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Pathogens

Types of Pathogen

= Adiseaseisanillness ordisorder of the body or mind thatleads to poorhealth
= Eachdiseaseis associated withasetofsigns and symptoms
= Apathogenis anymicroorganismthat causes diseaseinanotherorganism(e.g.inplants or
animals)
= Manymicroorganisms are pathogens including:
= Bacteria
= Fungi
= Protists
= \Viruses
= Notallspecies withinthese groups (apart from the viruses) are pathogens, as many bacteria, fungi
and protists are harmless and do not cause disease
= However,allviruses are pathogenic as theycanonly exist bylivinginside the livingcells of other
organisms (orbyusing these cells to create more viruses)
= No archaeaare knownto be pathogenic inhumans
= Pathogens cause communicable diseases whichmeans theytransferfromadiseased hostto a
healthy organismduringinfection,inotherwords the disease is infectious
= Examples of suchdiseasesinclude:
= tuberculosis
= athletesfoot
= malaria
= cholera
= Non-communicable diseases are noninfectious diseases suchas
= cancer
= cardiovasculardisease
= malnutrition

Infectious & Non-infectiousDiseasesTable
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NOS: Careful observation canlead to important progress

= Observations have lead to many medical breakthroughs inthe treatment of disease

= These observations have allowed adeeperunderstanding of diseases and the pathogens that
cause them

= Knowledge of symptoms,incubationtimes and transmission mechanisms are allimportantin
orderto implement measures to controlthe spread of adisease

= The optimumscenario is to eradicate the disease completely

Cholera

= Cholerais awaterand food-borne disease caused by the bacterium Vibrio cholerae
= Choleracanbe transmitted whenpeople are exposed to contaminated water, eitherthrough
consumptionorthroughbathing
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= Thediseaseiscommonwhere people do not have access to proper sanitation(clean
water supply)and uncontaminated food
= |Infected people passlarge numbers of the bacteriaintheir faeces
= |[fthese faeces contaminate the water supply (due to lack of propersewage treatment), orif
infected people handle food orcookingutensils without washing theirhands, thenthe
bacteria are transmitted to uninfected people
= [n1854 aCholeraoutbreakinSohoinLondonlead to the deathofover500 peopleinamonth
= Alocaldoctor,JohnSnow,observed the clinical presentation of the disease afterencountering
anoutbreakinaminingvillage in1832,and so was familiarwith the symptoms and mechanisms for
transmission
= His priorexperience provided afundamentalinsight which helped himto identifythe cause of
the outbreakin Soho
= He mapped the cases of choleraand traced themallback to one water pump
= The pump handle was removed and the outbreak came to anend
= |lateritwas noted that the waterpumpwas positioned onlyafew feetfromacesspit whichwas
contaminated with Vibrio cholerae
= JohnSnow's careful observations facilitated the controlof this spread of cholerain this
situationand provided useful evidence whichbecame incorporated into the 'germ'theory of
disease whichrevolutionised sanitationinthe 19th century

Childbed fever

= Puerperalfever,also knownas childbed fever,is abacterialinfection of the female reproductive
tract afterchildbirth

= Transmissionofthe disease occurs throughdirect contact duringthe deliveryprocess

= Childbed feverwas the mostcommoncause of deathassociated with childbirthinthe 19th
century

= AHungarian physician,lgnaz Semmelweis, observed that there were a greaternumberof deathsin
one maternityward compared to another

= Oncloserinvestigation, Semmelweis noted that obstetricians and medical students who took
partinautopsies (of womenwho had died fromchildbed fever) went onto deliverbabies inthe
maternity ward without washing their hands

= Hefoundacorrelationwiththe numberof deaths inthe ward and the numberof autopsies
carried outleadinghimto suggestalink betweenhandling the corpses and the numberof new
cases

= Semmelweis suggested that particles were beingtransferred from the corpses to the women
onthe maternityward

= Heinitiated amandatory hand washing policy forallthose involved and lateralso beganwashing
the medicalinstruments

= These precautionslead to acleardecline inpatient deaths from childbed feverand informed
the foundations of routine hand washingroutines inhealthcare

= Suchprocesses are fundamental, particularlyinhospitals, to the control of many
transmissible diseases
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Barriers to Pathogens: Skin & Mucous Membranes

Skinas aBarrier to Pathogens

= The skinand mucous membranes form a primary defence against pathogens that cause
infectious disease
= Skinis the largestorganofthe bodyand is covered in microorganisms that usuallycause no
issues, as theycan'tenterthe body. Skinprovides:
= Atoughphysicalbarrier that prevents entryof pathogensinto ourbodies
= Cutsinthe skinare sealed byformationofblood clots to prevent entryof pathogens
= Chemicalprotectionthroughthe productionofsebumfromthe sebaceous glands of the
hairfollicles
= Sebumis achemicalresponsible formaintaining alow skinpH whichinhibits the growth
of microorganisms
= Mucous membranes are found lining vulnerable areas which may be aroute forpathogens into
the body
= Thisincludes the airways, areas around the reproductive organs (foreskin and vagina) and
the digestive system
= The membranes containgoblet cells which produce mucus containing glycoproteins
= Microorganisms and particles become trapped by the mucus
= The mucusisthenswept alongby the ciliaof the ciliated epitheliumupwards and is
swallowed
= The mucus and any microorganisms will thenbe swallowed and destroyed bythe acid inthe
stomachorexpelled, therefore preventinginfection
= Mucus also contains lysozyme enzymes which have antibacterial properties, providing
more protectionfrominvadingmicroorganisms

Ciliaand Goblet CellsDiagram

Ciliated epithelium contains cilia, a basement membrane, and goblet cells
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Blood Clotting

The Process of Blood Clotting

Platelets

= Whenthe skinis cut,microorganisms have anentrypointto getinto the body

= The firstline of defenceis compromised
= |Inorderto minimise the risk of substantialblood loss and entry of unwanted microorganisms,

the blood starts to clot and sealthe wound
= Inresponseto blood vesseldamage, platelets formatemporaryplugto stembleeding
= Platelets are cellular fragments that make up one component of the blood
= Theyrelease chemicals called clotting factors that triggera chemical cascade whichresultsin

blood clotting

Components of Blood Diagram

The bloodis made up of 4 key components; plasma, red blood cells, white blood cells and platelets

Page 5 of 30
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Blood clotting process

= The chemicalcascade,triggered bythe clottingfactors,involves alarge numberof steps and
several plasma proteins
= Firstofall,the clotting factors stimulate the release of the enzyme thrombin
= Thrombincatalyses the conversionof the soluble protein fibrinogeninto fibrin,whichis
insoluble
= Fibrinforms ameshthat traps more platelets and blood cells to prevent entry through the
wound
= Asmallinitial stimulus is amplified to produce alarge amount of fibrinso that the wound is
quicklysealed
= Exposure to airresults inthe hardeningof the meshto create ascab
Blood Clot Formation Diagram
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Blood clotting involves a chemical cascade process

Page 7 of 30
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

The Immune System

The Immune System: Innate vs Adaptive
Theinnate immune system

= Theinnateimmune systemis able to recognise and respond to anyitemthat enters the bodythat
is 'non-self';theseitems could be:
= Bacteria
= Fungi
= Viruses
= Protists
= Pollengrains
= Dust
= Theinnate immune systemrecognises these non-selfitems because theydisplay,oractas,non-
self antigens
= Anantigenis amolecule that cantrigger animmune response
= Allcells have antigens ontheircell surface membranes
= Anindividual's owncells willbe recognised due to the presence of self antigens, while a
foreign cell willhave non-self antigens and so will initiate animmune response
= |tems suchas pollengrains,orotherallergens, maybe recognised by the innate immune
systemas non-self antigens;this leads to the symptoms of allergy
= |ndividuals are bornwith the abilityto mount aninnate immune response to non-self antigens, and
theresponse does not change during their lifetime
= Theactionofphagocytesforms part of the innate immune response;phagocytes willengulf and
digestanyitemthat displays non-self antigens
= |nnateimmuneresponses are sometimes described as non-specificimmune responses
= |nnateimmuneresponses are broad innature;theyoccurinresponse to any non-self antigen
and are notspecific to anyone particulartype of antigen

The adaptive immune system

= The adaptive immune systemresponds to the presence of specific non-self antigens, e.g.the
antigens of aparticulartype of pathogen
= Whenthe adaptive immune system first encounters anew type of non-self antigen, a
sequence of events occurs that eventuallyleads to antibody productionand the presence
ofmemory cellsinthe blood
= Whenthe adaptive immune systemencounters the same type of antigenagain, the sequence
of events occurs muchmore quickly and produces many more antibodies, and the
pathogenis destroyed before any symptoms occur
= The adaptive immune system changes over the course of anindividual's lifetime as theyare
exposed to diff tt footi

= Amemory of different pathogens is built up as exposure occurs;thisis knownas
immunologicalmemory
= Youngbabies have no adaptive immunity, and the adaptive immune systemdevelops with
age
= Vaccinationmakes use of the adaptive immune system byintroducingit to new pathogens,
therefore speedingup the immune response onthe next exposure to the same pathogen
= Adaptive immune responses are sometimes referred to as specificimmune responses, as they
occurdue to the presence of specific antigens
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White Blood Cells

Phagocytes
What do phagocytesdo?

= Phagocytes are white blood cells that are produced continuouslyinthe bone marrow

= Theyareresponsible forremovingdead cells and invasive microorganisms; a non-specific
immuneresponse

= Phagocytes moveinanamoeboid movementto the site of infectionand attachto pathogens

= The cellsurface membrane of the phagocyte extends out and around the pathogen,
engulfingit byendocytosis

= Theythendigestthe pathogenusingenzymes which are stored withinlysosomes (in their

cytoplasm)

Phagocytosisdiagram

Phagocytic cells ingest pathogens and digest them using enzymes

Lymphocytes
What arelymphocytes?

= There are two types of lymphocyte that playa particularrole inthe specificimmune response
= Tcells
= Bcells

= Note thatlymphocytes are atype of white blood cellfound bothinthe lymphnodes and
circulatinginthe blood

T cells

= Tcells,sometimes knownas Tlymphocytes, are produced inthe bone marrow and finish maturing
inthe thymus, whichis where the T intheirname comes from

= MatureT cells have specific cellsurface receptors called T cellreceptors

= Thesereceptors have asimilar structure to antibodies and are each specific to aparticular
type of antigen
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Production of T cellsdiagram

Mature T cells have many different types of receptoron the cell surface membrane; these receptors will
bind to different antigens on antigen presenting cells
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= Tcells are activated whentheyencounterand bind to their specific antigenonthe surface of an
antigen-presentingcell
= This antigen-presenting cell might be amacrophage, aninfected body cell,or
the pathogenitself
= These activated T cells divide by mitosis to increase innumber
= Dividing by mitosis produces genetically identicalcells,orclones, so all of the daughter
cells willhave the same type of T cellreceptorontheirsurface

B cells

= Bcells,also knownas Blymphocytes,are asecond type of white blood cellinthe specific
immune response
= Bcellsremaininthe bone marrow as they mature,hence the Bintheirname
= Bcellshave manyspecificreceptors ontheircell surface membrane
= Thereceptors areinfactantibodies,and are known as antibody receptors
= FachBcellhas adifferenttype of antibody receptor,meaningthateachB cellcanbind to
adifferent type of antigen

Production of Bcellsdiagram
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Mature B cells each have different types of antibody receptors on their cell surface membrane
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If the corresponding antigenenters the body, B cells withthe correct cell surface antibodies will
be able to recognise it and bind to it
= Whenthe B cellbinds to anantigenitforms an antigen-antibody complex
The binding of the B cellto its specific antigen, along with the cell signalling molecules
produced by T helpercells,activates the Bcell
Once activated, the B cells divide repeatedly by mitosis, producing manyclones of the original
activated B cell
There are two maintypes of Bcell
= Effectorcells,whichdifferentiate into plasmacells
= Plasmacells produce specific antibodies to combat non-self antigens
= Memory cells
= Remaininthe blood to allow afasterimmune response to the same pathogeninthe
future
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Adaptive Immune Response

Antigens

Everyorganismhas cells withunique molecules onthe cell surface membrane which act as
markers to identify it
These uniqgue markers are macromolecules and theyallow cell-to-cellrecognition
The immune systemhas the ability to distinguishbetween 'self'and 'non-self'based onthese
molecules
= Microorganisms (both pathogenic and non-pathogenic),such as bacteriaand viruses,
triggeranimmune response as the immune systemrecognises theirmarkers as beingnon-
self
= Molecules that triggeranimmune response inthis way are named antigens
= Antigens are found oncellsurface membranes of cancercells,bacterial cell walls, the
envelopes ofviruses and even pollen grains
= Someglycolipids and glycoproteins onthe outersurface of cell surface membranes act as
antigens
Allergies are the result of animmune response triggered by antigens on the surface of an
allergen,suchas pollen

O Exam T Tip

The differenttypes of pathogeninclude viruses, bacteria, fungiand protozoans.

Antigensonred blood cells

Red blood cells have specific markers on theirsurface known as antigens which determine the
blood group of anindividual
If atransfusionis givento anindividual with mismatched blood group, the antigens onthe red
blood cell surface will triggeranimmune response
There are two antigenmarkers that must be considered:

= The ABO marker - this determines whetherthe individualis blood group A,B,AB or O

= The Rhesus (Rh)marker - this determines whetherthe individualis rhesus positive orrhesus

negative

Determining ABO blood types

Bloodtype Ahas atype Aantigenconsistingofaninitial 'H' markerwhichis modified with
anothermolecule called N-acetylgalactosamine

Blood type B has atype B antigenconsistingof aninitial 'H' markerwhichis modified with
anothermolecule called galactose
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= Bloodtype ABhastype Aand B antigens consistingof two 'H'markers one of whichis modified
with N-acetylgalactosamine and the otherwith galactose’
= Inbloodtype O, the 'H markeris not modified and so there are no AorB antigens
Antigensandblood type diagram

Blood typeis determined by the presence orabsence of specific antigen markers on the surface of the red
blood cells

= |fatransfusionis givento someone of anincompatible blood type, animmune response will
occurdue to the presence of antibodies inthe recipient's blood that bind to blood cells with

non-self antigens
= Animmune response mayresultinagglutinationofthe blood inthe blood vessels and couldbe

fatal
= Agglutinationis whenred blood cells clump togetherdue to the binding of antigens and

antibodies
= Bloodtype must be compatible whencarryingout atransfusionto prevent coagulationof

bloodinblood vessels
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Activation of B-lymphocytes

= T-Helpercells (atype of ymphocyte thatresponds to specific antigens) and mature B cells
(anothertype of lymphocyte) have specific receptorslocated ontheircell surface membranes
= Thesereceptors have asimilar structure to antibodies and are each specific to one antigen
= Note thatlymphocytes are atype of white blood cellinvolved inthe specificimmune
response;there are several different types of lymphocyte
= Whenphagocytes engulf pathogens, theypresent the pathogenantigens ontheirowncell
surface membrane
= Acellwithnon-selfantigens onits surface membrane is known as an antigen presentingcell
= TheT-helpercellwiththe complementary receptorproteins to the antigenwill bind to the
antigenand become activated by the phagocyte
= Activated T-helpercells thenbind withcomplementary receptors onthe surface membrane of
specific B-lymphocytes
= Onbinding, the T-helpercellsreleases signalling proteins and activate these B-cells
= Once activated, the B cells clone themselves to become
= plasmacells whichproduce antibodies
= memory cells which provide immunity against future infection from the same pathogen
Bcellactivationdiagram

Antigens activate complementary T-helper cells which go on to activate complementary B-cells
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Clonal Expansion

= OncetheBcellhas beenactivated, clonalexpansioncanthenoccur
= The activated B-celldivides by mitosis to create manyclones ofitself
= Eachclone willproduce the exact same antibody,complementaryto the target antigen
= Some of these mature B-lymphocytes differentiate into plasmacells
= The otherB-lymphocytes become memory cells that remainand circulate inthe blood
= Whilstthe antibodies produced bythe plasmacells are onlypresent foramatterof weeks or
months,memorycells formthe basis ofimmunologicalmemory - the cells canlast formany
years and oftenalifetime

Memory Cells & Immunity

= |mmunityis initiated whenexposure to aspecific antigenresults inthe productionof
complementary antibodies and memory cells
= This first exposure to an antigen triggers the primary immune response
= The primary immune response leads to the development of immunity if memorycells and
antibodies persistinthe bloodstream afterthe pathogen has been eliminated
= The secondary immune response occurs whenthe same antigenis found inthebody asecond
time
= The memory cellsrecognise the antigen, divide very quickly and differentiate into
antibody-producing plasma cells and more memorycells
= Theresponseto apreviouslyencountered pathogenis,relative to the primaryimmune
response,extremely fast
= This means that theinfectioncanbe destroyed and removed before the pathogen
populationincreases too much and symptoms of the disease develop

Developing immunitydiagram
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During a secondary immune response, memory cells that remained in the blood divide very quickly into
plasma cells (to produce antibodies) and more memory cells; 2000 antibodies can be produced per
second! Whereas a primary response occurs much more slowly.

Primaryand secondaryimmune response graph

The secondary response is much larger and more rapid than the primary response

O Exam Tip

Immunologicalmemory(made possible bymemorycells)is the reasonwhycatching certain
diseases twiceis so unlikely. Forexample, thereis onlyone strain of the virus that causes
measles,and eachtime someoneis re-infected with this virus, there is averyfast secondary
immune response so theydo not getiill.

However,some infections such as the commoncold and influenza are caused byviruses that are
constantlydevelopinginto new strains.As each strain has different antigens, the primaryimmune
response (duringwhichwe oftenbecomeiill) must be carried out each time before immunity can
be achieved.
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HIV & AIDS

Transmission of HIV

= HumanImmunodeficiencyVirusis aretrovirus
= Thevirusis unable to survive outside of the humanbody;it needs host cellsinorderto replicate
= HIVisnottransmitted byavector(unlike inmalaria),itis spread bydirect exchange of bodyfluids
= This means HIV canbe transmitted inthe following ways:

= Sexualintercourse

= Blooddonation

= Sharingofneedles used byintravenous drugusers

= Frommotherto child across the placenta

= Mixingofblood betweenmotherand child during birth

= Frommotherto child through breast milk

HIV Infection

= HIVis made up of severalkeycomponents including RNA and the enzyme, reverse transcriptase,
whichis used to produce DNAinthe host cell;this classifies HIV as aretrovirus

= HIVinfects the bodyand attacks atype of lymphocyte cellcalled aT-helpercell

s T-helpercells are akeycomponentinthe productionof antibodies, so HIVinhibits the body's
capacity to produce antibodies

= Inthe early stages of infection, antibodies are produced to fight HIV, these canbe detectedin
blood tests

= Theindividualis said to be HIV positive

The development of AIDS

= Astheinfectionprogresses,the abilityto produce antibodies significantlyreduces

= Thisrenders the immune systemunable to fight off otherpathogens and so the individual
becomes prone to infectionfromotheropportunistic pathogens

= Whentheindividualis sufferingfrom severaldiseases orconditions at the same time, theyare
said to have acquired immune deficiency syndrome (AIDS)

= Progressionof HIV, fromtheinitialinfectionto the development of AIDS,canbe slowed down
using anti-retroviraldrugs

= Due to highlysuccessfuldrugs, manyHIV positive individuals are able to live full-quality lives
withnormallife expectancies

O Exam Tip

HIV and AIDS are not the same thing:

= HIVisthe name used forthe specific virus thatis infectingthe host
= AIDSis the acronymused to describe the syndrome that the virus, HIV, causes
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Antibiotics

Antibiotics

Antibiotics are drugs that inhibit the growth of microorganisms

= Mostantibiotics killorstop the growthof bacteria(prokaryotes)butdo notharmthe cells
oftheinfected organism

= Thisis because theyblock specific processes thatoccurinprokaryotic cells butdo not
have the same effect oneukaryotic cells

= Processes that might be targeted include:

= Transcription

= Translation

= DNAreplication

= Ribosome function

= Cellwallformation

Some antibiotics are derived fromliving organisms such as saprotrophic fungi

= Penicillinis produced by certain fungiin the genus Penicillium

= Whengrowinginthe wild the antimicrobial secretions of the fungus helpsitto compete by
killing nearby saprotrophic bacteria

Antibiotics can also be made synthetically (in a laboratory)

Antibiotic actiondiagram

Penicillin interferes with the production of bacterial cell walls
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= Penicillinis not effective againstallbacteria(e.g. tuberculosis) because the bacteriamayhave:
= Thicker cellwalls whichreduce permeability
= Enzymes whichbreakdownpenicillin

= There are manydifferent examples of antibiotics which are effective against arange of bacterial
diseases

Antibiotics & viruses

= Antibiotics are ineffective against viruses as they are non-living
= \iruses are particles and notcells
= Theyhave no metabolismorcellstructure and therefore cannotbe targetedinanyof the
ways that antibiotics target abacterial cell
= Whenavirusreplicates,ituses the host cell’s mechanisms fortranscription, translationand other
metabolic pathways,so not eventhese processes canbe targeted as antibiotics do not bind to
the proteins thathostcellsuseinthese processes

= Drugs thatwould target these processes would damage the host cells and cause evenmore
harm
= Antivirals are drugs that target viral enzymes without harming the host cell

Antibiotic Resistance

Antibiotic Resistance

= Withinabacterial population, there is variation caused by mutations (as occurs in populations of
all species)

= Achance mutation might cause some bacteriato become resistant to anantibiotic (e.g.
penicillin)

= Whenthe populationis treated with this antibiotic,the resistant bacteriado not die

= This means the resistant bacteriacancontinue to reproduce withless competitionfromthe
non-resistant bacteria, whichare now dead

= Therefore the genes for antibiotic resistance are passed onwithamuch greaterfrequencyto
the next generation

» Asbacteriaonlyhave one copyofeachgene,amutant gene willhave animmediate effecton
anybacteriumpossessingit

= QOvertime,the whole populationof bacteriabecomes antibiotic-resistant because the
antibiotic-resistant bacteria are best suited to theirenvironment

= Thisis anexample of evolutionby natural selection

= Some pathogenic bacteriahave become resistant to penicillinas theyhave acquired genes that
code for the productionof the enzyme B-lactamase (also known as penicillinase), which
breaks down penicillin

Antibioticresistance diagram
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Bacteria evolve rapidly as they reproduce and acquire random mutations, some of which confer
resistance

The future of antibiotic resistance
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Antibiotic-resistant strains are a majorproblemin humanmedicine
New resistant strains are constantlyemerging due to the overuse of antibiotics

= Byusingantibiotics frequently,humans exert aselective pressure onthe bacteria, which

supports the evolution of antibiotic resistance

Scientists are trying hard to find new antibiotics that bacteriahave notyetbeenexposed to, but
this process is expensive and time-consuming
Some strains of bacteria, such as methicillin-resistant Staphylococcus aureus(MRSA), can be
resistant to multiple antibiotics and theycreate infections and diseases which are very difficult
to treat
When antibiotics were discovered, scientists thought theywould be able to eradicate bacterial
infections, butless thanacenturylaterafuture is beingimagined where manybacterialinfections
cannotbe treated with current medicines

Measures to avoid antibiotic resistance

Antibiotic resistance inbacteriais anexample of natural selection that humans have helped to
developthroughincorrectuse oroveruse of antibiotics
Implementation of certainmeasures canhelp to avoid antibiotic resistance. These measures may
include:

= Avoidingprescriptionof antibiotics fornon-serious or non-bacterialinfections

= Maintaining highstandards of hygiene in the hospital environment

= Minimisinguse of antibiotics forroutine treatment of animals inagriculture

= Developmentofnewtypes of antibiotic

NOS: The development of new techniques canlead to new avenues of research

Therise of antibiotic resistance presents significant challenges withinthe medical field, as it
renders the treatment of specificillnesses more challenging and contributes to higher mortality
rates

Addressing antibiotic resistance stands as atop priority forthe World Health Organization
(WHO)

The future effectiveness intreatingcommoninfections and minorinjuries hinges uponthe
development of novelantibiotics

Presently,researchers are makinguse of chemicallibraries to craft and produce fresh antibiotics
Withinthese screeninglibraries, there exists awealth of information about numerous chemical
compounds possessing antibacterial characteristics

Innovative methodologies like incorporating chemicallibraries introduce promising avenues for
counteringtheissue of antibiotic resistance
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Zoonoses

Zoonosis

Some diseases are species specific whilst others cancross species barriers to infect multiple
different species
Species-specific disease maybe unable to cross the species barrier formanyreasons:

= |faspeciesdoesnotpossessthe necessaryreceptorsto be atriskofinfection

= |fthebody temperature of the organismdoesn'treachtemperatures required forthe

developmentofthe disease

Zoonotic diseases are those whichcancross the species barrier from animal to human
Thisis agrowingglobalconcerndue to the close relationships between humans and animals
meaning the disease maybe difficultto controland eradicate
This maypotentiallylead to pandemics such as that caused by COVID-19
Animal products mayalso be affected byzoonotic disease which poses afurtherissue
Somezoonotic diseases caninitiallyemerge fromanimal populations before developinginto
human onlystrains e.g. HIV

Vaccines & Immunity

Vaccines

Avaccineis asource of antigens or DNA/RNA which codes forantigens
The vaccineisintroduced into the bodyto induce immunity without causing the disease
Vaccines cause aspecificimmune response where antibodies arereleased byplasmacells
There are different types of vaccine,including

= Live attenuated -these are weakened versions of the pathogen

= Inactivated - these are killed, non-livingcomponents of pathogens orevenjust the

antigens alone

Vaccines are administered eitherbyinjectionororally (by mouth)

= Thevaccinations givenbyinjectioncanbeinto aveinormuscle
Vaccinations produce long-termimmunity as theycause memorycells to be created
The memorycells recognise the antigen whenre-encountered and produces antibodies, in what
is afaster,stronger,secondary response

Vaccination &antibodiesgraph
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O ExamTip

Remembervaccines triggerthe primaryimmune response (T helpercells triggerB plasmacells to
secrete specific antibodies) whichleads to the production of memorycells which will give a
fasterand larger(higherconcentrationof antibodies) secondaryresponse.

Herd Immunity

= |falarge enoughpercentage of the populationis vaccinated,it provides protectionforthe
entire populationbecause there are very few places for the pathogento breed -itcanonlydo
soifitenters the bodyofanunvaccinated person

= Thisis known as herd immunity

= [fthe numberof peoplevaccinated againstaspecific disease dropsinapopulation,itleaves the
restof the populationatrisk of mass infection, as theyare more likelyto come across people
who are infected and contagious This increases the number of infections, as well as the number
of people who could die fromaspecificinfectious disease

Herd immunity diagram
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Vaccinating a large enough percentage of the population provides protection for the entire population;

this is herd immunity

Herd immunity prevents epidemics and pandemics fromoccurringinpopulations

This is the reasonthat manyvaccinations are givento children, as theyare regularly seen by
medical practitioners and canbe vaccinated earlyto ensure the entire vaccinated population
remains at ahighlevel

Incertaininstances,vaccinationprogrammes are run with the aim of eradicating certain
dangerous diseases,as opposed to controllingthematlow levels

Anexample of adisease whichhas beeneradicated as aresultof asuccessfulvaccination
programme is smallpox, which was officiallyeradicated in1980 afteravaccination programme run
bythe World Health Organisation since the mid-1950s

NOS: Scientists publish their research so that other scientists can evaluate it

Datathatis collected byscientists, to support theories intheirresearch,is peerreviewed;this
means that otherscientists inthe same field canjudge the accuracy and validity of any
conclusions drawn
= Onceresearchhas beenpublished,otherscientists mayuse thisresearchto aid furtherwork
Insome situations the mediamayreport onthe findings of scientific studies before the full peer
review process has beencarried out; this cancauseissuesinpublicresponses to new findings,
forexample:
= Whennew medicines orvaccines are tested, the mediamayreport onthe side effects
before tests are complete
= The public view maybe biased towards the media presentation of research, which maynot be
accurate
= This canbe damaging to the progressionand implementationof anynew medicines
Itis important that the public are aware of this problem of mediareportingonincomplete
research,thougheducationonthisis oftennotpresentinmediareports
When evaluating the introductionof anew medicine orvaccine, scientists tend to use a
pragmatic approach, meaningthat theyconsiderthe overall practicalities and effectiveness of a
new treatment, ratherthan the certainty ofits effect onindividuals
= |e.avaccineintestingmaybe safe and effective, but mayresultinunpleasantside effects for
avery smallnumber of individuals;scientists would draw the overall conclusion that this
vaccine canberolled out to the public, but anindividual receiving the vaccine would not be
certainthat theywouldn'texperience anynegative side effects
Inthe case of COVID-19 vaccine development, the pragmatic approachwas applied inorderto
develop aneffective vaccine as quickly as possible;results of trials showed that the vaccine
was safe and effective forthe vast majority of people, though there were a small numberof
individuals who experienced medical difficulties

= Althoughthe vaccine showed ahighdegree of efficacy, there was alevel of distrust fromthe

public due to some of the representationof negative side effects inthe media
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Evaluating COVID-19 Data: Skills

Evaluating COVID-19 Data

Calculating percentage difference

Apercentage difference calculationallows comparison of two directly comparable values that
occuratthe same time, e.g.the numberof COVID-19 cases intwo different countries at the same
pointintime
= Directlycomparable values are values that mean the same thing,i.e.the numberof COVID-19
casesand the numberof COVID-19 deathsare two different types of value;theyare not
directlycomparable
= Percentage difference is calculated bydividing the difference betweentwo values by the
average of the two values
= Theresultingvalueis expressed as apercentage
difference between two values

Percentage difference = x 100
average of two values

@ Worked example

Inmid-July 2023, Europe had 18 392 confirmed cases of COVID-19, while South-East Asiahad 1
584 confirmed cases.

Calculate the percentage difference between the numberof confirmed cases in Europe and
South-EastAsia

Step 1: Calculate the difference betweenthe two values

18 392 — 1 584 = 16 808

Step 2:Calculate the average of the two values

18 392 + 1 584

= 9 988
2
Step 3:Cubstitute numbersinto the formula
, 16 808
Percentage difference = ——— x 100
9 988

= 168.3%

There was 168.3 % difference betweenthe numberof confirmed cases in Europe and South-East
Asiainmid-July2023
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Calculating percentage change

= Apercentage change calculationallows comparisonof two values fromthe same dataset at
different times,i.e.howafactorhas changed overtime
= Percentage changeis calculated bydividing the difference betweenanold and anew value,
divided by the old value
= Theresultingvalueis also expressed as apercentage
change

Percentage change = — x 100
original value

= |f the original numberis larger, then the change willbe apercentage decrease, and if the original
numberis smallerthenthe change will be apercentageincrease

@ Worked example

Inmid-June 2023, Europe had 38 950 confirmed cases of COVID-19, while in mid-July 2023, it had
18 392 cases.

Calculate the percentage change in COVID-19 cases in Europe between June and July 2023.

Step 1: Calculate the change inthe number of cases

38 950 — 18 392 = 20 558

Step 2:Substitute numbers into the equation
Percentage change = ————x 100

= 52.8%

There has beenapercentage change of 52.8 % inthe numberof European COVID-19 cases
betweenJune and July2023

As the original value was larger than the new value, this can be represented as anegative number
(-52.8 %) ordescribed as apercentage decrease

Page 30 of 30
For more help visit our website www.exampaperspractice.co.uk



