6.3  Defence Against Infectious Disease

Understandings:
· The skin and mucous membranes form a primary defence against pathogens that cause infectious disease
· The first line of defence against infectious disease are the surface barriers that prevent the entry of pathogens into the body
	Skin
	Mucous Membranes

	· Protects outer body areas
	· Protects internal structures (i.e. exernally accessible cavities and tubes – such as the trachea, oesophagus)

	· Consists of a dry, thick and tough region composed predominantly of dead surface cells
	· Consists of a thin region of living surface cells that release fluids to wash away pathogens (mucus, saliva, tears, etc.)

	· Contains biochemical defence agents (sebaceous glands secrete chemicals and enzymes which inhibit microbial growth on skin)
	· Contains biochemical defence agents (secretions contain lysozyme which can destroy cell walls and cause cell lysis)

	· The skin also secretes lactic acid and fatty acids to lower the pH
	· Mucous membranes may be ciliated to aid in the removal of pathogens 


· Natural secretions
· Tears and saliva contain enzyme lysozyme that makes bacteria burst
· E.g. 
· Acid in stomach
· Anthi-bacterial action of chemicals in semen and milk
· Natural flora
· ‘Good’ Bacteria present in the gut, virginia and skin
· Inhibit growth of pathogenic bacteria
· Cuts in the skin are sealed by blood clotting
· Clotting (haemostasis) is the mechanism by which broken blood vessels are repaired when damaged
· Clotting functions to prevent blood loss from the body and limit pathogenic access to the bloodstream when the skin is broken
	Platelets-primary haemostasis
	undergo a structural change when activated to form a sticky plug at the damaged region 

	Fibrin strands-secondary haemostasis
	an insoluble mesh of fibres that trap blood cells at the site of damage 




· Clotting factors are released from platelets
· The cascade results in the rapid conversion of fibrinogen to fibrin by thrombin
· This cascade is stimulated by clotting factors released from damaged cells (extrinsic pathway) and platelets (intrinsic pathway)
The coagulation cascade :
· Clotting factors cause platelets to become sticky and adhere to the damaged region to form a solid plug
· These factors also initiate localised vasoconstriction to reduce blood flow through the damaged regionx
· Additionally, clotting factors trigger the conversion of the inactive zymogen prothrombin into the activated enzyme thrombin
· Thrombin in turn catalyses the conversion of the soluble plasma protein fibrinogen into an insolube fibrous form(fibrin)
· The fibrin strands form a mesh of fibres around the platelet plug and traps blood cells to form a temporary clot
· When the damaged region is completely repaired, an enzyme (plasmin) is activated to dissolve the clot
· Ingestion of pathogens by phagocytic white blood cells gives non-specific immunity to disease[image: coagulation cascade]
· The second line of defence against infectious disease is the innate immune system, which is non-specific in its response
· Antimicrobial substances→ Inflammation and fever→ Phagocytic white blood cells
· It does not differentiate between different types of pathogens (non-specific) 
· It responds to an infection the same way every time (non-adaptive)
Phagocytes
· Phagocytic leukocytes circulate in the blood and move into the body tissue in response to infection
· Damaged tissues release chemicals which draw white blood cells to the site of infection 
· Pathogens are engulfed when cellular extensions (pseudopodia) surround the pathogen and then fuse to form an internal vesicle
· The vesicle is then fused to a lysosome (forming a phagolysosome) and the pathogen is digested
· Pathogen fragments (antigens) may be presented on the surface of the phagocyte in order to stimulate the third line of defence
· Production of antibodies by lymphocytes in response to particular pathogens gives specific immunity[image: phagocytosis]
· The third line of defence against infectious disease is the adaptive immune system, which is specific in its response
· It can differentiate between particular pathogens and target a response that is specific to a given pathogen
· It can respond rapidly upon re-exposure to a specific pathogen, preventing symptoms from developing (immunological memory)
Lymphocytes
· These antigen-presenting cells migrate to the lymph nodes and activate specific helper T lymphocytes
· The helper T cells then release cytokines to activate the particular B cell capable of producing antibodies specific to the antigen
· The activated B cell will divide and differentiate to form short-lived plasma cells that produce high amounts of specific antibody
· Antibodies will target their specific antigen, enhancing the capacity of the immune system to recognise and destroy the pathogen
· A small proportion of activated B cell will develop into memory cells to provide long-lasting immunity
· Antibiotics block processes that occur in prokaryotic cells but not in eukaryotic cells
· Metabolic features that may be targeted by antibiotics include key enzymes, 70S ribosomes and components of the cell wall
· Because eukaryotic cells do not possess these features, antibiotics will target the pathogenic bacteria and not the infected host
· Antibiotics may either kill the invading bacteria or suppress its potential to reproduce 
· Viruses lack a metabolism and cannot therefore be treated with antibiotics[image: antibiotics]
· Viruses do not possess a metabolism (they are not alive) and instead take over the cellular machinery of infected host cells
· they cannot be treated with antibiotics and must instead be treated with specific antiviral agents
· Antiviral treatments target features specific to viruses 
· Some strains of bacteria have evolved with genes that confer resistance to antibiotics and some strains of bacteria have multiple resistance
· Antibiotics can be narrow spectrum (effective against specific bacteria) or broad spectrum (effective against many bacteria)
· Some strains of bacteria have evolved with genes that resistance to antibiotics and some strains have multiple resistance
· Genes may confer resistance by encoding traits that degrade the antibiotic, block its entry, increase its removal or alter the target
· Because bacteria reproduce at a rapid rate, resistant strains of bacteria can proliferate very quickly following the initial mutation
· Additionally, resistant strains can pass resistance genes to susceptible strains via bacterial conjugation 
The prevalance of resistant bacterial strains is increasing rapidly with human populations due to a number of factors:
· Antibiotics are often over-prescribed or misused 
· Many antibiotics are freely available without a prescription and certain antibiotics are commonly included in livestock feed
· Multi-drug resistant bacteria are especially common in hospitals  where antibiotic use is high

Applications:
· Causes and consequences of blood clot formation in coronary arteries
· Coronary Thrombosis: the formation of a clot within the blood vessels that supply and sustain the heart tissue (coronary arteries)
· May cause heart attack
· Florey and Chain’s experiments to test penicillin on bacterial infections in mice[image: coronary thrombosis]
· first chemical compound found to have antibiotic properties was penicillin, which was identified by Alexander Fleming in 1928
· The discovery of penicillin was a fortuitous accident, resulting from the unintended contamination of a dish containing S. aureus
· Working with another scientist (Ernst Chain) and a team of researchers, Florey tested penicillin on infected mice
· Eight mice were injected with hemolytic streptococci and four of these mice were subsequently injected with doses of penicillin
· The untreated mice died of bacterial infection while those treated with penicillin all survive
· Effects of HIV on the immune system and methods of transmission
· HIV specifically targets the helper T lymphocytes which regulate the adaptive immune system
· Following infection, the virus undergoes a period of inactivity (clinical latency) during which infected helper T cells reproduce
· Eventually, the virus becomes active again and begins to spread, destroying the T lymphocytes in lysogenic cycle
· With a reduction in the number of helper T cells, antibodies are unable to be produced, resulting in a lowered immunity
· The body becomes susceptible to opportunistic infections, eventually resulting in death

[image: HIV transmission]
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