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This case study explores how vaccinations work, why people are vaccinated against diseases, and why some people choose not to be vaccinated.
Madison Williams had just finished her second year of college and was looking forward to an internship in Ireland that summer.  She was planning to leave the following month.  Her best friend Beth shared a link with her about a measles outbreak in Ireland.
https://www.bbc.com/news/uk-northern-ireland-47805697
https://www.bbc.com/news/av/health-45301399/why-is-there-a-measles-outbreak-in-europe
According to the articles, cases of measles had increased by 244% in Ireland in the last year.
Madison ran in the kitchen to talk to her mom.  “Mom, have I been vaccinated for measles?  There is an outbreak in Ireland!  Do I need to cancel my trip?  I’ve been looking forward to this for months!!!!”  
Her mom answered, “Yes Madison, you have been vaccinated.  We do need to call Dr. Murthy to make sure it is still safe for you to go.”
The next day, Madison and her mom met with Dr. Murthy.  Even though Madison had been vaccinated for measles, the CDC recommended she receive two doses of the MMR (measles-mumps-rubella) vaccine booster before her trip.  
“You should be ok to go now Madison,” explained Dr. Murthy.  “Enjoy your trip!”



History of Vaccinations
This news story appeared on August 29, 2019.  “New York’s ongoing measles outbreak may cause the United States to lose its measles elimination status — an achievement that’s been in place since 2000 and signaled the eradication of the disease, according to a report.  The area’s biggest outbreaks have been concentrated in ultra-Orthodox Jewish communities in Brooklyn and Rockland County.”
The smallpox vaccination was the first to be developed in the 18th century, and was a live, attenuated vaccination.  Even though inoculation to smallpox was available, the original process was not as safe as modern day vaccination, and roughly 2% of people inoculated died from the disease.  This led many people to become wary of the inoculation process.  Therefore, inoculation to smallpox was not widely available for years after the original availability date.  George Washington took the risk to inoculate his troops because he was losing so many of them to smallpox.  Many historians believe this decision helped Washington and his troops win the Revolutionary War.
Before the invention of vaccines, infectious diseases were the cause of many deaths.  Through the use of vaccines, the deaths from nine preventable diseases has greatly declined.  The morbidity rates from diseases such as small pox, rubella, mumps, and diphtheria have declined by at least 95% during the 20th century.  Vaccinations for rabies, cholera, and typhoid followed in the late 1800s.

How do vaccines work?
Vaccines are designed to prevent infection when bacteria or viruses invade the body.  Vaccines work by imitating an infection in the body. When your body becomes infected, the immune system begins to respond.  White blood cells begin to make antibodies to fight off the infection.  Once the infection goes away, the body’s immune system retains a “memory” of how to fight it.  Once a person experiences an infection such as chicken pox or measles, they will not likely contract the disease again because the body’s “memory” will begin to respond.
Bacteria are single cell organisms which inhabit most environments on earth.  Some are harmful and some are beneficial.  Bacteria can make us sick by disrupting cell function.  They accomplish this by multiplying at a pace which crowds out normal tissue, kills normal cells, or produces toxins that can paralyze cells.  Bacteria are larger than viruses, carry only one set of chromosomes, and reproduce by making clones of themselves.  Bacteria can rapidly adapt by mutating or obtaining new genetic material from another organism.  Some bacterial infections can be treated by antibiotics.  Antibiotics work by killing bacteria or preventing bacterial growth.
Viruses are much smaller than bacteria.  Viruses are parasites which contain either DNA or RNA with an outer shell of protein.  When a virus enters the body, it needs a host.  Once a host is found, the virus injects genetic material into the host and takes over the functions of that host.  It then begins to multiply.  Because viruses need a live host, they can’t be cultured in a lab to develop new vaccines.  Antibiotics are not effective against viruses because bacteria and viruses have different structures and multiply by different mechanisms.  
Bacteria
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Virus
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Types of Vaccines and Immunizations
1.  Live-attenuated vaccines.  These vaccines are a weakened form of the germ or virus which causes the disease.  One or two doses of these vaccines usually offer a lifetime of protection.
2. Inactivated.  These vaccines are a dead version of the germ or virus which causes the disease.  These vaccines provide a weaker immunity to a disease so a booster (tetanus) or yearly dose (flu) is needed.
3. Subunit.  These vaccines contain a specific piece of a germ or virus which causes a disease.  These vaccines also need more than one dose to offer sufficient protection.  They do provide a strong immunity to the part of the germ targeted by the vaccine.
4. Toxoid.  These vaccines use a toxin made by the germ or virus.  They provide immunity to the parts of the germ or virus causing the disease.

Why do some vaccines require more than one dose?
Vaccinations sometimes require more than one dose for the following reasons:
· For vaccines such as the flu vaccine, an annual dose is needed because the virus may change from year to year.  An updated vaccine is the best protection from the latest strain of virus.
· For vaccines against diseases such as meningitis, the first dose may not provide enough immunity to the disease.  A second or third dose ensures better immunity.
· For protection against tetanus and other bacterial infections, immunity will fade over time.  A “booster” is needed to bring the immunity levels up to offer enough protection.
· For vaccinations such as the measles, mumps, and rubella (MMR) vaccination, a second dose is needed to ensure the body has built up enough immunity to fight the disease.

Additional Ingredients in Vaccines
Concern has been expressed about extra ingredients in vaccines.  Prior to 2001, Thimerosal (a mercury containing preservative) was added to some vaccinations.  It had been added because it is an antiseptic and antifungal agent.  Thimerosal contains ethyl mercury which is cleared from the body quickly.  Methyl mercury however, can be toxic to humans at higher levels of exposure.  Early studies about the use of Thimerosal hinted at a link between the use of Thimerosal in immunizations and autism.  “A 2010 study by the Centers for Disease Control and Prevention (CDC) has shown that prenatal and infant exposure to vaccines and immunoglobulins that contain thimerosal does not increase risk for autism spectrum disorder (ASD).” To address these concerns, the majority of companies no longer add Thimerosal to immunizations.
Below is the chemical structure of Thimerosal
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Other additives to vaccines can include aluminum salts, sugars, gelatin, egg protein, formaldehyde, and residual antibiotics such as Neomycin.
· Aluminum salts are added as adjuvants which are substances that cause the body to produce more antibiotics.  This additive allows the body to obtain longer lasting immunity and allows for a lower dose of the vaccine to be administered.
· Sugars and gelatin are added as stabilizers which are substances that prevent the vaccine from degrading.
· [bookmark: _GoBack]Egg protein is found in some vaccines such as yellow fever and influenza because those vaccines are made in eggs.  This is why health care providers of those vaccines ask if you are allergic to eggs.
· Formaldehyde is added to kill viruses or other toxins during the manufacturing process.  Formaldehyde is a compound that is naturally in the body, but it is also a compound found in carpets and upholstery.
· Neomycin is an antibiotic that fights bacterial infection.  It is added to vaccines to prevent bacterial contamination during the manufacturing process.  Antibiotics such as penicillin are not added to vaccines because many people are allergic to penicillin.


Chemical Structure of Neomycin

[image: Image result for neomycin]




Why do some people choose not to be vaccinated?
· Belief that some diseases have disappeared.  
Counter argument-Cases of some diseases have fallen dramatically because people have been vaccinated against them.  In 1974 countries like Great Britain cut back on the recommendations for vaccinations against whooping cough.  By 1978 (only 4 years later), 100,000 cases of the disease and 36 deaths were reported.  The outbreak of measles in New York City has been linked to communities who choose not to be vaccinated.
· The majority of people who contract the disease were vaccinated.  
Counter argument-Vaccines are not 100% effective, and not every person vaccinated will receive 100% immunity for the disease.
· Vaccines cause harmful side effects and sometimes death.  
Counter argument- Most vaccines cause only mild side effects such as low-grade fever.
· Some religions have a theological objection to vaccination.  They believe it interferes with divine providence
· Vaccines cause autism.  Counter argument-In the 1990s, Dr. Andrew Wakefield published an article linking vaccinations to autism.  His research has now been dispelled.
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Student Questions:
1.  How do vaccines work?





2. If a person has been vaccinated against a disease such as chicken pox, why won’t they contract the disease even if they are exposed to it?


3.  Why do physicians only prescribe antibiotics for bacterial infections and not viral infections?


4.  Why would a person need a booster shot for an inactivated vaccine?



5.  List two reasons why a person may choose not to be vaccinated against a disease.



6.  Why was Thimerosal initially added to vaccinations?  What element in this compound is considered toxic to humans?


7.  Why is egg protein found in some vaccines?


8.  What was the first available vaccine?


9.  Explain the difference between a virus and bacteria.



10.   Opinion-Do you feel that vaccinations are useful for public health?
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