
 32 microbiology today february 06  microbiology today february 06 33

 Schools Membership costs only £10 a year. Benefi ts include 
Microbiology Today, advance copies of new teaching resources 
and discounted fees on SGM INSET courses. To join see 
www.sgm.ac.uk/membership. Enquiries: education@sgm.ac.uk
or go to www.microbiologyonline.org.uk for full details of 
resources and activities.

Micro-organisms are found 
everywhere – in soil, water and air, 
and on the skin and the lining of our 
digestive tracts. So, why aren’t we 
continually affected by them? How 
do we stop pathogens invading our 
internal organs and bloodstream? The 
answer is that our bodies are protected 
by a complex system of defences 
which:

prevent microbes getting into the 
body;

destroy microbes once they have 
got in.

Non-specifi c physical and 
chemical barriers
Physical barriers include intact 
skin, cilia and the body’s normal fl ora. 
Chemical barriers include sebum, the 
acidic pH of the gastric secretions and 
the enzyme lysozyme found in tears 
and saliva.

The immune system
The immune system is a complex 
network of cells, tissues and organs 
that work together to protect the 
body from foreign invaders such as 
microbes. The invader that stimulates 
an immune response is called an 
antigen. Antigens carry marker 
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cells and multiply inside them. During this process 
fragments of the viral protein are broken down into 
short peptide chains. These fragments are inserted into 
the membrane of the infected cell, which then acts as an 
antigen-presenting cell.

T cells can be sub divided into four subgroups.

1. Helper T cells (CD4+ cells)

These cells help to co-ordinate the immune response as they 
secrete chemicals that:

stimulate B cells to produce antibodies more effi ciently;

activate killer/cytotoxic T cells causing them to grow 
and divide;

increase the ability of phagocytes to carry out 
phagocytosis.

2. Killer T cells (CD8+ cells)

These cells secrete molecules that cause cell lysis. They 
do this by activating programmed cell death. This is very 
useful as the intracellular pathogen, e.g. a virus, is also 
destroyed, preventing it from infecting other cells.

3. Regulator T cells

These cells inhibit the production of killer T cells when they 
are no longer needed.

4. Memory T cells

These cells are programmed to remember a specifi c 
pathogen so they can respond to it more quickly if they 
come across it again.

A person that has had a disease doesn’t normally catch it 
again because the memory B and T cells stay in the body 
and remember the microbe which caused the disease.

If the person comes under attack from the same microbe 
the immune system will recognize and destroy it. The 
person is protected from the disease through this natural 
immunity. Immunity to a disease can also be conferred by 
vaccination.

Vaccination
What is it?

Vaccination safely exposes an individual to a specifi c 
pathogenic microbe, artifi cially increasing their immunity 
to it. It mimics infection without causing the disease.

mature in the bone marrow. T cells are made in the bone 
marrow and mature in the thymus gland.

Antibody-mediated (humoral) immunity – B cells

A B cell is switched on when it comes into contact 
with an antigen it recognizes. The cell starts to divide 
rapidly to produce copies of itself (clones); some of the 
copies produce a large amount of antibodies (also called 
immunoglobulins) and die off. Others produce small 
amounts of antibodies but remain in the body ready for 
the next time they meet with that antigen. These are called 
memory B cells. Each specifi c antibody binds only to the 
specifi c antigen that stimulated its production.

All antibodies have the same basic Y shape. The end of each 
arm of the antibody attaches to a specifi c binding site on 
the antigen. The antigen becomes coated with antibodies. 
This makes it easier for the phagocyte to recognize the 
pathogen and ingest and digest it. The antibodies also 
attract special proteins that punch holes in the pathogen, 
thus destroying it. Antibodies are unable to penetrate cells 
so they cannot destroy cells infected with intracellular 
pathogens such as viruses.

Cell-mediated immunity – T cells

Cell-mediated immunity is key in protecting the body 
from viruses and other intracellular microbes such as the 
bacterium Mycobacterium tuberculosis.

When a T cell comes into contact with a specifi c antigen, 
just like a B cell, it makes clones of itself. Unlike B cells, 
T cells cannot recognize extracellular antigens. T cells can 
only respond to antigens that are on antigen-presenting 
cells. Intracellular pathogens such as viruses infect body 

molecules that allow the body to 
recognize invading microbes as a 
foreign substance (‘non-self’) and 
stimulate an immune response.

Non-specifi c immune system

The non-specifi c immune system is 
activated when microbes invade the 
body. It is called non-specifi c as the 
response is the same for all pathogens. 
Phagocytes, a type of white blood 
cell, are the fi rst line of defence once 
a pathogen has breached the physical 
and chemical barriers. The phagocyte 
is attracted to the invading pathogen 
by a special chemical; this process 
is called chemotaxis. The phagocyte 
sends out pseudopodia that fl ow 
around the pathogen and engulf it. 
The ingested pathogen is then digested 
and the resulting products are released 
from the cell. This is known as 
phagocytosis.

Specifi c immune system

Lymphocytes play an important role 
in specifi c immunity as they recognize 
specifi c antigens and remember them. 
They circulate through the body 
using both blood and lymph vessels, 
screening the body for infection.

B cells and T cells are the main types 
of lymphocytes. B cells are made and 

Defending ourselves 
against microbes
Measles, mumps, tetanus, 
whooping cough, diphtheria, 
rubella and polio are infectious 
diseases which can make people 
very ill and sometimes even kill. 
Immunization programmes and 
the development of new vaccines 
play an important role in giving 
protection against such illnesses. 
Dariel Burdass explains the basic 
facts about the immune system 
and vaccination.
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are caught from other people. The 
percentage needing to be vaccinated 
to reach the level required for herd 
immunity depends on the disease and 
the vaccine, but around 90 % is the 
usual fi gure.

New developments in vaccines

Vaccines have proved to be very 
successful at eliminating or preventing 
many diseases, but they haven’t been 
able to eradicate some common 
diseases such as tuberculosis, malaria 
and HIV infection. Advances in 
biotechnology are allowing scientists 
to look at new ways to develop and 
administer vaccines that will make 
them more effective. In particular 
vaccines are needed that can stimulate 
a strong cell-mediated immune 
response effective against intracellular 
pathogens such as those that cause 
malaria and tuberculosis.

The sequencing of the genome of
many organisms, such as Mycobacterium
tuberculosis, is allowing researchers to 
design novel vaccines and to identify 
parts of the organism most suitable for 
targeting with vaccines.

New developments, such as DNA-
based vaccines, are able to induce 
both a cell-mediated and antibody-
mediated immune response. In these 
a small section of microbial DNA, 
which has the ability to produce 
antigens, but not cause the disease, is 
inserted into a plasmid vector. This 
is then amplifi ed and inoculated into 
the patient. The human cells then take 
up some of the plasmids and express 
the microbial DNA as proteins. The 
foreign protein will elicit an immune 
response. T cells will be sensitized and 
form memory cells.

Web links
www.abpi.org.uk/publications/
publication_details/prevention/default.
asp

www.immunisation.nhs.uk

www.niaid.nih.gov/publications/
immune/the_immune_system.pdf

A vaccine, e.g. for mumps, activates 
the immune system in the same way 
that infection with the mumps virus 
would and memory cells are produced. 
If someone is exposed to the mumps 
virus again then the memory cells will 
recognize it and destroy it, preventing 
them from getting the disease.

The consequence of using inactivated 
vaccines is that antibody immunity 
is activated rather than being cell-
mediated. These vaccines also have 
lower immunogenicity which means 
that more than one dose has to be 
administered. In general, living 
vaccines induce a stronger and more 
lasting immunity.

Most vaccines are administered by 
injection.

The role of vaccination

Vaccination has two roles. It protects 
individuals against infections and it 
provides ‘herd immunity’. If enough 
people in a community are vaccinated 
against a certain disease then it can be 
controlled or even eliminated. This is 
because it is much more diffi cult for 
the disease to be passed between those 
individuals who are not immunized. 
This is herd immunity and means 
that the community is protected too. 
Herd immunity is very important as 
some people within a community 
cannot be immunized, e.g. those 
who are immunocompromised. Herd 
immunity only applies to diseases that 

The history of vaccination

Edward Jenner (1749–1823) was 
a pioneer of vaccine development. 
During the course of his work he 
observed that dairymaids who caught 
cowpox from cows didn’t catch 
smallpox, the much more virulent 
and often fatal human version of 
the disease. In 1796 he took liquid 
from the sore of a milkmaid infected 
with cowpox. He then scratched this 
liquid into the skin of a young boy 
called James Phipps. The boy went 
on to develop cowpox. After he had 
recovered, Jenner infected him with 
the fl uid from a person suffering from 
smallpox. James failed to contract 
smallpox, proving Jenner’s theory that 
the cowpox had protected the boy and 
he was immune to smallpox. By 1800, 
cowpox vaccinations were becoming 
commonplace. This was the beginning 
of vaccination programmes.

How do vaccines work?

Vaccines are made from:

live micro-organisms that have 
been ‘treated’ so that they are 
weakened (attenuated) and 
are unable to cause disease 
(attenuation can be achieved 
by long-term cultivation or by 
selecting mutant strains);

dead micro-organisms;

some part or product of the micro-
organism that can produce an 
immune response.

UK childhood immunization schedule
The table below shows the recommended schedule for childhood immunizations. It gives 
children the best chance of developing immunity and minimizes their risk of catching the 
diseases.

Age when immunized Type of vaccine Method of delivery

2, 3 and 4 months old Diphtheria, tetanus, pertussis (whooping 
cough), polio and Hib
MenC

One injection

One injection

Around 13 months old Measles, mumps and rubella (MMR) One injection

3 years 4 months to 
5 years old

Diphtheria, tetanus, pertussis (whooping 
cough) and polio
Measles, mumps and rubella (MMR)

One injection

One injection

13 to 18 years old Diphtheria, tetanus, polio One injection


