317 vaccination and monoclonal antibodies
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Secondary immune response
Once an antigen has been identified by our system we develop a huge reserve of memory cells capable of producing antibodies against it.  We only develop the ability to produce antibodies in large quantities if the antigen exists in our environment.  The memory cells will enable us to produce a fast and massive response to any later attack by the infectious organism so that disease symptoms rarely appear twice.  Of course if the organism modifies its antigen then we become susceptible to attack again.
Refer to diagram of antibody-mediated immunity page 75.
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When a bacterial infection occurs and an antigen is presented for the first time, time is taken for the B and T cells to proliferate.  Once the B cells have differentiated into plasma cells, specific antibodies can be secreted.  This primary response lasts several days or weeks and then the concentration of antibody decreases as the plasma cells stops secreting them.  Once the infection is eradicated, plasma cells die, but B memory cells are left in the body.
See also graph fig. 7 page 77

If another infection of the same pathogen occurs, then the same antigen is reintroduced.  There is a more rapid response, called the secondary response.  This is much faster because there are many more memory B-cells that can produce many plasma cells and the appropriate antibody.  These destroy the pathogen before it has the chance to cause any symptoms to occur. 
So why do we suffer from colds and flu more than once in our lives?
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Find out: the difference between “antigenic drift” and “antigenic shift”.

Acquired active immunity


This is achieved by injecting small amounts of antigen - the vaccine - into the body of an individual.  The whole process is called vaccination or immunisation.  The small dose of antigen is usually safe because the pathogen is either killed or attenuated.  
This ensures that the individual does not contract the disease itself, but is stimulated to manufacture antibodies against the antigen.  Often a second, booster, injection is given and this stimulates a much quicker production of antibody which is long lasting and which protects the individual from the disease for a considerable time. 
See table 1 page 79

Answer question 3 page 69.

· Vaccines from killed virulent organisms
Examples include whooping cough, anthrax and rabies vaccine.  
· Vaccines from live non-virulent (attenuated) strains
          These are mutants of microbes that have lost the ability, either naturally or by     

          treatment in the laboratory, to produce the dangerous, clinical disease. 
          Some examples are measles, mumps rubella (MMR vaccine) and polio vaccine.  

· Modified toxins

          Modified toxins (toxoids) have been altered so that they still have an antigenic 

          effect but cannot cause disease.  Examples include diphtheria and tetanus.

· Isolated antigens from a pathogen
          These vaccines consist of substances isolated from the virulent strains, such 
          as polysaccharide material or protein components.  No whole organisms, living 
          or dead are present in these vaccines.  Examples include influenza and typhoid.

· Genetically engineered antigens

          Experiments are underway to deliver vaccines through foods like potatoes and 
          bananas.  Genes that make an antigen from a microbe are cloned into the food, 
          which  is eaten by the patient and the cloned antigen stimulates the immune 
          system.  Examples include hepatitis B.

See table 3 on page 81.

Read about vaccination pages 78-81

Did you know?

Three million children die each year because they have not been vaccinated against preventable diseases like measles. 

Are vaccines safe to use? 
The live vaccines present the highest risk because it is always possible that a mutation may occur that reverts the non-virulent strain to virulence or that a particular individual will be susceptible to the non-virulent strain.  
Killed vaccines have had safety problems when the lethal treatment failed to kill 100% of the microbes. 
The use of chemical components of pathogens also carries some risks.  Some people may have an allergic reaction to these. 
Answer question 1 and question 3 page 86

Two controversial vaccines – MMR and HPV.  It’s worth keeping an eye out for news stories about these.

Developing new vaccines

Read about this here: http://www.hhs.gov/nvpo/factsheets/fs_tableII_doc1.htm
Note this is a US site but the process is very similar in the UK.

Then answer the following questions:

1. What do researchers need to know before they can start developing a new vaccine against a disease?

2. What are the three stages of testing a vaccine?

3. Are there any ethical issues involved?

4. Once a vaccine is in use, how is it monitored?

Monoclonal antibodies
Read about monoclonal antibodies in the green box on page 74
Monoclonal antibodies are identical antibodies produced by a clone of a single B-lymphocyte.  They are highly specific to one antigen, and can bind to and target a specific antigen, or cells which carry that antigen.
Pregnancy tests use monoclonal antibodies which bind to the hormone HCG found in the urine of pregnant women.

A “magic bullet” is a monoclonal antibody which binds to an antigen found on cancer cells but not normal body cells.  A cytotoxic drug can be attached to this antibody to specifically kill cancer cells.

For diagnosis – an antibody which binds to an antigen found on cancer cells can have a marker attached to it, such as a radioactive element or a chemical which fluoresces under UV light.
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