an inactive 
toxin, called a toxoid)

Toxoid protein

Advantages. The immune response includes B cells and CD4+ helper T cells so that memory 
is produced and the type of immunoglobulin produced is higher affinity - IgG



Inactivated or Killed Vaccines 

• Inactivated or killed virus vaccines are made by mass producing 
the virulent virus and then inactivating the infectivity, typically 
treated with a chemical like formalin or heat treatment   

• There is difficulty in determining the correct concentration of 
chemical and a reaction time that inactivates the virus but leaves 
the antigens unchanged so that they remain immunogenic

virus
chemical inactivation (formalin)

heat inactivation
irradiation

Scientists want to inactivate the virus but do not want to destroy it beyond recognition as it 
must molecularly resemble (look like) the wild-type virus so that the immune memory cells 
produced in response to the vaccine are able to recognize the infectious, wild-type virus.



Figure 3. Pollard, A.J., Bijker, E.M. A guide to vaccinology: from basic principles to new 
developments. Nat Rev Immunol 21, 83–100 (2021). https://doi.org/10.1038/s41577-020-00479-7

• Memory B cells and T cells provide long-term protection for next encounter with pathogen

Immune response to inactivated protein antigen
(e.g. injected form of the annual influenza vaccine)

• Vaccine (protein antigen) is injected 
into the muscle and is taken up by 
dendritic cells, activated by PRRs from 
the adjuvant, and traffic to the lymph 
node

• Vaccine peptide antigens are 
presented on MHC ‘display’ molecules 
to activate specific T cells through their 
TCR

• Specific B cells recognize vaccine 
antigen via BCR and obtain T cell help 
to activate, proliferate, and drive 
maturation toward memory and 
plasma cells (antibody factories), 
which results in rapid rise in serum 
antibody levels



Pollard, A.J., Bijker, E.M. A guide to vaccinology: from basic principles to new 

developments. Nat Rev Immunol 21, 83–100 (2021). 

HERD OR COMMUNITY IMMUNITY

No vaccination

Infection passes from individuals 
with disease to susceptible 
individuals and spreads throughout 
the population

DISEASED

SUSCEPTIBLE

VACCINATED

Those who are vaccinated protect those who are not vaccinated by 
decreasing the spread of disease within their communities

Vaccination below threshold for 
protection of community 

Infection can still pass to 
susceptible individuals and spread 
throughout the population, except 
to those who are vaccinated

Vaccination above threshold for 
protection of community 

Infection cannot spread in the 
population and susceptible 
individuals are shielded by 
vaccinated individuals



Get vaccinated to protect yourself and others who need to be ‘shielded’

Ameoba Sisters

Those who are vaccinated protect or ‘shield’ those who are not vaccinated* by decreasing the 
spread of disease within their communities

Herd or Community Immunity

*Immunocompromised

*Infants too young 
for certain vaccines

*Pregnant individuals



Who needs to be ‘shielded’? 
Altered immunocompetence and Vaccines

• Individuals who have altered immunocompetence need special consideration
- not everyone can be safely vaccinated

• ‘Altered immunocompetence’ is a term that encompasses immunosuppression, immunodeficiency, 
and the state of being immunocompromised – can be classified as primary or secondary

• Primary immunodeficiencies generally are inherited and include conditions defined by an inherent 
absence or quantitative deficiency of cellular, humoral, or both components that provide immunity.

– Examples include congenital immunodeficiency diseases such as X-linked agammaglobulinemia 
(XLA), severe combined immunodeficiency (SCID), and chronic granulomatous disease (CGD)

• Secondary immunodeficiency is acquired and is defined by loss or qualitative deficiency in cellular or 
humoral immune components that occurs as a result of a disease process or its therapy.

– Examples of secondary immunodeficiency include HIV infection, hematopoietic malignancies, 
treatment with radiation, and treatment with immunosuppressive drugs, pregnancy, etc.



The Advisory Committee on Immunization Practices (ACIP) 
A committee of physicians and scientists dedicated to advising the CDC on vaccines and vaccine practices

Who decides who gets vaccines and timing?

https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/immunocompetence.html

https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/immunocompetence.html


Is there an app for that??
Yes!! 

https://redbook.solutions.aap.org/s
elfserve/ssPage.aspx?SelfServeCont
entId=Immunization_Schedules

American Academy of 
Pediatrics (AAP) Red Book

https://redbook.solutions.aap.org/selfserve/ssPage.aspx?SelfServeContentId=Immunization_Schedules
https://redbook.solutions.aap.org/selfserve/ssPage.aspx?SelfServeContentId=Immunization_Schedules
https://redbook.solutions.aap.org/selfserve/ssPage.aspx?SelfServeContentId=Immunization_Schedules


https://redbook.solutions.aap.org/s
elfserve/ssPage.aspx?SelfServeCont
entId=Immunization_Schedules

American Academy of 
Pediatrics (AAP) Red Book

Compare Table 3 to Table 1

https://redbook.solutions.aap.org/selfserve/ssPage.aspx?SelfServeContentId=Immunization_Schedules
https://redbook.solutions.aap.org/selfserve/ssPage.aspx?SelfServeContentId=Immunization_Schedules
https://redbook.solutions.aap.org/selfserve/ssPage.aspx?SelfServeContentId=Immunization_Schedules


• The immune system is a mobile defense system that continually patrols and deploys cells as 
needed across the body

• Vaccines are harmless forms of pathogen that work with the immune system to train our B 
and T cells (adaptive) to provide long-lasting protection

• The B and T cells of our adaptive immune system are individually highly specific and when 
combined incredibly diverse

• Due to the exquisite specificity built into our B and T cells, our immune systems can’t be 
overwhelmed by antigen or immunization 

SUMMARY

• Preventive vaccines have led to the control or elimination of 
many infectious diseases that once claimed millions of lives

• We need to view our communities as interconnected 
humans who take care of each other and provide 
protection for those who can’t be vaccinated



1. Compare innate immunity to adaptive immunity

2. Compare passive immunization to active immunization

3. Utilize the concept of clonal selection to refute the statement, “too many 
vaccines too soon overwhelms the immune system” 

4. Explain why dependence on herd immunity is dangerous for the individual 
and society 

5. Discuss vaccination in populations with altered immunocompetence

CONCEPT CHECKS



QUESTIONS?
Ask now or email later

THANK YOU!

Aimee.Bernard@cuanschutz.edu

COVID vaccine questions? 
Ask Vira the VaxChatBot at http://vaxchat.org/

http://vaxchat.org/


SOCIAL MEDIA

@ImmuNinja

@apbSCIENCE    

PODCAST
Help! Make It Make Sense 
with Dr. Toni & Dr. Aimee

BLOG 
Team Vaccine

RESOURCES

https://www.cdc.gov/vaccines/index.html

https://www.immunizecolorado.org/

https://www.voicesforvaccines.org

https://www.immunize.org/vaccines/ https://www.healthychildren.org/

MORE OPTIONS TO LEARN IMMUNOLOGY with AIMEE BERNARD

https://www.cdc.gov/vaccines/index.html
https://www.immunizecolorado.org/
https://www.voicesforvaccines.org/
https://www.immunize.org/vaccines/
https://www.healthychildren.org/


Immune response to conjugate vaccines
Figure 6. Pollard, A.J., Bijker, E.M. A guide to vaccinology: from basic principles to new 
developments. Nat Rev Immunol 21, 83–100 (2021). https://doi.org/10.1038/s41577-020-00479-7

• Protein-polysaccharide conjugate vaccines engage T 
cells specific for the carrier protein while B cells specific 
for the polysaccharide recognize and bind antigen

• T cells provide help to B cells ☺ leading to affinity 
maturation and isotype switching of the immunoglobulin

• Plasma cells (terminally differentiated B cells that are antibody 

factories) and memory B are created to provide long-term 
protection for next encounter with pathogen
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