DEFENCE AGAINST INFECTIOUS DISEASE

Defence Mechanisms of Plants

° Plants have evolved defence mechanisms to help them survive the attacks of pathogens.
° Waxy cuticle and epidermal cells form a physical barrier against the entry of pathogens.
° Hairy surface which reduces access to tissues below.

. Silicon content of some leaves confers resistance to enzymes produced by invading
pathogens.

. Entry of pathogens or parasites may result in the plant producing a layer of cork cells around
the infection site. This layer isolates the infection as a plant gall.

. These all provide mechanical barriers. Chemical responses also occur.

. Chemical defence: Resins, tannins, and various phenolic compounds produced by some
plants kill pathogens.

° Phytoalexins — Small molecules with antibiotic properties are produced by some plants.

DEFENCE MECHANISMS OF ANIMALS

Invertebrates have non-specific responses to pathogens. These responses involve the action of
phagocytes, white blood cells that have the ability to engulf pathogens by endocytosis, then dissolve
the pathogen using enzymes stored in the phagocyte’s lysosomes.

Vertebrates also have non-specific responses to pathogens, but additionally have specific
responses which can provide long-term resistance to a further infection by the same pathogen. The
defence mechanisms of vertebrates are organised on three levels (refer Figure 2 below):

. Preventing the entrance of pathogens to the body,

° Non-specific rapid inflammatory response attempting to limit the spread of a pathogen which
has breached the first line of defence, entered the body, and caused a limited infection,

. Long-term specific response throughout the whole body to an infection which cannot be
restricted to the original area of infection.
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If all three lines of defence are overcome by the pathogen, death results.

WKHERCG\#JHVSRQGVHR HOIHFWIR QH#Q# DQ \ # D\ V=#

| h
B
HORQOWSHFIIIF# iHHE #
# HHHHHHHE O IOQF OVl # #

HEkdjrf |wvly hatP hgHvhgi rg | ® hgBuhgi
g idlp p dvirg P xqi P xqld #

PREVENTING THE ENTRY OF PATHOGENS

e

P xfrxvit #iH
P hp eudghvi

Skin is an effective barrier to the entry of pathogens. Most pathogenic bacteria cannot survive on
the skin because lactic acid and fatty acids secreted by sweat glands produce a pH of about 3 which
is too low for most bacteria. “Golden staph.” (Staphylococcus aureus) is one species which can
survive on the skin and can infect hair follicles. If it enters the body, it can cause potentially fatal
illness.

Body surfaces do have a number of bacterial species which survive there. These normal body ‘flora’
can limit infection by other micro-organisms, For Example: Bacteria living on the surface of the
vagina keep the pH low by producing lactic acid. If these are killed (as when a person takes a
course of antiobiotics), this may allow the fungal pathogen Candida to increase its numbers causing
a thrush infection.

Body surfaces such as those of the eyes and mouth are kept moist by saliva and tears. These
liquids contain an enzyme called lysozyme which is bactericidal. Other body liquids also contain
bactericidal chemicals: Semen contains spermine, milk contains lactoperoxidase, gastric juice
contains hydrochloric acid.

Mucus provides a physical barrier to infection of the digestive and respiratory tracts. The layer of
mucus lining these tracts traps micro-organisms and prevents them from reaching the epithelial cells
lining these tubes. The mucus is then swept from the trachea and bronchi to the back of the throat
where it (and the trapped micro-organisms) is expelled by coughing, or swallowed. If the mucus is
swallowed, the acid in the stomach will destroy any bacteria it contains.

NON-SPECIFIC INFLAMMATORY RESPONSE

A variety of defence mechanisms combine within the body to inhibit or destroy any infecting
pathogen, regardless of its species. These responses involve white blood cells and a variety of
blood proteins and other chemicals that cause inflammation. Inflammation is characterised by
symptoms of redness, pain, swelling, high temperature, and occasionally the development of pus.
The mechanisms involved in this response are shown in Figure 3 below.
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Fig.3: How Inflammation Develops

. Damage caused by the invasion of a pathogen causes cells to release histamines and other
chemicals which trigger the inflammatory response.

° (#1) Blood vessels dilate, bringing more blood to the infection site, and causing redness.

. (#2) Blood vessel walls become more permeable allowing leakage into the tissues; this causes
swelling, which in turn causes pain.

. (#3) Granulocytes, the commonest of the white blood cells (see Figure 4), are attracted to the
infected tissue. The granulocytes “squeeze” through the blood vessel walls into the tissue
where they phagocytise (engulf) the pathogen. Phagocytosis causes the granulocytes to die:
Dead granulocytes and tissue debris form pus.

. Complement, a collection of proteins normally present in blood, are essential to phagocytosis.
They move into the tissues. One of them attracts granulocytes to the tissues; another of them
acts as “glue” between the phagocyte and the cell membrane of the pathogen. Yet another
may directly attack and destroy the pathogen.

Fig.4: Two granulocytes among red blood cells.
These are neutrophils.
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Fever is caused when some phagocytes release the chemical, Interleukin |, which causes the
hypothalamus to reset the body’s thermostat higher. Because high temperatures speed up
metabolic reactions, fever may assist inflammation and repair through increased heart rate.

REVIEW QUESTIONS

Try answering these from memory. If you have any difficulty with them, you could check the
answers given at the end of these notes.

QUESTION 1
What are three natural lines of defence in humans?

Solution

QUESTION 2
Complete the following table:

Defence mechanism Functional role in overcoming pathogens
Skin Prevents entry of pathogens into the body.
Phagocytosis

Mucus-secreting cells & ciliated
membranes

Body secretions
(For Example: Tears)

Natural proteins
(For Example: Complement)

Fever

Inflammation
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SPECIFIC RESPONSE TO PATHOGENS

Long-term specific response to any foreign is the responsibility of the Immune System. The immune
system is made up of the specialised cells called stem cells, found in the bone marrow and the
tissues of the lymphatic system.

LYMPHATIC SYSTEM

In the capillary networks of the body, more fluid is lost to the tissues at the arterial end than returns
to the blood at the venous end. The extra fluid lost to the tissues is returned to the blood system
through a network of vessels that make up the lymphatic system. The fluid is called lymph and
drains into the lymph vessels along with any pathogenic organisms or cell debris from the tissues.

The lymph vessels pass the lymph through lymph nodes and then into larger vessels that join into a
single duct that rejoins the bloodstream near the heart. Specialised lymphatic tissues occur in the
spleen, thymus, and tonsils.

. Lymph nodes occur at various places in the body — under the arms, in the groin, etc. The
nodes act like a filter to remove any foreign particles (inc. pathogens) which are then
phagocytised by white blood cells called macrophages. Other tissues of the lymph nodes serve
to mature other white blood cells called lymphocytes. Lympohocytes are produced in the bone
marrow and mature in lymph tissue to become B- or T-lymphocytes and act as part of the
immune system.

Tonsils can be regarded as specialised lymph nodes which are found at the back of the tongue and
rear of the nose — ideal spots for combating infection.

. The spleen is made of lymphatic tissue, though blood flows through it. It filters from the blood
(and destroys) invading organisms, and acts as a storehouse for maturing lymphocytes and
red blood cells.

e The thymus is an organ of mixed function acting as an endocrine gland as well as lymphatic
tissue. Its role in the immune system is as the tissue which matures stem cells from bone
marrow into T-lymphocytes.

RECOGNISING ‘SELF° AND ‘NON-SELF’

Cells of an individual organism are able to distinguish foreign materials in the body from its own
cells even when the foreign material is a cell of another individual of the same species. This
explains the rejection of transplanted organs.

The basis of recognition of ‘self and ‘non-self is chemical — all cells have protein, carbohydrate,
glycoprotein, or glycolipid molecules in their cell membranes. An individual's immune system
recognises the unique set of markers on its own cells - the Major Histocompatibility Complex (MHC).
Another cell with different chemical markers, or even other chemical molecules inside the body, are
recognised as ‘non-self’ and attacked by the immune system. Any chemical which triggers such an
attack is referred to as an antigen (AG).
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ANTIGEN-ANTIBODY REACTION

. surface

The body’s attack on antigens depends on the production of antibodies. Common antigens such as
micro-organisms, pollen grains, toxins, foreign tissues, etc. activate the production of antibodies
which act specifically against the antigen that triggered their production. Each antibody (AB) is
usually a protein immunoglobulin which has two sites which bind to receptor sites on the antigen
molecule.

Light chain (short)

Heavy chain (long)

Most of the molecule is
made up of constant

regions which are the
same for all antibodies
of the same class 5205 I N

The Y-shaped antibody molecule consists of four amino-acid chains, two long and two short.

These chains are paired; they have a hinged section that enables them to open and close (like a
clothes peg) to bind to the antigen molecule. These antigen-binding sites are the essential
difference between one antibody and the next. By varying the amino-acid sequence that makes up
this part of the protein, each antibody can be constructed to match a specific antigen (in much the
same way as the active site of an enzyme matches its substrate).

This enables antibodies to:

. Combine with antigen molecules on the surface of a pathogen, facilitating phagocytosis.

. Bind a number of AG molecules together causing “clumping” of a number of pathogens,
facilitating phagocytosis.

. Combine with toxins (which are antigenic) and neutralise them.
. Activate complement which stimulates inflammation.

. Break down membranes of infected cells causing cell death. This is useful during the period a
virus is replicating inside a host cell.
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THE IMMUNE RESPONSE

All lymphocytes are formed as stem cells in the bone marrow. Some mature in the bone marrow as
B-lymphocytes; others migrate to the thymus there maturing into T-lymphocytes. Both constantly
circulate in the blood and tissue fluids.

As part of the immune response, B-lymphocytes secrete antibodies into body fluids and this is
sometimes known as the humoral response (so-called because the old name for body fluids was
‘humour”). T-lymphocytes do not secrete antibodies: T-cells help to destroy antigens inside body
cells, so their role is sometimes referred to as the cell-mediated response. However both B-and T-
lymphocytes work together in quite complex ways, so these terms have only limited use.

Each B-lymphocyte is able to make just one kind of antibody. It makes about 100,000 molecules of
this antibody which are embedded in the cell membrane with their receptor sites exposed. The B-
cell may spend its life in this form, but if an antigen binds with any of its antibody molecules, its
immune response is triggered.

Each T-lymphocyte behaves similarly, showing many of the one kind of molecule on its surface.
These are not called antibodies but T-cell Receptors. If any of the T-cell receptors should bind to an
antigen that is also attached to a body cell, the T-lymphocyte’s immune response is triggered.

Both T- and B-cells divide rapidly by mitosis (clone) producing large numbers of each.

o Many of the cloned B-lymphocytes develop extra endoplasmic reticulum and ribosomes and
begin to synthesise antibody molecules at a great rate (may be 2000 per second!). Needless to
say, they don’t survive for very long. After a day or two, sufficient antibody will have been
produced to be detectable in the blood and more importantly, sufficient to overcome the
reproductive rate of the pathogen.

° Those B-lymphocytes that do not become plasma cells survive much longer in the body as B-
memory cells.

The cloned T-lymphocytes vary considerably in their activity.

° Some are activated to help other cells destroy the pathogen. Helper T-cells (Tw) secrete
chemicals called lymphokines.

. Some attack and kill the cell to which their antigen is bound. In viral infections, the virus leaves
its capsid on the surface of its host. The capsid is antigenic and will bind to the T-cell carrying
the appropriate T-Cell Receptor on its surface.

®

Fig.6: Activating T-cells
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These Cytoxic T-cells (Tc) kill the host cell by making holes in its membrane and reduce the
opportunity for the virus to replicate.

. Suppressor T-cells (Ts) regulate the immune system by turning it off when no more antigen is
present.

e T-cells for Delayed Sensitivity (Tp) protect against infectious agents, but can cause
inflammation in allergic reactions and rejection of tissue transplants.

Lymphokines (also known as cytokines or interleukins) are a series of small protein molecules
secreted by various cells as a result of infection. Lymphokines secreted by TH cells:

. Stimulate the production of long-lived T-memory cells,

e  Stimulate the production of long-lived B-memory cells.

Memory cells circulate in the bloodstream for some time after the infection has been overcome,
providing the basis for a much more rapid response by the immune system to a subsequent
infection by the same pathogen.

. Stimulate plasma cells to produce antibody,

. Stimulate macrophages, allowing them to engulf virus-infected cells, and enhancing their
normal ability to ingest and remove AG-AB complexes.

The action of the immune system is very complex. There are a variety of cells and activities
involved; these are co-ordinated by a number of different chemical. Figure 7 (over page) represents
an attempt to summarise what happens. You need to remember that it is a considerable
simplification!
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Fig.7: Responses of the Immune System to Antigens
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REVIEW QUESTIONS

Try answering these from memory. If you have any difficulty with them, you could check the
answers given at the end of these notes.

QUESTION 3
Complete the following table which compares the functions and roles of different cells of the
mammalian immune system.

(The first line has been completed for you by way of example.)

Cell Tvoe Specific/Non-Specific Action in Destruction of
yp Action Pathogens
Macrophages / neutrophils | Non-specific Engulfs pathogen by phagocytosis

Helper T-cells

Cytotoxic T-cells

T-memory cells

Plasma cells

B-memory cells

Natural killer cells

Eosinophils / basophils
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PRIMARY & SECONDARY RESPONSES

The responses described above confer immunity on the body; that is, the body contains circulating
antibodies that are capable of destroying the pathogen or its toxins.

When an antigen enters the body for the first time, it takes some time for the immune system to
recognise the antigen and for B-lymphocytes to produce their antibodies. This is the body’s primary
response.

If the same antigen re-infects the body a second time, B- and T-memory cells present after the first
infection, clone rapidly and allow rapid production of a large amount of antibody. This is a secondary
response. The infecting organism is much less likely to multiply in the body and cause disease — the
true meaning of immunity.
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Fig.8: Primary & Secondary Responses
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VACCINATION & IMMUNITY

Vaccination aims to provide immunity without the need to first suffer from the effects of the pathogen
or its toxins. Antigens from a potential pathogen are modified in some way to reduce their virulence.
Modification does not alter the antigen’s ability to stimulate the immune system but does lower the
pathogen’s capacity to harm the body. A vaccine is a suspension of modified antigens. When
injected into the body: It stimulates a vigorous primary response from the immune system leaving a
population of B- and T-memory cells which will allow a strong secondary response if the antigen re-
enters the body. Usually a second dose of vaccine is administered to intentionally provoke the
secondary response that confers a very long-lived immunity to the pathogen.

Long-lived immunity against certain pathogens is not possible because these pathogens are able to
change their antigenic structure, so that vaccine produced in response to one form of the pathogen
is useless against its changed form. A good example is flu vaccine. The influenza virus readily
mutates to form new strains: Each new strain has a different antigenic structure and therefore
vaccines made to combat older strains are usually ineffective against them.

Vaccines can consist of:

. Viruses modified to reduce their virulence (For Example: Rubella, mumps, polio vaccines).
. Killed bacterial pathogens (For Example: Typhoid, cholera vaccines).

e Attenuated (weakened) live strains of a bacterial pathogen (For Example: Tuberculosis
vaccine).

. Inactivated toxins (For Example: Diphtheria, tetanus vaccines).

. Genetically engineered protein vaccines (For Example: Vaccine against footrot in sheep).

Each of these vaccines contains antigenic molecules — the protein coat of viruses, the hemicellulose
wall of bacteria, the protein of bacterial toxins, etc. — so all can stimulate antibody and memory cell
production. This is classified as artificial or acquired immunity, since the host produces its own
antibodies and memory cells in response to the presence of an artificially introduced antigen. By
contrast, natural immunity describes the host's production of antibodies and memory cells in
response to a naturally occurring infection.

At any instant in time, immunity depends on the presence of the appropriate antibodies being

present in the bloodstream. In natural immunity, they will be present as the result of infection. In
artificial (acquired) immunity, they will be present as a result of a series of planned vaccinations.
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We can further sub-divide both classes of immunity as active or passive depending on where the
antibodies were produced — by the organism itself, or by a different organism and then transferred.

Natural Immunity

Artificial Immunity

Active Immunity

AB produced by organism itself
as a response to a natural
infection.

AB produced by the organism
itself as a response to planned
injection of AG.

AB produced by a different
organism and then transferred
by a natural act.

AB produced by a different
organism (usually as acquired
immunity) then extracted and

Passive Immunity injected into another organism

For Example: Breast-feeding by | requiring immunity.
infant, across placenta to

developing embryo.

One would assume natural passive immunity evolved in order to enhance the survival chances of
mammals prior to, and immediately after birth, when their immune systems are not fully developed.
The developing foetus is subject to the same infections as its mother and so ‘shares’ the mother’'s
immune system as antibodies are exchanged between their bloodstreams across the placenta. For
a short time immediately after birth, the mother produces milk called colostrum that contains
Immunoglobulin A antibodies for the infant. These are absorbed into the infant’s bloodstream and
provide natural passive immunity for the few weeks until its immune system becomes active.

Passive artificial immunity is conferred when a person is likely to have been infected by a pathogen
and the status of his immune system is unclear. If, for example, a person has a rusty nail penetrate
the skin, there is some chance of infection by the bacterium that causes tetanus. Tetanus immunity
arising from vaccination lasts 7-10 years, so if the person has not had a “booster” vaccination in that
time, the doctor will inject serum (or antitoxin) that contains antibodies to the tetanus toxin. These
antibodies are produced by horses that have been injected with small doses of the tetanus toxin
(active artificial immunity). The horses are bled (without injury) and the immunoglobulin antibody
extracted and made into serum. Injection of the serum provides immediate passive artificial
immunity against tetanus.

Because the organism’s own immune system is not involved (no AB or memory cell production) this

passive immunity is only temporary and designed to provide immunity during the period before the
body is able to generate its own primary response.
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REVIEW QUESTIONS

Try answering these from memory. If you have any difficulty with them, you could check the
answers given at the end of these notes.

QUESTION 4
List one advantage and one disadvantage of vaccination.

Solution

QUESTION 5
A child at a child care centre has measles.

(a) What are two ways this could be passed onto other children at the centre?
(b) Eight months later at the same centre, there is another outbreak of measles.
Is the child previously infected likely to catch measles again? Why?

Solution
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QUESTION 6

(@) What is immunisation?

(b) Describe the four different types of immunity.

(c) Name at least two diseases for which immunisation is required in young children.

Solution

QUESTION 7

(a) Outline the role the major histocompatibility complex (MHC) plays in tissue or organ rejection
after a transplant.

(b) Explain why the success rate of tissue transplantation between identical twins is so high.

Solution
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ALLERGIES & AUTO-IMMUNE DISEASES

The immune system can and sometimes does act in inappropriate ways, producing unpleasant and
possibly dangerous illness.

ALLERGIES

Allergies are caused by over-reaction of the immune system to particular antigens. The most
common of these are the chemicals on pollen: Hay fever and asthma are the result of over-
sensitivity to these chemicals.

Antigens which can cause allergy are allergens. Allergens which enter the body cause the immune
system to produce antibodies: Dust and pollen allergens result in the production of Immunoglobulin
E (IgE) antibodies. IgE binds to mast cells in the tissues. On a second exposure to the allergen, the
IgE on the surface of mast cells binds with the allergen (normal AG-AB reaction) but causes the
mast cells to release histamine. Histamine causes an acute inflammatory reaction — blood vessels
dilate, tissues swell with fluid, and smooth muscles contract especially those in the bronchioles. This
causes difficulty in breathing and the other symptoms of asthma and hay fever.

Note that this over-reaction can only occur after the IgE-mast cell complex has been formed as a
result of a first exposure to the allergen. The person is said to be sensitised.

Some sufferers can be desensitised and lose their allergic response by being successively treated

with small doses of the allergen. The allergen links with IgE throughout the body leaving
successively smaller amounts of IgE available for future reaction.

AUTO-IMMUNE DISEASES

These diseases result when the immune system fails to recognise cells of the body as ‘self’, so
mistakenly attacking them. B- and T-lymphocytes destroy self cells in the same way as they would
destroy any ‘non-self’ material in the body.

. Rheumatoid arthritis results when cartilage in joints is attacked.
. Insulin-dependent diabetes results when pancreatic cells are attacked.

o Pernicious anaemia results when one of the gastric secretions is attacked and the body cannot
absorb vitamin B12 as a result.

. Multiple sclerosis results when the myelin sheath of nerve cells is attacked.

IMMUNE DEFICIENCY DISEASES

Immune-deficiency diseases occur when the immune system does not function effectively,
rendering the patient vulnerable to normally harmless or minor pathogens. Such disease may be
genetically inherited or may develop as the result of some other disease. AIDS is an immune-
deficiency disease induced by the action of HIV, which invades and destroys

T-helper cells.
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INTERRELATIONSHIP BETWEEN
PATHOGEN/PARASITE AND HOST

Parasites and their hosts have like all other life forms, evolved throughout time. This means that
they have increasingly developed structures and functions which provide them with the greatest
chance of survival. Evolution of the host species then requires that the host develop mechanisms to
resist infection and kill the parasite. These mechanisms are covered in this field of study.

It follows that a parasite must evolve a lifestyle that does not kill off its host species — if it does, then
the parasite must find a new host or itself perish. Equally the parasite must evolve mechanisms of
its own to invade a host and to resist the host’s defensive weapons.

So we have a relationship in which the host continually evolves defensive weapons, while the
parasite continually evolves ways of defending itself. Some of these ways are:

e To protect itself against antibodies, cyst formation occurs.

. To change its antigenic structure frequently so that the host has is unable to match the antigen
with the appropriate antibody. Few people suffer from the same cold more than once because
the cold virus changes its antigens regularly.

. To attack the host’s immune system. For Example: By secreting digestive enzymes that can
break down immunoglobulin molecules.

° To secrete special antigen-type molecules that “distract” the host’'s immune system leaving the
parasite untouched.
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REVIEW QUESTIONS - ANSWERS
QUESTION 1

. Physical & chemical barriers to entry of foreign material.
. Non-specific inflammatory response.

. Specific response based on antibody production.

QUESTION 2
Defence Mechanism Functional Role in Overcoming Pathogens
Skin Prevents entry of pathogens into the body.
Phagocytosis Various white blood cells engulf foreign materials in tissues.

Mucus-secreting cells & | Mucus traps foreign solids on surface of ciliated cells: Cilia
ciliated membranes ‘push’ trapped particles up to throat to be coughed up.

Body secretions

(For Example: Tears) Contain enzymes to destroy invading pathogens.

Directly dissolve bacteria;
Attract phagocytes;
Coat bacteria for easier phagocytosis by white blood cells.

Natural proteins
(For Example: Complement)

Fever Speeds up body responses to infection.
. Causes increased blood flow to infection site, hence quicker
Inflammation
stronger response because more complement, phagocytes.
QUESTION 3
Cell Tybe Specific/Non-Specific Action in Destruction of
yp Action Pathogens
Macrophages / e .
neutrophils Non-specific Engulfs pathogen by phagocytosis.
o None directly: Stimulates B-cells to
Helper T-cells Specific clone and produce ABs.
Cytotoxic T-cells Specific Destroy virus-infected cells
o None directly: Circulate long-term in
T-memory cells Specific body fluids.
Plasma cells Specific None directly: Produce ABs.
. None directly: Circulate long-term in
B-memory cells Specific body fluids.
Natural killer cells Non-specific Destroy virus-infected cells.
Eosinophils Non-specific Destroy Iarggr parasites too large to
be phagocytised.
Basophils Non-specific None: Involved in allergic reactions.
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QUESTION 4
. Advantage: Increased level of immunity over long period of time.

. Disadvantage: For active immunity, antigen must be injected. There is always an element of
risk that antigen may cause disease if not properly dead or weakened.

QUESTION 5

(a) Virus passed on in air-water droplets from sneezing, or by contact with body fluids.

(b) A previously infected child is unlikely to be re-infected. The child will have developed long-lived
T- and B-memory cells that will quickly recognise the virus and stimulate rapid production of
ABs before the virus is able to cause significant damage to the cells of the child.

QUESTION 6

(a) Immunisation: The process of protecting from disease by the use of a vaccine or serum.

(b) Active natural immunity: Produced as the result of infection;

Active artificial immunity: Planned & produced as a result of injection of weakened antigenic
solution (vaccine).

Passive natural immunity: Short-term immunity produced by natural intake of pre-formed
antibodies, For Example: By foetus through placenta.

Passive artificial immunity: Short-term immunity planned & produced by injection of solution of
pre-formed antibodies (serum).

QUESTION 7

(@) MHC marks cells as “self’: Transplanted tissue is “non-self” with no similar MHC markers,
hence stimulates immune system to destroy it.

(b) Similar/same MHC markers occur on both original and transplanted tissue, hence no reaction
by immune system.

tsix

© The School For Excellence 2019 www.tsfx.com.au Free Exclusive Online Resources



