Microorganisms in general
[bookmark: _GoBack]location
· Everywhere in environment; associating with animals and plants.
structure
· Vary widely in size, complexity, and their ability to grow in certain environments
· Invisible to naked eye; 1 – 2 microns
Proportion that are harmful: not many, 
proportion useful: many


Immunology = study of our protection from foreign macromolecules or invading organisms and our responses to them
Different classes of microorganisms
1. Viruses / chlamydia (grow only in living cells)
2. Mycoplasma (grow on non-living media)
3. Bacteria (no separate nucleus; unicellular) 
4. Parasites

how big are microorganisms? 1 – 2 microns, 1mm = 1000microns

Virus
Basic structure 
· Nucleic acids; either RNA or DNA, neither both
· In some cases, a protein shell known as a capsid
· Small and difficult to study
How do virus’s affect the host
· Enter cells, and divert the synthetic processes of those cells towards their own replication
· This can kill, or not kill the host cell

Bacteria
What are they?
· Prokaryotes
Structure
· Rigid cell well with cytoplasm
· Genetic material organized into a circular chromosome
· No nucleus** important
· Both DNA and RNA
How does bacteria divide?
· Binary fission
How do bacteria differ from mycoplasms?
· Bacteria have rigid cell wall
Can we live without bacteria? No, there are a lot of helpful bacteria that we need

Eukaryotes
What does this comprise?
· All unicellular and multicellular animals and plants
Structure: genetic material is organised into a nucleus

What is normal bacterial flora?
· Large numbers of microorganisms living inside another body
What are the 2 types of bacterial flora?
1. Resident naturally occurring long term bacterial flora populations
When is it harmful/harmless?
· Harmless when this type of flora stays where it is supposed to be
· Harmful when it is not where it is supposed to be
what two examples of normal resident flora and where are they
· anaerobes and coliforms in colon
· coagulase negative staphylococci on skin
2. Transient bacterial flora that results from displacement of resident flora, entering body from injury, trauma, or human behaviour. Not long term

How is normal bacteria flora good for us
· Protects from infection
· Helps metabolism; certain flora synthesize vitamin K
How is normal bacterial flora clinically important?
· Antibiotics disturb normal flora balance
· If there are deficiencies in Host defences controlling normal flora there is higher susceptibility to illness
· Normal flora in cultures confuses interpretations of lab results

Where should there be no bacteria?
· Urine
· Blood
· Brain

Bacterial infections and host defences
Normal human health bacterial flora
· Balanced ecosystem with multiple species at a site and no single organism predominating; organisms do not invade outside their normal territory
The bacterial flora with bad human health
· A single species of bacterial flora will predominate at a site which there is normally many species 
· Or when a single organism invades a body side that is normally sterile
How is outcome of infection determined?
· Bacterial pathogenicity factors
· The host response to those aggressive bacterial mechanisms

What happens when a pathogenic organism enters the body
1. microorganism try’s to multiply and invade
2. host try’s to prevent this

4 Bacterial pathogenicity factors; How do microorganisms get into the body?
1.   Adherence
what is this?
· First requirement/prerequisite of bacterial invasion/infectious process where Bacterias adheres to the host via specific mechanisms
how do bacteria adhere?
· Ligands are present on the surface of the bacteria and are able to bind to specific receptors on mammalian cell surfaces
What happens after adherence
· evasion and invasion
what tools do microorganisms use to achieve adherence, evasion and invasion?
· surface structures; pili, fimbriae; adhere to receptors on cells
· capsules; protection from leukocytes
· enzymes; coagulase and hyaluronidase

2.  toxin production
what are toxins?
· substances (usually proteins) secreted by bacteria with the hope to cause damage
what are the 2 classes of toxins 
1.     exotoxin; actively excreted by living cells
3 characteristics of exotoxins
(i) specific affinities; can only act on specific cells in body
(ii) thermolabile; heat sensitive, easily inactivated by high temperature (cooking food) 
(iii) potent; extremely powerful
2.      endotoxin: embedded in cell wall structure and released when cell wall disintegrates
characteristics
(i) less specific; causes fever, malaise, shock
(ii) thermostable
(iii) less potent then exotoxins

3.   Opportunistic: a microorganism that does not normally cause disease but can does so when normal defence mechanisms are breached or compromised

4.  compromised host; deficient in natural antimicrobial defences due to disease or medical/surgical procedures
Host Defence Missing				 Patient at Risk for
Phagocytic cells (e.g., leukopenia) -	Staphylococcus aureus and Streptococcus pneumoniae Antibody mediated immunity -	Streptococcus pneumonia and viral infections
Cell mediated immunity (incld. AIDS) - Tuberculosis, Legionella and AIDS-related infections

Host responses to Bacterial mechanisms
1.   Mechanical barriers
what are they?
· Skin (most important mechanical and innate immune system component), saliva, mucous, tears, hairs
How does the skin initiate an infectious process?
· microorganisms on skin that do not normally gain access to deeper subcutaneous tissues gain access due to a break in the integreity of skin barrier 
2.   Phagocytosis
what is this’?
· the ingestion and killing of bacteria by macrophagues and blood neutrophils (polymorphonnucleur cells)
· very important defence against invasion by bacteria
3. antibodies (humoral immunity)
4. Complement; complex system of plasma proteins that work together to resist bacterial infection; enhance immune system
5. cell mediated immunity; macrophagues

define infection: 
· Penetration of a microorganism, or a part of it capable of multiplication, into a host organism, producing apparent or inapparent changes

define clinical infection:
Penetration of a microorganism, or a part of it capable of multiplication, into a host organism, producing apparent changes that result in functional damage to the infected host. 
In a clinical infection, why do such changes occur? Give examples
· when the balance between host and microorganisms is disturbed: 
e.g Large no. of microbes Versus Small no. of microbes ; Increased virulence Versus Attenuated virulence ; Susceptible host Versus Resistant host
· 
what is the difference between clinical and sub clinical infection
clinical infection: disease
sub-clinical infection/in apparent infection: hard to diagnose, no symptoms

what does contamination of a  microorganisms refer to
· deposition of microorganisms without multiplication
What does colonization of microorganisms refer to?
· colonization (establish and multiply) in/on body without any apparent or inapparent change

3 ways to determine how dangerous a pathogen is
1. pathogenicity: measurement of how well a bacterium is able to produce disease
2. virulence: measurement of capacity to cause damage (how severe the symptoms are)
3. opportunistic: see above

define Transmissibility: transfer of effective challenge amount from source to host
what are the 4 Routes of entry
1. inhalation
2. ingestion
3. break in protective barrier
4. direct deposit; very traumatic injury where deep tissues are exposed; most dangerous and most severe and most rare of getting exposed to a pathogenic organisms

define pathogenicity; high ability to infect/produce disease

what causes pathogenicity?
1. Invasiveness: ability to overcome host defences and multiply; avoidance of immune system by high adherence, avoidance, protectiveness
2. toxigenicity: high ability to make toxins

Body defences - immunity
2 parts of immune system;
1. non specific (natural, innate)
2. specific (acquired, adaptive) 
What is the difference between innate immunity and adaptive immunity? 
Nonspecific/Innate: protects against ANY invader, does not discriminate 
Specific/Adaptive: directed against one type of invader, dependant on past exposure

1. non specific/innate immunity
where do these immune cells come from?
· Myeloid stem cells
parts of this
(i) skin; simply a barrier, not targeting a specific organism
what makes skin a good barrier?
· Acidic; due to sweat secreted from sebaceous glands
· Colder environment
(ii) mucous membranes 
what makes these a good barrier? 
· Cilia in respiratory tract to remove things largr than 5 microns (dust)
· Lysozomes (antibacterial, in tears)
· High Ph
(iii) iron binding proteins; transferrin and lactoferrin
why are these effective?
- transferrin, and lactoferrin take iron out of blood so bacteria cant grow
(iv) phagocytosis: WBCS, macrophagues, always circulating body looking for foreign invaders
(v) Complement; see above

2. specific immunity
where do these immune cells come from?
· Lymphoid stem cell
involves two machanisms
1. Humoral immunity; antibodies in body fluids
2. cell mediated immunity; t cells trained to attack specific invading organisms

Humoral immunity - antibodies
what is an Antibody? an immunoglobulin produced in response to stimulation by an antigen and reacting specifically with it.
how are they Produced? By B-lymphocytes upon stimulation from antigen presenting T-cells 
function: Recognize toxins, capsules, some viral proteins 
structure
Constant and variable region – Variable region is responsible for antigen recognition

antigens
what is an antigen
· Recognized by body as foreign; that stimulates production of antibodies and cell mediated response
structure
· Usually a Protein, but can be glycoprotein, lipoprotein, polysaccharide 
· Molecular weight of at least 10000 to trigger immune response
· Particulate or soluble
Bacterial antigens: capsule, flagella, cell wall
Virus antigens: polypeptides

5 classes of immunoglobins
· igG, igA, IgM, IgE, IgD
IgG 
· Host defense 
· Crosses placenta and protects newborn
IgD : Role is unknown
IgA 
· Host defense
· Found in secretions (Tears, saliva, milk, respiratory, GI and genitourinary tract)
· Dimer
IgM 
· Host defense 
· Early immune response
· Does not cross placenta
· Pentamer 
IgE
· Hypersensitivity (allergies)
· Defends against parasites



Immune responses
· Consists of primary and secondary responses
1st/primary response; antibodies produced against foreign substance triggered by first introduction of antigen
describe primary response
· lag (latent) period for up to several days
· circulating antibodies detectable in 5 - 10 days 
· serum antibody peaks at about 3 weeks then level drops (eventually to undetectable levels)
2nd response; when an antigen is introduced to system second, third time
· After a short lag, the titer of antibody rises rapidly (2-3 days) and then decreases over a much longer period, 
· stabilizing at a lower level
function of booster injections
· 3 – 5 injections of antigen until antibody level reaches a maximum 
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