
MMR vaccination
In Ireland measles cases declined dramatically after the introduction 
of the measles vaccine in 1985, from 10,000 cases in 1985 to 201 
cases in 1987. MMR (measles, mumps and rubella) vaccine was 
introduced to the Irish childhood immunisation schedule in 1988. 

However, measles outbreaks still occur here. The largest in recent 
years occurred in 2000, when more than 1600 cases were reported 
and 3 children died. 

Diseases can be eliminated locally in a country without global 
eradication of the causative microorganism. In four of six WHO world 
regions, substantial progress has been made in measles elimination. 
Yet, in Europe measles cases began to rise significantly since  
2016 because of complacency following the success of vaccination 
campaigns and antivaccine misinformation. Between January  
2016 and March 2019, 44,047 cases and more than 100 deaths  
were reported from 30 EU countries. 

Herd immunity
WHO advises the key to elimination of measles is having a 
vaccination programme that covers 95% of the population.

In Ireland babies get one dose of MMR vaccine at 12 months  
and a second dose at age 4-5 years. Vaccinating 95 out of every  
100 people gives community (or herd) immunity. 

When 95% of the population is vaccinated, it is difficult for infectious 
diseases to spread, because there are not many people who can  
be infected. For example, if someone with measles is surrounded by 
people who are vaccinated, the disease cannot spread easily,  
and will quickly disappear providing protection to all the population. 

Some people rely on community immunity for protection against 
measles. This includes babies who are too young to be vaccinated, 
and children and adults who cannot be vaccinated because of illness 
or treatment that affects their immune system. 

However, vaccine uptake against measles has never reached 95%  
in Ireland primarily because of publicised, but now disproven scare 
stories that the MMR vaccine causes autism.

Therefore, although there may not be measles infection in Ireland,  
if measles is imported – just as the Covid 19 virus was imported –  
people who are unvaccinated will be vulnerable to infection, and 
measles outbreaks can arise among the unvaccinated. It also means 
that people who rely on community (herd) immunity to protect them 
could get measles, for example, people on chemotherapy treatment 
whose immune system is weakened.

As with smallpox, people with measles are isolated to prevent 
outbreaks of the disease; susceptible contacts are traced and,  
if required, MMR vaccination within three days of exposure to  
measles virus can prevent measles infection from developing.

As the Covid-19 pandemic has shown, infectious diseases are  
only a plane ride away. When available, vaccination provides the  
best protection against these serious diseases like measles.

Smallpox vaccination stopped in Ireland in 1972. Almost 200 years 
after the first vaccination, smallpox was eradicated. This year marked 
the 40th Anniversary of WHO eradication of smallpox. 

Polio eradication 
In 1988 the World Health Assembly passed a resolution to eradicate 
polio. WHO Global Polio Eradication Initiative, employing hundreds of 
thousands of volunteers has helped decrease the incidence of polio 
by 99.9% since 1988. An estimated 18 million people are walking 
today who would otherwise have been paralysed by polio, and more 
than 1.5 million lives have been saved. 

There are three types of polio virus. Types 2 
and 3 poliovirus have now been eliminated 
globally; however, transmission of type 1 
occurs in a few countries. Wild poliovirus is 
continuing to cause cases in remote, 
inaccessible, conflict ridden border areas  
of Afghanistan and Pakistan where there 
has been insufficient security to safeguard 
frontline workers, as well as social 
resistance to immunisation.

Failure to stop polio in these last remaining 
areas could, within ten years, result in 
200,000 new cases every year all over the 
world. Worldwide, children will continue to 
need vaccination against polio until polio 
vaccine reaches every last child. 

Disease Elimination: Measles
WHO has a goal to achieve measles elimination in at least five  
WHO regions by the end of 2020. Even though a safe and cost-
effective vaccine is available, in 2017, there were 110,000 measles 
deaths globally, mostly among children under the age of five. 

In 2019, more than 5,000 people, including 4,500 children under  
the age of five, died from measles in the Democratic Republic  
of the Congo, claiming more than twice as many lives than Ebola  
in that country. 

Measles is a highly contagious acute viral disease. Like smallpox, 
humans are the only known host of the measles virus. 

Measles is the most infectious disease known. The R0 number 
refers to the number of people that one sick person will infect.  
For measles that number is 12-18. That means that one case of 
measles can infect 12-18 unvaccinated people.

Approximately 30% of people who develop measles have one or  
more complications. Complications are more common in those aged  
< 5 and > 20 years of age. These complications include otitis media  
–ear infections – (1/10–15 cases), diarrhoea (1/16), pneumonia (1/15), 
convulsions (1/200), death (1/500 - 800) encephalitis (inflammation  
of the brain) (1/1,000) and subacute sclerosing panencephalitis 
(1/25,000). Even in wealthy countries like Ireland, measles 
complications result in hospitalisation in up to a quarter of cases,  
and can lead to lifelong disability, e.g. brain damage, blindness  
or deafness.

Every year vaccination saves millions of people from vaccine 
preventable diseases, preventing illness, death and disability.

The World Health Organisation (WHO) states that a comprehensive 
vaccination programme is a cornerstone of good public health in  
any country. 

Through vaccination it is possible to eliminate and, in some cases, 
eradicate serious viral diseases. Because of vaccination, smallpox 
has been eradicated from the world, and measles has been 
eliminated from many regions of the world.

Elimination and eradication of disease
Eradication and elimination of infectious diseases are defined  
as follows: 

• Elimination of infectious disease: Reduction to zero of the 
incidence of a specified disease in a defined geographical area  
as a result of deliberate efforts; continued intervention measures 
are required. Example: measles, polio.

• Eradication: Permanent reduction to zero of the worldwide 
incidence of infection caused by a specific agent as a result of 
deliberate efforts; intervention measures are no longer needed. 
Example: smallpox.

Disease eradication
Ideally if a virus causes disease in humans only, an effective safe 
vaccine should be able to eradicate the disease. If a human vaccine 
preventable disease is eradicated, no environmental reservoir of the 
viral pathogen will then exist. An eradicated pathogen cannot re-
emerge allowing vaccination to be discontinued.

Smallpox is the only disease of humans that has been eradicated by 
vaccination. Smallpox was a devastating 
disease known since antiquity caused by the 
variola virus. On average, 3 out of every 10 
people who developed the infection died. 

The first ‘vaccination’ against smallpox was 
developed in 1796 by Edward Jenner. In 1863 
vaccination against smallpox was made 
compulsory for all children born in Ireland. 
Deaths caused by smallpox began to fall, until 
the last death from smallpox in Ireland was 
reported in 1907. However, more than 300 
million people died from smallpox in the 20th century.

Global smallpox eradication programme 
In 1959 WHO World Health Assembly 
initiated a global smallpox eradication 
programme. The programme relied on 
mass vaccination together with tracing, 
quarantine and treating those who had 
been in close contact with people who  
had smallpox. There is no cure for 
smallpox, but vaccination prevented 
infection if given up to four days after a 
person was exposed to the virus.

Find this and other lessons on www.sta.ie

The National Immunisation Office (NIO) is a coordinating 
unit within the Strategic Planning and Transformation - Public 
Health & Child Health Division of the Health Service 
Executive (HSE). 
The National Immunisation Office is entirely government 
funded and receives no funding from any external commercial 
source. The NIO is responsible for the coordination of 
immunisation programmes, for managing vaccine procurement 
and distribution, and for 
developing training and 
communication materials for 
health professionals and the 
general public including the 
national immunisation website  
www.immunisation.ie 

All information on the website, developed originally from the 
Immunisation Guidelines for Ireland, is evidence based and 
reviewed by a panel of immunisation experts to ensure it is 
scientifically accurate. The  Im munisation Guidelines for 
Ireland are monitored and regularly updated by the members 
of the National Immunisation Advisory Committee (NIAC) of 
the Royal College of Physicians in Ireland. This committee 
makes recommendations on vaccination policy in line with 
international best practice and based on how common the 
diseases are in Ireland. 

NIAC guidance is regularly updated and the latest updates  
are available to download from http://www.hse.ie/eng/health/
immunisation/hcpinfo/guidelines/  
Information leaflets for parents can be downloaded from  
www.immunisation.ie or can be ordered from  
www.healthpromotion.ie. 

For further information see: 
www.immunisation.ie
www.hpsc.ie
https://www.rcpi.ie/policy-and-advocacy/nationalimmunisation-
advisory-committee/

You can find out more about the work of the NIO at:
www.hse.ie/eng/health/Immunisation/whoweare/
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Syllabus References
The main syllabus references for the lesson are:
Junior Cycle Science Specification (2015)
Students should be able to:

• evaluate how human health is affected by: inherited factors 
and environmental factors: nutrition and lifestyle choices

• examine the role of micro-organisms in human health.
• explain human sexual reproduction; discuss medical, ethical, 

and societal issues. (p. 20)

Leaving Certificate Biology (2001)
• Understanding of the term “pathogenic”.
• The defence system in humans. Specific defence system 

(immune system): antigen-antibody response. Definition  
of “induced immunity”.

• Phagocytic white blood cells
• Viruses: identify the problem of definition. Basic structure. 

Viral reproduction.
• Vaccination and immunisation.
• Economic and medical importance of viruses. (p. 39)
• Role of lymphocytes: B and T cell types. Role of T cells as 

helpers, killers, suppressors, and memory T cells. (p. 40)
Science and Technology in Action is also widely used by  
Transition Year classes.

Student Activities
1. In early 2016 there were no cases of measles in Ireland.  

In May of that year one adult became infected on a flight to 
Ireland, resulting in the infection of 40 others, about half of 
whom were hospitalised. How could this outbreak have been 
prevented? What lessons can be learned?

2. The graph  
(right) indicates 
that cases  
of measles 
generally start  
to rise each 
October and fall 
off in the summer months. The disease affects all age 
groups. How would you explain these facts.

3. What are antibiotics and what are they used for?  
Why are they ineffective against viral infections?

4. Find out why the polio eradication programme has so far  
not been 100% successful. Summarise your findings in  
a poster or computer presentation. See for example:  
https://en.wikipedia.org/wiki/Polio_eradication

5. Measles only affects humans. It evolved from the cattle  
virus rinderpest, probably around the 11th or 12th century.  
In 2011 rinderpest was declared to be completely eliminated.  
Find out and summarise how this disease was eliminated.

6. What are the main barriers to the elimination of vaccine-
preventable infectious diseases?

Did You Know?
The shapes of viruses

Viruses vary greatly in size and shape.  
The outer coating of a virus is called a capsid. 
Many have an icosahedral shape made up  
of 20 triangles forming an approximately 
spherical shape. Bacteriophages (‘phages’)  
are viruses that infect bacteria. They typically 
have leg-like structures which can attach to  
the cell wall of bacteria. Many plant viruses  
are rod-shaped and have a helical structure.

Viruses also vary greatly in their internal 
genetic material. It may be single stranded  
or double stranded; it may be composed  
of DNA or RNA. Novel coronavirus is a  
single-stranded RNA virus.
Images from Wikipedia: Icosahedral Adenovirus, 
Bacteriophage, helical plant virus. 

Biographical Notes
John Desmond Bernal (1901 – 1971) 

J.D. Bernal was born in Nenagh, Co. Tipperary in 1901. When  
he was ten years old his parents sent him to boarding schools  
in England which he did not enjoy. He won a scholarship to 
Cambridge in 1919 where he studied mathematics and science. 

In 1923 he studied X-ray crystallography under William Bragg 
and discovered the structure of graphite. In 1927, he began 
teaching crystallography at Cambridge. In 1933 he found the 
shape of the water molecule and the length of its bonds. He also 
found the structure of organic molecules, including vitamins  
B1 and D2. In 1937 he, along with his student Isidor Fankuchen, 
determined the structure of a virus for the first time.

Another of Bernal’s students, Max Perutz, was later tutor to 
Rosalind Franklin, whose X-ray images of DNA were 
indispensable to the determination of its helical structure. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain what is meant by ‘disease’ and distinguish between 
infectious diseases and other types of diseases

• Outline the main causes of infectious diseases and some 
mechanisms by which they are spread

• Describe the general structure of a virus and outline how  
it replicates

• Explain why viruses cannot be seen with an optical microscope
• Explain why the best steps to avoid viral infection are 

immunisation and appropriate hygiene
• Outline how vaccines confer immunity to a disease
• Outline how X-rays are used to determine molecular structures, 

including that of viruses
• Outline the contribution of Irish-born J.D. Bernal to X-ray  

crystallography
• Describe how an infectious disease can be completely 

eliminated and give one example.
• Outline the role of vaccination in the control and elimination of 

infectious diseases.

True/False Questions

a) An infectious disease is one that can spread from  
person to person. T F

b) All diseases are infectious. T F
c) Over 25% of all deaths worldwide are due to infectious 

diseases – i.e. about 15 million deaths every year. T F
d) Infectious diseases are caused by bacteria. T F
e) Viruses reproduce by simple cell division. T F
f) Many infectious diseases are caused by viruses. T F
g) Viruses are easily seen with an optical microscope. T F
h) The best protection against a viral disease is through 

immunisation. T F
i) Vaccination triggers the body’s immune system  

to produce antibodies against a particular pathogen. T F
j) Only one human disease has ever been completely 

eradicated. T F
k) Measles is a highly infectious viral disease. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Check the meaning of the following key terms:

antivaccine misinformation, causative microorganism, 
complications, convulsions, cornerstone, eliminate, encephalitis, 
eradicate, herd immunity, measles, MMR, otitis media, pathogen, 
polio, quarantine, R0, reservoir, sclerosing panencephalitis, 
smallpox, vaccination, vaccine, World Health Assembly,  
World Health Organisation (WHO). 

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certificate Biology 2017 (OL) Q. 10 c
Mutations are changes in the genetic material of a cell. They  
can affect chromosomes or genes. A mutagen is something that 
causes a mutation. Examples of mutagens include gamma rays 
and asbestos. An example of a disease that results from a  
gene mutation is Huntington’s disease. Symptoms of this disease 
include restlessness and difficulty in walking, thinking and 
remembering. Down syndrome is a condition that is caused  
by a change in chromosome number. People who have Down 
syndrome possess three copies of chromosome 21 in every  
body cell.

(i)  What is a mutation?
(ii)  Give an example of a disease caused by mutation.
(iii)  Give two symptoms of the disease.
(iv)  What is a mutagen?
(v)  Give two examples of mutagens.
(vi)  How many copies of a chromosome are usually present  

in a gamete?

Leaving Certificate Biology 2014 (OL) Q. 14 b
(i)  What term is used to describe organisms that cause disease?
(ii)  The general defence system tries to prevent disease-causing 

organisms entering the body.
 List two parts of the general defence system in the body.
(iii)  Distinguish between active immunity and passive immunity  

by defining each. Which of these produces the longest-lasting 
immunity?

(iv)  Viruses cause disease in plants, humans, and other animals. 
Name any two diseases caused by viruses.

(v)  Some people receive vaccinations to protect them from 
disease. What is meant by the term vaccination?

Leaving Certificate Biology 2005 (HL) Q. 15 a & b (parts)
(i)  Comment briefly on the difficulty in classifying viruses as 

living organisms. Name two diseases caused by viruses.
(iii)  Name two types of lymphocyte and state a role of each  

when viruses or other microorganisms enter the blood.
(iv)  “Immunity that results from vaccination is effectively the  

same as the immunity that develops following an infection”.  
Do you agree with this statement? Explain your answer.

   
(iii)  Describe how some bacteria respond in order to survive 

when environmental conditions become unfavourable.
(iv)  What is meant when a bacterium is described as being 

pathogenic?
(v) What are antibiotics? Use your knowledge of the Theory  

of Natural Selection to explain the possible danger involved  
in the misuse of antibiotics.
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