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By studying this Factsheet the student should know and understand:
••••• what a vaccine is and how vaccination can control disease;
••••• why vaccination has eradicated smallpox but not salmonellosis,

cholera, malaria, measles or tuberculosis;
••••• methods of vaccine production and administration;
••••• the effectiveness and limitations of immunisation programmes,

including the ‘herd effect’;
••••• the ethics of vaccination programmes.

The humoral immune response
This is due to a specific type of white blood cell (B-Iymphocyte) which is
found mainly in the lymph nodes and spleen.  If an antigen comes into
contact with the B-Iymphocytes:
1. a few of them recognise the antigen as foreign and divide many times,

by mitosis.  This produces a clone consisting of millions of genetically
identical B-Iymphocytes.

2. most of these differentiate into plasma cells.
3. the plasma cells migrate from the lymph nodes into the circulation and

tissues. There they produce large concentrations of antibody molecules
which will specifically, combine with the antigen molecules and
neutralise their effects.

4. the remaining cloned B-lymphocytes stay in the lymph nodes and
become memory cells. If the body is challenged by the same antigen at
a subsequent date, the memory cells recognise it and divide rapidly,
forming huge numbers of antibody-secreting plasma cells. The antigen
is then destroyed before an infection can be established.

Vaccination and how it works
About 60 vaccines are in common use across the world, giving some
protection against bacterial, viral, protozoal and helminthic (worm) diseases.
Vaccines can consist of:
• dead organisms or parts of organisms (for example, viral coat proteins).

For example, bacteria can be grown in cultures and viruses can be
grown in suitable host cells (influenza virus is grown in hen’s eggs).
The bacteria or viruses are killed using chemicals, such as formalin, and
the vaccines are usually given by injection. Examples are anti-cholera
vaccine, typhoid vaccine, whooping cough vaccine and Salk anti-polio
vaccine. Influenza vaccine consists of several antigens isolated from
several strains of influenza virus.

Definitions
Antigen: Any substance that when introduced into, or present in, the
tissues or blood  causes the formation of antibodies.
Antibody:  A protein produced by certain cells of the body in the
presence of a specific antigen. The antibody combines with that antigen
to inhibit, neutralise or destroy it.
Vaccination(immunisation) is a process of making members of a
population immune to a particular disease-causing organism. It involves
injecting (inoculating) harmless forms of the disease-causing organism
into people so that their immune response to the organism is established.

• toxoids which are modified toxins secreted by the disease causing
organisms. For example, the toxin released by the tetanus causing
bacterium, Clostridium tetani, can be extracted from bacterial cultures,
made harmless by treatment with formalin and, when injected into the
body, stimulates the B-lymphocytes to develop an immune response
and memory against tetanus bacteria. Modified diphtheria toxin is also
used to vaccinate against diphtheria.

• non-virulent strains of the organism. For example, non-virulent strains
of Rubella virus are used to vaccinate against german measles.

• genetically engineered (GE) antigens. For example, hepatitis B antigens
are genetically engineered and used in the hepatitis B vaccine.

• live attenuated strains of the disease causing organism. Vaccines made
from dead organisms or from modified toxins carry no risk of the person
developing the disease as a result of vaccination. However, in some
cases immunity will only develop if the lymphocytes are stimulated
by live bacteria or viruses. In this case the live organisms used in the
vaccine must be made much less virulent than those caught in an infection.
Such organisms are said to be ‘attenuated’. This can be done by exposing
them to heat or chemical treatment, or by growing them in an unusual
host. For instance, the BCG (Bacille Calmette Guerin) vaccine against
tuberculosis is made from tuberculosis bacteria (Mycobacterium
tuberculosis) which have been grown in a horse from which they are
collected. The bacteria have no disease causing effects on the horse,
and, although alive in the vaccine, do not cause tuberculosis in the
human recipient. However, it still stimulates antibody production and
active immunity to tuberculosis. Injecting humans with dead tuberculosis
bacteria does not stimulate antibody formation.

Attenuated yellow fever virus for vaccination by injection is grown in
tissue culture as is Sabin attenuated polio virus which is given by mouth.
All of these vaccines contain antigens and so cause an immune response to
be established. The attenuated strains do not cause as severe an infection as
the normal microorganisms but do cause adequate immunological protection
to be developed. This immunity is long lasting, active immunity, because
immune memory cells are produced and stored.

The vaccine may be given to the patient, usually a child, by injection into
the skin layers, muscle or bloodstream, or via the mouth (oral vaccine). The
antigenic components of an oral vaccine can be absorbed through the
stomach wall and intestinal wall without damage.

Exam Hint: – examiners often ask candidates to distinguish between
active and passive immunity. Passive immunity is described later in
the Factsheet. They also ask about naturally acquired immunity and
artificially acquired immunity. Naturally acquired immunity is obtained
by suffering from the disease; artificially acquired immunity is obtained
by vaccination.
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What influences the effectiveness of a vaccine?
1. The dose of the vaccine
The strength of the immune protection (indicated by the concentration of
antibody produced in the blood) may be increased by giving booster doses of
the vaccine. The timing  and number of the booster doses varies according to
the vaccine involved. The effect of giving a booster dose is illustrated in Fig 1.

Fig 1. The effect of a primary vaccination (inoculation) and a
secondary inoculation (booster dose).
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Booster doses of anti-tetanus vaccine should be given every five years to
maintain full protection.  Three spaced doses of DPT vaccine (diphtheria,
pertussis, tetanus) are given to young children, starting when the child is
four to six months old.

2. The number of strains of the pathogen.
Many pathogenic bacteria and viruses contain several different strains of
the species. The vaccine should contain antigens from all the strains to be
fully protective. For example:
• influenza virus regularly mutates, so altering its antigens. So influenza

vaccinations are repeated every year on susceptible people.
• Salmonella sps (cause typhoid fever, paratyphoid fever and salmonellosis

food poisoning)  live in the intestines of many different animals (for
example, chickens, cattle, sheep, pigs). Because of this they have
considerable variability in their genetical and antigenic structure. A killed
vaccine is available and may be used to give protection during epidemics,
but a proportion of treated infected people remain as reservoirs of the
organism, carrying Salmonella in their gall bladder and excreting the
organisms in urine and faeces.

• Vaccines for malaria are available but tend to be given only to travellers
who are going to visit malarial areas. They are not very effective because
the malarial parasite, Plasmodium has several different species, each with
several different strains and with many different stages in the life cycle.
The species, strains and life cycle stages are all antigenically different.

3. Altered vaccines
Certain chemicals, known as adjuvants, may be added to the vaccine to
make weak antigens produce a stronger immune response. Examples of
adjuvants are aluminium phosphate, oligodeoxyribonucleotides, some
tumour extracts and a heat-labile (unstable) enterotoxin of Escherischia coli.

Herd immunity
Effective widespread vaccination not only protects the individual but reduces
the frequency of disease in the population, because it results in a smaller
reservoir of the pathogenic organism in the population. Thus non-vaccinated
individuals are less likely to come into contact with the pathogen. This is
known as the ‘herd effect’ or ‘herd immunity’. This operates particularly
well in affluent countries where the majority of the population are immunised.
In poorer, ‘third world’ countries relatively few people are vaccinated and so
the herd effect does not occur.  This is because:
1. The vaccine is expensive, for example, measles vaccine.
2. There is often a high population density and therefore a high transmission rate.
3. There are no vaccination programmes in place.
4. Health care programmes and monitoring of disease outbreaks may be

inadequate.

Purpose

Vaccines in wide-spread use:
BCG (antituberculosis)
antidiphtheria
anti whooping cough (pertussis)
antitetanus
antimeasles
antipoliomyelitis: Sabin
                              Salk
antirubella

Vaccines given to people who are exposed to specific risk:
antityphoid
antimeningitis (bacterial)
anticholera
anti yellow fever
antirabies
anti hepatitis B

Antisera for use after a person has been exposed to infection: (see ‘passive immunity’)
antirabies
antitetanus

Type of vaccine

attenuated bacteria
toxoid
dead bacteria
toxoid
attenuated virus
attenuated virus
dead virus
non-virulent virus

dead bacteria
dead bacteria
dead bacteria
attenuated virus
attenuated virus
GE antigens

specific antibodies
specific antibodies

Given by:

injection
injection
injection
injection
injection
oral (by mouth)
injection
injection

injection
injection
injection
injection
injection
injection

injection
injection

Table 1. Examples of vaccines in common use

It is not necessary for you to remember all of these examples – but remember some, of each group, so that you can refer to them if necessary.
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Remember : – vaccination can completely eradicate disease. Smallpox
was eradicated by a very efficient, world-wide vaccination programme
by the late 1970s. It was successful because:
• money, medical personnel and materials were supplied by the World

Health Organisation (WHO).
• all babies were vaccinated in the first year of life.
• all people passing from one country to another had to be vaccinated.
• an efficient surveillance system was developed to detect new

outbreaks of  the disease. These could then be isolated and dealt
with promptly. All contacts of the disease were traced and vaccinated.

• smallpox virus only infects people so other animals were not
reservoirs of the virus.

Vaccines

Passive immunity
Sometimes actual antibodies are injected into people to give instant, short
term, passive immunity. For example, tetanus antibodies can be injected
into a person who may have been infected with the bacterium Clostridium
tetani. The antibodies give protection against the live tetanus bacteria until
the person’s active immune response develops. Rabies is another example.

Fig. 2. Antibody levels in passive immunity
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The serum containing the antibodies is obtained from  other mammals (for
example, horses, rabbits, other humans) which have been infected with the
disease organisms and which thus have the antibodies in their blood serum.

The ethics of vaccination programmes
There are several ethical or moral issues involved in vaccination programmes:
• It seems unethical that millions of people worldwide die each year from

diseases which could be prevented by mass vaccination programmes.
Mass vaccination programmes are not in place because of:
1. economic poverty.
2. the failure of more affluent countries to fund programmes.
3. wars

• There is a moral dilemma with some vaccinations. Individuals should
be vaccinated to build up the ‘herd effect’ which protects the
population. However, some vaccines pose a threat to individuals. For
example, it has been suggested that the MMR triple vaccine (measles,
mumps, rubella), may in a small number of cases cause catastrophic
effects in the recipient, such as severe autism (when the child becomes
severely withdrawn, divorced from reality, unable to communicate and
subject to severe rages) and Crohn’s disease (inflammation of the ileum).
Part of the problem seems to lie with the fact that the triple vaccine
challenges the baby’s developing immune system  with three different
viral pathogens at the same time. Some parents and doctors prefer to
give the three pathogens as single vaccinations spread over time. This
means however, that the baby is exposed to foreign proteins three
times as frequently and thus has a greater risk of adverse reactions to
the proteins.

Measles in a non-immunised individual is a killer disease, causes serious
long-term effects in survivors and is extremely infectious. Thus measles
epidemics should be avoided – the risks of suffering and possibly
dying from measles in an epidemic is probably much greater than the
risk of suffering vaccine damage.

A similar worry for parents occurred with the ‘pertussis’ (whooping
cough) vaccine in the 1970s. Because of a slight chance that the
vaccinated child might suffer convulsions (short-term) after vaccination,
many parents failed to have their children vaccinated – this led to
several epidemics of whooping cough – many children ended up with
permanent with lung and heart damage and many babies died. Following
these epidemics, most parents took the decision that vaccination was
the safest option and this was ethically correct because it also protected
the population.

• Because the chances of vaccine damage occurring are probably greater in
some children, for example, children who suffer from asthma, or who
belong to a family with a history of epilepsy, it is ethically important to
identify these children and to refrain from giving them risky vaccinations,
providing the ‘herd effect’ in the population is high.

Exam Hint: - examiners may ask data interpretation questions about
vaccination which will require you to apply your knowledge of the
principles and events of vaccination. It is important to read and assess
any data given carefully.

Practice Questions
1. Read through the following account and then answer the questions below.

In very rare cases, whooping cough vaccine has been said to cause
epileptic-seizures or brain damage and public knowledge of this led to a
decline in acceptance of vaccination in Britain.
It is important to state that the risks of vaccination are much less than the
risks of whooping cough. Prior to the introduction of the vaccine in 1957,
over 100,000 cases of childhood whooping cough were officially notified
each year, and many more occurred which were not notified. The death
rate was about 1 per 1000 overall, but the rate was far higher in children
under one year of age. By 1973 vaccination of 80% of children had led to
a reduction in annual notifications to about 2400 cases. But public anxiety
thereafter caused a drop to 30% acceptance and major epidemics occurred,
between 1977 and 1979, and 1981 to 1983. By 1986 the acceptance rate
of vaccination had risen to 67% and epidemics have not recurred.

a) What ethical dilemma faced parents when deciding whether to
have their children vaccinated against whooping cough? 2

b) Approximately how many children, in Britain, died per year from
whooping cough, prior to 1957? 1

c) What is the main ingredient of whooping cough vaccine? 1
d) Describe how whooping cough vaccine produces immunity. 5
e) Comment on the ‘herd effect’ in the population in the years 1973

and 1980. 4

2. a) With reference to protection against tetanus, distinguish between
artificially acquired active immunity and artificially acquired passive
immunity. 4

b) Explain what is meant by the term ‘attenuated organism’. 2
c) Why does immunisation against influenza need to be repeated each

year? 2

3. a) In 1797 Edward Jenner discovered that inoculation of people with
material from sores on the hand of cowpox sufferers (a mild, non-
lethal disease) protected them from catching smallpox. This
discovery led to eventual widespread vaccination against smallpox.
Explain the biological basis of this. 5

b) How has it been possible to eliminate smallpox from the world
population? 6

c) Why is it almost impossible to eliminate malaria from the world
population?  6
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Answers
1. a) individual children stood a small chance of developing convulsions

after vaccination;
but it is important for all members of a population to be vaccinated
in order to develop  ‘herd immunity’/reduce the reservoir of disease
causing organisms; 2

b) (approx) 100 deaths per annum; 1

c) dead bacteria; 1

d) (some/B-)  lymphocytes detect (dead whooping cough) bacteria as
foreign;
these lymphocytes divide many times by mitosis to produce a
clone;
cloned cells differentiate into plasma cells and memory cells;
plasma cells synthesize specific antibodies to whooping cough
antigens/bacteria;
memory cells retain memory of antigens and can respond rapidly
to a later infection;
ref booster doses of vaccine to enhance immunity; max 5

e) herd effect was high in 1973 because 80% of children in the
population were vaccinated;
thus relatively few cases occurred/only 2400 cases occurred;
herd effect was low in 1980 because only 30% of children were
vaccinated;
thus reservoir of bacteria in population was high and epidemics
occurred; 4

2. a) ‘artificially acquired’ means that vaccination/inoculation takes place/
material is injected into the body;
in ‘active immunity’ tetanus toxoid/modified tetanus toxin is injected
into the body;
this provokes the body’s immune response so that antibodies and
memory cells are produced/gives long term protection;
in ‘passive immunity’ anti-tetanus antibodies are injected into the
body to give short-term protection/protection for a few weeks;

4

b) an organism that is still alive but weakened/not capable of causing
infection;
due to having been cultured in an unusual environment/given heat/
chemical treatment; 2

c) influenza virus constantly mutates to produce new antigens/strains;
each year’s vaccine is produced from all the strains of influenza
present in the population at  the current time; 2

3. a) Vaccinia/cowpox virus has similar antigens to smallpox virus;
inoculation with cowpox virus stimulated the body’s immune
response;
plasma cells would produce antibodies against the cowpox virus
destroying it;
memory cells would retain the immunological memory enabling
rapid production of plasma cells and antibody when exposed to a
second infection;
memory cells would be fooled into responding to smallpox antigens
due to their similarity to cowpox antigens; 5

Vaccines

b) WHO provided money, vaccine and personnel for a world-wide
immunisation programme;
all babies vaccinated in the first year of life;
people had to be vaccinated against smallpox before travelling
between countries;
good surveillance system so that new outbreaks could be dealt
with quickly;
by isolation and treatment of sufferers;
by vaccination of contacts/surrounding population; 6

c) Plasmodium/malarial parasite has several life cycle stages all with
different antigens;
these antigens are subject to frequent change due to gene mutations;
also several species of malarial parasite occur all with different
antigens;
each species also has several strains which are also antigenically
different;
ref to huge reservoir of all malarial species in many mammals and
birds;
thus even if all potential sufferers were vaccinated new mutant
strains would appear from the reservoir; 6


