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This pack contains a series of educational resources for young adults age&lyEars on the topic of
vaccinations The resources are outlined below:

VaccinationLesson Plan
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Introduction

This lesson plan covers immunity and vaccinations, and highlights the importance of getting
OAAAET AOGAAR 110 EOOO £ O Al ET AE OterAddvk slidedelpE AAT OE
students to clarify common myths and misconceptions abautccinations. Students learn the

impact the media may have on vaccine uptake through the example of the measlesps and

rubella (MMR) scare in the early 2000s.

Learning outcomes

o Vaccination helps individuals to develop immunity againstiafiection(s) and helps to fight
off the infection(s)

o Why vaccines are important to students now and throughout their life

o The important diseases prevented by vaccines, and why these are important to young
people, including students

o How the media, and epiduics, can affect vaccine uptake positively and negatively

Exam specification links

This lesson plan covers several topics found in the AQA, OCR, Edexcel and WJEC exam
specfications for Alevel Biology, HmanBiology and related subjects. For more anfnation, please

Antibodies, Antigen, Vaccination, Immunisation, Innate immunity, Acquired immunity, Immu
system, Herd immunity

Available web resources Materials required

Animations, interactive slides, PowerPoint Graph paper for completion of the
presentations and many other resources are available | main activity.
the young adult vaccination section atww.e-Bug.eu
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Background information

Vaccinations have been one of the most effective methods to prevent disease and have helped to
lower mortality associated with infectious diseases worldwide.

How vaccines provide immunity

Vaccines are preventative, that is, they only protect the individual before they get an infectious
disease. When an individual is vaccinated, the processes in the immune system that are stimulated

Oi T EIiEA OEA AT AUd80O 1 AOOOA hitionE ankibddy Epodiictios Taddi O A A
formation of a memory response. These processes occur without causing the damage that an
infection usually causes because the vaccine contains the antigen of the infectious disease, or a
toxoid (an inactive version of a taxiin an inactive, safe form. These infectious agents have been
inactivated by being killed or denatured by heat, radiation or other harmful conditions. The antigen

is the same but the microorganism can no longer cause the infectious disease.

Vaccines proide immunity by stimulating the immune system to produce antibodies to fight a
particular infection or prevent the effects of a toxin. These antibodies stay in the body and provide
long term protection. Antibodies fight a particular infection or toxin entifying a matching
antigen. Antigens are a pattern or structure found on the microorganism or toxin, and the antigen is
a complimentary match for the antibody that will be produced.

Types of immunity

If an individual has not been vaccinated againstisedse and they have contact with it, they will
usually acquire somaatural active immunity through exposure to antigens of the microorganism

or toxin. However, there are risks associated with contracting an infection as some can leave the
individual withlong term complications, or worse, cause dea#utificial active immunity occurs
through vaccination or inoculationPassive immunity arises through acquisition of protective
antibodies (most commonly through injection or transfusion of blood productsit will help fight

the infection without the individual having had exposure to the infectmrhaving been vaccinated.
Natural passive immunity can also occur between mum and baby through the placenta during
pregnancy or through breast feeding. In somases, passive immunity can be artificially acquired
OEOI OCE OEA OOAT OFZAO 1T &£ Al OEAT AEAO &EO1T1 1T OEAO E
Passive immunity is used when there is no time for an individual to generate their own specific
antibodiesto microorganisms. An example of this is after a gardening injury when there is a danger
of tetanus, so a tetanus antoxin is given to those who have never had the tetanus vaccination.
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HerdImmunity

If enough of a population is vaccinated, herd immunity is attained. Herd immunity in a population
prevents outbreaks of an infection. This is due to the inability for the disease to infect vaccinated
individuals and through the inability for unveioated individuals to come into contact with the
disease due to its decreased prevalence.

It is important to maintain herd immunity as some people are unable to have vaccinations.
Individuals who may not be able to have a vaccine include those who are imowmpromised,
individuals with allergies to the components of vaccines and very youiidreh.

Routine and other vaccinations

Countries have routine vaccinations for diseases that are considered to be high risk in that country.
Some vaccines contain antigens for more than one disease. Examples of these itiodugdelio,
diphtheria and tetaus vaccine, and MMR (gasles mumps and wbella). In some cases, one
pathogen can cause more @m one disease. Human papillomeus, also known as HPWan cause
genital warts and if left unmonitored in women, can lead to cervical cancer. The new HPV
vacanation canprevent cervical cancer in women, but it will also reduce genital warts.

International travel is increasingly popular and it is important for students to understand that travel
to different regions comes with increased risk of infection. las®d risk can be due to poor
sanitation or hygiene, or higher occurrence of different infections in those countries, for example
rabies, meningitis or Japanese encephalitis. Students can visit #Buge website for more
information, their travel vaccinatio practitioner at their GP surgery, or visit
http://www.fitfortravel.nhs.uk Travel vaccinations are important and in some cases are required for
entry into a country. An example includes the proof of vacdmatagainst meningitis for entry into
Saudi Arabia for the Hajj pilgrimage.

Some diseases require boosters to maintain antibodies at a high enough level to prevent infection.
Boosters maintain high antibody levels in the blood. An example is the pneuncatwaccines. Té
genetic makeup of some microrganisms mutates quickly, leading to changes in their antigen
structure, and so these infections require annual vaccinations. This is why annual flu vaccines are
developed to prevent infection from new flurains circulating in the community.
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Introduction (15mins)

1.

= =4 =4 A

Provide an introduction for students, describing that they are going to learn about
vaccinations, and why vaccination is isgportant. Studentswill be learningthe truth about
common mythsand misconceptions surroundingaccinations and the influence of others
when making decisions about vaccinations. Students will learn about the influence of the
media on vaccine uptake, subsequent disease rates and herd immunity.

Ask students what they already know about vaccinations. Questitm be discussed could
include:

Do you know what a vaccination is? How does a vaccination work?

What vaccinations do children usually have, and at what ages?

What vaccinations have you had?

Why do you think you need vaccinations agaidseases such dke flu, or neasles mumps

and wubella (MMR)?

Do students know what herd immunity is? Ask students to describe this in their own words.
(The herd immunity animation avww.e-Bug.eucould be used if students are still dosed
about herd immunity).

Main activity (2025 mins)

1.

Presentthe interactive vaccinatioomyth slidesfrom the eBugyoung adultwebsite. These
cover five myths andmisconceptions about vaccines that young people may have, and
provide answers basedn the students views. Involve the students in answering yes or no to
eachmyth and then review thdéackgroundinformation provided.

Provide students with student worksheet 1, which contains data related to the MMR scare
and controversy. Begin the PowerfPwiabout the influence of the media on vaccines.

Ask students to complete the worksheet and use the provided data to plot a graph.

4. After students have completed the worksheet, finish the PowerPoint and review the correct

graph with the students.

e-Bug Young Adult VAC TS4
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Plenary (10 mins)

Discuss the worksheet answers with the students.

7EAO0 AOA OEA OOOGAAT 060 AEALAZAOAT O ET OAODPOAOAOQET T
Reflect back on herd immunity. Ask the students to describe how h@runity was impacted in
this example, and what the result of this was.

Extension activity

1. There is currently no vaccine for HIV or Ebola. Choose an infection that is prevented by
vaccines and write a research report outlining and comparing why sofeetions, like HIV
or Ebola, are still not prevented by vaccines.

2. A zombie apocalypse has infected the earth. Public Health England (PHE) is working on a
vaccine to combat the infection that causes humans to become zombies, and you are a
vaccinescientist working on this vaccination. Write a news article to describe the plan you
and your team at PHE are working on to stop the spread of the zombie apocalypse.

3. Assign students to watch the immunisation animation clips availablevaiv.e-Bug.euas
homework. Ask students to complete student worksheet 2, which accompanies these
animations.

Acknowledgements

This lesson plan was written by theBaig team. The activities were devised by Dr Carwyn Watkins. Very
special thank to Antoaneta Bukasa from thenmunisation team at Public Health England.

Advance preparation

Locate and download thenteractive vaccination myttslides and the PowerPoint presentation at
www.e-Bug.eu

In preparation for the lesson, you can ask students to complete their own personalised vaccination
timeline, available atvww.e-Bug.eu This timeline will detail all the vaccinations students should hav
had, and they can discuss this at home with their parents. However, the immunisations that studen
have or have not had are not for class discussion. Students may be very stigdribe number of
immunisations they have had.
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Student worksheet 1

1. The table below provides the percentage of children immuniseditimir second birthday
against neasles mumps andrubella (MMR) between 1996 and 2014 (England only). This
data is from the Health & Social Care Information Centre (available from
http://www.hscic.gov.uk/catalogué?UB14949/nhsmmu-stat-eng-201314-rep.pdi).

Copyright © 2014 re-used with the permission of the Health and Social Care Information
Centre. All rights reserved.

Year of 2% birthday MMR 1% dose (%)
199697 91.5
199798 90.8
199899 88.3

19992000 87.6
200001 87.4
200102 84.1
200203 81.8
200304 79.9
200405 80.9
200506 84.1
2006-07 85.2
2007%08 84.6
200809 84.9
200910 88.2
201011 89.1
201312 91.2
201213 92.3
201314 92.7

e-Bug Young Adult VAC SW1
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The table below provides numbers of confirmedses of measles in England by age
between 1997 and 2013. This data is from Public Health England.

Year <1 year 1z9 10z 19 20 + Not Total
years years years known cases
1997 4 101 46 22 4 177
1998 2 26 12 16 0 56
1999 6 35 11 38 2 92
2000 11 52 14 23 0 100
2001 5 26 13 26 0 70
2002 33 171 58 43 3 308
2003 34 264 71 64 5 438
2004 24 108 25 31 3 191
2005 7 47 6 17 0 77
2006 76 389 129 144 2 740
2007 91 558 210 131 0 990
2008 112 649 380 229 0 1370
2009 84 603 331 125 1 1144
2010 33 128 112 107 0 380
2011 57 358 401 271 0 1087
2012 215 743 674 398 0 2030
2013 163 548 769 363 0 1843
2014 17 41 16 47 0 121

2. Using the data provided, plot a single graph showing MMR vaccination uptake and measles
cases in England between 1997 and 2(Alét the MMR vaccination uptake as a bar graph
and the number of measles cases overtop as adia@h.

3a. Interpret your graph showing MMR vaccine uptake and measles cases in England. What has
happened?

3b. Whydo you think there were changes in the vaccination uptake rates and cases of measles?
What influenced the changes?

VAC SW1
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4. What is the relationship between these tfigures? How do they impa&ach other?

5. What were the ages of individuals who hadasles in 2002? Explain why that may be?

6. Divide the measles cases data into three periods: 2482, 20032008 and 20022014. What
trend do you notice in the overall numbers and individual age groups?

7. What conclusions can you draw from theea@f the confirmed casesf measle®

8. How was herd immunity affected by the media in this example?

e-Bug Young Adult VAC SW1
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Student worksheet 2

1. We have various types gihysical barriers to prevent invasion by a microorganism. Name
three of these barriers and explain how they are specialised to prevent infection.

2 )VE A 1 EAOI T OCATEOI EOI 60 Al AA®ohthapEddnext?OEA Al

3. Legionella pneumophila is a bact®& EOI OEAO A A OOidedse. InfngnimisiitlisA E OA 6 «
engulfed by macrophages but is able to evade the normal mechanisms that macrophages

use to kill it. isOEAOA £ OA AAT A Oi 1 EOA ET OEAA taQEA | A/
alive.
a) 7TEU AAT 60 " AL pnéutophiefaitijeqs? EOA OEA

b) How would the immune system identifly. pneumophila and how is it removed from
the body?

c) Why would someone with a deficiency in Tells be more prone to intracellular
microorganisminfection?

e-Bug Young Adult VAC SW2
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4. Once the acquired immune response is initiated, plasma ogdls produce antibodies.
Explain why antibodies will only be effective against one pathogen.

5. Cytokines have many roles in the immune response. From the animation, cadegmibe
two ways that cytokines help the bgdight infection?

6. Clostridium botulinum is a bacterium that produces the botulinum neurotoxin. This is
commonly known in the medical industry as Botox. It is the botulinum toxin that is lethal as it
causes flaccid paralysis in humans and anim@lsstridium botulinum that produces it
however § not considered dangerous by itself. The immune system can recognise toxins as
well as microorganisms.

a) How does the immune system recognise and clear toxins?

b) Why would a vaccine fdhe Clostridium botulinum bacterium not be considered as
effective as avaccine against the botulinum toxin?

7. What is the function of the following cells:

a) Cytotoxic T cells?

b) Helper T cells?

e-Bug Young Adult VAC SW2
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c) Plasma cells?

8. Explain why vaccines apgeventative in protecting against infection.

9. Explain how a vaccine results in a memory response in the immune system.

10.Herd immunity arises when a significant proportion of the population is vaccinated against a
disease. What could happen if the vaccination rates were to fall in a populatiothdor
following vaccinesPHint: think about their transmission method#leasles is spread through
touch and in the air through contagious droplets from infected pegpled cholera isa
water-bornediseass.

a) MMR

b) Cholera

e-Bug Young Adult VAC SW2
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Student worksheet 1 answers

1. The table below provides the percentage of children immuniseditimir second birthday
against measles mumps andrubella (MMR) between 1996 and 2014 (England only). This
data is from the Health & Social Care Information Centre (available from
http://www.hscic.gov.uk/catalogué?UB14949/nhdmmu-stat-eng-201314-rep.pd).

Copyright © 2014 re-used with the permission of the Health and Social Care Information
Centre. All rights reserved.

Year of 29 birthday MMR F'dose (%)
199697 91.5
199798 90.8
199899 88.3

19992000 87.6
200001 87.4
200102 84.1
200203 81.8
200304 79.9
2004-05 80.9
200506 84.1
2006-07 85.2
2007%08 84.6
200809 84.9
200910 88.2
201011 89.1
201112 91.2
201213 92.3
201314 92.7
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The table below provides numbers of confirmed cases of measles in England hy age
between 1997 and 2013. This data is from Public Health England.

Year <1year 1z9 10z 19 20 + Not Total
years years years known cases
1997 4 101 46 22 4 177
1998 2 26 12 16 0 56
1999 6 35 11 38 2 92
2000 11 52 14 23 0 100
2001 5 26 13 26 0 70
2002 33 171 58 43 3 308
2003 34 264 71 64 5 438
2004 24 108 25 31 3 191
2005 7 47 6 17 0 77
2006 76 389 129 144 2 740
2007 91 558 210 131 0 990
2008 112 649 380 229 0 1370
2009 84 603 331 125 1 1144
2010 33 128 112 107 0 380
2011 57 358 401 271 0 1087
2012 215 743 674 398 0 2030
2013 163 548 769 363 0 1843
2014 17 41 16 47 0 121
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2. Using the data provided, plot a single graph showing MMR vaccination uptake and measles
cases in England between 1997 and 2014. Plot the MMR vaccination uptake as a bar graph
and the number of measles cases overtopadmegraph.

MMR Vaccination uptake and confirmed
measles cases

100 2500

90 -1+ 11
3 - 2000
g % children
g § immunised
£ - 1500 & against MMR by
s = 2nd birthday
= 53] = \]easles cases
b 1 B 1000 (@]
=
S %
5 5
> - 500

0

3a. Interpret your graph showing MMR vaccine uptake and measles cases in England. What has
happened?

The graphindicates that there was an immediatgecline of MMR vaccination rates starting in
1998when the first paper was published. The rates continued to drop until they reached their
lowest point in 2003/04, below 80%. After 2004, the rates steadily increase and in 2014 they are
at a historic high of 92.7%.

However, in contrast, the general trend confirmed measles cases is increasing beginning in
2002.

e-Bug Young Adult VAC TS8
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3b. Why do you think there were changes in the vaccination uptake rates and cases of measles?
What influenced the changes?

-AAREA AT OAOACA T £ '1 AOAx 7AEAEZEAI AGO Al AxAA 0OF¢
of the MMR jab. As a result, the vaccination rates decreased below the recommended 95%
uptake resulting in increase of the pool of susceptible individuals to skesa Parents were

unsure about the safety of the vaccine, and this resulted in not vaccinating their children. The
rates of measles in England increased, and there were large outbreaks in 2008 and 2012.

4. What is the relationship between these tfigures? How do they impa&ach other?

As the vaccination uptake decreases, measles infections in the population begin to increase.
Once the vaccination uptake increases, beginning in 2005, the measles infections in the
population is affected.

5. What werghe ages of idividuals who had measlaes 2002? Explain why that may be?

The majority of the measles cases in 2002 were ag&dyts. These were children that were
offered at least one dose of the MMR vaccing dbse of MMR should be given ageri@nths,

2" dose between the ages of 3.5 and 5yrs). Because the vaccination uptake had been falling,
fewer children had been vaccinated and therefore caught measles when coming into contact
with the infection.

6. Divide the measles cases data into three perioti8972002, 20032008 and 2002014.
What trend do you notice in the overall numbers and individual age groups?

1z9 10z19 20 + Not Total
period | <lyear| years years years | known | cases
1997
2002 61 411 154 168 9 803
2003
2008 344 2015 821 616 10 3806
2009
2014 569 2421 2303 1311 1 6605

e-Bug Young Adult
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The number of cases of measles is increasing, between-200Z and 2002008 the number of

cases more than quadruples. In the following period, the cases double again. While in the first
period there were more cases of measles in the very young age grmotipe next periods there

was an increase across all age groups. As the cohort of young people who were not vaccinated
against MMR between 2002 and 2005 start to grow older, they are at risk of being infected with
measles, mumps or rubella, and herd imniyncannot have a protective effects. Therefore,
when an outbreak occurs, more of the susceptible population can be infeGteel.greater the

pool of susceptible individuals, the larger the outbreaks and the longer the outbreak continues.
Unless susceptikl individuals are vaccinated the only way they can obtain immunity is through
having the infection.

7. What conclusions can you draw from the ages of the confirmed cafse®asle®

As the MMR vaccine uptake decreases, there is an increase in the numbleitdoén who are
susceptible to catching measles. In the first period from 19002, most cases of measles were

in the 29yrs old. This is because the older age groups have had better vaccine uptake and were
therefore protected by the MMR vaccine. Howeyer the subsequent periods, the age profile of

the cases is changing as susceptible individuals (those not vaccinated) grow older.

8. How was herd immunity affected by the media in this example?

Herd immunity indirectly protects individuals in the populatiavho have not had a vaccine.
However, rates of vaccine uptake need to be very high (around 95%) for herd immunity to have
an effect. Measles is very infectious and spreads easily from person to person. In this example,
the MMR vaccine uptake between 20@2d 2005 is only about 80%, so many children in the
population are not protected and cannot offer indirect protection to their peers and family.

e-Bug Young Adult VAC TS10
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1. We have various types of physical barriers to prevent invasion by a microorganism. Name
three of these barriers and explain how they are specialised to prevent infection.
Any three of the following: Skin, Cilia/hairsin [nose/throat/lungs],Tears Gastric/stomach

acid

Skin provides agohysical barrierfor our body. Entry through this barrier for pathogens
(microorganisms that cause diseaggn occur when the skin is broken/ irritated/ damaged

Tears: The eye has a mechanism of cleaning itselbugh the movement of substances
through blinking Thefilm of moisture over the eye can trap substancsh as dust and
through blinking can move it to the cornersf the eye where it can be removed. Owars
also contain enzymescalled lysozyme and angse whichcan kill some bacterigroviding
another level of protection.

Gastric acid in the stomach: The acid in our stomach not only aids digestiocabualso Kill
some pathogens Pathogens that are not killed by this acid can potentially cause déseas
such as Salmonella which causes food poisoning.

Cilia: Cilia aresmall hairs found along the airways in our nose and lufidgese hairs are
located next to mucosal cells which secrete mucus. fiugus can trap particles we inhale
including bacteriaand viruses Themovement of the hairs in the nose stimulates sneezing
and in the lungs thegan move the mucu$o the throat where it can be&oughed out or
swallowed

)£ A TEAOITTOCATEOI EOI 80 Al AAwhhthapgeodne@ OEA AT
The innate immune response may not always clear an infection. If this happens, the

acquired/adaptive immunity is activated’he macrophages that hawaken up the antigen
can alsdransport the antigerno sites where an acquired immune response can dtevated.
When themacrophage bearing an antigen enters the lymphatic systéwirculates towards

the lymphoid organswhich include thespleen, the tonsils, adenoids atAUA 086 O DAOAE

These organs are rich in two typesggecialised white blood callcalledlymphocytes Also
known asB cellsand T cells these lymphocytes are distributed in strategic sites throughout
the bodyready to respond to antigensThere are also many B and T cellgulating in the
blood.

e-Bug Young Adult VAC TS11
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3. Legionella pneumophila is a bact®& EOI OEAO A A OOidedse. InfngnimislitlisA E OA 6 «
engulfed by macrophages but is able to evade the normal mechanisms that macrophages
use to kill it. Itis thereforeAAT A OT 1 EOA ET OEAA OEA 1 AAOT PEA(
alive.

a) WhyA A 1B &edls recognise thie. pneumophila antigens?
B cells cannot recognise intracellular antigeassthey respond tdree antigens Free
antigens are founcbutside our own ellsor on the surface of organisnthat circulate
around our body.

L. pneumophila is anintracellular pathogen/microorganisrand sodoes not display a
free antigento the immune system.

b) How would the immune system identifly. pneumophila and how is it removed from
the body?
The antigen fromL. pneumophila can be displayed on aMHC moleculeon the
surface of the infected cellThis means that it can be identified by the immune
system. MHC molecules on our own cells are recognised by axitol_cells Once
identified, the T cellcan release cytokineto influence other cellof the immune
system.

c) Why would someone with a deficiency incélls be more prone t@n intracellular
microorganism infection?
T cells arecrucial in identifying anntracellular infection Without them the immune
systemcan fail to identify and destroy these intracellular pathogearsl they would
be ableto replicate and spreado other cells.Some examples include: viruses,
mycobacteriaand meningococcabacteria.

4. Once the acquired immune response is initiated, plasma cells can produce antibodies.
Explain why antibodies will only be effective against one antigen.

When the receptors on th& cellsurfacerecognise free antigenshey are stimulated to
become plasmecells which make antibody The antibody protein molecules arfelded in
such a wayas to form a3-dimensional cleftinto which only antigens of a corresponding
shapecan bind.

e-Bug Young Adult VAC TS12
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5. Cytokineshave many roles in the immune response. From the animation, can you describe
two ways that cytokines help the body fight infection?
Two of the following:
Cytokines can:
1 Help requlate the innate immune responsad attract additional macrophagefrom
the blood stream to the site of infection.
1 T cells do not manufacture antibodies but thegn secrete cytokines which influence
other immune cells
1 When theT cells binds to the MH&ntigen complex the activated T cells enlarge
multiply and secree cytokineswhich can theraffect other immune cellsearby.
1 When anantigen binds to the antibody receptor on a B cellbit of the antigen is also
taken up into the cell and is theresented to the B cell surfadey aMHC molecule
This MHGantigen complexis recoguised by aTl cell usually a T helper celivhich
secretes cytokinesln this case the cytokinesssist the B cells to proliferat® form
identical cells producing the same antibody.

6. Clostridium botulinum is a bacterium that produces the botulinum netogin. This is
commonly known in the medical industry as Botox. It is the botulinum toxin that is lethal as it
causes flaccid paralysis in humans and anim@lsstridium botulinum that produces it
however is not considered dangerous by itself. The immapstem can recognise toxins as
well as microorganisms.

a) How does the immune system recognise and clear toxins?
The immune system uses thmimoral respons®f the adaptive immunity taclear
toxins. This involves théinding of an antibody to théoxin/antigenand it can be
immobilisedand neutralised

b) Why would a vaccinéor the Clostridium botulinum bacterium not be considered
as effective as a vaccine against the botulinum toxin?
The toxin is the lethal component Without the toxin the bacterium igiot
considered dangerousA vaccine against the toxin is effective because it can
stimulate the immune system to produce antibodiemainst the toxin thus
preventing the harmful effectsf the disease.

7. What is the funtion of the following cells:
a) Cytotoxic T cells?
Cytotoxic T cells can recogniggracellular antigensandkill infected cells

e-Bug Young Adult VAC TS13
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b) Helper T cells?
Helper T cells are involved Tncell dependentresponses They can helgtimulate B
cellsto proliferate and they can also help them to become plasma cells.

c) Plasma cells?
Plasma cells aréderived from B cellsOnce a B cell recognises a free antigen it can
become a plasma cell. These plasma cells amgbody producing celland so are
large in size.

8. Explain why vaccines apgeventative in protecting against infection.
Vaccinesshow the antigenfor a particular infectiorto the immune systenso that specific
antibodiescan be producedvithout the disease developingn the individual. If an individual
contacts the disease naturally a vaccine will not help as the specific antibodiesredtly
have been producedVaccines provide immunity artificially whereas a disease will give
natural immunity. Contacting the disease igotentially dangerouso vaccinations safer

9. Explain how a vaccine results in a memory response in the immune system.
A vaccinecontains antigenic material/antigenfor a microorganism/diseaserThis results in
the production of aribodies by the plasma cells/B celidhat are complementary/a matcho
the antigen from the vaccine. The antibodies produced in a memory response are
lgG/immunoglobulin Gso theypersist for a long time in the bodysome of the B cells and T
cells involved in identifying the antigen from the vaccidiéferentiate/change into memory
cellswhich willmount a quicker immune responske next time the antigen is encountered.

10.Herd immunity arises when a significant piapion of the population is vaccinated against a
disease. What could happen if the vaccination rates were to fall in a populéor the
following vaccines®Hint: think about their transmission method#leasles is spread through
touch and in the air thragh contagious droplets from infected peopland cholera isa
water-bornedisease).

a) Measles
If vaccination rates were to fall for measles vaccirgsradic outbreaks could
occuras the measlegsan pass between unvaccinated and susceptible individuals
in the air or through contact with an infected person.

b) Cholera
Just like measles, decreased vaccination rates for cholera in countries where
cholera is a major health concercan result in outbreaksHerd immunity is still
important; howeverascholera isa waterborne disease it can still affect people
who are unvaccinated even if they are around people who have been vaccinated
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This sheet providesdditional information for teachers and is designed to be used alongside tBeige
vaccinations animation.

The animation is divided into 3 clips.

Introduction:

In order to understand how vaccines work, we first need to know how the immunemsystarks and how
vaccines stimulate the immune system to provide protection against infectious diseases. This short animation
will describe how the immune system fights infection and explain how it responds to a vaccine.

The function of the immune systens to distinguish foreign substances from substances that are part of our
own bodies. The part, or parts, of any foreign substance that are recognised by the immune system are
known as antigens. Antigens are present on bacteria, on viruses and on fordigrfroen transfusions or
organ transplants. Antigens may also be chemicals such as toxins or components of vaccines.

Innate immunity:

4EA AT AU6O AE£EOOO T ETA T &£ AAZEAT AR ACAET 00 &I OAECI
order to prevent entry. This includes tears, gastric acid, skin and tiny hairs called cilia. The specialisation of
each of these barriers is explained below:

72 Skin Skin provides a physical barrier for our body. Entry through this barrier for pathogens
(microorganisms that cause disease) can occur when the skin is broken, irritated or damaged
from cuts and wounds.

72 Tears The eye has a mechanism of cleaning itself through the movement of substances through
blinking. The film of moisture over the eye canap substances such as dust and through blinking
can move it to the corners of the eye where it can be remo@ut. tears also contain enzymes
such asysozyme and amylasaevhich can kill some bacteria providing another level of protection.

72 Gastric acid ithe stomach The acid in our stomach not only aids digestion but can also kill some
pathogens. Pathogens that are not killed by this acid can potentially cause disease, such as
Salmonella which causes food poisoning.

E Cilia: Cilia are small hairs found along the airways in our nose and lungs. These hairs are located
next to mucosal cells which secrete mucus. The mucus can trap particles we inhale, including
bacteria and viruses. The movement of the hairs in the nose stimsilsteezing and in the lungs
they can move the mucus to the throat where it can be coughed out or swallowed.
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However, if these barriers are breached, for example by bacteria entering the bodygihrthe skin, the

antigens encounter large cells called macrophages which are resident in the skin. The word macrophage

i AAT GAOBKGE8 )& A | AAOI PEACA OAAT ¢cl1 EOAO OEA AT OECAI
process called phagoogsis and can destroy it. Inflammation at the site also causes the release of small
proteins called cytokines that help regulate the immune response and attract additional macrophages from

the blood stream to the site. This first and immediate responsen@a as innate immunity. Although rapid,

it is nonspecific, it is the same for all antigens and the immune system does not retain any memory of the
encounter with the antigen.

Foreign Antigens

object »

The different immune defences are carried out by vast selection of immune cells. The innate immune system
is made up of leukocytes and other cells such as natural killer cells. Leukocytes include macrophages and
neutrophils and the main characteristic dfidse cells is that they can carry out phagocytosis. Phagocytosis
results in destruction of the foreign substance by fusing the digested material with the lysosome.

The lysosome provides harsh conditions to kill the pathogen which includes using spetigissomal

enzymes and providing highly acidic conditions.

. AOOOAT EEIT1TAO AAI1 O EEI T | OEACOGinfAcked deld. TR a@rudfalpart 0 OO0/
of the innate immune system as some bacteria and viruses can get iAsklé 1 O AT A OI AOA OEE.
innate immune system, such as meningococci and mycobacteria.
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Microbes inside the cell

The acquired immune system is specific and producepexific response to the foreign substance that is
being encountered. The acquired immune system is stimulated by the innate immune system.

Acquired immunity:

Sometimes, the innate response alone is not sufficient to eliminate the antigen. In additiphagocytosis,
macrophages can also transport antigen to sites where an acquired immune response can be activated. When

the macrophage bearing an antigen enters the lymphatic system it circulates towards the lymphoid organs

which include tle spleen, thetonsils, adenoids an®@ AUAO8 O DAOAEAO8 4EAOA 1T OCAT O
specialised white blood cells called lymphocytes. Also known as B cells and T cells, these lymphocytes are
distributed in strategic sites throughout the body ready to respond mbigens. There are also many B and T

cells circulating in the blood.

The innate immune system stimulates the acquired immune system by showing the acquired immune cells
the antigen that the foreign body has. These cells are therefore called anfigeserting cells (APC).
Dendritic cells and macrophages can carry this out and so can also be classified as APC. This occurs after the
APC has travelled through the lymphatic system to where the specialised acquired immune cells reside.

The stimulation of theymphocytes in the lymph nodes, however, produces a strong cascade of lymphocyte
activation as oe APC cell can stimulate many B anhaells. T cells are specific cells that are involved in the
cellkmediated response and B cells are cells involved in tmedral immune response.
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B cells and T cells:

B and T cells have different functions. B cells respond to free antigens or those that are on the surface of
organisms that circulate outside and between cells of the body, this includes most types of bacteria.
However, they cannot recognise antigens loedtinside cells such as viral proteins or certain bacteria such as
Meningococci and Mycobacteria which have adapted to live in cells and therefore make detection by the
immune system more difficult.

B cells produce a specific antibody by interacting vilile antigen presented by an APC. Antibodies are a
complementary match to the antigen and stimulate killing/disposal of the foreign substance.

Foreign body
B cell .

Antibody  Antigen

B cells manufacture antibody, however, most antigens do not stimulate B cells to produce antibody without
the help of T cells. The response to these antigens is therefore referred to asdegefident. Unlike B cells,

T cells can recognise intracellulantigens provided they are expressed on the cell surface. T cells do not
manufacture antibodies but they do secrete cytokines which influence athenune cells.
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Humoral response:

B cellscirculate with a molecule of a@mensional protein called antibody on their surface. The antibodies,
also known as immunoglobulins, have antigen binding sites where the protein molecules are folded in such a
way as to form a-8limensional cleft into whi only antigens of a corresponding shape can bind. There is also

a binding site for macrophages and neutrophils. The part of the antigen that binds to the antibody is known
as the epitope.

When one of the antibody molecules has a surfaced receptor witlttgxéhe right shape to recognise the
antigen, it binds to it like a lock and key. The B cells then gerlabnsiderably and beconmasma cells which

are antibody manufacturing cells capable of producing up to 100,000 antibody molecules a minute. The
antibody molecules they produce have receptors with the same shape that recognise the antigen in the first
place and this is known as the humoral response. The first time an infection or vaccine antigen is encountered
the antibody produced is called immunoglolin M or IgM. IgM circulates as five molecules bound together
with a total of 10 binding sites for rapid and effective binding to antigen. If the same antigen is encountered
again, the antibody class changes to immunoglobulin G (IgG). This is known sss sslatching. Class
switching means that the overall structure of the antibody changes apart from the antigen binding domain
which stays the same in order to match the antigen.

Immunoglobulin G
(I9G)

Immunoglobulin M
(IgM)

When an antigen binds to an antibodlyere can be three outcomes:

1. The binding of the antibody to the antigen will immobilise the foreign substance and neutralise it.
This is the case for toxins and other harmful substances.

2. The antibodies surround the foreign substance, which can immobilissady for phagocytosis by a
cell such as a macrophage.
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3. The complement system is activated. The complement system is a major part of the humoral
response. After antibodies bind to théoreign body, the complement system can attach. The
complement system is made up of complement molecules which are proteins that have protease
activity, i.e. can break down other proteins.

The attachment of complement molecules produce a protease casgatkreby one complement molecule
breaks down the next, activating its protease activity so that it can breakdown the next complement
molecule and so on. The result of the cascade is the production of molecules that can attract other immune
cells to the siteand also increase vascular permeability so that the immune cells can get to the site easily
through the vasculature. Some complement molecules can recognise carbohydrate molecules on the surface
of bacteria without the need for antibody binding and somamplement binding can actually induce killing

by disrupting the plasma membrane of the bacterium.

Cell mediated immunity:

When cells contain intracellular antigens a bit of the antigen is carried to the cell surface using molecules that
are part of the majr histocompatibility complex or MHC. T cells can recognise a combination of the MHC
molecule and the antigen. When the T cells binds to the Mid@igen complex, the activated cells enlarge,
multiply and secret cytokines, which can then affect other immuredis nearby, and other toxic molecules
such as granulysin. Granulysin induces apoptosis in the infected cell by generating holes in the membrane.
The holes then promote unregulated ion, water and molecule entry into the cell causing cytolysis (osmotic
lysis of the cell).

There are various types of T cell; among these are those that can destroy an infected cell known as cytotoxic
T cells. Another sort, known as helper T cells, can help and stimulate B cells to produce antibody. When an
antigen binds to theantibody receptor on a B cell, a bit of the antigen is also taken up into the cell and is the
presented to the B cell surface by a MHC molecule. This Jdiktigen complex is recognised by a T cell,
usually a T helper cell, which secretes cytokines. Indhse the cytokines assist the B cells to proliferate to
form identical cells producing the same antibody.

MHC platforms can also mount antigens that indicate a tumour cell. To a certain extent the immune system
can recognise abnormal cells andail¢hem by inducing apoptosis.
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Memory Response:

A few of the B cells are stimulated by the T cells to remain as memory cells and to retain the memory of the
antigen antibody encounter. When the memory cells meet the antigen again, either as a natural infection or
in a booster dose of vaccine antibodiesthe right specificity are produced much more quickly and in greater
numbers than during the first response. In contrast to the first response when short lasting IgM is made, the
antibody produced is mainly IgG which persists for longer. Each time thmane cells encounter the same
antigen the immune response is boosted. Because a pathogen, or a vaccine, may contain many different
antigens many different B cells are stimulated at once and many different antibodies may be produced. The
capacity of our immne system is enormous and can make billions of different antibodies. If different
vaccines are given at the same time then different antibodies are produced at the same time as well. In a
similar way to B cells, there are also T memory cells made asu#t if the first encounter with the antigen.
When these T memory cells meet the antigen again they are able to respond more quickly and effectively.
The specific humoral, cethediated and memory responses are known as acquired or adaptive immunity.

Vaccinations:

Vaccination stimulates the immune responses that have just been described, but importantly, it does so
without the risks of the disease itself. It works by stimulating a pool of memory B and T cells to be made
which, if and when the antigen isissequently encountered, produce antigen specific responses fast enough
to prevent disease developing. It also stimulates production of antigen specific antibody including 1gG which
persists after vaccination and provides early defence against infectinowkedge of how vaccines work with

the immune system allows us to understand the vaccine schedule more clearly.

When an individual is vaccinated, the processes in the immune system that are stimulated to mimic natural
immunity are antigen recognition, amiody production and a formation of a memory response. This all
occurs without disease progression. The vaccine will contain the antigen of the disease, or a toxoid (an
inactive version of a toxin) if the disease in question is caused by a toxin sughéeeda or tetanusin some

cases, the vaccination can be administered via a nasal spray like the childhood flu vaccine which means the
vaccine is taken up through the nasal lining.

The antigens within the vaccine are then recognised by the immune systerdescribed earlier, and are
taken up by APC, and the APC travaiwl istransported to the lymph nodesThe antigen is thepresented to

B cells which cause the production of antibodies and generations of memory B and T cells. If the individual
being vacinated then comes into contact with the actual pathogen bearing the same antigen, a memory
response is stimulated resulting in clearance of the pathogen without the occurrence of disease.
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Booster vaccinations are given to keep circulating antibody numbers at high levels. If they are missed then
the memory response may be weakened and may result in the individual contracting the disease.

In the case of the flu, annual/seasonaccinations are administered because the influenza virus is able to
change its antigens on its surface resulting in the need for a different vaccination for the different antigens.

This change in antigens can arise from one of two ways; antigenicatdftantigenic drift. Antigenic shift is
where two or more different strains of virus combine to form a new virus. This occurs if an individual is
infected with different viruses at one time. Antigenic drift is when the antigen on the virus gradually change
over time due to a change in the genetic material inside the virus. This can occur if the genetic material
undergoes a mutation.

What is herd immunity and why is it important?

A small proportion of people in every population does not respond to vaccmelsremain unprotected
despite vaccination. In additignpeople who are severely immursmpromised are unable to receive live
vaccines. Therefore, these people are dependent on not being exposed to infection in the first place. If a
sufficient number of pople are vaccinated in the population vaccine preventable infections are not able to
transmit successfully because most people are immune. Therefore, people who are susceptible are indirectly
protected by the presence of these immune individuals. Thikniswn as herd immunity. High levels of
vaccine coverage must be maintained in the population to achieve and preserve herd immunity and to
protect those who cannot be immunised.

The light blue people are
unvaccinated and therefore "A\‘
unprotected8 \
‘4 "84EA D%@@BW@m%d VR S

I

‘ \ /L‘

by vaccinated individuals who are S&}i{
protected8

1‘ A ] ,
/”\ il glel) N S

< ; ”'1 ! 84EAOAEIOA'

[ \4 | L A0 N unvaccinated person is [

‘ ‘ I | "‘N iyl indirectly protected .
." »

" L N

\. 4

e-Bug Young Adult VACC.An TS8




N

References and additional reading

Gessner, B.D., Feikin, D.R. (2014) Vaccine preventable disease incidence as a complement to vaccine efficacy
for setting vaccine policyvaccine 30;32(26):31338 Web link

Malech, H.L., Deleo, F.R., Quinn, M.T. (2014) The role of neutrophils in the immune system: an overview.
Methods Mol Biol. 11243-10Web link

Mclintyre, W.J., Tami, J.A. (1992) Introduction to immunoldgyarmacotherapy 12(2 Pt 2):2S10SWeb link

Pasupuleti, M., Schmidtchen, A., Malmsten, M. (2012) Antimicrobial peptides: key components of the innate
immune systemCrit Rev Biotechnol. 32(2):14371Web link

Storey, M., Jordan, S. (2008) An overview of the immune syshéurs Stand. 23(1517):4756 Web link

Other Web links:

WHO introduction to vaccines

NHS How vaccines work

e-Bug Young Adult VAC Ref TS1



http://www.sciencedirect.com/science/article/pii/S0264410X14005210
http://link.springer.com/protocol/10.1007%2F978-1-62703-845-4_1
http://onlinelibrary.wiley.com/doi/10.1002/j.1875-9114.1992.tb02677.x/abstract;jsessionid=98BE34904C39A5E5D3CA4FD70C79A912.f03t04
http://informahealthcare.com/doi/abs/10.3109/07388551.2011.594423
http://journals.rcni.com/doi/abs/10.7748/ns2008.12.23.15.47.c6738?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
http://www.who.int/topics/vaccines/en/
http://www.nhs.uk/Conditions/vaccinations/Pages/How-vaccines-work.aspx

