
How does our specifi c immune system 
recognise viruses?
Specifi c immunity is our ability to recognise and destroy particular 
pathogens, their products or abnormal body cells. The many millions of 
different lymphocytes which were produced in our bone marrow before 
birth, matured in our thymus or bone marrow as T and B cells respectively. 
Each became sensitised to a specifi c antigen (non-self protein) for which it 
has 10,000 to 100,000 particular receptors.

On detection of its specifi c antigen, binding like substrate to enzyme, the 
lymphocyte is activated and grows and divides extremely rapidly, forming 
a large group or clone of identical specifi c defence cells. Activated B 
cells produce specifi c antibodies targeting and destroying the antigen. 
Activated T cells (Helpers, Killers and Suppressors) play an important part 
in the specifi c defence response.

What is the role of memory B cells in 
protecting us from future infections?
After the infection is successfully dealt with most of the remaining B cells 
are destroyed; but a small percentage remain alive for many years and any 
future detection of the antigen will cause them to multiply rapidly, causing a 
very quick and massive immune response. This immune memory ensures 
we do not suffer the same disease twice and is the basis of protection by 
vaccine.

Can we use viruses in our war against 
bacterial diseases?
Yes – against many. Organisms of all fi ve kingdoms are attacked by 
viruses. Specialist viruses, the bacteriophages, attack bacteria. With the 
rise of antibiotic-resistant bacterial pathogens the use of bacteriophages 
may become very important.

Do viruses cause cancer?
Some viruses can cause cancer directly. Hepatitis B virus causes liver 
cancer and the human papilloma virus causes cancer of the cervix, against 
which a vaccine has recently been developed and proved successful in 
clinical trials. Some viruses increase the risk of cancer as they reduce the 
ability of the body’s specifi c immune system to detect and destroy cells 
that have turned cancerous. This is especially seen in patients infected 
with the HIV virus.

Are viruses the biggest threat to 
our health? 
The development of vaccines (protecting against viruses and bacteria) 
and the discovery of antibiotics (anti bacterial), greatly reduced the 
impact of pathogens. Many people became confi dent that death due to 
infectious disease would soon be part of the history of science. The very 
recent pandemic of AIDS, fi rst detected in early 1980s, has blunted such 
confi dence and failure to produce a vaccine has placed viruses at the top 
of the list of threats to human life.

What is an infectious disease?

In this lesson we will look at the causes and treatment of 
infectious diseases as a result of viruses. Disease is an 
unhealthy condition of the body due to disruption of its normal 
functioning. Diseases may be genetic or acquired through 
accidents at birth, through malnutrition or injury. At the present 
time we still don’t know the cause of many diseases. About one 
third of all deaths each year are due to pathogenic diseases.

What is a pathogen?
A pathogen is an infectious disease-causing organism. Pathogens can be 
viruses, bacteria or fungi. All viruses are pathogenic as they are obligate 
intracellular parasites. A parasite is an organism that lives with, and gains 
nourishment from, another organism causing it harm. Intracellular means 
that it lives within the cell. Obligate means that the virus must be with 
its host to gain nourishment and to reproduce. Although many human 
diseases are caused by viruses most viruses are harmless to us.

Is a virus a living organism?
An organism is a living structure composed of one or more cells - based 
on this defi nition a virus is not a living organism. Viruses are non-cellular 
and the typical virus structure is a surrounding wall of protein protecting 
the genetic material that can be DNA or RNA.
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The Importance of 
Travel Vaccinations

It is advised that before you go travelling to any far away destinations 

such as Africa, South America or Asia, you contact your local 

GP or the Tropical Disease Centre to gather information on any 

vaccines that may be required. Some diseases such as Hepatitis 

A and B are much more common in these parts of the world and 

you can be protected by vaccination. Most vaccinations need to be 

administered up to 3 months before you go travelling. With some 

vaccinations booster shots are required after 6 – 12 months to 

maintain effectiveness. 

How do viruses reproduce?
Viruses, randomly wandering, make physical contact with a suitable 
host cell to which they attach. The nucleic acid penetrates the host cell 
where it is replicated many times. Genes in the viral nucleic acid direct the 
synthesis of viral structural proteins. Automatic assembly of new viruses 
from the proteins and nucleic acid takes place. The new viruses are then 
released from the host cell.

Fig.1  Typical Structure of a Virus

However, viruses do show classical features of life. Their structure is 
highly organised and composed of complex biomolecules. They possess 
genetic information that is replicated and passed on to the next generation.  
Viruses use the cellular materials and machinery of the host to bring about 
its reproduction.

What is a vaccine?
A vaccine is any relatively harmless substance made from a pathogenic 
material with its disease causing ability removed. It is used to cause a 
specifi c immune response to a pathogen and, as a result, to ensure 
protection in the future against the virulent pathogen. 

What are the main types of materials used 
as vaccines?
The materials used to make vaccines are  weakened pathogen, dead 
or inactivated pathogen, mutant non-pathogenic strain, closely related 
relatively harmless pathogen, purifi ed antigen, genetically engineered 
viruses and plasmid DNA. 

Fig.3   Memory cells protect us against future 
infections by a particular pathogen
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The Programme of Action for Children
The Programme of Action for Children is a programme 
established by the Health Service Executive to manage child 
related projects.

One of the primary objectives of the programme is to develop 
health and well-being for children. One way of doing this is by 
working closely with the Health Service National Immunisation 
Programme which implements immunisation programmes for 
infants, school children and adults. 

Childhood immunisations are recommended for all children 
to protect against a wide number of serious diseases .e.g. 
measles, mumps, meningitis, polio. Adult immunisations are 
recommended for certain at risk groups e.g. fl u vaccine for 
those over 65 or Hepatitis B vaccine for health care workers.

The HSE is responsible for ensuring 
•  Up to date accurate information re immunisation is 

available to parents and health care professionals
•  Suffi cient vaccine stocks are available for the national 

immunisation programme
•  Vaccines are distributed to all sites under quality 

temperature conditions
•  Accurate statistics are collected on vaccine uptakes 

and disease outbreaks through the Health Protection 
Surveillance Centre

Find out more about the Programme of Action for Children 
and the work of the Health Services Executive at 

www.immunisation.ie, www.hpsc.ie or 
www.sciencetechnologyaction.com.
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Fig.2  Viral multiplication in its host cell

The Programme of Action for Children
The Programme of Action for Children is a programme 
established by the Health Service Executive to manage child 
related projects.

One of the primary objectives of the programme is to develop 
health and well-being for children. One way of doing this is by 
working closely with the Health Service National Immunisation 
Programme which implements immunisation programmes for 
infants, school children and adults. 

Childhood immunisations are recommended for all children 
to protect against a wide number of serious diseases .e.g. 
measles, mumps, meningitis, polio. Adult immunisations are 
recommended for certain at risk groups e.g. fl u vaccine for 
those over 65 or Hepatitis B vaccine for health care workers.

The HSE is responsible for ensuring 
•  Up to date accurate information re immunisation is 

available to parents and health care professionals
•  Suffi cient vaccine stocks are available for the national 

immunisation programme
•  Vaccines are distributed to all sites under quality 

temperature conditions
•  Accurate statistics are collected on vaccine uptakes 

and disease outbreaks through the Health Protection 
Surveillance Centre

Find out more about the Programme of Action for Children 
and the work of the Health Services Executive at 

www.immunisation.ie, www.hpsc.ie or 
www.sciencetechnologyaction.com.



How does our specifi c immune system 
recognise viruses?
Specifi c immunity is our ability to recognise and destroy particular 
pathogens, their products or abnormal body cells. The many millions of 
different lymphocytes which were produced in our bone marrow before 
birth, matured in our thymus or bone marrow as T and B cells respectively. 
Each became sensitised to a specifi c antigen (non-self protein) for which it 
has 10,000 to 100,000 particular receptors.

On detection of its specifi c antigen, binding like substrate to enzyme, the 
lymphocyte is activated and grows and divides extremely rapidly, forming 
a large group or clone of identical specifi c defence cells. Activated B 
cells produce specifi c antibodies targeting and destroying the antigen. 
Activated T cells (Helpers, Killers and Suppressors) play an important part 
in the specifi c defence response.

What is the role of memory B cells in 
protecting us from future infections?
After the infection is successfully dealt with most of the remaining B cells 
are destroyed; but a small percentage remain alive for many years and any 
future detection of the antigen will cause them to multiply rapidly, causing a 
very quick and massive immune response. This immune memory ensures 
we do not suffer the same disease twice and is the basis of protection by 
vaccine.

Can we use viruses in our war against 
bacterial diseases?
Yes – against many. Organisms of all fi ve kingdoms are attacked by 
viruses. Specialist viruses, the bacteriophages, attack bacteria. With the 
rise of antibiotic-resistant bacterial pathogens the use of bacteriophages 
may become very important.

Do viruses cause cancer?
Some viruses can cause cancer directly. Hepatitis B virus causes liver 
cancer and the human papilloma virus causes cancer of the cervix, against 
which a vaccine has recently been developed and proved successful in 
clinical trials. Some viruses increase the risk of cancer as they reduce the 
ability of the body’s specifi c immune system to detect and destroy cells 
that have turned cancerous. This is especially seen in patients infected 
with the HIV virus.

Are viruses the biggest threat to 
our health? 
The development of vaccines (protecting against viruses and bacteria) 
and the discovery of antibiotics (anti bacterial), greatly reduced the 
impact of pathogens. Many people became confi dent that death due to 
infectious disease would soon be part of the history of science. The very 
recent pandemic of AIDS, fi rst detected in early 1980s, has blunted such 
confi dence and failure to produce a vaccine has placed viruses at the top 
of the list of threats to human life.

What is an infectious disease?

In this lesson we will look at the causes and treatment of 
infectious diseases as a result of viruses. Disease is an 
unhealthy condition of the body due to disruption of its normal 
functioning. Diseases may be genetic or acquired through 
accidents at birth, through malnutrition or injury. At the present 
time we still don’t know the cause of many diseases. About one 
third of all deaths each year are due to pathogenic diseases.

What is a pathogen?
A pathogen is an infectious disease-causing organism. Pathogens can be 
viruses, bacteria or fungi. All viruses are pathogenic as they are obligate 
intracellular parasites. A parasite is an organism that lives with, and gains 
nourishment from, another organism causing it harm. Intracellular means 
that it lives within the cell. Obligate means that the virus must be with 
its host to gain nourishment and to reproduce. Although many human 
diseases are caused by viruses most viruses are harmless to us.

Is a virus a living organism?
An organism is a living structure composed of one or more cells - based 
on this defi nition a virus is not a living organism. Viruses are non-cellular 
and the typical virus structure is a surrounding wall of protein protecting 
the genetic material that can be DNA or RNA.
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The Importance of 
Travel Vaccinations

It is advised that before you go travelling to any far away destinations 

such as Africa, South America or Asia, you contact your local 

GP or the Tropical Disease Centre to gather information on any 

vaccines that may be required. Some diseases such as Hepatitis 

A and B are much more common in these parts of the world and 

you can be protected by vaccination. Most vaccinations need to be 

administered up to 3 months before you go travelling. With some 

vaccinations booster shots are required after 6 – 12 months to 

maintain effectiveness. 

How do viruses reproduce?
Viruses, randomly wandering, make physical contact with a suitable 
host cell to which they attach. The nucleic acid penetrates the host cell 
where it is replicated many times. Genes in the viral nucleic acid direct the 
synthesis of viral structural proteins. Automatic assembly of new viruses 
from the proteins and nucleic acid takes place. The new viruses are then 
released from the host cell.

Fig.1  Typical Structure of a Virus

However, viruses do show classical features of life. Their structure is 
highly organised and composed of complex biomolecules. They possess 
genetic information that is replicated and passed on to the next generation.  
Viruses use the cellular materials and machinery of the host to bring about 
its reproduction.

What is a vaccine?
A vaccine is any relatively harmless substance made from a pathogenic 
material with its disease causing ability removed. It is used to cause a 
specifi c immune response to a pathogen and, as a result, to ensure 
protection in the future against the virulent pathogen. 

What are the main types of materials used 
as vaccines?
The materials used to make vaccines are  weakened pathogen, dead 
or inactivated pathogen, mutant non-pathogenic strain, closely related 
relatively harmless pathogen, purifi ed antigen, genetically engineered 
viruses and plasmid DNA. 

Fig.3   Memory cells protect us against future 
infections by a particular pathogen
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The Programme of Action for Children
The Programme of Action for Children is a programme 
established by the Health Service Executive to manage child 
related projects.

One of the primary objectives of the programme is to develop 
health and well-being for children. One way of doing this is by 
working closely with the Health Service National Immunisation 
Programme which implements immunisation programmes for 
infants, school children and adults. 

Childhood immunisations are recommended for all children 
to protect against a wide number of serious diseases .e.g. 
measles, mumps, meningitis, polio. Adult immunisations are 
recommended for certain at risk groups e.g. fl u vaccine for 
those over 65 or Hepatitis B vaccine for health care workers.

The HSE is responsible for ensuring 
•  Up to date accurate information re immunisation is 

available to parents and health care professionals
•  Suffi cient vaccine stocks are available for the national 

immunisation programme
•  Vaccines are distributed to all sites under quality 

temperature conditions
•  Accurate statistics are collected on vaccine uptakes 

and disease outbreaks through the Health Protection 
Surveillance Centre

Find out more about the Programme of Action for Children 
and the work of the Health Services Executive at 

www.immunisation.ie, www.hpsc.ie or 
www.sciencetechnologyaction.com.

Examination Questions  
2005 Higher Level

(i)   Comment briefl y on the diffi culty in classifying viruses as living       
organisms. 

(ii) Name two diseases of humans caused by viruses.

(iii)  Name two types of lymphocyte and state a role of each when viruses 
or other micro-organisms enter the blood.

(iv)  ‘Immunity that results form vaccination is effectively the same as the 
immunity that develops following an infection’. Do you agree with this 
statement? Explain your answer. (30)

2004: State Examinations Commission: Sample 
Paper (Higher Level)

(i)   What is meant by the term immunity? Distinguish between active and 
passive immunity.

(ii)  Describe two ways in which the skin helps to defend the body against 
pathogenic micro-organisms.

(iii)  Lymphocytes play a vital role in the body’s immune system. To which 
group of blood cells do lymphocytes belong? Name two types of 
lymphocytes and state a role of each. 

(iv)  What is the purpose of vaccination? (30)
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 Activities

Investigative   
•  List and defi ne the basic characteristics shared by all living 

organisms.

•  Choose one viral disease in the list of the previous section and research 
it under the following headings: infectious agent, method of infection, 
symptoms and diagnosis, prognosis and complications, prevention 
and treatment. It is also an interesting exercise to investigate the harm 
it caused to the human population before modern scientifi c medicine 
intervened. 

•  Some of the human diseases caused by viruses: mumps, measles,  
 rubella, hepatitis, fl u, chicken pox, viral meningitis, certain types   
 of sexually transmitted diseases, croup, polio, common cold, AIDS,  
 mononucleosis, rabies, encephalitis.  

•  Many of the very dangerous diseases only became a problem with  
 the origin of agriculture as it led to the infection of humans with viral  
 and bacterial pathogens of animals e.g. smallpox, chickenpox, fl u,   
 tuberculosis, common cold. Over a hundred different micro-organism  
 diseases are attributed to cross-infection from animal husbandry. 

•  Water contaminated with animal faeces was the origin of polio,   
 cholera, typhoid and viral hepatitis.

•  What is known as the ‘common cold’ is caused by a virus. Yet it is 
not unusual to suffer quite frequently from this illness. Investigate 
why we do not have lifetime immunity to the common cold after our 
fi rst experience of the disease. Clue: the symptoms of the attack by 
different pathogens can be similar.

•  Research the different types of materials used as vaccines that are 
listed in the last paragraph of the lesson.

•  Investigate the origin of the word ‘vaccine’. Clue: Edward Jenner’s use 
of cowpox to protect against smallpox.

Syllabus Reference

Leaving Certifi cate Biology;  

Section 3.5.1 -  Structures for Response 

Section 3.5.3- Responses in Humans

Section H.3.5.7 – Human Immune System (Extended Study)

Junior Certifi cate Science – Section 1C8 – Microbiology and 
Microtechnology

Learning Objectives
On completing this lesson the student should be able to:

• Defi ne the meaning of a pathogen

• Discuss the meaning of a virus

• Understand the reproduction process of viruses

• Identify the main types of vaccinations used

• Discuss the mechanism by which vaccinations protects us  

Did You Know?  
•  In 1918 – 1919, up to 50 million people were killed by an infl uenza 

pandemic. Known as the ‘Spanish Flu’ it is recorded as one of the 
most devastating epidemics recorded in world history killing more 
than World War I. 

•  US scientists have managed to rebuild the deadly Spanish fl u virus. 
The virus was taken from stored lung tissue of a patient who caught 
and died from the fl u and using genetic information they have been 
able to reconstruct the virus. 

•  Using this information researchers hope to be able to learn more about 
the deadly bird fl u virus which is threatening a similar pandemic.

•  The government has ordered additional supplies of doses of the anti-
viral, tamifl u in case of an outbreak of the fl u virus. 

•  Measles accounts for up to one million deaths worldwide every year 
in children under fi ve years of age. This is approximately 10% of all 
deaths in this age group. 

•  MMR vaccinations deal with the viruses measles, mumps and rubella. 

•  Half of the present generation of second level students would not 
be alive today without the availability of antibiotics and vaccination 
against specifi c diseases. In the seventeenth century only about half 
the children survived to the age of fi fteen; most died of infectious 
diseases.

•  Memory B cells mount an immediate massive production of specifi c 
antibodies against the previously encountered pathogen or pathogen 
to which we have been vaccinated. There are memory cells also of 
each of the subclasses of T cells (killers, helpers and suppressors) but 
there is no class of T cells called memory T cells.

True or False
Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

(a) A pathogen is a disease-causing organism.

(b) All diseases are caused by pathogens.

(c) Viruses are extracellular parasites.

(d) Viruses are unicellular organisms.

(e) The genetic material of viruses may be DNA or RNA.

(f) Excretion is not a characteristic of viruses.

(g) A virus can ‘attack’ any live cell. 

(h) Some bacteria are now resistant to particular antibiotics.

(i) All cancers result from genetic mutation.

(j) Viruses can cause genetic mutation in their host cell. 

(k) Activated T cells produce and secrete antibodies. 

(l) After infection all the activated B cells are destroyed.

(m)  Vaccines produce memory B cells without causing 
the disease.

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

General Learning Points
• A pathogen is an infectious disease-causing organism.

•  All viruses are pathogenic, non-cellular and at the boundary between 
living and non-living.

•  Specifi c Immunity is our bodies’ ability to recognise and destroy a 
particular pathogen.

• Viruses are non-cellular and generally have a surrounding wall of   
 protein.

•  A vaccine is a material that causes a specifi c immune response to a 
particular pathogen.

• We are under constant attack by pathogens.

•  Many pathogens are invisible to the naked eye – these are the 
pathogenic micro-organisms.

•  Viruses hijack their host cell’s materials and machinery to 
‘reproduce’.

•  Some viruses can cause cancer and impede our defences against 
cancer.

•  Our specifi c immune system can recognise ‘non-self chemicals’, 
which are called antigens, and direct a precise attack against them 
using special ‘tailor-made’ proteins called antibodies.

•  Memory B cells after the infection has been cleared then protect us 
against the effects of the same pathogen in the future.  

•  The aim of vaccination is to develop memory B cells to a particular 
pathogen so that if we ever become infected we can protect ourselves 
and remain healthy with no symptoms of disease.

Revise the Terms

Revision of terminology is an effective retention and 
recall tool. 

Virus; vaccine; pathogen; infection; disease;  organism; genetics;  birth; 
malnutrition;, parasite; cell; protein; DNA; RNA; biomolecules; replication; 
reproduction; host; nucleic acid; gene; nucleic acid; synthesis; bacteria; 
kingdom; antibiotic; bacteriophage; cancer; specifi c immunity; HIV; 
science; pandemic; AIDS; immunity; lymphocyte; bone marrow; thymus; T 
cells; B cells; antibodies; antigen; clone; antibody; memory cells; virulent; 
mutation; genetic engineering; plasmid.

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com

Check your answers to these questions on 
www.sciencetechnologyaction.com

Biographical Notes

Edward Jenner

Over two centuries ago Edward Jenner fi rst made the experimental 
vaccination – the inoculation with cow-pox viruses to build immunity 
against the deadly smallpox virus. His research was based on careful case 
studies and clinical observations. On May 14, 1796 Jenner fi rst vaccinated 
a boy called James Phipps with virus from the dairymaid Sarah Nelmes. 
Phipps proved Jenner’s point by surviving repeated unsuccessful attempts 
to infect him with smallpox.

You can fi nd out more about these and other great 
scientists at www.sciencetechnologyaction.com
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Did You Know? (Ctd)  
•  The fi rst account of biological warfare is at the siege of Kaffa (Feodosia) 

in 1346, where the besiegers, devastated by plague, catapulted corpses 
of plague victims over the walls into the town causing the disease to 
spread among the besieged.
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How does our specifi c immune system 
recognise viruses?
Specifi c immunity is our ability to recognise and destroy particular 
pathogens, their products or abnormal body cells. The many millions of 
different lymphocytes which were produced in our bone marrow before 
birth, matured in our thymus or bone marrow as T and B cells respectively. 
Each became sensitised to a specifi c antigen (non-self protein) for which it 
has 10,000 to 100,000 particular receptors.

On detection of its specifi c antigen, binding like substrate to enzyme, the 
lymphocyte is activated and grows and divides extremely rapidly, forming 
a large group or clone of identical specifi c defence cells. Activated B 
cells produce specifi c antibodies targeting and destroying the antigen. 
Activated T cells (Helpers, Killers and Suppressors) play an important part 
in the specifi c defence response.

What is the role of memory B cells in 
protecting us from future infections?
After the infection is successfully dealt with most of the remaining B cells 
are destroyed; but a small percentage remain alive for many years and any 
future detection of the antigen will cause them to multiply rapidly, causing a 
very quick and massive immune response. This immune memory ensures 
we do not suffer the same disease twice and is the basis of protection by 
vaccine.

Can we use viruses in our war against 
bacterial diseases?
Yes – against many. Organisms of all fi ve kingdoms are attacked by 
viruses. Specialist viruses, the bacteriophages, attack bacteria. With the 
rise of antibiotic-resistant bacterial pathogens the use of bacteriophages 
may become very important.

Do viruses cause cancer?
Some viruses can cause cancer directly. Hepatitis B virus causes liver 
cancer and the human papilloma virus causes cancer of the cervix, against 
which a vaccine has recently been developed and proved successful in 
clinical trials. Some viruses increase the risk of cancer as they reduce the 
ability of the body’s specifi c immune system to detect and destroy cells 
that have turned cancerous. This is especially seen in patients infected 
with the HIV virus.

Are viruses the biggest threat to 
our health? 
The development of vaccines (protecting against viruses and bacteria) 
and the discovery of antibiotics (anti bacterial), greatly reduced the 
impact of pathogens. Many people became confi dent that death due to 
infectious disease would soon be part of the history of science. The very 
recent pandemic of AIDS, fi rst detected in early 1980s, has blunted such 
confi dence and failure to produce a vaccine has placed viruses at the top 
of the list of threats to human life.

What is an infectious disease?

In this lesson we will look at the causes and treatment of 
infectious diseases as a result of viruses. Disease is an 
unhealthy condition of the body due to disruption of its normal 
functioning. Diseases may be genetic or acquired through 
accidents at birth, through malnutrition or injury. At the present 
time we still don’t know the cause of many diseases. About one 
third of all deaths each year are due to pathogenic diseases.

What is a pathogen?
A pathogen is an infectious disease-causing organism. Pathogens can be 
viruses, bacteria or fungi. All viruses are pathogenic as they are obligate 
intracellular parasites. A parasite is an organism that lives with, and gains 
nourishment from, another organism causing it harm. Intracellular means 
that it lives within the cell. Obligate means that the virus must be with 
its host to gain nourishment and to reproduce. Although many human 
diseases are caused by viruses most viruses are harmless to us.

Is a virus a living organism?
An organism is a living structure composed of one or more cells - based 
on this defi nition a virus is not a living organism. Viruses are non-cellular 
and the typical virus structure is a surrounding wall of protein protecting 
the genetic material that can be DNA or RNA.
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The Importance of 
Travel Vaccinations

It is advised that before you go travelling to any far away destinations 

such as Africa, South America or Asia, you contact your local 

GP or the Tropical Disease Centre to gather information on any 

vaccines that may be required. Some diseases such as Hepatitis 

A and B are much more common in these parts of the world and 

you can be protected by vaccination. Most vaccinations need to be 

administered up to 3 months before you go travelling. With some 

vaccinations booster shots are required after 6 – 12 months to 

maintain effectiveness. 

How do viruses reproduce?
Viruses, randomly wandering, make physical contact with a suitable 
host cell to which they attach. The nucleic acid penetrates the host cell 
where it is replicated many times. Genes in the viral nucleic acid direct the 
synthesis of viral structural proteins. Automatic assembly of new viruses 
from the proteins and nucleic acid takes place. The new viruses are then 
released from the host cell.

Fig.1  Typical Structure of a Virus

However, viruses do show classical features of life. Their structure is 
highly organised and composed of complex biomolecules. They possess 
genetic information that is replicated and passed on to the next generation.  
Viruses use the cellular materials and machinery of the host to bring about 
its reproduction.

What is a vaccine?
A vaccine is any relatively harmless substance made from a pathogenic 
material with its disease causing ability removed. It is used to cause a 
specifi c immune response to a pathogen and, as a result, to ensure 
protection in the future against the virulent pathogen. 

What are the main types of materials used 
as vaccines?
The materials used to make vaccines are  weakened pathogen, dead 
or inactivated pathogen, mutant non-pathogenic strain, closely related 
relatively harmless pathogen, purifi ed antigen, genetically engineered 
viruses and plasmid DNA. 

Fig.3   Memory cells protect us against future 
infections by a particular pathogen
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Fig.2  Viral multiplication in its host cell

The Programme of Action for Children
The Programme of Action for Children is a programme 
established by the Health Service Executive to manage child 
related projects.

One of the primary objectives of the programme is to develop 
health and well-being for children. One way of doing this is by 
working closely with the Health Service National Immunisation 
Programme which implements immunisation programmes for 
infants, school children and adults. 

Childhood immunisations are recommended for all children 
to protect against a wide number of serious diseases .e.g. 
measles, mumps, meningitis, polio. Adult immunisations are 
recommended for certain at risk groups e.g. fl u vaccine for 
those over 65 or Hepatitis B vaccine for health care workers.

The HSE is responsible for ensuring 
•  Up to date accurate information re immunisation is 

available to parents and health care professionals
•  Suffi cient vaccine stocks are available for the national 

immunisation programme
•  Vaccines are distributed to all sites under quality 

temperature conditions
•  Accurate statistics are collected on vaccine uptakes 

and disease outbreaks through the Health Protection 
Surveillance Centre

Find out more about the Programme of Action for Children 
and the work of the Health Services Executive at 

www.immunisation.ie, www.hpsc.ie or 
www.sciencetechnologyaction.com.

Examination Questions  
2005 Higher Level

(i)   Comment briefl y on the diffi culty in classifying viruses as living       
organisms. 

(ii) Name two diseases of humans caused by viruses.

(iii)  Name two types of lymphocyte and state a role of each when viruses 
or other micro-organisms enter the blood.

(iv)  ‘Immunity that results form vaccination is effectively the same as the 
immunity that develops following an infection’. Do you agree with this 
statement? Explain your answer. (30)

2004: State Examinations Commission: Sample 
Paper (Higher Level)

(i)   What is meant by the term immunity? Distinguish between active and 
passive immunity.

(ii)  Describe two ways in which the skin helps to defend the body against 
pathogenic micro-organisms.

(iii)  Lymphocytes play a vital role in the body’s immune system. To which 
group of blood cells do lymphocytes belong? Name two types of 
lymphocytes and state a role of each. 

(iv)  What is the purpose of vaccination? (30)
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 Activities

Investigative   
•  List and defi ne the basic characteristics shared by all living 

organisms.

•  Choose one viral disease in the list of the previous section and research 
it under the following headings: infectious agent, method of infection, 
symptoms and diagnosis, prognosis and complications, prevention 
and treatment. It is also an interesting exercise to investigate the harm 
it caused to the human population before modern scientifi c medicine 
intervened. 

•  Some of the human diseases caused by viruses: mumps, measles,  
 rubella, hepatitis, fl u, chicken pox, viral meningitis, certain types   
 of sexually transmitted diseases, croup, polio, common cold, AIDS,  
 mononucleosis, rabies, encephalitis.  

•  Many of the very dangerous diseases only became a problem with  
 the origin of agriculture as it led to the infection of humans with viral  
 and bacterial pathogens of animals e.g. smallpox, chickenpox, fl u,   
 tuberculosis, common cold. Over a hundred different micro-organism  
 diseases are attributed to cross-infection from animal husbandry. 

•  Water contaminated with animal faeces was the origin of polio,   
 cholera, typhoid and viral hepatitis.

•  What is known as the ‘common cold’ is caused by a virus. Yet it is 
not unusual to suffer quite frequently from this illness. Investigate 
why we do not have lifetime immunity to the common cold after our 
fi rst experience of the disease. Clue: the symptoms of the attack by 
different pathogens can be similar.

•  Research the different types of materials used as vaccines that are 
listed in the last paragraph of the lesson.

•  Investigate the origin of the word ‘vaccine’. Clue: Edward Jenner’s use 
of cowpox to protect against smallpox.

Syllabus Reference

Leaving Certifi cate Biology;  

Section 3.5.1 -  Structures for Response 

Section 3.5.3- Responses in Humans

Section H.3.5.7 – Human Immune System (Extended Study)

Junior Certifi cate Science – Section 1C8 – Microbiology and 
Microtechnology

Learning Objectives
On completing this lesson the student should be able to:

• Defi ne the meaning of a pathogen

• Discuss the meaning of a virus

• Understand the reproduction process of viruses

• Identify the main types of vaccinations used

• Discuss the mechanism by which vaccinations protects us  

Did You Know?  
•  In 1918 – 1919, up to 50 million people were killed by an infl uenza 

pandemic. Known as the ‘Spanish Flu’ it is recorded as one of the 
most devastating epidemics recorded in world history killing more 
than World War I. 

•  US scientists have managed to rebuild the deadly Spanish fl u virus. 
The virus was taken from stored lung tissue of a patient who caught 
and died from the fl u and using genetic information they have been 
able to reconstruct the virus. 

•  Using this information researchers hope to be able to learn more about 
the deadly bird fl u virus which is threatening a similar pandemic.

•  The government has ordered additional supplies of doses of the anti-
viral, tamifl u in case of an outbreak of the fl u virus. 

•  Measles accounts for up to one million deaths worldwide every year 
in children under fi ve years of age. This is approximately 10% of all 
deaths in this age group. 

•  MMR vaccinations deal with the viruses measles, mumps and rubella. 

•  Half of the present generation of second level students would not 
be alive today without the availability of antibiotics and vaccination 
against specifi c diseases. In the seventeenth century only about half 
the children survived to the age of fi fteen; most died of infectious 
diseases.

•  Memory B cells mount an immediate massive production of specifi c 
antibodies against the previously encountered pathogen or pathogen 
to which we have been vaccinated. There are memory cells also of 
each of the subclasses of T cells (killers, helpers and suppressors) but 
there is no class of T cells called memory T cells.

True or False
Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

(a) A pathogen is a disease-causing organism.

(b) All diseases are caused by pathogens.

(c) Viruses are extracellular parasites.

(d) Viruses are unicellular organisms.

(e) The genetic material of viruses may be DNA or RNA.

(f) Excretion is not a characteristic of viruses.

(g) A virus can ‘attack’ any live cell. 

(h) Some bacteria are now resistant to particular antibiotics.

(i) All cancers result from genetic mutation.

(j) Viruses can cause genetic mutation in their host cell. 

(k) Activated T cells produce and secrete antibodies. 

(l) After infection all the activated B cells are destroyed.

(m)  Vaccines produce memory B cells without causing 
the disease.

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

General Learning Points
• A pathogen is an infectious disease-causing organism.

•  All viruses are pathogenic, non-cellular and at the boundary between 
living and non-living.

•  Specifi c Immunity is our bodies’ ability to recognise and destroy a 
particular pathogen.

• Viruses are non-cellular and generally have a surrounding wall of   
 protein.

•  A vaccine is a material that causes a specifi c immune response to a 
particular pathogen.

• We are under constant attack by pathogens.

•  Many pathogens are invisible to the naked eye – these are the 
pathogenic micro-organisms.

•  Viruses hijack their host cell’s materials and machinery to 
‘reproduce’.

•  Some viruses can cause cancer and impede our defences against 
cancer.

•  Our specifi c immune system can recognise ‘non-self chemicals’, 
which are called antigens, and direct a precise attack against them 
using special ‘tailor-made’ proteins called antibodies.

•  Memory B cells after the infection has been cleared then protect us 
against the effects of the same pathogen in the future.  

•  The aim of vaccination is to develop memory B cells to a particular 
pathogen so that if we ever become infected we can protect ourselves 
and remain healthy with no symptoms of disease.

Revise the Terms

Revision of terminology is an effective retention and 
recall tool. 

Virus; vaccine; pathogen; infection; disease;  organism; genetics;  birth; 
malnutrition;, parasite; cell; protein; DNA; RNA; biomolecules; replication; 
reproduction; host; nucleic acid; gene; nucleic acid; synthesis; bacteria; 
kingdom; antibiotic; bacteriophage; cancer; specifi c immunity; HIV; 
science; pandemic; AIDS; immunity; lymphocyte; bone marrow; thymus; T 
cells; B cells; antibodies; antigen; clone; antibody; memory cells; virulent; 
mutation; genetic engineering; plasmid.

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com

Check your answers to these questions on 
www.sciencetechnologyaction.com

Biographical Notes

Edward Jenner

Over two centuries ago Edward Jenner fi rst made the experimental 
vaccination – the inoculation with cow-pox viruses to build immunity 
against the deadly smallpox virus. His research was based on careful case 
studies and clinical observations. On May 14, 1796 Jenner fi rst vaccinated 
a boy called James Phipps with virus from the dairymaid Sarah Nelmes. 
Phipps proved Jenner’s point by surviving repeated unsuccessful attempts 
to infect him with smallpox.

You can fi nd out more about these and other great 
scientists at www.sciencetechnologyaction.com

The Fight Against Infectious Disease

• Programme of Action for Children • 

Did You Know? (Ctd)  
•  The fi rst account of biological warfare is at the siege of Kaffa (Feodosia) 

in 1346, where the besiegers, devastated by plague, catapulted corpses 
of plague victims over the walls into the town causing the disease to 
spread among the besieged.

Fight Against Infectious Disease

Programme of Action for Children 
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