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This pack contains a series of educational resources for young adults age&lyEars on the topic of
antibiotics, antibiotic resistance and vaccinations. The resources are outlined below:
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Antibiotics

Lesson plans, worksheets and activities




Introduction

This lesson plan covers antibiotics and explores the use of antibiotics and the rise @fresist
bacterial strains. An animation and presentation is provided to introduce how antibiotics work, how
resistance arises and how resistance spreads. Students can then test their knowledge on antibiotic
use in the common misconceptions quiz, before compgriheir answers to a wider population.
Worksheets cover key topics and students are asked to analyse data through tables and graphs.

Learning Outcomes

Antibiotics do not work on viruses, as bacteria and viruses have different structures.
Bacteria are continually adaimg to develop ways of not being killed by antibiotics, this is
called antibiotic resistance.

Taking antibiotics also affects your useful bacteria, not just the ones causing an infection.
Antibiotic resistant bacteria can be carried by healthy or ibbjple and can be passed on
silently to others

Antibiotic resistance spreads between different bacteria within our body.

sz - z A oA ~

Exam Specification Links

This lesson plan covers several topics found inA#A, OCR, Edexcel and WJEC exam specification
for A-level Biology, Human Biology and related subjects. More information can be found on our

Ow@Al ET ACEITT , ETEO6 xAADPACAS

Antibiotic, Antibiotic resistanceAntibiotic development Broad spectrumNarrow spectrum
Viruses Horizontal gene transfeiVertical gene transfer

Materials required Available web resources

Graph paper for completion of SW2 Animation and presentations aviable onthe
e-Bug Young Adult teacher website
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Background Information

Antibiotics are used to treat bacterial infections such as meningitisetculosis and pneumonia.
They do not work on viruses, so antibiotics cannot treat viral infections such as colds and flu.
Antibiotics work by targeting structures unique to bacteria; thereby they do not cause damage to
human cells and they do not killruses.

Antibiotics are either bactericidal, meaning they kill the bacteria, or they are bacteriostatic, meaning
they slow the growth of bacteria. Penicillin is an example of a bactericidal antibiotic, which targets
the peptidoglycan layer in the cell wédlading to cell death. Bacteriostatic antibiotics interfere with
processes the bacteria need to multiply, such as protein production, DNA replication or metabolism.

Antibiotics can be narrow spectrum, affecting only one or two species of bacteria, od broa
spectrum, affecting many different species of bacteria in the body, including useful bacteria in the
gut. As a result of killing many bacteria in the gut, broad spectrum antibiotics are more likely to
cause diarrhoea.

Bacteria are continually adaptingtdevelop ways of not being killed by antibiotics. This is called
antibiotic resistance. Resistance develops due to mutations in the bacterial DNA. The genes for
antibiotic resistance can spread between different bacteria in our bodies through horizosta! g
transfer, which includes transformatimg transduction and conjugatiorResistance genes can also
spread by vertical gene transfer when genetic material in chromosomes is passed from parent to
offspring during reproduction.

Antibiotic resistant bacteriaan be carried by healthy or ill people and can spread to others just as
other types of microbes would, for example by shaking hands or touching all types of surfaces on
animals, vegetables oobd where bacteria are present.

Antibiotic resistance ariseis our bodies bacterizor in animalsgue to the overuse and misuse of
antibiotics. The more often a person takes antibiotics, the more likely they are to develop antibiotic
resistant bacteria in their body. To prevent resistance, antibiotics shouldlmnbaken as prescribed

by a doctor or nurse. The important points to remember are:

1. antibiotics do not need to be taken for colds and flu or most coughs, sore throats, ear
infections or sinusitis as these usually get better on their own

2. it is importart to take the antibiotic exactly as instructed and complete the course of
antibiotics, to decrease the risk of emergence of resistance

3. antibiotics are personal and prescribed for individuals and for a particular infection. They
should not be sharedr taken for a different iliness
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Explain that students are going to learn about how antibiotics work to kill bacteria and how

the bacteria are fighting back and becoming resistant to the antibiotics. Antibiotic resistance

is becoming an increasing @olem worldwide and it can affe@veryonez antibiotic resistant
AAAOAOEA AAT AAOEI U OPOAAA EOI I DBAOOIT O DA
antibiotics are used correctly.

Show the students the 2 minute Antibiotic Guardian video taadfuce the topic. The video
is available abttp://antibioticguardian.com

Watch the eBug animation on antibiotics. Throughout the animation there are choice points
to allow for a pause and discussion witle students. A teacher sheet to accompany the
animation is available, should you wish to provide extra information.

Following the animation, view thBowerPointon antibiotic discovery and development.

Highlight that the discovery of new antibiotichas slowed down and explain that many
pharmaceutical companies are no longer spending money on developing new antibiotics,
due to the increasing problem of resistance.

Main Activity (1520 mins)

1.

2.

View thePowerPointquiz on common misconceptions associated with antibiotics.
Ask the students to vote on true/false before the answer to each question is revealed.

Show the students the survey data and discuss how their answers correlate with the rest of
the population.

Highlight data from the 124 age groug this group fas a lower understanding of antibiotics
than the older population.

SH1, containing the quiz answers, can be given to students at the end of the exercise.

Provide studens with a copy of SW1 and/or SW2 workshe&/1 has questions based on
the animdion, whereas SW2 contains a series of Maths questions around antibiotic
resistance rates. Graph paper will need to be provided for completion of SW2.

Ask the students to complete the worksheets.

e-Bug Young Adult ATB TS3
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Optional:One or both worksheets can be provided farhework, should time be restricted. The

final question on SW1 asks students to create a slogan or poster title that can be used to promote
correct antibiotic use to the publiand other members of the school communitgtudents could be
asked to design théull poster as homework.

Plenary (10 mins)

1. Discuss the worksheet answers with the students.
2. What is their understanding of antibiotic resistance?
3. Ask what resistant bacteria they have heard of? Describe Methic@kistantStaphylococcus

aureusand tuberculoss as two examples:

Methicillin-resistantStaphylococcus aure(8IRSA) is a bacterial strain that is resistant to beta

lactam antibiotics flucloxacillinand cephalosporins. MRSA infections can be very difficult to treat.
MRSA infections are more commonpeople in hospitals or care settings, but they can also occur in
the community. MRSA rates have fallen in the last few years, due to increased awareness, efforts to
tackle infection control in hospitals e.g. thorough handwashing and swabbing patients, and
reduction of broad spectrum antibiotic use. In 2006, 1.8% of hospital patients were reported to have
MRSAand this fell to 0.1% in 2012.

Figure 1.Trend in rates of MRSA bteraemia between 2007 and 20Tata taken from the Public
Health England Annud&pidemiology Commentary 2013/14
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Some antibiotic resistant strains of tuberculosis (TB) are known as {dult-resistant tuberculosis
(MDRTB). These strains are resistant to the two most commonly used antibiotics to treat TB. As of
2013, 3.60 of new tuberculosis cases are caused by MBRThe WHO estimates that there were
almost 0.5 million new MDHB cases in the world in 2012. MDR can have a mortality rate of up

to 80% and the drugs used to treat MBIEB are more expensive than those dge treat TB and

they can havenore adverse side effects. To treat TB well you need to take 2, 3 or 4 antibiotics at
once. Not taking them correctly (due to lack of money in developing countries or counterfeit
antibiotics) has led to increased resistanse it has now become a major problem.

Extension activity

1. Ask the students to write an essay based on the message from the animation and the
common misconceptions they have learnt about during the lesson.

2. They should consider the following points:

a. What are the nest common misconceptions around antibiotics and why might there
be such widespread misunderstanding?

b. How would tackling common misconceptions around antibiotics Helglow or
preventthe rise of resistance?

C. What methods or approaches should be dge tackle misconceptions?

d. Personal, family or friends experiences of antibiotics can also be included, such as
why antibioticswere taken and if the user thought they may have been unnecessary.
What would have helped in this situation?

Advance Preparation

1. Locate the animatioron the Young Adult TeacherBug website

2. Download the presentations frorthe Young AdultTeachere-Bug website

3. Copy SW1 and SW2 for each student

e-Bug Young Adult ATB TS5
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Ciprdloxacin is an antibiotic which kills multiple species of bacteria by inhibiting DNA
replication. Is it:

a. Bactericidal or bacteriostatic?

b. Broad or narrow spectrum?

Draw an outline ba bacterial cell, including the cellular contents, and label all the areas.
Circle areas where antibiotics are active.

How do viruses differ from bacteria?

What is the difference between conjugation and transformation?

How are resistanbacteria spread throughout the community? List as many methods of
transmission as you can think of.

The correct use of antibiotics can prevent the increase in antibiotic resistance. How should
antibiotics be used correctly?

Create a slogan orgster title that can be used to promote correct antibiotic use to the
public.

e-Bug Young Adult ATB SW1
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1. The datain Table 1 provids information on the number ofatiform bacterial strains that
were found to be antibiotic resistant in Wales in 2Qd&iforms are a group of la¢eria found
in the gut) The strains are resistant wmoxicillin, nitrofurantonin ortrimethoprim. E. colis a
member of the coliform group. The data shows urinary tract infection coliform rates by age
group and antibiotic resistance. Data has been paded by Public Health Wales.

Table 1
Year Antibioticname A?;g;?:)p gl;mmpki:; Nu mriiri:gﬁ'o“c %Fesistant
2013 Amoxicillin <15 4743 2507
2013 Amoxicillin 1524 5882 2899
2013 Amoxicillin 25-49 13746 7282
2013 Amoxicilin 50-79 36915 21308
2013 Amoxicillin 80+ 20383 13186
2013  Nitrofurantoin <15 4712 329
2013  Nitrofurantoin 1524 5875 267
2013  Nitrofurantoin 2549 13684 827
2013  Nitrofurantoin 50-79 36799 4453
2013  Nitrofurantoin 80+ 20419 3785
2013  Trimethoprim <15 4718 1398
2013  Trimethoprim 1524 5880 1636
2013  Trimethoprim 2549 13716 4114
2013  Trimethoprim 50-79 36871 12281
2013  Trimethoprim 80+ 20454 9119
a. Using the data provided, calculate the % resistance for egghgroup and add into the
table.
b. Describe how resistance varies between antibiotics and between age groups.
C. Describe why antibiotic resistance is higher in the elderly and young.
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2. The data in Table 2 shows antibiotic prescription rates #ncesistance for the 184 age
group. The % prescription rates are for all antibiotics across Wales in 2008.

Table 2
. % of total % resistance for 134
Antibiotic A
prescriptions age group
Amoxicillin 33
Nitrofurantoin 4

Trimethoprim 9
Fluoroquinobnes 3 4.3
Cephalosporins 8 4.5
Coamoxiclav 6 6.0

a. By looking at the data in Table 2 and your % resistance values from question 1, do you think
there is a correlation between antibiotic prescribing and antibiotic resistance?

b. Calculate the Speai AT 6 0 OAT E AT AZZAEAEAT O A& O OEAOA OxIi

C. What do your results show? Is there a significant correlation between antibiotic prescribing
and antibiotic resistance?

e-Bug Young Adult ATB SW2
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3. Table 3 shows the number of urinary tract coliform infectionsstesit to Trimethoprim by
age group and year over the past 5 years. Data has been provided by Public Health Wales.

Table3
Year Antibioticname A?;g;?:)p ;\I;nr?pt:z; Numrlzzgg:?[lotlc Y%Fesistant
2013 Trimethoprim <16 5318 1567 295
2013 Trimethoprim 16-29 8939 2537 28.4
2013 Trimethoprim 30-49 11877 3555 29.9
2013 Trimethoprim 50-64 14755 4659 31.6
2013 Trimethoprim 6579 25455 8690 34.1
2013 Trimethoprim 80+ 22290 9859 44.2
2012 Trimethoprim <16 5023 1362 27.1
2012 Trimethoprim 16-29 8848 2595 29.3
2012 Trimethoprim 30-49 11411 3355 29.4
2012 Trimethoprim 50-64 14002 4327 30.9
2012 Trimethoprim 6579 23913 8072 33.8
2012 Trimethoprim 80+ 20966 8923 42.6
2011 Trimethoprim <16 4839 1298 26.8
2011 Trimethoprim 16-29 8298 2291 27.6
2011 Trimethoprim 30-49 11085 3173 28.6
2011 Trimethoprim 50-64 13296 4064 30.6
2011 Trimethoprim 6579 21673 6935 32.0
2011 Trimethoprim 80+ 19492 7843 40.2
2010 Trimethoprim <16 4401 1126 25.6
2010 Trimethoprim 16-29 7991 2146 26.9
2010 Trimethoprim 30-49 10389 2791 26.9
2010 Trimethoprim 50-64 12286 3667 29.8
2010 Trimethoprim 6579 19991 6317 31.6
2010 Trimethoprim 80+ 18026 6987 38.8
2009 Trimethoprim <16 4338 1099 25.3
2009 Trimethoprim 16-29 8232 2192 26.6
2009 Trimethogim 3049 10473 2826 27.0
2009 Trimethoprim 50-64 12312 3493 28.4
2009 Trimethoprim 65-79 19510 5933 30.4
2009 Trimethoprim 80+ 17431 6813 39.1

[Questions overleaf]
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a. Using this data, plot a graph of % resistance by year, including datsafdr age group.

b. Calculate the % change in resistance between 2009 and 2013 for the over 80 age group.

C. Estimate the % resistance in 201 O 4 OEiI AOET POEI ET OEA 1T OAO n«

d. What is the mean change in resistance per year for Trimethofoimthe 1629 age group?

e. Between 2010 and 2011, which age group had the largest increase in resistance?

e-Bug Young Adult ATB SW2




o~ N
e-Bug: Antibiotics

<

N "\

Student Worksheet 1 Answer

1. Ciprofloxacin is an antibiotic which kills multiple species of bacteria by inhibiting DNA
replication. Is it:

a. Bactericidal or bacteostatic? Bacteriostatic
b. Broad or narrow spectrum? Broad spectrum
2. Draw an outline of a bacterial cell, including the cellular contents, and label all the areas.

Circle areas where antibiotics are active.

Ribosome

Plasmid

3 ® X
Cytoplasm 3 ‘“‘*»—_/j" Chromosome

3. How do viruses diffefrom bacteria?

Viruses do not have their own cell machinery for DNA replication, protein synthesis or metabolism.
Viruses rely on a host cell for survivditusesalso do not have a cell wallnlike bacteriaThe virus
structure is composed of a capsglycoproteins and nucleic acid.

4. What is the difference between conjugation and transformation?
Conjugation: direct transfer ajenetic material andNA between two bacterial cells

Transformation: DNA is released from one bacterium and taken up by amp#nd there is no direct
contact between the two bacteria.

e-Bug Young Adlt ATB TS6
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5. How are resistant bacteria spread throughout the community? List as many methods of
transmission as you can think of.

Direct skin to skin contact

Touching surfaces, including vegetables aatv meat

Breathing in microbes in the air

Sexual contact

Poor hygiene after visiting the toilet

Water in countries without good sanitatioor contaminated with animal slurry
Eating food containing or contaminated with resistant bacteria

Contact with animé#s carrying resistant bacteria

6. The correct use of antibiotics can prevent the increase in antibiotic resistance. How should
antibiotics be used correctly?

Take agrescribed by a doctor or nurse

Do not take for mild infections. Setfare first before ging to the GP.
Only take for bacterial infections and not viral infections

Do not share antibiotics or take them for a different infection

Finish the course of antibiotics

7. Create a slogan or poster title that can be used to promote correct antibisgcto the
public.

e-Bug Young Adult ATB TS7
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Student Worksheet 2 Answer

1. The data in Table 1 shows urinary tract infection coliform rates by age group and antibiotic
resistance. Data has been provided by Public Health Wales.

a. Using the data provided, calculate the % resistance for each age groupdthahto
the table.
Table 1
Year Antibioticname Agegroup NUiTESy Number_antibiotic %FResistant
(years) sampled resistant
2013 Amoxicillin <15 4743 2507 52.9
2013 Amoxicillin 1524 5882 2899 49.3
2013 Amoxicillin 2549 13746 7282 53.0
2013 Amoxicilin 50-79 36915 21308 57.7
2013 Amoxicillin 80+ 20383 13186 64.7
2013 Nitrofurantoin <15 4712 329 7.0
2013 Nitrofurantoin 1524 5875 267 4.5
2013 Nitrofurantoin 2549 13684 827 6.0
2013 Nitrofurantoin 50-79 36799 4453 12.1
2013 Nitrofurantoin 80+ 20419 3785 18.5
2013 Trimethoprim <15 4718 1398 29.6
2013 Trimethoprim 1524 5880 1636 27.8
2013 Trimethoprim 2549 13716 4114 30.0
2013 Trimethoprim 50-79 36871 12281 33.3
2013 Trimethoprim 80+ 20454 9119 44.6
b. Describe how resistance varies betweantibiotics and between age groups.

Resistance to amoxicillin is much higher than the other two antibiotics. Nitrofurantoin has

OEA 11T xAOO OAOEOOAT AA8 2AO0EOOAT AA A O Al 1 AT ¢

C. Describe why antibiotic resistancehggher in the elderly and young.

Prescribing of antibiotics is higher in the elderly and young, due to their weakened immune
system. Also the elderly have had a lifelong exposure to antibigtrepeated courses of
antibiotics leads to an increase in r&since.

e-Bug Young Adult ATB TS8
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The data in Table 2 shows antibiotic prescription rates and % resistance for {4 d&e
group. The % prescription rates are for all antibiotics across Wales in 2008.

Table 2
Antibiotic Y0 ESHEED (0] 24 % of total prescptions
age group

Amoxicillin 49.3 33

Nitrofurantoin 4.5 4

Trimethoprim 27.8 9

Fluoroquinolones 4.3 3

Cephalosporins 4.5 8

Coamoxiclav 6.0 6

By looking at the data in Table 2 and your % resistance values from question 1, do you
think there is a correlatio between antibiotic prescribing and antibiotic resistance?

The data appears to show a correlation between antibiotic prescribing and antibiotic
resistance. Amoxicillin has the highest prescribing rate and also the highest resistance.

b. Calculate the Spg O AT 8 0 OAT E AT AEAEAEAT O

% resistance| % of total

Antibiotic for 1524 age | prescriptions| Rank X| RankY d o

group(X) (¥)

Amoxicillin 49.3 33 6 6 0 0
Nitrofurantoin 4.5 4 3 2 1 1
Trimethoprim 27.8 9 5 5 0 0

Fluoroquinolones 4.3 3 1 1 0 0
Cephalosporins 4.5 8 3 4 -1 1
Coamoxiclav 6.0 6 4 3 1 1
“d°=3
p=1- 6éd2 = 1z (6x3) =0.914
n(n2-1) 6 x (62-1)
C. What do your results show? Is there a signiitceorrelation between antibiotic

prescribing and antibiotic resistance?

Al O OEAOA

The results show that there is a significant correlation between antibiotic prescribing and
antibiotic resistance (p is close to 1)

e-Bug Young Adult
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Table 3 shows the number of urinary tractitmim infections resistant to Trimethoprim by
age group and year over the past 5 years. Data has bemmded by Public Health Wales.

a. Using this data, plot a graph of % resistance by year, including data for each age
group.

Trimethoprim resistance

50.0
45.0
] o
8 40.0 / o—Age <16
“./
g =@ Age 16-29
3 35.0
2 | w —a—Age 30-49
S 300 4 =< — —>=Age 50-64
W g
250 == Age 65-79
=0 Age 80+
20-0 T T T T 1
2009 2010 2011 2012 2013
Year
b. Calculate théo change in resistance between 2009 and 2013 for the over 80 age
group.

[(44.27 39.1)/39.1] x 100 = 13%
C. Estimate the % resistance in 2DZEI O 4 OEiI AOET POEI E1 OEA

If resistance increased by another 13%, in 2017 the resistance for trimethoptt@ over

RP8O xI O A AA Yowm

d. What is the mean change in resistance per year for Trimethoprim for tk2Ol&ge
group?

20092010 = 1.1% change

20102011 = 2.6% change

2011-2012 = 6.2% change

20122013 = 3% change

Average = 3.2% change in resistance

e. Between 2010 and 2011, which age group haddhgest increase in resistance?

The 3049 age group.

I OAC
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Antibiotics Fact or Fiction Quiz Answer sheet

Antibiotics can Kill virusesz False

Antibiotics can only be used to treat bacterial infections due to the different structures of bacteria
and virusesAntibiotics work by targeting specific parts of the bacteria, e.g. the cell wall, or only
parts of the ribosome that are found in bacteria, and therefore are only effective against bacterial
infections.

91 0 AT1T860 TAAA O EEIfwhde fdelindbetieBalse | £ AT OEAET OEA
Taking an antibiotic incorrectly increases the risk of the bacteria in your body developing antibiotic
resistance. If you do not complete the course the infection may also not be completely killed. You

should always take dibiotics as instructed by the nurse or doctor and ensure you complete the
course.

Not taking the correct dose (one or two capsules a day instead of three) means you get less
antibiotic in the area of the infection. These lower concentrations can encautiag multiplication
of resistant strains.

Left over antibiotics can be saved for use at a later datgFalse

You should not have any leftover antibiotics if you complete the course as prescribed, however if
you do, take the unwanted antibiotics to a pmaacy to be disposed of safely.

You should not share antibioticsz True

Each antibiotic that is prescribed is personal to you and specific to your type of infection. Therefore
antibiotics taken for one infectiowill probably not work for another.

Taking antibiotics weakens your immune systeny False

Most antibiotics do not negatively affect your immune system, so do not reduce your ability to fight
off future infections. Antibiotics are designed to target bacteria, by directly killing them or slowing
their growth.

e-Bug Young Adult ATB SH1
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The body does not become resistant to antibiotics. It is the bacteria that become resistant through
genetic mutations.

Healthy people carry antibiotic resistant bacteriaz True

Antibiotic resistant bacteria can be carried by healthy gpeibple. Antibiotic resistant bacteria can
be passed on easily to others through contact (sneezes and coughs), everything we touch or even
our poo!

) O EO AOAOUITA8O OAODPI T OEAEI EOU OiF EAI D Ai100711

Antibiotic use in animals is causig most of the antibiotic resistance seen today False

The use of antibiotics in animal feed to promote growth has been banned in the EU since 2006, due
to concerns about increasing antibiotic resistance.

Increasing scientific evidence suggests that aitile resistance in humans is primarily the result of
antibiotic use in people, rather than in animals.

Antibiotic use in hospitals is causing most of the antibiotic resistance seen todayFalse

Hospitals are not responsible for the high antibiotic uséumans. In 2013, 79% of all antibiotics
consumed were prescribed in the community, by your GP.

Only 15% were prescribed by hospitals, with 6% from other community prescribers such as dentists.

Washing my hands helps to reduce antibiotic resistance True

Hand washing is the most important thing we can do to prevent the spread of infection. Antibiotic
resistance bacteria can spread from person to person just as any other type of bacteria would. This
includes through skin to skin contact and by touchswgfaces where bacteria are present.

Antibiotic resistant bacteria can spread more easily in hospitals, as many patients are having
complex treatments which require many different staff to be involved. Hand washing is therefore
particularly important in lospitals and other healthcare settings.

e-Bug Young Adult ATB SH1
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This sheet provides additional information for teachers and is designed to be used alongside the e
Bug antibiotics animation.

The anmation is divided into 4 clips.

The body contains many different types of badi, not all of which are pathogenic. If a person is
infected by pathogenic bacteria, the infection can be treated with antibiotics. Antibiotics can be
bacteriostatic or bactericidal.

Bacteriostatic antibiotics:

Static means to stop. Bacteriostatic antdiics slow the growth of bacteria by interfering with
DOl AAOGOAO OEA AAAOAOEA TAAA O1 1 061 OEPI U8 "AAOAOI
system to remove the bacteria. Processes affected by bacteriostatic antibiotics include:

1. Protein produdion: Antibiotics that inhibit or slow protein synthesis target the ribosome and
bind to either the 30S or 50S subunit, depending on the class of antibiotic. The antibiotic can
block the initiation step, elongation step or peptide release step of protgitesis.

Examples of bacteriostatic antibiotics that target protein synthesis include tetracyclines and
oxazolidinones. These antibiotics are toxic to bacterial cells and not human cells due to the
faster rate of protein synthesis seen in bacteria.

2. DNAreplication: Some antibiotics slow down DNA synthesis by binding to components
involved in the process, such as DNA gyrases or topoisomerases. Quinolones are antibiotics
which target DNA replication. Quinolones are selective for bacteria as they do femttaf
human DNA gyrases or topoisomerases.

3. Metabolism: Antibiotics can affect metabolic enzyme activity, most notably by disrupting
the folic acid pathway. Sulfonamides and trimethophrim prevent the production of folic acid
by targeting and binding tohte dihydropteroate synthase and dihydrofolate reductase
enzymes respectively. Humans do not synthesis folic acid and so these antibiotics have no
effect on human cells.
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Bactericidal antibiotics:

Cidal means to kill. Bactericidal antibiotics kill bactefiar example by preventing bacteria from

making a cell wall. Humans do not have a cell wall, so this class of antibiotics is selective for bacteria.
Penicillins disrupt cell wall formation in bacteria by binding to the-ttdhspeptidase enzyme which
formscrosslinks between peptidoglycan in the cell wall. Without these crosslinks the bacterial cell
bursts, leading to cell death.

It is important to note that some antibiotics which are bacteriostatic against one species of bacteria,
may be bactericidal agast a different species. The concentration of antibiotic also determines
whether it will have a bacteriostatic or bactericidal effect. This is one reason why taking the
antibiotic exactly as prescribed is so importarfor example, a 3x daily dose of arithc taken only
twice daily will lead to a lower concentration at the site of infection.

Broad spectrum antibiotics affect many different species of bacteria, including useful bacteria in the
human gut. Narrow spectrum antibiotics only affect one or twpés of bacteria.

Viruses rely on a host cell for replication. They do not have their own cell machinery for DNA
replication, protein synthesis or metabolism and so are not affected by bacteriostatic antibiotics.
They also do not have a cell wall. Antibast therefore only affect bacterial cells.

Bacteria naturally develop resistance to antibiotics. Resistance arises due to mutations in the
bacterial DNA. These mutations can affect antibiotic action by:

1. Causing inactivation of the antibiotic, for exgple some penicillirresistant bacteria produce
[ -lactamases which deactivate penicillin G

2. Altering the target site that antibiotics bind to

3. Altering metabolic pathways in order to survive, despite the inhibition of key enzymes by
antibiotics
4. Prewenting antibiotics entering the cell, or pumping antibiotics out of the cell

It is important to highlight to students that people do not become resistant to antibiotics. It is the
bacteria within the body that develops resistance.
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When bacteria are exgsed to antibiotics, resistant strains have a selective advantage and they
survive and multiply. The more often that bacteria are exposed to antibiotics, the quicker the
resistant strains multiply. Therefore the overuse and misuse of antibiotics speetieup
development and spread of resistance.

Clip3

Antibiotic resistance can spread between different bacteria in the body via the transfer of genetic
material. This can happen between different species of bacteria. There are two ways in which
resistance can spadz horizontal gene transfer and vertical gene transfer.

Horizontal gene transfer occurs when mobile genetic elements are transferred from one bacterium
to another. The bacteria do not need to be of the same species or genus. Much of this gene transfer
activity goes on in the human gut. Horizontal gene transfer can occur through:

1. Transformationz the direct uptake of short DNA fragments from the surrounding

environment. These DNA fragments contain antibiotic resistance genes and are released

from onebacterium before being taken up by another. The DNA crosses the cell membrane

AT A EO OEAT ET OACOAOAA ET O OEA OAAEPEAT O AA;
2. Transductiory the injection of DNA, containing antibiotic resistant genes, into a bacterium

by a bacterioplage virus. The phage infects a bacterium and replicates. During this

replication, pieces of the bacterial DNA may be inserted into the phage genome. The phage
is then released and it infects a second bacterium, transferring the DNA.

3. Conjugationz the direct transfer of DNA between two bacterial cells. A pilus forms between
two bacterial cells, allowing direct cdlb-cell contact. A plasmid contacting the antibiotic
resistant gene is then transferred from the donor bacterium to the recipient bacterium.
Conjugation differs from transformation and transduction in that direct contact is required
between the two bacteria.

Vertical gene transfer occurs during reproduction as genetic material, containing antibiotic
resistance genes, is passed from parenoftspring. Vertical gene transfer only occurs between the
same bacterial species.
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Antibiotic resistant bacteria are carried silently by healthy and ill people. After finishing a course of
antibiotics, resistant bacteria can remain in our bodies for astea year. These bacteria can spread
to others just as any other microbes would, for example through person to person contact such as
touch.

This clip describes two studies that investigated the use of antibiotics.

Study 1: A study looked at a popula with a sore throat. 246 patients in the study were treated
with antibiotics and 230 patients were prescribed rest and fluid. After 3 days, 37% of those treated
with antibiotics were feeling better and 35% of those treated with rest and fluid werenfpbktter.
What conclusions can be drawn from this study?

The study demonstrates that many infections get better on their own without the need for
antibiotics. Sore throats can often be caused by viral infections, and as such antibiotics will have no
effect on the time of recovery. You should care for yourself at home for most sore throats, earache,
coughs, colds and flu using painkillers and other remedies to reduce symptoms.

Study 2: A second population has a bacterial infection which requires antibi®tcpatients take
antibiotics for 10 days, whereas 96 patients only take antibiotics for 7 days. At the end of the course
of antibiotics, the reoccurrence of the infection was assessed. 18% of those who took antibiotics for
10 days had a reoccurrenceiofection, whereas 31% of those who only took antibiotics for 7 days
had a reoccurrence. What conclusions can be drawn from this study?

This study demonstrates the importance of completing the course of antibiotics. By not completing
the course, bacteriaay remain in the body and cause a reoccurrence of the infection. This bacteria
is also at risk of becoming antibiotic resistant, due to exposure to the antibiotics. It is important to
take the full course of antibiotics as prescribed by your doctor es&wu
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Within this lesson plan, students aged-18 years will run a 1 hour lesson with other young people.
The lesson can beefivered to students in key stage 2 (age$1), key stage 3 (ages-14), key stage
4 (ages 1416), or even other key stage 5 students.

Information for Teachers

Valueof peer education

Peer education is becoming an increasingly popular educational tool due to the benefit for
involved. For the peer educators, benefits can include positive changes in knowledge, skills,
attitudes and confidence, and development of key communication and social skills. By teaching
others, students gain a deeper understanding of the topics cesteand have increased knowledge
in the area whencompared to didactic learning.

Students taught by their peenmayidentify more closelywith their educator, which allows the
development of positive relationships and a greater level of trust betweercathwn and student.

What is covered?

Within this lesson plargll students will cover the important topics of antibiotics and antibiotic
resistance. Not only will students learn the science behind how antibiotics work and how resistance
to antibiotics comesabout, they will also learn essential health information, such as how to take
antibiotics correctly, which is important for PSHE education.

The lesson plan is designed to cover topics in key stageeSe topics are then presented in a
simplified and uderstandable way for younger students, allowing both the students and peer
educators to learn key information around this area.

Running the lesson

The lesson setp is flexible and can be arranged to suit any educational establishment. Peer
educators coulde split up to teach all classes across a year group, for exampldivetto sixkey
stage 5 studentseaching eactctlass. The peer educators should work in small teams, of between 2
and 6 students, to deliver the lesson, deciding between themselvestbalivide up the lesson
delivery.

A range of activities are provided in this lesson plan and peer educators should choose the activities
which best suit the age and ability of their audientée peer educators should be encouraged to
adapt the activitiesand script to suit their own style. The information provided here can be used as a
guide. Allow the peer educators time to prepare and preetoefore the lesson delivery.

Optional homework is also providddr those being peer educated his could be nt&ed by the
peer educatorsallowing them to receive feedback on their lesson.
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National curriculum/exam specification liak

Key Stage5 (age 1618):

This lesson plan covers several topics found in the AQA, OCR, Edexcel and WJEC examination
specification for Biology, Human Biology and related gdbs. More information can be found on
I 002Dl ET AOwebpage, ET E OB

Key Stage 3/4 (age 1415):
Biologyz

Working Scientifically Scientific Atttudes, Experimental skills and investigations, Analysis
and evaluation

Structure and Function of Living Organism€ells and Organisations
PSHE- Core Theme 1: Health and Wellbeing
Key stage 2 (age 11):
Sciencez

Working Scientifically
Animals, includag humans

PSHEz Core Theme 1: Health and Wellbeing
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Learning outcomes for key stage 5

Many infections get better on their own without the need for antibiotics

Bacterial and viral infections may cause similar symptoms
Antibiotics work on bacteria and have no effect on virsise

Bacteria are continually adapting to develop ways of not being killed by antibiotics (known as
antibiotic resistance)

Antibiotic resistance can spread between different bacteria in our body
Antibiotics can affect all the bacteria in your body, not jtie# ones which cause an infection.

Antibiotic resistant bacteria can be carried by healthy or ill people and passed on silently to
others

The more often you take antibiotics, the more likely you are to have an antibiotic resistant
infection

You should nbshare antibiotics as each antibiotic is personal to you and your infection.

Antibiotics should always be taken as instructed by a doctor or nurse, because overuse may
make the antibiotics less effective against the bacteria, and then the next time we &av
infection they may not work.
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Background information for Peer Educator

Antibiotics are special medicines which can only be prescribed by a doctor or nurse. Antibiotics are
used to treat bacterial infections such as meningitis, tuberculosis and pneumonia. They do not work
on viruses, santibiotics cannot treat viral infections such as colds and flu. Penicillin was the first
antibiotic to be discovered in 1928 by Alexander Fleming and is still used to treat some sore throats
and pneumonia today. Other examples of antibiotics include ainitin for chest infections,
flucloxacillin for skin infections and trimethoprim for urine infections.

Antibiotics can be broad spectrum, affecting many different species of bacteria, or narrow spectrum,
affecting only one or two. Antibiotics work by tgeting structures unique to bacteria, so they are

not dangerous to human cells and they do not kill viruses. Targets include the bacterial
peptidoglycan cell wall, the ribosome (needed for protein production), DNA replication (needed for
cell division) andanetabolic enzyme activity (needed for cell growth).

Bacteria are continually adapting to develop ways of not being killed by antibiotics. This is called
antibiotic resistance. Resistance develops due to a change in the bacterial DNA. These genes for
antibiotic resistance can then spread between different bacteria in our bodies. Antibiotic resistant
bacteria can be carried by healthy or ill people and can spread to others just as other types of
microbes wouldfor example via hands or by touchisgrfaces vaere bacteria are present.

Antibiotic resistance arises due to the overuse and misuse of antibiotics. The more often a person
takes antibiotics, the more likely they are to develop antibiotic resistant bacteria in their body. To
prevent resistance, antibitcs should only be taken as prescribed by a doctor or nurse. The
important points to remember are:

1. Many infections get better on their own, without the need for antibiotics

2. Antibiotics should only be taken for bacterial infections and not viral infectguch as colds
and flu, and mostoughs,sore throats ear infectionsor sinusitis

3. Itis important to take antibiotics exactly as instructed (for example three times daily), to
ensure all bacteria within your body are killed and to prevent the developrokantibiotic
resistance

4. Antibiotics are personal and prescribed for individuals and for a particular infection. They
should not be shared or taken for a different illness
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Section 1: Introducing Antibiotics (22D mins)

Materials requiredtudent hand out on the three types of microbes and theiative sizeg
availableon thee-BugSeniorTeacherMicrobeswebsite (Microbe Fact Sheet SH1).

Begin by asking the students if they know tleréypes of microbes that can cause infectigns
bacteria, virus and fungi, and explain the relative sizes of the microbes. A sthdadtout is

available to help with this explanation. Explain that infections are treated differently depending on
the micradbe that has caused it.

Introduce antibioticg ask who has heard of them and if anyone knows which microbe they affect.

Choose the activity below which best suits the age and ability of your audience.

la. KS2 Activity (ages 711):

BackgroundThis demongation will help you to show the students the difference in sizes between
the microbes.

Materials requiredBalloons, funnel and glitter

PreparationlJsing a funnel, pour some glitter inside a balloon and blow the balloon up.

Tell the students that youra now going to use a demonstration to show the sizes of the different
microbes. Explain that microbes are found everywhere but they are too small to be seen with the
naked eye.

1. Ask students which microbe is the largest? Give examples of useful and Hdumiisuch as

OAT EAEIT EOI j OOAEOI q AT A AOEI AGAGO A 10 | (AOI
2. Next ask which the middle size microbes are. Again give examples of useful and harmful

bacteria such as bacteria used in food production, such as yoghurt (useful), and bacteria

which causehest infections (harmful). Explain that bacteria come in different shapes: rods,

balls or spirals.
3. Tell students to imagine a fungus the size of the room they are in. If a fungus is this big, how

big do they think the bacteria would be? Show the studetite balloory the bacteria would

be about the size of the balloon.
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4. Ask students which microbes are the smallest. Viruses are generally harmful and cause
illnesses like colds and flu.

5. Now ask students how big a virus would be if the balloon represethiedize of bacteria.
Pop the balloon and explain that a virus would be the size of a piece of glitter, and that
viruses can only survive inside other living things such as human cells or bacteria. Remind
students that antibiotics only work on bacteria, lbacteria differ to other microbes. This is
why antibiotics cannot be used to treat colds and flu which are caused by viruses.

KS3/4/5 Activity (age 1118):

BackgroundExplain that they are now going to look in more detail at the differences between
human cells, bacterial cell and viruses, to try and understand why antibiotics only affect bacteria.

Materials required?aper, pencils and scissors

PreparationResearch the role ahicrobecellular componerd. Research illnesses causes by viruses
and bactera, whether you can easily tell the difference, and how you would treat them.

Give the students 3 pieces of paper, one for a bacterium, a virus and a human cell. Ask the students
to work in pairs to fill in the cells with the correct cellular contents gthean be drawn in or cut out
from additional pieces of paper). The cells should contain:

1 Human cell contains: a nucleus, a mitochondria, a cell memb(Bme<S5 also include
ribosome)

1 Bacterial cell contains: free DNA plasmid (not in nucleus), a cdll ave¢ll membrane
1 Viral cell contains: free DNA (not in nucleus), a protein coat
Ask students if they know the function of the differemicrobe cellulacomponents?

Explain that antibiotics target structures unique to the bacteria and this is why theyotlbarm
human cellsand why they do not work on viruses.

Ask the students if they know any illnesses caused by viruses? Is it easy to tell the difference
between bacterial and viral infections? How should viral infections be treated?

It is also importat to say that many bacterial infections get better on their own without antibiotics.
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Section 2: Antibiotic Resistance (PB mins)

Materials Requiredintibiotic resistance presentatiop availableon thee-BugSeniorTeacher
Antibiotic website.

PreparationResearch information on MRSA and TB. Information can be found oRtlhéc Health
England NHS ChoicedMRSA Action Ukand theStop TB Partnershigvebsites.

Prepare a short presentation on the discovery of antils® and antibiotic resistancé.he
presentation available on the senior studenBeig website may be used, or alternatively you can
use a presentation that you have prepared yourself. It is important to make the presentation fun
without too many wordsand appropriate for the age group you are teaching.

Introduce antibiotic resistance by explaining that bacteria are continually developing ways to avoid
being killed by antibiotics, and that this is known as antibiotic resistance. Antibiotic resistant
bacteria can be very dangerous as they cannot be treated.

Ask if anyone has heard of MRSA? Descrill#S¥ and antibiotic resistant TB.

Next, give the students thehort presentation on the discovery of antibiotics and antibiotic
resistance.

Now explain that yowvill show a demonstration to describe antibiotic resistance.

2a. Activity: Demonstrating antibiotic resistance using balloons
Materials requiredalloons, sellotape or parcel tape, pin, glitter

PreparationBlow up around 4 balloons in one colour anldafloons in another colouiyellow and
redareused here to describhe demonstration) Add a strip of sellotape or parcel tape to the end

of the two balloons which are a different colo@lear parcel tape works the best; if sellotape or
brown parcel tpe is used, several layers may be required for the experiment to work. The sellotape
is best placed on the end of the balloon where the balloon is thickési.could also put glitter in

the balloons before you blow then up, to represent viruses.
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Explainto the students that he yellow balloons represent bacteria and the red balloon with tape on
represents antibiotic resistant bacteria. The pin represents the antibiotic.

Antibiotic resistant
baderia

Bacteria

Antibiotic

Brown tape is used for demonstration but clear parcel tape is idealé@msasesistant is carried slightly/invisibly in people
who are notiill.

When we give an antibiotic, bacteria are killed or damaggap some yellow balloons with the pin.
If you put glitter in the balloon it also demonstrates that viruses are not killedriibiotics and can
continue to spreadln particular, one group of antibiotics (the penicillins) damage the bacterial cell
wall. However in bacteria that are antibiotic resistant, the cell walls are now not affected by the
antibioticsz put the pin thraigh the sellotape in the red balloons, it will not pop.

Antibiotic resistant
bacteria are not
killed by antibiotic

Bacteria killed
by antibiotic

This makes it more likely for the resistant bacteria to survive and reproduce. They have a selective
advantage.

Ask if anyone knows where resistance comes from? Explain it is due to gechrathe bacterial
DNA/genes that tell the bacteria how to make the cell wall or enzyme.

Explain that bacteria can pass these resistant genes on to other bagtputsellotape on a
remaining yellow balloon, which represents the transfer of antibio#isistance to another
bacterum. This can happen in our body
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Antibiotic resistance can
spread to other bacteria

Resistance is also passed on when bacteria reprodusmonstrate this by blowing up another red
balloon and putting sellotape on in.

Antibiotic resistance is
passed on when bacteria
reproduce

Explain that resistant bacteria can be pads$rom person to person just as normal bacteria can be.
Ask how these bacteria can spread? The easiest way is via our hands. Examples include direct skin to
skin contact or touching surfaces which may contain bacteria

The next activity demonstrates hoeasily resistant bacteria spread
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2b. Activity: Demonstration of spread of antibiotic resistance using coloured glitter

BackgroundThis activity demonstrates how microbes, including antibiotic resistant bacteria, spread
easily from person to person.

Materials requiredRed and gold glitterSix steps of handwashing handogtivailableon thee-Bug
Junior Hand Hygien&eacher website

o2 A =L

bacteria and the red glitter represents the antibiotic resistant bacteria. Remlnd participants that

microbes are found everywhere and can spread easily through touching surfaces and-p@rson

person contact.
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around the room and shake hands with other members of the group.

Look at how far the coloured glitter has spread and discuss with the giftatbacteria and

antibiotic resistant bacteria both spread very quickly. Remind everyone that antibiotic resistant
bacteria spreads just as easily as any other type of microbe.

Explain to students that washing our hands is the best way to remove micffolx@sour hands
before they spread to others. We should wash our hands before and after preparing food, after using
the toilet, after touching animals and after coughing or sneezing.

Demonstrate how we should wash our hands properly usinggtbteps of hadwashing handout.
Ask the students to wash their hands using the 6 steps to remove the glitter.

For older students, you may wish to use the following activity.
2¢.KS3/4/5 Activity (ages 1118): Antibiotic resistance debate

Materials requiredintibiotic Resistance debate ki availableon thee-BugYoung AdultTeacher
website.

The eBug debate kit on antibiotic resistance may be used to help skitte discussion on the topic.

The debate kit has eight character cards, each with facts about antibiotic resistance and use for the
students to read and questions for discussidhe debate kit has full instructions for how to run the
activity.
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Section 3Taking Antibiotics Correctly (15 mins

To prevent bacteria becoming resistant to antibiotics, we should always take antibiotics correctly, as
the doctor or nurse prescribes.

The more often we take antibiotics, the more likely we are to have antibiotic resistant bacteria in our
bodies. Therefore osrusing antibiotics may make them less effective.

Ask if anyone knows what we mean by responsible use of antibiotics?

Choose the activity below which best suits the age and ability of your audience.

3a. KS2 Activity (age 711): Antibiotic cartoon storyboard

Materials requiredCartoon storyboard availableon thee-Bug Young Adult Teacher website
(Student Handout 1)

The cartoon storyboards shown student handout Xescribe how antibiotics should be taken.
Discuss these with the students. The correct ways are:

1 Only using antibiotics for infections that need them, not for viral infections such as colds and
flu or for mild sore throats, ear ache skin infections

1 Antibiotics should never be shared with other people or used on other infections. An
antibiotic given to you by your doctor or nurse is personal to you and to your infection.

1 Always take antibiotics exactly as prescribed, for examplem@gia day. If you forget to take
a dose, take it as soon as you remember even if it means taking two at once. Then continue
with the rest of the course.

1 You should always complete the full course of antibiotics prescribed to, even if you are
feeling better before the end.
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3b. KS3/4/5 Activity (age 1118): Antibiotic scenarios

Materials requiredtudent scenariogavailableon thee-Bug YouncAdult Teacher websit¢Student
Handout2)

For older students, the scenarios in student handout 2 can be used to teach about how to take
antibiotics correctly.

Give each student a copy of the worksheets. The worksheets have three scenarios, which teaches
the group not to take antibiotics for coughs and cold, to take antibiotics as prescribed and not to use
I OEAO bDAT-éverAniitintick.O 1 A £0

For each scenario, discuss with the students the possible correct and incorrect answers. An answer
sheet is proided to aid discussions.

3c. Activity: Taking the full course of antibiotics

BackgroundThis demonstration is suitable for all ages and will help the students understand why
the full course of antibiotics should be taken.

Materials requiredPlastic ppettes, vinegar, phenol red indicator, test tubes and test tube holder

PreparationPrepare test tubes (enough for two test tubes per group) by filling a third full with water
and adding a drop of phenol red indicator. This will turn the water red. Dilimegar in a small bowl
with water (only a few drops of vinegar are required). This will represent the antibiotics. Test the
experiment to see how many drops of vinegar are required to turn the solution in the test tube
yellow. Ideally this should be arodry. Strengthen or dilute the vinegar solution as required. Keep

A
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Show the students a test tube containing the yellow solution and explain that it represents a healthy
DAOOT 1 8 O AdctArladl infei@EThd tést tube with the red solution represents an ill person
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Say that the doctor has prescribed the ill person a coursé&dafys ofantibiotics to take (adjust to

your test of the solution). Start to add drops of the dilute vinegar using a pipette and ask the children

to count with you. Halfway through the dosage show the students that some of the solution has
turned yellowz say that ths shows that the person is feeling better.
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Then mix the solution with a pipette (it will stay red) and say that even though the person is feeling
better, the solution is still red showing the bacteria are still there, so they must keep taking their
antibiotics until they are completely healthy. Finish adding the dose and mix to make the solution
yellow.

Tell the students that because they finished the whole course of antibiotics, the person is completely
EAAI OEU8 %@bi AET OE Aéwhélérodde Af arliblolc thé badteFididoddO AET E (
have come back stronger.

End by repeating the ways antibiotics should be taken correctly.

For older students, the fdlowing activities may be used.

3d. KS3/4/5 Activity (age 12X 3 qd, ! T OEAED OGAOI I0QELEOS6 |

Materials requiredRight or Wrong worksheet availableon thee-Bug Young Adult Teacher website
(Student Handout 3)
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Give each student a copy of the worksheet (student hand®)uThe worksheet has 8 statements,
which teaches the students how to take antibiotics correctly. For each statendésduss with the
group the whether they are right or wrong and reasons why. An answer sheet is provided to aid
discussions.

3e.KS3/4/5 Activity (age 1118): Managing Your Infection leaflet

Materials requiredvlanaging Your Infection leaflet availableon thee-Bug Young Adult Teacher
website

3ET x OEA OOKOARGEIOC OEIAO® )1 ZFAAOGET 16 1 AAEI AOh xEERA
booklet. Discuss the information in the leaflet, including:
1 How long common infections usually last

1 How you can sel€are at home
1 When you should seek further help from a medical professional

e-Bug Young Adult @ ATB PE ES10



http://www.e-bug.eu/young_teacher_pack.aspx?cc=eng&ss=12&t=Young%20teacher%20peer%20education
http://www.e-bug.eu/young_teacher_pack.aspx?cc=eng&ss=12&t=Young%20teacher%20peer%20education
http://www.e-bug.eu/young_teacher_pack.aspx?cc=eng&ss=12&t=Young%20teacher%20peer%20education

A

Optional: Extension activity

As an extension, show the students thatdiotic Guardian video, available at
http://antibioticquardian.com The clip can be used to stimulate a discussion between the students.
Ask the students to become an Antibiotic Guardian by pledging to ugibiatics responsibly.

Optional: Homework

Ask the students to create a poster promoting the correct use of antibiotics. This can cover any of
the topics they have learnt in the lesson.

Ask the students to take the Managing Your Infection leafletrigoto discuss with their family
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When Amy got home, her mother déted to take her to the doctorHe said that she had a bad cold

painkillers for tle headache if vou need to.

[ Go home and get some bed rest, take some

.dzi akKsSQa A
give her some
antibiotics.
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school.
. i Oh no, did he give you
Youg SNBY QU AY painkillers?
are vou OK?

No, he gave me antibiotics tc
help fight the infectiorbut
told me to take them until

they were all finished.

No, my knee started to get
really painful in the night so my
Mum took me to see the
doctor. He said that my cut got

infected.

During lunch Amy was talking to her friend Harry about her headache and runny nose.

CKFGQa I 322F
have some from when my
sister had an ear infectioh. Q f| €
ask my mum.

It really hurts

and | think
LQY ng@d | i
cough.

52y Qi e2dz KI @€
at home you can take?
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