Microbiology – Pathogenicity / Host Defense Mechanisms against infection – Overview
Pathogen
A pathogen is a microbe that has the ability to cause host tissue injury. The host damage can be as a result of direct microbial activity or arise from the host immune response. This definition encompasses classical pathogens and opportunistic pathogens. The latter form part of a group that target susceptible groups in the general population. For example, old people, people with immune function disorders etc. 
Pathogenicity

The pathogenicity of an organism is defined as the ability to cause host damage. 
Virulence

This is defined as the level of pathogenicity. Thus, a pathogen has greater virulence if its capacity to cause host damage is high. 
Virulence Factor

If a pathogen has a particular virulence factor, then it is the factor that aids in the damage of the host tissue. 

Summary of sources and causes of virulence 

Below are some of the things that make a microorganism more virulent and hence can be termed virulence factors:
· Adhesins: Bacteria possess special abilities to adhere to the linings so that any flushing of the system will not cause their excretion. For example: E coli bacteria has special adhesins as part of its fimbriae (pili) so it can adhere to the bladder epithelium even though bladder emptying flushes out the system. 

· Toxins: Toxins are released by bacterial that can directly harm the host tissue or trigger destructive host tissue mechanisms. There are only a few toxins such as:
· A-B toxins, pore-forming toxins (form pores in host cells therefore lysis of cell occurs), proteolytic toxins (breakdown proteins)

· Invasiveness: Microorganisms can invade the body in several ways and this is complex mechanism
· Intracellular survival: Pathogens can survive within the host cell with only a few mechanisms. 
· Evasion of the immune response: The longer the pathogen stays inside a host, the more damage it can cause. Thus to evade the immune response is the most important factor in terms of determining the virulence of the microorganism. They can vary their antigenicity, can evade complement action by masking themselves, and degrade the immune components by enzyme release. Another example is the capsule around the bacterial cell wall, therefore phagocytosis cannot occur. 
· Bacteriophage, plasmids, and pathogenicity islands: Virulence can be maintained in these elements and then transmitted to future generations that evolve with similar virulence factors.

Pathogenicity Islands 

These are DNA molecules that have the following common characteristics:

· Carry genes that code for one or more virulence factors (toxins, invasins, adhesins etc). 

· I don’t think this was even covered in the lectures hence no need to learn the material. 

Host

The host has a number of mechanisms which protect it from infection and invasion of microorganisms that are pathogenic. These are: innate immunity, and acquired immunity. 
Factors influencing the extent and severity of infection

The following factors are crucial in the severity of an infection:

Microorganism

· The dosage of the organisms, the more exposure the more severe the infection is likely to be

· The virulence of the organism that has invaded the body. The more virulence factors (described above) it possesses, the more severe the infection is to be.

· The route of entry is crucial. Some points of entry have more defensive mechanisms than others, hence the severity of the infection is decreased

Host factors

· The competence of the immune response is important. The less competent the immune response is the more severe the infection is going to be.

· The integrity of the non-specific defense mechanisms. If there is cuts and bruises in the skin, which is part of the natural barrier, then more chance of infection entering the body hence more severe the infection. 

· Genetic capacity to respond adequately to an infection

· Evidence of previous exposure, the memory aids in a more strong response therefore less severe the infection. 

Non-specific immnity

Physical barriers

· Skin, acid secretions

· Mucus and cilia present. Other barriers include: salivary secretions, sweat, urine, tears, nasal secretions. All have antibacterial agents therefore decreasing chance of infection. 

· Normal flora: there are beneficial bacteria present in body that breakdown things. Thus these compete with unwanted bacteria for nutrients. 

Soluble factors

· Plasma components: eg: acute phase proteins are produced immediately after an infection therefore aid in the defense mechanisms. Less chance of severity of infection. 

· Complement pathway – activated directly by microbes, thus decreasing extent of infection

· Interferons: once cell is infected they produce interferons to warn nearby cells of the virus and to upregulate their defence mechanisms

· TNF – cytokines released as part of the inflammatory process

Phagocytosis

· Polymorphonuclear leukocytes – these are cells that aid in the engulfment of foreign bacteria. Eg: neutrophils, basophils, eosinophils. 

· Mononuclear phagocytes. These are not part of the white blood cell category but still aid in the phagocytosis process. Eg: monocytes (blood), macrophages (tissue)

Fever

· Fever is a response to infection so that increased heat denatures the ability of the bacteria to function effectively. Pyrogens are released which aid in this. 
Specific immunity

If the above defense mechanisms are evade by the use of virulence factors, then the adaptive immune response begins. This is the second line of defense. Two subdivisions exist: humoral immunity: promote phagocytosis of encapsulated organisms, cell-mediated immunity: promote killing of intracellular organisms. 
Humoral Immunity

The functions of antibody are as follows:

· Act as an opsonin to enhance phagocytic process

· Prevention of adherence factors 

· Neutralise the toxins produced by the invading bacteria

· Induce complement activation, and the inflammatory response – both aiding in the fight against the invading bacteria

· Lysis – can cause cell lysis

· Inhibition of motility – they can cause the bacteria to be trapped (i.e.: fibrin meshwork created during inflammation)

· Inhibition of metabolic pathways and growth of microorganism. 

Cell-Mediated Immunity

· Cytotoxic T cells directly kill viral infected cells, dead or damaged cells

· Lymphokines, part of the cytokine family to enhance the function of macrophages

Immune reactions to Infectious Disease (Summary)

The immune system invests in specific defense mechanisms in order to offer resistance to invading organisms. In general these are the things the immune response does:
Antibody mediated

· Opsonisation
· Neutralization of toxins and enzymes
· Promotion of lysis

Cell-Mediated Immunity

· Activated macrophages

· Cytotoxic T cells become activated

Note
Most of this is just an overiew. Don’t worry too much if you don’t understand or cant be bothered memorizing all this crap. 
