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Antibiotic Resistance
Directions: Each person in your group will read one section (in the boxes) and the conclusion. You will be responsible for summarizing your section to the other people in your group during the “turn and talk” portion of the lesson. Summarize each section below
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Conclusion



What is Resistance to Antibiotics?

SECTION 1

Antibiotics are not as effective at killing bacteria as when they were first introduced.  People are dying from infections that were easily treated just a few years ago.  It has been estimated that infections caused by resistant bacteria kill as many as 77,000 people every year in the United States alone.  Resistance to antibiotics costs dollars as well as lives:  it costs the nation up to $30 billion every year.  What happened?  Why can we no longer cure infections that were very easily treated just a few years ago?

There are several ways to address this question.  First of all, there is a prevalent misconception that antibiotics no longer work because the people who take the drugs have developed a tolerance for the drug.  This is not the case.  Humans do not develop a tolerance for antibiotics.  Antibiotics work by inhibiting or killing the bacteria living inside of us.  The reason they no longer work (i.e. we do not get better after taking the antibiotic) is that the bacteria are no longer inhibited/killed by the drug—they are resistant to the effects of the antibiotic.  

So, back to our question, what is resistance to antibiotics?  Let us first address this question physiologically.  There are several ways that bacteria resist the effects of antibiotics.  Some resistant bacteria inactivate the antibiotic by destroying or modifying the drug itself so that it is no longer toxic.  Some resistant bacteria pump the drug out of the bacterial cell so that the concentration of the drug is too low to be effective. 

SECTION 2

Now, let us address this question on a different level: Mutations that allow the bacteria to resist the effects of the antibiotic occur and have a selective advantage.  These mutations have the type of effects that were described in the previous paragraph (for example, there is a mutation that results in an altered form of the target site).  These resistance characters are often simple mutations (i.e. changes in a single gene).  The result is that resistant bacteria differ genetically from their susceptible ancestors.

So what happens if a bacterial cell has a mutation that allows it to resist the effect of an antibiotic?  If that bacterium is in the presence of the antibiotic, then it will have an advantage:  the drug will not kill it!  It will be able to reproduce, while the susceptible bacteria (which are inhibited or killed by the antibiotic) will not.  In the presence of the antibiotic, the resistant mutant has a selective (reproductive) advantage over normal cells. Originally, most or all bacteria in the population were susceptible to the antibiotic.  Over many generations, the resistant type will make up a greater and greater percentage of the population.  Eventually, most or all of the individuals in the bacterial population will be resistant to the antibiotic. 



Why Does Resistance Evolve so Quickly?

SECTION 3

Bacterial populations can evolve resistance very quickly.  For example, in one hospital, initially 5% of the strains of staphylococcal bacteria were resistant to the antibiotic ciprofloxacin.  Within one year, 80% of the bacterial strains were resistant.  From 5% to 80% in one year!  Why do bacterial populations evolve resistance so quickly?  There are two basic reasons:  

1) in general, bacteria have the capacity to evolve quickly 

2) humans are helping them to evolve even faster

Bacteria Biology

There are several aspects of bacteria biology that contribute to their capacity for rapid evolution.  Bacteria, relative to humans, have very short generation times.  A generation time is the time it takes to go from one generation to the next.  For example, in humans, it takes on average about 20 years to go from the birth of a child to the birth of that child’s child.  Therefore, the generation time for humans is approximately 20 years.  Contrast this with the average bacterial generation time of hours or even minutes! These colonies can have so many individual cells that, within hours or days, it will be large enough to see with the naked eye.  Organisms with fast generation times, like bacteria, have the capacity for very rapid adaptation to a 
changing environment. The more an organism reproduces, the greater chance for mutations to arise. Some mutations allow bacteria to become resistant to antibiotics.

To summarize, bacterial populations evolve resistance to antibiotics so quickly because of their fast generation times, large population sizes, and unique methods of gene acquisition. These are some of the reasons that bacteria have been so evolutionarily successful.

SECTION 4

Human Behavior

The second reason that bacterial populations evolve resistance to antibiotics so quickly is that several aspects of human behavior actually contribute to their capacity to evolve rapidly.  Understandably, when antibiotics first became available, people started to use them.  A lot.  Today, antibiotics are overused, and unfortunately antibiotics are often misused.

Overuse:  

· It has been estimated that nearly half of all medical prescriptions for antibiotics in the U.S. are unnecessary.  Many doctors prescribe antibiotics under pressure from their patients, even if the antibiotic is not warranted (e.g. for a viral infection). Direct-to-consumer marketing by pharmaceutical companies can also lead to inappropriate demand for antibiotics by patients.
SECTION 4…
· Almost half of all antibiotics produced in North America and Europe are given to livestock; most are given not to fight infection, but prophylactically to promote growth in healthy animals.  There is growing evidence that this use of antibiotics in livestock leads to resistance in human bacteria.

· It is currently trendy to include antibacterial agents in common household cleaning products (even hand lotion!).  It is becoming more and more difficult to find cleaners without antibacterial agents.  

Misuse:

· Medical doctors, including veterinarians and dentists, often incorrectly prescribe antibiotics:  they prescribe the wrong antibiotics or the incorrect dosage of an antibiotic for a particular infection; they prescribe antibiotics for non-bacterial infections (e.g. colds, coughs, or influenza); they prescribe antibiotics prophylactically (in a low dosage for months at a time to prevent future infections; for example, for young children with a history of multiple ear infections).

· Many doctors also prescribe broad-spectrum antibiotics, which kill many different types of bacteria, rather than run a diagnostic lab test so they can prescribe a narrow spectrum antibiotic that would specifically target the bacteria causing the infection.

· In many other countries, antibiotics are freely available over the counter, without a doctor’s prescription, leading to widespread misuse.

· Patients themselves also contribute to the problem when they feel better after a few days, and then stop taking the antibiotics, instead of continuing with the full cycle prescribed to them.  In a 1995 Gallup poll, it was estimated that more than half of American adults taking antibiotics failed to complete their prescribed dosage.

ALL READ
In addition, by using antibiotics incorrectly, we are giving the bacterial populations the opportunity to adapt quickly.  For example, if you take an antibiotic correctly—in an adequately high dosage and for the entire cycle—most of the bacteria in your system will be killed.  By greatly reducing the population size of the bacteria, you greatly decrease the chance that any one bacterium will mutate to a resistant form.  However, if you incorrectly take the antibiotic—if you stop taking it after a few days or if the dosage is not high enough—more of the bacteria will survive.  Higher numbers of bacteria means a greater chance that a resistance mutation will occur in any one of the bacterial cells.  When these mutations do occur, they rapidly increase in the population, due to the very strong selection pressure exerted by the presence of the antibiotic.  

In conclusion, the combination of several aspects of bacterial biology (fast generation time, high population sizes) and human behavior (heavy use of antibiotics, misuse of antibiotics) has led to an ever-increasing problem of bacteria resistant to our only means of controlling them.
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3) Another result from the study is that initially, all the bacteria were susceptible to the
antibiotic, but by the third day, some of the bacteria were resistant to the antibiotic. With
each passing day, more of the bacteria were resistant, until finally all of the bacteria were
resistant.

) Does this result support either (or both) of the remaining hypotheses?
b) Does it allow you to rule out either of them?
©) Explain your answers to a) and b).

4) Your doctor performs a DNA analysis of the bacteria causing your infection, and
discovers that the resistant bacteria differ from the susceptible bacteria by one gene: the
‘gene that encodes the protein on the bacterial cell that s the “target” of the antibiotic (the
target site is the place in the bacterial cell where the antibiotic binds and does its dirty
work). The resistant bacteria have an altered form of this target site, with the result that
the antibiotic is unable to bind to the target site, and thus is unable kill the bacterium.

a) How did the resistant bacteria come to be different genetically from their susceptible
ancestors?

&) Which hypothesis does this result support?
©) Why does this result support this particular hypothesis?

5) Givenall of the above evidence, which hypothesis (A, B, or C) do you think is most
likely correct? Explain.
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Interpreting Data—Student Worksheet

In this exercise, you will interpret real data on antibiotic resistance. These data were
collected from a community in Finland from 1978 — 1993. The researchers collected data on
the annual amount of antibiotics used in this community. They also collected samples of
bacteria from young children with middle ear infections. They then examined the bacterial
strains 10 see if they were susceptible to (Killed by) or resistant to (not killed by) these
antibiotics. The data given below are a measure of the amount of antibiotics used each year,
‘and the percentage of the bacterial strains that were found to be resistant to the antibiotic
(between 0~ 100%).

Aunual  Persent
Year Autibiotic Resistant
Usage  Strains
1978 084 o
1979 092 2
1980 104 2
1981 098 6
8 10 s
198 103 58
198 095 61
1985 L2 60
198 106 9
1987 L4 59
198 121 58
198 128 7
1990 132 8
1991 131 79
1992 127 78
199 128 91

Instructions:
‘Graph these data in two different graphs: A) antibiotic usage vs. year (antibiotic usage on
the y-axis, year on the x-axis) and B) percent resistant strains vs. year (percent resistant
strains on the y-axis, year on the x-axis). Using this information, answer the following
questions:

1) Overall, what happened to the annual antibiotic usage in this community over the period
of the study (did it increase, decrease, or stay the same)?
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2) Overall, did the percentage of bacterial strains resistant to these antibiotics increase,
decrease, or stay the same over this same time period?

3) ) From these data, do you think these two factors (antibiotic usage and percentage of
strains resistant to the antibiotics) are related?

&) Do you think one of these factors was the cause of the other factor?
©)If you do, which one?

d) How might you be able to tell for sure?

4) In another study, also in Finland, rescarchers investigated the effect of greatly limiting
the use of an antibiotic on a community (ids still got ear infections, but they now used a
“wait and see” approach to see if the infection would clear up on its own). After
antibiotic usage was greatly decreased, the percentage of bacterial strains that were
resistant to this antibiotic was decreased by 50% (cut in half). What does this new
information tell you?
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‘What s Resistance to Antibiotics?—Student Worksheet

In this task, you are challenged to understand exactly what is going on in a bacterial
‘population that is now resistant to an antibiotic to which it had previously been susceptible.
‘Work through the following questions.

1) You are infected with a bacterial disease. Your sister had this same illness last week, and
took a full cycle of antibiotics. She quickly became better. You started taking the same
antibiotic, but they had no effect. In fact, you had to return to the doctor after a week,
‘because you did not feel better. What has happened? Why did you remain sick after
taking antibiotics, while your sister quickly recovered? There are three possible
hypotheses:

4) you developed a tolerance for the antibiotic (i.e. you experienced a non-genetic
change that made you less sensitive to the effects of the antibiotic).

B) the bacteria infecting you developed a tolerance for the antibiotic (i.e. individual
bacteria experienced a non-genetic change that made them less sensitive to the
effects of the antibiotic).

C) the bacteria infecting you evolved to be resistant 1o the antibiotic (ie. a genetic
mutation for resistance occurred in a bacterial cell, it had a reproductive
advantage and increased in the population).

2) Which hypothesis (A, B, or C) do you think is most likely?
b) Explain why you chose this one.

2) When you first visited your doctor, she told you that she is conducting research on
antibiotics, and asked you to be a part of the study. You agree. As part of the study, you
g0 to the doctor every day and let her take a new sample from your infection, which she
then conducts tests on. She discovered that on the first day, your bacteria were
susceptible to the antibiotic (i.c. the bacteria were killed by the antibiotic). She then
prescribed the antibiotic to you, which you immediately began taking. Later in the week,
the bacteria from your infection were found to be resistant to the antibiotic (ic. the
‘bacteria were not killed by the antibiotic).

a) This result rules out which of the three hypotheses (A, B, or C)?
'b) Why does this result rule out this particular hypothesis?
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