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Standard 10

A. Students know the role of the skin inA. Students know the role of the skin in
providing nonspecific defenses againstproviding nonspecific defenses against
infection.infection.

f.* Students know the roles off.* Students know the roles of
phagocytes, Bphagocytes, B--lymphocytes, and Tlymphocytes, and T--
lymphocytes in the immune system.lymphocytes in the immune system.



What is a pathogen?

•• Pathogen:Pathogen: disease causingdisease causing
agentsagents

•• They are harmfulThey are harmful

to living thingsto living things



Examples of Pathogens?

•• BacteriaBacteria

•• VirusesViruses

•• ParasitesParasites
such as fungi,such as fungi,
protista, &protista, &
wormsworms



How are Pathogens Spread?

•• SoilSoil

•• WaterWater

•• Infected animalsInfected animals
•• Consumption (food)Consumption (food)

•• VectorsVectors--mosquitoesmosquitoes--West Nile Virus, ticksWest Nile Virus, ticks--
Lyme Disease, fleasLyme Disease, fleas--Bubonic plague, fliesBubonic plague, flies

•• PersonPerson--toto--person contactperson contact

•• Yourself…Yourself…
•• always wash your handsalways wash your hands



Q: How do bacteria cause damage to
host cells?

A: By releasing poisonous substancesA: By releasing poisonous substances
called toxins.called toxins.

•• Did you know?…the TetanusDid you know?…the Tetanus
bacteria is found in soil and onebacteria is found in soil and one
drop of the toxin, the size of adrop of the toxin, the size of a
period, can kill 30 people.period, can kill 30 people.



The Immune SystemThe Immune System

 Immune System:Immune System: the body system thatthe body system that
fights off invading pathogensfights off invading pathogens

The body has two types of defenseThe body has two types of defense
against infection:against infection:
•• Nonspecific DefenseNonspecific Defense –– a general responsea general response

to any pathogen (1to any pathogen (1stst line of defense)line of defense)

•• Specific DefenseSpecific Defense –– a specific countera specific counter--
assault against a particular pathogen thatassault against a particular pathogen that
your body can recognizeyour body can recognize



1st line of Defense:
Types of Non-specific Defense

 SkinSkin:: a physical barrier to pathogensa physical barrier to pathogens

•• Any break in the skin allows entryAny break in the skin allows entry

•• releases sweat, oils, and waxes thatreleases sweat, oils, and waxes that
contain chemicals toxic to bacteriacontain chemicals toxic to bacteria

Mucous membranesMucous membranes:: tissues that linetissues that line
internal body surfaces that are ininternal body surfaces that are in
contact with the environmentcontact with the environment

•• Mucous:Mucous: sticky fluid that traps pathogenssticky fluid that traps pathogens



1st line of Defense:
Types of Non-specific Defense

 Stomach:Stomach: has acid that destroys potentialhas acid that destroys potential
pathogens that are swallowedpathogens that are swallowed

 PhagocytesPhagocytes: WBC’s that “eat” pathogens: WBC’s that “eat” pathogens

•• MacrophagesMacrophages –– ingest and destroyingest and destroy
pathogenspathogens

•• NeutrophilsNeutrophils –– secrete toxic chemicals thatsecrete toxic chemicals that
kill bacteriakill bacteria



Macrophage

Neutrophils





1st line of Defense:
Types of Non-specific Defense

Moderate Fevers (< 103Moderate Fevers (< 103OO F):F): inhibit theinhibit the
growth of pathogens and stimulategrowth of pathogens and stimulate
macrophage actionmacrophage action

 Inflammatory Response:Inflammatory Response: response inresponse in
which WBC’s engulf foreign substanceswhich WBC’s engulf foreign substances

and body temperature risesand body temperature rises



The Inflammatory Response
(Inflammation)

•• Stimulated when pathogen gets past theStimulated when pathogen gets past the
skin and mucous membranesskin and mucous membranes

• Step 1: injury occurs (cut or splinter)injury occurs (cut or splinter)

• Step 2: damaged cells release adamaged cells release a
chemical messenger (histamine)chemical messenger (histamine)

• Step 3: histamine increases blood flowhistamine increases blood flow
to the injured areato the injured area –– results in redness,results in redness,
swelling, warmth, and painswelling, warmth, and pain



Continued…

• Step 4: blood clotting process beginsblood clotting process begins

• Step 5: WBC attracted by chemicalWBC attracted by chemical

messenger engulf the pathogensmessenger engulf the pathogens

Inflamed hand fighting
infection on left, regular
hand on right.
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What are the four symptoms of
inflammation? (FYI)

•• RednessRedness

•• SwellingSwelling

•• PainPain

•• HeatHeat



Self CheckSelf Check

What is a pathogen?What is a pathogen?

 How are diseases transmitted?How are diseases transmitted?

What are two categories of the body’sWhat are two categories of the body’s
defense?defense?

 How do the skin and mucous membranesHow do the skin and mucous membranes
protect the body?protect the body?



Standard 10Standard 10

 b.b. Students knowStudents know the role of antibodies in the body's response tothe role of antibodies in the body's response to
infection.infection.

c.c. Students knowStudents know how vaccination protects an individual fromhow vaccination protects an individual from
infectious diseases.infectious diseases.

d.d. Students knowStudents know there are important differences between bacteriathere are important differences between bacteria
and viruses with respect to their requirements for growth andand viruses with respect to their requirements for growth and
replication, the body's primary defenses against bacterial and vreplication, the body's primary defenses against bacterial and viraliral
infections, and effective treatments of these infections.infections, and effective treatments of these infections.

 e.e. Students knowStudents know why an individual with a compromised immunewhy an individual with a compromised immune
system (for example, a person with AIDS) may be unable to fightsystem (for example, a person with AIDS) may be unable to fight offoff
and survive infections by microorganisms that are usually benignand survive infections by microorganisms that are usually benign..



Specific Defense:
The Immune System

 Organs of the Immune SystemOrgans of the Immune System::

•• Bone MarrowBone Marrow: makes WBC: makes WBC

•• ThymusThymus: where T cells mature: where T cells mature

•• Lymph nodesLymph nodes: contain lots of WBC: contain lots of WBC

•• SpleenSpleen: removes pathogens from: removes pathogens from
bloodblood



 Cells of the Specific Immune System:Cells of the Specific Immune System:
LymphocytesLymphocytes

•• B LymphocytesB Lymphocytes: Makes antibodies: Makes antibodies

•• TT LymphoctyesLymphoctyes: helps stimulate an: helps stimulate an
immune responseimmune response

You can call them B-cells and T-cells for
short!





Specific Defense:
Recognizing Pathogens

 Immune Response:: process of lymphocytesprocess of lymphocytes
attacking and removing pathogensattacking and removing pathogens

 Antigen:Antigen: protein found on the surface ofprotein found on the surface of
microorganisms or pollenmicroorganisms or pollen that provokes anthat provokes an
immune responseimmune response

 Recognition:Recognition:
•• Lymphocytes have receptor proteins allLymphocytes have receptor proteins all

over themover them
•• Receptor proteins recognize and bind toReceptor proteins recognize and bind to

antigens that match the receptorantigens that match the receptor
 Immune system makes millions of lymphocytesImmune system makes millions of lymphocytes

with different receptorswith different receptors





Specific Defense:Specific Defense:
Types of Immune ResponsesTypes of Immune Responses

1.1. HumoralHumoral

2.2. Cell MediatedCell Mediated



Specific Defense:
Cell-Mediated Immune Response

 Involves mainly T cellsInvolves mainly T cells

1.1. Macrophage eats a pathogen and puts fragmentsMacrophage eats a pathogen and puts fragments
of its antigen on its surfaceof its antigen on its surface

2.2. TT--helper cell comes alonghelper cell comes along

3.3. Macrophage releases a signal (InterleukinMacrophage releases a signal (Interleukin--1) to T1) to T--
helper cellhelper cell

4.4. TT--helper cell recognizes signal and releaseshelper cell recognizes signal and releases
another signal (Interleukinanother signal (Interleukin--2)2)

5.5. TT--cytotoxiccytotoxic cell recognizes signal and comes to killcell recognizes signal and comes to kill
infected cellsinfected cells

6.6. TT--suppressor cells come to shut down immunesuppressor cells come to shut down immune
response when pathogen is defeatedresponse when pathogen is defeated





Specific Defense:
Humoral Immune Response

 Involves mainly B cellsInvolves mainly B cells

1.1. TT--helper cells stimulate B cells to divide andhelper cells stimulate B cells to divide and
form plasma cellsform plasma cells

2.2. Plasma cells make and release antibodiesPlasma cells make and release antibodies

3.3. AntibodiesAntibodies:: YY--shaped molecules that bind toshaped molecules that bind to
specific pathogens and inactivate them orspecific pathogens and inactivate them or
trigger their destructiontrigger their destruction –– they help destroythey help destroy
microbes that invade the bodymicrobes that invade the body

4.4. When the battle is won, BWhen the battle is won, B--cells patrol the bodycells patrol the body
for years as Memory Cellsfor years as Memory Cells





Immune Response gets stronger
over time

 Primary Immune ResponsePrimary Immune Response:: 11stst time atime a
certain antigen is encountered by thecertain antigen is encountered by the
bodybody
•• Immune response takes placeImmune response takes place

•• After infection, most B and T cells die, butAfter infection, most B and T cells die, but
some stay alive for life as Memory cellssome stay alive for life as Memory cells

•• Memory Cells will divide to fight pathogensMemory Cells will divide to fight pathogens
if they ever meet againif they ever meet again



 Secondary Immune ResponseSecondary Immune Response:: a latera later
exposure to the same pathogen

•• Response is faster and stronger becauseResponse is faster and stronger because
the memory cells are already familiar withthe memory cells are already familiar with
the pathogen and know how to fight itthe pathogen and know how to fight it





 When were the firstWhen were the first
antibodies produced?antibodies produced?

 When was the mostWhen was the most
rapid division of Brapid division of B
cells?cells?



 AllergiesAllergies:: misdirected immune responsemisdirected immune response
against harmless antigensagainst harmless antigens

Allergies

Figure 24.17
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 Allergies involve the release of HistamineAllergies involve the release of Histamine
which:which:

•• Causes nearby capillaries to swellCauses nearby capillaries to swell

•• Causes increased secretion by mucousCauses increased secretion by mucous
membranesmembranes



Immunity and Vaccination

 ImmunityImmunity:: resistance to a specific pathogenresistance to a specific pathogen

•• Can get immunity by having the disease andCan get immunity by having the disease and
surviving (chicken pox)surviving (chicken pox)

•• Can get immunity by getting a vaccinationCan get immunity by getting a vaccination

 VaccineVaccine:: solution containing a harmlesssolution containing a harmless
version of a pathogenversion of a pathogen

•• They are produced from killed or weakenedThey are produced from killed or weakened
pathogenspathogens

•• They trigger antibody formationThey trigger antibody formation



 VaccinationVaccination

Figure 24.4x



Bacteria vs. Virus

 StructureStructure

•• Bacteria:Bacteria: have both a cell membrane andhave both a cell membrane and
cell wallcell wall

•• Virus:Virus: have a protein coat and a nucleichave a protein coat and a nucleic
acid coreacid core



Bacteria vs. Virus

Growth and Replication

•• BacteriaBacteria:: divide by binary fission, requiredivide by binary fission, require
food source, warmthfood source, warmth

•• VirusVirus:: reproduce by taking over host cell,reproduce by taking over host cell,
require a host cellrequire a host cell

–– Are NOT alive because:Are NOT alive because:

–– They are NOT cellsThey are NOT cells

–– They can’t make proteinsThey can’t make proteins

–– They can’t use energyThey can’t use energy



Bacteria vs. Virus

Body’s Primary Defense

•• BacteriaBacteria:: nonspecific immune responsenonspecific immune response
followed by specific immune responsefollowed by specific immune response

•• VirusVirus:: specific immune responsespecific immune response



Bacteria vs. Virus

Treatments

•• BacteriaBacteria:: antibioticsantibiotics

•• VirusVirus:: vaccinationvaccination

–– antibiotics are ineffective against virusesantibiotics are ineffective against viruses
because antibiotics kill bacteriabecause antibiotics kill bacteria



Compromised Immune System

 Compromised Immune System:Compromised Immune System: immuneimmune
system is weakened and loses its abilitysystem is weakened and loses its ability
to fight off pathogensto fight off pathogens

•• Results in the person becoming vulnerableResults in the person becoming vulnerable
to infections that a healthy immune systemto infections that a healthy immune system
normally defeatnormally defeat



 Ex) HIVEx) HIV

•• HIV attacks and cripples the immune systemHIV attacks and cripples the immune system

•• HIV invades macrophages and THIV invades macrophages and T--helper cellshelper cells

•• HIV kills a large number of THIV kills a large number of T--helper cellshelper cells

 A person infected with HIV may:A person infected with HIV may:

•• Develop AIDSDevelop AIDS

•• Have viruses reproducing from THave viruses reproducing from T--helper cellshelper cells

•• Be more susceptible to a variety of pathogens,Be more susceptible to a variety of pathogens,
even benign oneseven benign ones



Autoimmune Disease

 Autoimmune DiseaseAutoimmune Disease:: a disease in whicha disease in which
the immune system attacks thethe immune system attacks the
organism’s own cellsorganism’s own cells

•• The body makes “antiThe body makes “anti--self” antibodiesself” antibodies



Self CheckSelf Check

 Describe theDescribe the humoralhumoral immune responseimmune response

 Compare the first exposure to a pathogen to theCompare the first exposure to a pathogen to the
second (response time?)second (response time?)

 What is an autoimmune disease?What is an autoimmune disease?

 Contrast bacteria and virusesContrast bacteria and viruses

 Why does someone with a compromised immuneWhy does someone with a compromised immune
system more likely to be infected by somethingsystem more likely to be infected by something
that would not affect someone with a healthythat would not affect someone with a healthy
immune system?immune system?



The EndThe End


