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A .  de f e nce  a ga i n s t  d i se a s e  
 External defence system  

We have a variety of mechanisms to protect 
ourselves against infectious. We have physical, 
chemical and cellular defences that prevent 
pathogens enter our bodies. 

 
 Internal defence system 

If pathogens enter our body, white blood cells can 
recognise them as something foreign and destroy 
them. White blood cells are part of the immune 
system and they recognisepathogens by the 
distinctive, large molecules that cover their surfaces. 
Any molecule which the body recognises as foreign 
is an antigen. There are two types of white blood cell, 
namely phagocytes and lymphocytes. Antibodies 
are glycoprotein molecules that act against specific 
antigens. 
The response of lymphocytes to the presence of a 
foreign antigen is known as the immune response. 
 
B .  C e l l s  of  t he  i mmun e  sy st e m 

The cells of the immune system originate from the bone 
marrow. There are two groups of these cells involved in 
defence: 
1. phagocytes (neutrophils and macrophages) 
2. lymphocytes. 

 
 Phagocytes 

Phagocytes are produced throughout life in the 
bone marrow. Neutrophils are a kind of phagocyte 
and form about 60% of the white cells in the blood. 
They travel throughout the body, often leaving the 
blood by squeezing through the walls of capillaries 
to ‘patrol’ the tissues. Neutrophils are a short-lived 
cells. 
 
Macrophages are also phagocytes but are larger 
than neutrophils and tend to be found in organs 
such as the lungs, liver, spleen, kidney and lymph 
nodes. Macrophages travel in the blood as 
monocytes, which develop into macrophages once 
they leave the blood and settle in the organs, 
removing any foreign matter found there. 
 

 Phagocytosis 
Neutrophils destroy pathogens by phagocytosis. 
Neutrophils have a short life: after killing and 
digesting some pathogens, they die. 
 
 
 
 
 
 
 

The stages of phagocytosis.

 
 Lymphocytes 

Lymphocytes are smaller than phagocytes. There are 
two types of lymphocyte, both of which are 
produced before birth in bone marrow. 
1. B-lymphocytes (B cells) 
2. T-lymphocytes (T cells) 

B-lymphocytes (B cells) 
B-lymphocytes remain in the bone marrow until 
they are mature and then spread throughout the 
body, concentrating in lymph nodes and the spleen. 

 
T-lymphocytes (T cells)  
Mature T cells have specific cell surface receptors 
called T cell receptors. T cell receptors have a 
structure similar to that of antibodies, and they are 
each specific to one antigen. 
There are two main types of T cell: 
1. helper T cells 
2. killer T cells (or cytotoxic T cells). 
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 1. Number of white blood cells 
All the white cells in the blood originate from stem 
cells in the bone marrow. There are two groups of 
bone marrow stem cells: 
1. myeloid stem cells that give rise to neutrophils, 

monocytes and platelets 
2. lymphoid stem cells that give rise to 

lymphocytes, both B and T cells. 
 

 Antibodies 
Antibodies are all globular glycoproteins with 
quaternary structure. They form the group of 
plasma proteins called immunoglobulins. 
 
The functions of antibodies 

 
 
C .  A c t iv e  a n d  pa s s ive  i mmu n i t y  

Active immunity is immunity gained when an antigen 
enters the body, an immune response occurs and 
antibodies are produced by plasma cells. 

 

Passive immunity is immunity gained without an immune 
response; antibodies are injected (artificial) or pass from 
mother to child across the placenta or in breast milk 
(natural). 

 

Natural immunity is immunity gained by being infected 
(active) or by receiving antibodies from the mother across 
the placenta or in breast milk (passive). 

Artificial immunity is immunity gained either by 
vaccination (active) or by injecting antibodies (passive).  

 Vaccine 
A vaccine is a preparation containing antigens which 
is used to stimulate an immune response artificially. 
It may contain a whole live microorganism, a dead 
one, a harmless version (known as an attenuated 
organism), a harmless form of a toxin (known as a 
toxoid) or a preparation of surface antigens. 
 
Vaccination is giving a vaccine containing antigens 
for a disease, either by injection or by mouth; 
vaccination confers artificial active immunity. 
 

 Features of active and passive immunity 

 

Colostrum, the thick yellowish fluid produced by a 
mother’s breasts for the first four or five days after birth, 
contains a type of antibody known as IgA. IgA acts in the 
gut to prevent the growth of bacteria and viruses and also 
circulates in the blood. This is natural passive immunity. 

 Problems with vaccines 
 Poor response 

Some people do not very well, to vaccinations. 
This may be because they have a defective 
immune system and as a result do not develop 
the necessary B and T cell clones. It may also 
be because they suffer from malnutrition and 
do not have enough protein to make 
antibodies or clones of lymphocytes. These 
people are at a high risk of developing 
infectious diseases and transmitting them to 
people who have no immunity. 

 
 Live virus and herd immunity 

People vaccinated with a live virus may pass it 
out in their faeces during the primary response 
and may infect others. Herd immunity 
interrupts transmission in a population, so 
that those who are susceptible never 
encounter the infectious agents concerned. 

 
 Antigenic variation 

The vaccine is changed almost every year. 
There are, as yet, no effective vaccines in use 
against the diseases that are caused by 
protoctists, such as malaria and sleeping 
sickness. This is because these pathogens are 
eukaryotes with many more genes than 
bacteria and viruses have. They can have many 
hundreds or even thousands of antigens on 
their cell surfaces.  
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Plasmodium, which causes malaria, passes 
through three stages in its life cycle while it is 
in the human host. Each stage has its own 
specific antigens. This means that effective 
vaccines would have to contain antigens to all 
three stages or be specific to the infective 
stage. 

 
 Antigenic concealment 

Some pathogens evade attack by the immune 
system by living inside cells. Some parasitic 
worms conceal themselves by covering their 
bodies in host proteins, so they remain 
invisible to the immune system. Other 
pathogens suppress the immune system by 
parasitising cells such as macrophages and T 
cells. It is very difficult to develop effective 
vaccines against these pathogens, because 
there is such a short period of time for an 
immune response to occur before the 
pathogen ‘hides’. 
 
Example, when Plasmodium enters liver cells 
or red blood cells, it is protected against 
antibodies in the plasma. 

 
 The eradication of smallpox 

Smallpox was an acute, highly infectious disease 
caused by the variola virus and transmitted by direct 
contact. It was a terrible disease. Red spots 
containing a transparent fluid would appear all over 
the body. These then filled with thick pus. Eyelids 
became swollen and could become ‘glued’ together. 
Sufferers often had to be prevented from tearing at 
their flesh.  
 
Smallpox was eradicated by a programme of 
surveillance, contact tracing and ‘ring’ vaccination, 
using a ‘live’ vaccine against the only strain of the 
smallpox virus. 
 

 Preventing measles 
Measles is a preventable disease and one that could 
be eradicated by a worldwide surveillance and 
vaccination programme. However, a programme of 
one-dose-vaccination has not eliminated the disease 
in any country, despite high coverage of the 
population. 
 

 Autoimmune diseases – a case of mistaken 
identity 
Not only does the body mount immune responses 
against pathogens and harmful substances from 
outside the body, but it can also attack itself leading, 
in some cases, to severe symptoms. Diseases of this 
type are autoimmune diseases. They occur because 
the immune system attacks one or more self-
antigens, usually proteins. During the maturation of 

T cells in the thymus, many millions of cells are 
destroyed because they have T cell receptors that 
are complementary to self-antigens. 
 
Myasthenia gravis (MG), which means grave 
(serious) muscle weakness, is an autoimmune 
disease that targets the neuromuscular junctions 
between motor neurons (nerve cells) and skeletal 
muscle cells.  
 
Motor neurons transmit nerve impulses to muscle 
cells. Where the motor neurons terminate they 
release acetylcholine, a cell signalling molecule, into 
the small gaps between neurons and muscle fibres 

 

A. Acetylcholine is released by motor neurones. It 
stimulates muscle cells to contract by combining 
with receptor proteins, which allow sodium ions into 
the muscle cell.  

 
 

B. In myasthenia gravis, antibodies are secreted that 
block the receptor proteins and then cause their 
destruction so they do not allow the movement of 
sodium ions. 
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 Monoclonal antibodies 
Monoclonal antibodies are antibodies that are 
all identical to each other. Monoclonal 
antibodies are produced by fusing a plasma 
cell with a cancer cell to produce a hybridoma, 
which divides repeatedly to form many 
genetically identical cells that all produce the 
same antibody. Monoclonal antibodies are 
used in diagnosis – for example, in locating 
blood clots in veins, and in the treatment of 
diseases such as breast cancer. 
 
How monoclonal antibodies are produced. 
Monoclonal antibodies have many different 
uses in research and in medicine, both in 
diagnosis and in treatment. 

 
Cancer cells, unlike other cells, go on dividing 
indefinitely. The cell produced by this fusion of 
a plasma cell and a cancer cell is called a 
hybridoma. The hybridoma cells divide by 
mitosis and secrete antibodies. 

 
 Using monoclonal antibodies in diagnosis 

Mabs have many different uses in medicine 
and new applications for them are the subject 
of research. They are used both for diagnosis 
and treatment. For example, Mabs can be 
used to locate the position of blood clots in the 
body of a person thought to have a deep vein 
thrombosis. 

 
 Using monoclonal antibodies in Treatment 

The antibodies are produced by mice, rabbits 
or other laboratory animals. When introduced 
into humans, they trigger an immune response 
because they are foreign (non-self) and act as 
antigens. This problem has now been largely 
overcome by humanising Mabs in two ways: 
 Altering the genes that code for the 

heavy and light polypeptide chains of the 
antibodies so that they code for human 
sequences of amino acids, rather than 
mouse or rabbit sequences  

 Changing the type and position of the 
sugar groups that are attached to the 
heavy chains to the arrangement found 
in human antibodies. 

E x e r c i se  

1. The blood contains lymphocytes. What is their 
purpose? 
A. Transport of hormones 
B. Phagocytosis 
C. Antibody Production 
D. Sensitivity 

Answer:  
C. Antibody Production 
 
Lymphocytes are cells that circulate in your blood 
that are part of the immune system. There are two 
main types of lymphocytes: T cells and B cells. B cells 
produce antibody molecules that can latch on and 
destroy invading viruses or bacteria. 
 

2. What is an example of active immunity? 
A. Antibodies passed from the mother to fetus 

across the placenta 
B. Antibodies passed from the mother in 

colostrum during breastfeeding 
C. Antibodies produced by another organism and 

injected to protect against a disease 
D. Antibodies produced after the defence 

mechanisms have been stimulated by antigens 

Answer: 
D. Antibodies produced after the defence 
mechanisms have been stimulated by antigens 
 
Active immunity is immunity gained when an 
antigen enters the body, an immune response 
occurs and antibodies are produced by plasma cells 
 

3. Poor response is one of the problems with vaccines, 
which statements that does not include the possible 
cause of the poor response is… 
A. Have a defective immune system 
B. There is no development of required B and T 

cell clones 
C. Suffer from malnutrition and do not have 

enough protein 
D. Injury that causes the breakdown of blood 

vessels 

Answer : 
E. Injury that causes the breakdown of blood 
vessels 

 
Because the statement is has no relation with 
antibodies. Poor response is when some people do 
not respond well to vaccinations. This may be 
because they have a defective immune system and 
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as a result do not develop the necessary B and T cell 
clones. It may also be because they suffer from 
malnutrition and do not have enough protein to 
make antibodies or clones of lymphocytes. These 
people are at a high risk of developing infectious 
diseases and transmitting them to people who have 
no immunity. 

 

 

 

 

 

 

 

 


