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Pathogens

Types of Pathogen

A disease is an illness o r diso rder o f the bo dy o r mind  that leads to  po o r health

Each disease is asso ciated with a set o f signs and sympto ms

A patho gen is any micro o rganism that causes disease  in ano ther o rganism (e.g. in plants o r

animals)

Many micro o rganisms  are patho gens including:

Bacteria

Fungi

Pro tists

Viruses

No t all species  within these gro ups (apart fro m the viruses) are patho gens, as many bacteria, fungi

and pro tists are harmless  and do  no t cause disease

Ho wever, all viruses are patho genic  as they can o nly exist  by living inside the living cells o f o ther

o rganisms (o r by using these cells to  create mo re viruses)

No  archaea are kno wn to  be patho genic in humans

Patho gens cause co mmunicable diseases which means they transfer fro m a diseased ho st to  a

healthy o rganism during infectio n, in o ther wo rds the disease is infectio us

Examples o f such diseases include:

tuberculo sis

athletes fo o t

malaria

cho lera

No n-co mmunicable  diseases are no n infectio us diseases such as

cancer

cardio vascular disease

malnutritio n

Inf ect ious & Non-inf ect ious Diseases Table
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NOS: Careful observation can lead to important progress

Observatio ns have lead to  many medical breakthro ughs  in the treatment o f disease

These o bservatio ns have allo wed a deeper understanding o f  diseases  and the patho gens that

cause them

Kno wledge o f sympto ms, incubatio n times and transmissio n mechanisms are all impo rtant in

o rder to  implement measures to  co ntro l the spread o f a disease

The o ptimum scenario  is to  eradicate the disease co mpletely

Cholera

Cho lera is a water and f o o d-bo rne disease caused by the bacterium Vibrio cholerae

Cho lera can be transmitted  when peo ple are expo sed to  co ntaminated water, either thro ugh

co nsumptio n o r thro ugh bathing
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The disease is co mmo n where peo ple do  no t have access to  pro per sanitatio n (clean

water supply) and unco ntaminated f o o d

Infected peo ple pass large numbers o f the bacteria in their f aeces

If these faeces co ntaminate the water supply (due to  lack o f pro per sewage treatment), o r if

infected peo ple handle f o o d  o r co o king utensils  witho ut washing their hands, then the

bacteria are transmitted to  uninfected peo ple

In 1854 a Cho lera o utbreak in So ho  in Lo ndo n lead to  the death o f o ver 500 peo ple in a mo nth

A lo cal do cto r, Jo hn Sno w, o bserved  the clinical presentatio n o f the disease after enco untering

an o utbreak in a mining village in 1832, and so  was familiar with the sympto ms and mechanisms f o r

transmissio n

His prio r experience pro vided a f undamental insight  which helped him to  identify the cause o f

the o utbreak in So ho

He mapped the cases o f cho lera and traced them all back to  o ne water pump

The pump handle was remo ved  and the o utbreak came to  an end

Later it was no ted that the water pump was po sitio ned o nly a few feet fro m a cesspit  which was

co ntaminated with Vibrio cholerae

Jo hn Sno w's careful o bservatio ns facilitated the co ntro l o f  this spread o f  cho lera in this

situatio n and pro vided useful evidence which became inco rpo rated into  the 'germ' theo ry o f

disease which revo lutio nised sanitatio n in the 19th century

Childbed fever

Puerperal fever, also  kno wn as childbed fever, is a bacterial infectio n o f the female repro ductive

tract after childbirth

Transmissio n o f the disease o ccurs thro ugh direct co ntact during the delivery pro cess

Childbed fever was the mo st co mmo n cause o f death asso ciated with childbirth in the 19th

century

A Hungarian physician, Ignaz  Semmelweis, o bserved that there were a greater number o f deaths in

o ne maternity ward co mpared to  ano ther

On clo ser investigatio n, Semmelweis no ted that o bstetricians and medical students who  to o k

part in auto psies  (o f wo men who  had died fro m childbed fever) went o n to  deliver babies in the

maternity ward witho ut washing their hands

He fo und a co rrelatio n with the number o f  deaths  in the ward and the number o f auto psies

carried o ut leading him to  suggest a link between handling the co rpses and the number o f new

cases

Semmelweis suggested that particles were being transf erred  fro m the co rpses to  the wo men

o n the maternity ward

He initiated a mandato ry hand washing po licy  fo r all tho se invo lved and later also  began washing

the medical instruments

These precautio ns lead to  a clear decline in patient deaths  fro m childbed fever and info rmed

the fo undatio ns o f ro utine hand washing ro utines in healthcare

Such pro cesses are fundamental, particularly in ho spitals, to  the co ntro l o f  many

transmissible diseases
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Barriers to Pathogens: Skin & Mucous Membranes

Skin as a Barrier to Pathogens

The skin and muco us  membranes fo rm a primary def ence  against patho gens that cause

infectio us disease

Skin is the largest o rgan o f the bo dy and is co vered in micro o rganisms  that usually cause no

issues, as they can't enter the bo dy. Skin pro vides:

A to ugh physical barrier that prevents entry o f patho gens into  o ur bo dies

Cuts in the skin are sealed by fo rmatio n o f blo o d clo ts  to  prevent entry o f patho gens

Chemical pro tectio n thro ugh the pro ductio n o f sebum fro m the sebaceo us glands o f the

hair fo llicles

Sebum is a chemical respo nsible fo r maintaining a lo w skin pH which inhibits the gro wth

o f micro o rganisms

Muco us membranes  are fo und lining vulnerable areas which may be a ro ute fo r patho gens into

the bo dy

This includes the airways, areas aro und the repro ductive o rgans (fo reskin and vagina) and

the digestive system

The membranes co ntain go blet cells which pro duce mucus  co ntaining glyco pro teins

Micro o rganisms and particles beco me trapped  by the mucus

The mucus is then swept alo ng by the cilia o f the ciliated epithelium upwards and is

swallo wed

The mucus and any micro o rganisms will then be swallo wed and destro yed by the acid in the

sto mach o r expelled, therefo re preventing infectio n

Mucus also  co ntains lyso z yme enz ymes  which have antibacterial pro perties, pro viding

mo re pro tectio n fro m invading micro o rganisms

Cilia and Goblet  Cells Diagram

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

The Process of Blood Clotting

Platelets

When the skin is cut, micro o rganisms have an entry po int to  get into  the bo dy

The �rst line o f defence is co mpro mised

In o rder to  minimise the risk o f substantial blo o d lo ss  and entry o f unwanted micro o rganisms,

the blo o d starts to  clo t and seal the wo und

In respo nse to  blo o d vessel damage, platelets fo rm a tempo rary plug to  stem bleeding

Platelets are cellular f ragments  that make up o ne co mpo nent o f the blo o d

They release chemicals called clo tting f acto rs  that trigger a chemical cascade  which results in

blo o d clo tting

Component s of  Blood Diagram

The blood is made up of 4 key components; plasma, red blood cells, white blood cells and platelets
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Blood clotting process

The chemical cascade, triggered by the clo tting facto rs, invo lves a large number o f steps and

several plasma pro teins

First o f all, the clo tting f acto rs  stimulate the release o f the enz yme thro mbin

Thro mbin catalyses the co nversio n o f the so luble pro tein �brino gen into  �brin, which is

inso luble

Fibrin fo rms a mesh that traps mo re platelets and blo o d cells to  prevent entry thro ugh the

wo und

A small initial stimulus is ampli�ed  to  pro duce a large amo unt o f �brin so  that the wo und is

quickly sealed

Expo sure to  air results in the hardening o f the mesh to  create a scab

Blood Clot  Format ion Diagram
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Blood clotting involves a chemical cascade process
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The Immune System

The Immune System: Innate vs Adaptive

T he innate immune system

The innate immune system is able to  reco gnise and respo nd to  any item that enters the bo dy that

is 'no n-self '; these items co uld be:

Bacteria

Fungi

Viruses

Pro tists

Po llen grains

Dust

The innate immune system reco gnises these no n-self items because they display, o r act as, no n-

self  antigens

An antigen is a mo lecule that can trigger an immune respo nse

All cells have antigens o n their cell surface membranes

An individual's o wn cells will be reco gnised due to  the presence o f self  antigens, while a

fo reign cell will have no n-self  antigens  and so  will initiate an immune respo nse

Items such as po llen grains, o r o ther allergens, may be reco gnised by the innate immune

system as no n-self antigens; this leads to  the sympto ms o f allergy

Individuals are bo rn with the ability to  mo unt an innate immune respo nse to  no n-self antigens, and

the respo nse do es no t change during their lif etime

The actio n o f phago cytes fo rms part o f the innate immune respo nse; phago cytes will engulf and

digest any item that displays no n-self antigens

Innate immune respo nses are so metimes described as no n-speci�c immune respo nses

Innate immune respo nses are bro ad  in nature; they o ccur in respo nse to  any no n-self  antigen

and are no t speci�c to  any o ne particular type o f antigen

T he adaptive immune system

The adaptive immune system respo nds to  the presence o f speci�c no n-self  antigens, e.g. the

antigens o f a particular type o f  patho gen

When the adaptive immune system �rst enco unters a new type o f no n-self antigen, a

sequence o f events o ccurs that eventually leads to  antibo dy pro ductio n and the presence

o f memo ry cells  in the blo o d

When the adaptive immune system enco unters the same type o f antigen again, the sequence

o f events o ccurs much mo re quickly  and pro duces many mo re antibo dies, and the

patho gen is destro yed befo re any sympto ms o ccur

The adaptive immune system changes o ver the co urse o f  an individual's lif etime  as they are

expo sed  to  di� t t f ti

A memo ry o f  di�erent patho gens  is built up as expo sure o ccurs; this is kno wn as

immuno lo gical memo ry

Yo ung babies have no  adaptive immunity, and the adaptive immune system develo ps with

age

Vaccinatio n makes use o f the adaptive immune system by intro ducing it to  new patho gens,

therefo re speeding up the immune respo nse o n the next expo sure to  the same patho gen

Adaptive immune respo nses are so metimes referred to  as speci�c immune respo nses, as they

o ccur due to  the presence o f speci�c antigens
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White Blood Cells

Phagocytes

What do phagocytes do?

Phago cytes  are white blo o d cells that are pro duced co ntinuo usly in the bo ne marro w

They are respo nsible fo r remo ving dead cells and invasive micro o rganisms; a no n-speci�c

immune respo nse

Phago cytes mo ve in an amo ebo id  mo vement to  the site o f infectio n and attach to  patho gens

The cell surf ace membrane  o f the phago cyte extends o ut and aro und the patho gen,

engul�ng it  by endo cyto sis

They then digest the patho gen using enz ymes  which are sto red within lyso so mes (in their

cyto plasm)

Phagocyt osis diagram

Phagocytic cells ingest pathogens and digest them using enzymes

Lymphocytes

What are lymphocytes?

There are two  types o f lympho cyte that play a particular ro le in the speci�c immune respo nse

T cells

B cells

No te that lympho cytes are a type o f white blo o d cell fo und bo th in the lymph no des and

circulating in the blo o d

T  cells

T  cells, so metimes kno wn as T lympho cytes, are pro duced in the bo ne marro w and �nish maturing

in the thymus, which is where the T in their name co mes fro m

Mature T  cells have speci�c cell surface recepto rs called T  cell recepto rs

These recepto rs have a similar structure to  antibo dies and are each speci�c to  a particular

type o f  antigen
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Mature T cells have many di�erent types of receptor on the cell surface membrane; these receptors will

bind to di�erent antigens on antigen presenting cells

Product ion of  T  cells diagram
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T cells are activated when they enco unter and bind to  their speci�c antigen o n the surface o f an

antigen-presenting cell

This antigen-presenting cell might be a macro phage, an inf ected bo dy cell, o r

the patho gen itself

These activated T cells divide by mito sis to  increase in number

Dividing by mito sis pro duces genetically identical cells, o r clo nes, so  all o f the daughter

cells will have the same type o f  T  cell recepto r o n their surface

B cells

B cells, also  kno wn as B lympho cytes, are a seco nd type o f white blo o d cell in the speci�c

immune respo nse

B cells remain in the bo ne marro w as they mature, hence the B in their name

B cells have many speci�c recepto rs o n their cell surface membrane

The recepto rs are in fact antibo dies, and are kno wn as antibo dy recepto rs

Each B cell has a di�erent type o f  antibo dy recepto r, meaning that each B cell can bind to

a di�erent type o f  antigen

Product ion of  B cells diagram
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Mature B cells each have di�erent types of antibody receptors on their cell surface membrane
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If the co rrespo nding antigen enters the bo dy, B cells with the co rrect cell surface antibo dies will

be able to reco gnise it and bind to  it 

When the B cell binds to  an antigen it fo rms an antigen-antibo dy co mplex

The binding o f  the B cell to  its speci�c antigen, alo ng with the cell signalling mo lecules

pro duced by T  helper cells, activates the B cell

Once activated, the B cells divide repeatedly by mito sis, pro ducing many clo nes o f the o riginal

activated B cell

There are two  main types o f  B cell

E�ecto r cells, which di�erentiate into  plasma cells

Plasma cells pro duce speci�c antibo dies to  co mbat no n-self antigens

Memo ry cells

Remain in the blo o d to  allo w a faster immune respo nse to  the same patho gen in the

future
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Adaptive Immune Response

Antigens

Every o rganism has cells with unique mo lecules  o n the cell surface membrane which act as

markers  to  identif y it

These unique markers are macro mo lecules  and they allo w cell-to -cell reco gnitio n

The immune system has the ability to  distinguish between 'self' and 'no n-self' based o n these

mo lecules

Micro o rganisms (bo th patho genic and no n-patho genic), such as bacteria and  viruses,

trigger an immune respo nse as the immune system reco gnises their markers as being no n-

self  

Mo lecules that trigger an immune respo nse in this way are named antigens

Antigens  are fo und o n cell surface membranes o f cancer cells, bacterial cell walls, the

envelo pes o f viruses and even po llen grains

So me glyco lipids  and glyco pro teins o n the o uter surface o f cell surface membranes act as

antigens

Allergies  are the result o f an immune respo nse triggered by antigens o n the surface o f an

allergen, such as po llen

Exam T ip

The di�erent types o f  patho gen include viruses, bacteria, fungi and pro to z o ans.

Antigens on red blood cells

Red blo o d cells have speci�c markers  o n their surface kno wn as antigens  which determine the

blo o d gro up  o f an individual

If a transf usio n is given to  an individual with mismatched blo o d gro up, the antigens o n the red

blo o d cell surface will trigger an immune respo nse

There are two  antigen markers that must be co nsidered:

The ABO marker - this determines whether the individual is blo o d gro up A, B, AB o r O

The Rhesus (Rh) marker - this determines whether the individual is rhesus po sitive  o r rhesus

negative

Determining ABO blood types

Blo o d type A has a type A antigen co nsisting o f an initial 'H' marker which is mo di�ed with

ano ther mo lecule called N-acetylgalacto samine

Blo o d type B  has a type B antigen co nsisting o f an initial 'H' marker which is mo di�ed with

ano ther mo lecule called galacto se
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Blo o d type AB has  type A and B antigens co nsisting o f two  'H' markers o ne o f which is mo di�ed

with N-acetylgalacto samine and the o ther with galacto se'

In blo o d type O, the 'H' marker is no t mo di�ed and so  there are no  A o r B antigens

Ant igens and blood t ype diagram

Blood type is determined by the presence or absence of speci�c antigen markers on the surface of the red

blood cells

If a transfusio n is given to  so meo ne o f an inco mpatible blo o d type, an immune respo nse will

o ccur due to  the presence o f antibo dies in the recipient's blo o d that bind to  blo o d cells with

no n-self antigens

An immune respo nse may result in agglutinatio n o f the blo o d in the blo o d vessels and co uld be

f atal

Agglutinatio n is when red blo o d cells clump to gether due to  the binding o f antigens and

antibo dies

Blo o d type must be co mpatible when carrying o ut a transfusio n to  prevent co agulatio n o f

blo o d in blo o d vessels
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Activation of B-lymphocytes

T-Helper cells (a type o f lympho cyte that respo nds to  speci�c antigens) and mature B cells

(ano ther type o f lympho cyte) have speci�c recepto rs lo cated o n their cell surface membranes

These recepto rs have a similar structure to  antibo dies and are each speci�c to  o ne antigen

No te that lympho cytes are a type o f white blo o d cell invo lved in the speci�c immune

respo nse; there are several di�erent types o f lympho cyte

When phago cytes engulf patho gens, they present the patho gen antigens  o n their o wn cell

surface membrane

A cell with no n-self antigens o n its surface membrane is kno wn as an antigen presenting cell

The T-helper cell with the co mplementary recepto r pro teins to  the antigen will bind to  the

antigen and beco me activated  by the phago cyte

Activated T -helper cells  then bind with co mplementary recepto rs o n the surface membrane o f

speci�c B-lympho cytes

On binding, the T -helper cells  releases signalling pro teins and activate these B-cells

Once activated, the B cells  clo ne themselves to  beco me

plasma cells which pro duce antibo dies

memo ry cells which pro vide immunity  against future infectio n fro m the same patho gen

B cell act ivat ion diagram

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

Once the B cell has been activated, clo nal expansio n can then o ccur

The activated B-cell divides by mito sis to  create many clo nes o f itself

Each clo ne will pro duce the exact same antibo dy, co mplementary to  the target antigen

So me o f these mature B-lympho cytes di�erentiate into  plasma cells

The o ther B-lympho cytes beco me memo ry cells that  remain and circulate in the blo o d

Whilst the antibo dies pro duced by the plasma cells are o nly present fo r a matter o f weeks o r

mo nths, memo ry cells fo rm the basis o f immuno lo gical memo ry  – the cells can last fo r many

years  and o ften a lifetime

Memory Cells & Immunity

Immunity is initiated when expo sure to  a speci�c antigen results in the pro ductio n o f

co mplementary antibo dies  and memo ry cells

This �rst expo sure to  an antigen triggers the primary immune respo nse

The primary immune respo nse  leads to  the develo pment o f  immunity  if memo ry cells and

antibo dies persist in the blo o dstream after the patho gen has been eliminated

The seco ndary immune respo nse  o ccurs when the same antigen is f o und in the bo dy a seco nd

time

The memo ry cells reco gnise the antigen, divide very quickly  and di�erentiate into

antibo dy-pro ducing plasma cells and mo re memo ry cells

The respo nse to  a previo usly enco untered patho gen is, relative to  the primary immune

respo nse, extremely f ast

This means that the inf ectio n can be destro yed and remo ved bef o re the patho gen

po pulatio n increases  to o  much and sympto ms o f the disease develo p

Developing immunit y diagram
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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.

Primary and secondary immune response graph

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

Exam T ip

Immuno lo gical memo ry (made po ssible by memo ry cells) is the reaso n why catching certain

diseases twice is so  unlikely. Fo r example, there is o nly o ne strain o f the virus that causes

measles, and each time so meo ne is re-infected with this virus, there is a very fast seco ndary

immune respo nse so  they do  no t get ill. 

Ho wever, so me infectio ns such as the co mmo n co ld and in�uenz a are caused by viruses that are

co nstantly develo ping into  new strains. As each strain has di�erent antigens, the primary immune

respo nse (during which we o ften beco me ill) must be carried o ut each time befo re immunity can

be achieved.
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HIV & AIDS

Transmission of HIV

Human Immuno de�ciency Virus is a retro virus

The virus is unable to  survive o utside o f the human bo dy; it needs ho st cells in o rder to  replicate

HIV is no t transmitted by a vecto r (unlike in malaria), it is spread by direct exchange  o f bo dy �uids

This means HIV can be transmitted in the fo llo wing ways:

Sexual interco urse

Blo o d do natio n

Sharing o f needles used by intraveno us drug users

Fro m mo ther to  child acro ss the placenta

Mixing o f blo o d between mo ther and child during birth

Fro m mo ther to  child thro ugh breast milk

HIV Infection

HIV is made up o f several key co mpo nents including RNA and the enz yme, reverse transcriptase,

which is used to  pro duce DNA in the ho st cell; this classi�es HIV as a retro virus

HIV infects the bo dy and attacks a type o f lympho cyte cell called a T -helper cell

T-helper cells are a key co mpo nent in the pro ductio n o f antibo dies, so  HIV inhibits the bo dy's

capacity to  pro duce antibo dies

In the early stages o f  inf ectio n, antibo dies are pro duced to  �ght HIV, these can be detected in

blo o d tests

The individual is said to  be HIV po sitive 

T he development of AIDS

As the inf ectio n pro gresses, the ability to  pro duce antibo dies signi�cantly reduces

This renders the immune system unable to  �ght o � o ther patho gens and so  the individual

beco mes pro ne to  inf ectio n fro m o ther o ppo rtunistic patho gens

When the individual is su�ering fro m several diseases  o r co nditio ns at the same time, they are

said to  have acquired immune de�ciency syndro me  (AIDS)

Pro gressio n o f  HIV, fro m the initial infectio n to  the develo pment o f AIDS, can be slo wed do wn

using anti-retro viral drugs

Due to  highly successful drugs, many HIV po sitive individuals are able to  live full-quality lives

with no rmal life expectancies

Exam T ip

HIV and AIDS are no t the same thing:

 HIV is the name used fo r the speci�c virus that is infecting the ho st

AIDS is the acro nym used to  describe the syndro me that the virus, HIV, causes
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Antibiotics

Antibiotics

Antibio tics  are drugs  that inhibit  the gro wth o f micro o rganisms

Mo st antibio tics  kill o r sto p the gro wth o f  bacteria (pro karyo tes) but do  no t harm the cells

o f the infected o rganism

This is because they blo ck speci�c pro cesses that o ccur in pro karyo tic cells  but do  no t

have the same e�ect o n eukaryo tic cells

Pro cesses that might be targeted include:

Transcriptio n

Translatio n

DNA replicatio n

Ribo so me functio n

Cell wall fo rmatio n

So me antibio tics are derived fro m living o rganisms such as sapro tro phic fungi

Penicillin is pro duced by certain fungi in the genus Penicillium

When gro wing in the wild the antimicro bial secretio ns o f the fungus helps it to  co mpete  by

killing nearby sapro tro phic bacteria

Antibiotics can also be made synthetically (in a laboratory)

Ant ibiot ic act ion diagram

Penicillin interferes with the production of bacterial cell walls

Page 21 of 30
For more help visit our website www.exampaperspractice.co.uk



Penicillin is no t e�ective against all bacteria (e.g. tuberculosis) because the bacteria may have:

T hicker cell walls  which reduce permeability

Enz ymes which breakdo wn penicillin

There are many di�erent examples o f antibio tics which are e�ective against a range o f bacterial

diseases

Antibiotics & viruses

Antibio tics are ine�ective against viruses  as they are no n-living

Viruses are particles  and no t cells

They have no  metabo lism o r cell structure and therefo re canno t be targeted in any o f the

ways that antibio tics target a bacterial cell

When a virus  replicates, it uses the ho st cell’s mechanisms  fo r transcriptio n, translatio n and o ther

metabo lic pathways, so  no t even these pro cesses can be targeted as antibio tics do  no t bind to

the pro teins that ho st cells use in these pro cesses

Drugs that wo uld target these pro cesses wo uld damage the ho st cells  and cause even mo re

harm

Antivirals  are drugs that target viral enz ymes  witho ut harming the ho st cell

Antibiotic Resistance

Antibiotic Resistance

Within a bacterial po pulatio n, there is variatio n caused by mutatio ns (as o ccurs in po pulatio ns o f

all species)

A chance mutatio n might cause so me bacteria to  beco me resistant  to  an antibio tic (e.g.

penicillin)

When the po pulatio n is treated with this antibio tic, the resistant bacteria do  no t die

This means the resistant bacteria can co ntinue to  repro duce with less co mpetitio n f ro m the

no n-resistant bacteria, which are no w dead

Therefo re the genes f o r antibio tic resistance are passed o n with a much greater frequency to

the next generatio n

As bacteria o nly have o ne co py o f each gene, a mutant gene will have an immediate e�ect o n

any bacterium po ssessing it

Over time, the who le po pulatio n o f bacteria beco mes antibio tic-resistant  because the

antibio tic-resistant bacteria are best suited to  their enviro nment

This is an example o f evo lutio n by natural selectio n

So me patho genic bacteria have beco me resistant to  penicillin as they have acquired genes that

co de f o r the pro ductio n o f  the enz yme β-lactamase (also  kno wn as penicillinase), which

breaks do wn penicillin

Ant ibiot ic resist ance diagram

Page 22 of 30
For more help visit our website www.exampaperspractice.co.uk



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

resistance

T he future of antibiotic resistance

Page 23 of 30
For more help visit our website www.exampaperspractice.co.uk



Antibio tic-resistant strains are a majo r pro blem in human medicine

New resistant strains are co nstantly emerging due to  the o veruse o f  antibio tics

By using antibio tics frequently, humans exert a selective pressure  o n the bacteria, which

suppo rts the evo lutio n o f antibio tic resistance

Scientists are trying hard to  �nd new antibio tics  that bacteria have no t yet been expo sed to , but

this pro cess is expensive and time-co nsuming

So me strains o f bacteria, such as methicillin-resistant Staphylococcus aureus (MRSA), can be

resistant to  multiple antibio tics  and they create infectio ns and diseases which are very di�cult

to  treat

When antibio tics were disco vered, scientists tho ught they wo uld be able to  eradicate  bacterial

infectio ns, but less than a century later a future is being imagined where many bacterial infectio ns

canno t be treated with current medicines

Measures to avoid antibiotic resistance

Antibio tic resistance in bacteria is an example o f natural selectio n that humans have helped to

develo p thro ugh inco rrect use o r o veruse o f antibio tics

Implementatio n o f certain measures can help to  avo id antibio tic resistance. These measures may

include:

Avo iding prescriptio n o f antibio tics fo r no n-serio us o r no n-bacterial inf ectio ns

Maintaining high standards o f  hygiene  in the ho spital enviro nment

Minimising use o f antibio tics fo r ro utine treatment o f animals in agriculture

Develo pment o f new types o f  antibio tic

NOS: T he development of new techniques can lead to new avenues of research

The rise o f antibio tic resistance  presents signi�cant challenges within the medical �eld, as it

renders the treatment o f speci�c illnesses mo re challenging and co ntributes to  higher mo rtality

rates

Addressing antibio tic resistance stands as a to p prio rity fo r the Wo rld Health Organiz atio n

(WHO)

The future e�ectiveness in treating co mmo n infectio ns and mino r injuries hinges upo n the

develo pment o f no vel antibio tics

Presently, researchers are making use o f chemical libraries  to  craft and pro duce fresh antibio tics

Within these screening libraries, there exists a wealth o f info rmatio n abo ut numero us chemical

co mpo unds  po ssessing antibacterial characteristics

Inno vative metho do lo gies like inco rpo rating chemical libraries intro duce pro mising avenues fo r

co untering the issue o f antibio tic resistance
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Zoonoses

Zoonosis

So me diseases are species speci�c  whilst o thers can cro ss species barriers  to  infect multiple

di�erent species

Species-speci�c disease may be unable to  cro ss the species barrier fo r many reaso ns:

If a species do es no t po ssess the necessary recepto rs to  be at risk o f infectio n

If the bo dy temperature o f the o rganism do esn't reach temperatures required fo r the

develo pment o f the disease

Z o o no tic diseases are tho se which can cro ss the species barrier fro m animal to  human

This is a gro wing glo bal co ncern due to  the clo se relatio nships between humans and animals

meaning the disease may be di�cult to  co ntro l and eradicate

This may po tentially lead to  pandemics  such as that caused by COVID-19

Animal pro ducts may also  be a�ected by z o o no tic disease which po ses a further issue

So me z o o no tic diseases  can initially emerge f ro m animal po pulatio ns befo re develo ping into

human o nly strains e.g. HIV

Vaccines & Immunity

Vaccines

A vaccine is a so urce o f antigens o r DNA/RNA which co des fo r antigens

The vaccine is intro duced into  the bo dy to  induce immunity witho ut causing the disease

Vaccines cause a speci�c immune respo nse  where antibo dies are released by plasma cells

There are di�erent types o f vaccine, including

Live attenuated  - these are weakened versio ns o f  the patho gen

Inactivated  - these are killed, no n-living co mpo nents o f  patho gens  o r even just the

antigens  alo ne

Vaccines are administered either by injectio n o r o rally  (by mo uth)

The vaccinatio ns given by injectio n can be into  a vein o r muscle

Vaccinatio ns pro duce lo ng-term immunity  as they cause memo ry cells to  be created

The memo ry cells reco gnise the antigen when re-enco untered and pro duces antibo dies, in what

is a f aster, stro nger, seco ndary respo nse

Vaccinat ion & ant ibodies graph
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Exam T ip

Remember vaccines trigger the primary immune respo nse (T helper cells trigger B plasma cells to

secrete speci�c antibo dies) which leads to  the pro ductio n o f memo ry cells which will give a

faster and larger (higher co ncentratio n o f antibo dies) seco ndary respo nse.

Herd Immunity

If a large eno ugh percentage  o f the po pulatio n is vaccinated, it pro vides pro tectio n f o r the

entire po pulatio n because there are very f ew places f o r the patho gen to  breed  - it can o nly do

so  if it enters the bo dy o f an unvaccinated perso n

This is kno wn as herd immunity

If the number o f peo ple vaccinated against a speci�c disease dro ps  in a po pulatio n, it leaves the

rest o f the po pulatio n at risk o f mass inf ectio n, as they are mo re likely to  co me acro ss peo ple

who  are infected and co ntagio us This increases the number o f  inf ectio ns, as well as the number

o f peo ple who  co uld die fro m a speci�c infectio us disease

Herd immunit y 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 f ro m o ccurring in po pulatio ns

This is the reaso n that many vaccinatio ns are given to  children, as they are regularly seen by

medical practitio ners and can be vaccinated early to  ensure the entire vaccinated po pulatio n

remains at a high level

In certain instances, vaccinatio n pro grammes are run with the aim o f eradicating certain

dangero us diseases, as o ppo sed to  co ntro lling them at lo w levels

An example o f a disease which has been eradicated as a result o f a successful vaccinatio n

pro gramme is smallpo x, which was o �cially eradicated in 1980 after a vaccinatio n pro gramme run

by the Wo rld Health Organisatio n since the mid-1950s

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

Data that is co llected by scientists, to  suppo rt theo ries in their research, is peer reviewed; this

means that o ther scientists in the same �eld can judge the accuracy and validity  o f any

co nclusio ns drawn

Once research has been published, o ther scientists may use this research to  aid further wo rk

In so me situatio ns the media may repo rt o n the �ndings o f scienti�c studies befo re the full peer

review pro cess has been carried o ut; this can cause issues in public respo nses  to  new �ndings,

fo r example:

When new medicines o r vaccines are tested, the media may repo rt o n the side e�ects

befo re tests are co mplete

The public view may be biased  to wards the media presentatio n o f research, which may no t be

accurate

This can be damaging to  the pro gressio n and implementatio n o f any new medicines

It is  impo rtant that the public are aware  o f this pro blem o f media repo rting o n inco mplete

research, tho ugh educatio n o n this is o ften no t present in media repo rts

When evaluating the intro ductio n o f a new medicine o r vaccine, scientists tend to  use a

pragmatic appro ach, meaning that they co nsider the o verall practicalities and e�ectiveness o f a

new treatment, rather than the certainty o f its e�ect o n individuals

I.e. a vaccine in testing may be safe and e�ective, but may result in unpleasant side e�ects fo r

a very small number o f individuals; scientists wo uld draw the o verall co nclusio n that this

vaccine can be ro lled o ut to  the public, but an individual receiving the vaccine wo uld no t be

certain that they wo uldn't experience any negative side e�ects

In the case o f COVID-19 vaccine  develo pment, the pragmatic appro ach was applied in o rder to

develo p an e�ective vaccine as quickly as po ssible; results o f trials sho wed that the vaccine

was safe and e�ective fo r the vast majo rity o f peo ple, tho ugh there were a small number o f

individuals who  experienced medical di�culties

Altho ugh the vaccine sho wed a high degree o f e�cacy, there was a level o f distrust  fro m the

public due to  so me o f the representatio n o f  negative side e�ects in the media
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Evaluating COVID-19 Data: Skills

Evaluating COVID-19 Data

Calculating percentage di�erence

A percentage di�erence calculatio n allo ws co mpariso n o f two  directly co mparable values that

o ccur at the same time, e.g. the number o f COVID-19 cases in two  di�erent co untries at the same

po int in time

Directly co mparable values are values that mean the same thing, i.e. the number o f COVID-19

cases and the number o f COVID-19 deaths are two  di�erent types o f value; they are no t

directly co mparable

Percentage di�erence is calculated by dividing the di�erence between two  values by the

average o f  the two  values

The resulting value is expressed as a percentage

Percentage difference =
difference between two values

average of two values
x 100

Worked example

In mid-July 2023, Euro pe had 18 392 co n�rmed cases o f COVID-19, while So uth-East Asia had 1

584 co n�rmed cases.

Calculate the percentage di�erence between the number o f co n�rmed cases in Euro pe and

So uth-East Asia

Step 1: Calculate the di�erence between the two  values

18 392 − 1 584 = 16 808

Step 2: Calculate the average o f  the two  values

18 392 + 1 584
2

= 9 988

Step 3: Cubstitute numbers into  the f o rmula

Percentage difference =
16 808
9 988

x 100

= 168 .3  %

There was 168.3 %  di�erence between the number o f co n�rmed cases in Euro pe and So uth-East

Asia in mid-July 2023
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Calculating percentage change

A percentage change calculatio n allo ws co mpariso n o f two  values f ro m the same data set at

di�erent times, i.e. ho w a facto r has changed o ver time

Percentage change is calculated by dividing the di�erence between an o ld and a new value,

divided by the o ld value

The resulting value is also  expressed as a percentage

Percentage change =
change

original value
x 100

If the o riginal number is larger, then the change will be a percentage decrease, and if the o riginal

number is smaller then the change will be a percentage increase

Worked example

In mid-June 2023, Euro pe had 38 950 co n�rmed cases o f COVID-19, while in mid-July 2023, it had

18 392 cases.

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

Step 1: Calculate the change in the number o f  cases

38 950 − 18 392 = 20 558

Step 2: Substitute numbers into  the equatio n

Percentage change =
20 558
38 950

x 100

= 52 .8  %

There has been a percentage change o f 52.8 %  in the number o f Euro pean COVID-19 cases

between June and July 2023

As the o riginal value was larger than the new value, this can be represented as a negative number

(-52.8 % ) o r described as a percentage decrease
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