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What is cervical cancer?
Cervical cancer is responsible for the deaths of up to 250,000 
women worldwide each year. It is amenable to treatment in the 
early stages. Consequently, many countries operate cervical 
cancer screening programs (Cervical Check in Ireland: http://
www.cervicalcheck.ie) for early detection of abnormalities in 
cervical cells that might progress to cancer. Most deaths of 
women occur in developing countries. There is evidence that 
more than 99% of cervical cancer cases result from a previous 
infection by HPV viruses. 

What is HPV infection?
Human Papillomavirus (HPV) is a 
double stranded DNA virus that 
infects squamous epithelia. Over 
150 types of these viruses have 
been identified; more than 70 of 
them can cause infection in 
humans. Some types infect the 
squamous epithelium of the skin 
and are responsible for common 
warts (verrucae). Others infect the 
mucous membranes of the upper 
respiratory tract and anogenital 
tracts. Around 40 of the viruses 
are transmitted by sexual contact 
and also from mother to baby 
during pregnancy or childbirth. 
Most people carry them at some 
stage in their lives. Some infections cause no symptoms and are 
transient. The body’s immune system will usually clear them within two 
years. However, if persistent infection occurs it can lead to anal, genital 
and oropharyngeal  cancers in men and women. These cancers are not 
very common but cervical cancer has a substantial incidence. Vaccines 
that prevent HPV infections should reduce cervical cancer and a range 
of other cancers and genital warts.

How does HPV do the damage?
HPV is a DNA virus whose types have a fairly similar genome. Some of 
them (HPV 16, 18, 31, 33  and 35) are associated with cervical cancer 
and are known as “oncogenic viruses” while others cause benign warts, 
with low cancer risk. Two of the HPV genes, E6 and E7, are oncogenes. 
The protein produced by E6 apparently interferes with p53, a tumour 
suppressor protein. The p53 protein seems to prevent mitosis in cells 
that are defective and it also has a role in apoptosis, the orderly death of 
cells that are damaged or at the end of their life. The E7 protein, along 
with other activities, affects centrosome numbers during mitosis; this 
can result in incorrect chromosome numbers in daughter cells. The 
understanding of the entire process is far from complete but there is no 
doubt about the effects of E6 and E7 proteins. They promote cell disorder 
and proliferation while preventing the destruction of abnormal cells. 
Other factors appear to be required for full-blown cancer (possibly 
lifestyle, smoking, the nature of the virus type, etc.). Viral DNA has been 
found in the tissues of people showing no sign of cancer. HPV infection 
is more common than cancer and doctors have observed that cell 
abnormality does not necessarily progress to malignancy.

HPV vaccine
The link between HPV and cancer is well established and vaccines have 
been developed. Currently there are two HPV vaccines available, a 
bivalent vaccine Cervarix® which gives protection against two HPV 
types (16 and 18) and a quadrivalent vaccine Gardasil® which protects 
against four HPV types (6, 11, 16 and 18). HPV types 16 and 18 are 
implicated in over 70% of cervical cancer cases. 

The vaccines are given in three injectable doses to adolescent girls. At 
this age, the immune system is likely to respond more strongly to the 
vaccine. At an older age there is a greater probability that a person will 
have acquired some HPV viruses and the vaccines cannot cure 
infections. Both these vaccines are considered safe and effective in 
preventing infection with the relevant HPV type. Currently, there is no 
vaccine for all cancer-inducing HPV types so women should still present 
themselves for cervical screening (CervicalCheck). 

Condoms and other “safe sex” precautions (also applicable to HIV) can 
reduce the risk of infection. HPV is more difficult to prevent as it can 
spread from skin to skin contact. Most developed countries now have 
vaccination programs for adolescent girls. Vaccination of males has also 
been recommended in some countries (e.g. Austria, United States and 
Australia). In places where the uptake of the vaccine among females is 
low, male vaccination may improve prevention of cervical cancer but 
greater uptake among females would be more effective.

Development of the vaccine
To develop a vaccine, scientists identified genes coding for structural 
proteins in the DNA of each HPV type and then used recombinant DNA 
technology to create virus-like particles (VLPs). The gene fragments are 
inserted into another organism, such as yeast, which then produces 
large amounts of the protein. The protein assembles itself into virus-like 
particles (VLPs). When injected into people these particles ‘look like’ a 
virus and provoke an immune response. They cannot cause infection.

An aluminium compound added to the vaccine serves as an adjuvant, 
considerably boosting the immune response. There is evidence that the 
current preparations may offer partial protection against other HPV 
types not included the vaccine. Future vaccines may target a different 
protein common to all human papilloma viruses and thus offer protection 
against all HPV types.

In many countries people have no access to either cervical cancer 
screening or HPV vaccination.

The future
Vaccination against cervical cancer has only begun in recent years and 
it will take decades to establish how successful it may ultimately be. 
Cervical cancer usually has a long induction period of 10 to 30 years. 
Although clinical trials have shown that the vaccine has reduced the 
incidence of cervical lesions, it is not an absolute guarantee of reduced 
cancer rates. The length of time an individual is protected against HPV is 
not yet certain so booster injections may be necessary in the future. The 
elimination of HPV 16 and 18, while very desirable, may allow the 
emergence of other HPV types for which no protection is presently 
offered. However, it must be remembered that vaccination has eradicated 
smallpox and has almost done the same for polio.

Papilloma on the skin (Wikipedia)
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Better vaccines may be on the way. Plasmids containing viral DNA 
injected into the body may be incorporated into cells and causing them 
to release a protein that elicits an immune response. Therapeutic 
vaccines may be able to cure cancer itself; they would initiate an  
effective anti-cancer immune response when a person’s immune system 
was responding ineffectively or not at all. A method being researched 
involves extracting cancer cells from a person, genetically modifying 
them to make them more ‘visible’ to the immune system and re-injecting 
them in a killed form. The idea is that the resulting immune response 
would be sufficient to obliterate the live cancer. Several other methods 
are also being researched. 

The National Immunisation Office (NIO) is a coordinating unit 
within the Directorate of Population Health of the Health Service 
Executive (HSE).

HPV vaccination programme

Following recommendations from the National Immunisation 
Advisory Committee (NIAC), the Minister for Health and 
Children announced that the HPV vaccine would be introduced 
into the national immunisation programme in 2010 as part of 
the national strategy to protect females from cervical cancer. 
HPV vaccine was offered to all girls in First and Second year of 
second level schools in 2010 and age equivalent in special 
schools. Girls outside of the traditional school system (home-
schooled) were also vaccinated. 

The HSE National Immunisation Office is responsible for the 
planning and implementation of immunisation programmes 
and ensures that

• Up to date accurate information re immunisation is 
available for parents and health professionals 

• Sufficient vaccine stocks are available for the national 
immunisation programmes 

• Vaccines are distributed to all sites under validated 
temperature controlled conditions

The Health Protection Surveillance Centre ensures that 
accurate statistics are collected on vaccine uptakes and 
disease outbreaks.

Find out more about the National Immunisation Office or the 
Health Protection Surveillance Centre and the work of the 
Health Service Executive at:

www.immunisation.ie,  www.hpsc.ie or  www.hse.ie

Find this and other lessons on www.sta.ie

What does the vaccine contain?
Gardasil ® constituents are outlined in the Summary of Product 
Characteristics (SPC).

These are

• Protein in the form of HPV virus like particles

• Aluminium hydroxyphosphate sulphate which is a component 
of several of the childhood vaccines

• L-histidine which is a component of some hepatitis vaccines

• Polysorbate 80 — a component of several of the childhood 
vaccines and other medication e.g. mycostatin used for oral 
thrush, feldene gel used as an anti-inflammatory medication

• Sodium borate a component of some vaccines and medicinal 
compounds such as Optrex eye drops

• The vaccine is manufactured using yeast cells but allergy to 
yeast is not a contraindication to the vaccine

The World Health Organisation conducted a review of HPV vaccine 
safety in 2009 and stated “no concerns with the safety profile were 
identified”. Gardasil® is currently used in several European 
countries, the United States, Canada, Australia and New Zealand. 

How effective is Gardasil®?
• Gardasil® is very effective at preventing infection with the HPV 

types covered by the vaccine.

• Over 99% effective in preventing pre-cancerous lesions 
associated with HPV types 16 and 18 in young women

  and

• 99% effective in preventing genital warts associated with HPV 
types 6 and 11

• The vaccine also gives some protection against infection from 
other HPV types not included in the vaccine.

• Vaccination is less effective in females who have already been 
infected with one or more of the HPV vaccine types.

How long does protection last?
It is expected that the vaccine will provide long term protection. 
Studies so far show that protection lasts for at least 5 years after a 
full course. More studies will indicate if a booster dose is necessary.

(Source: HSE website: http://www.hse.ie/eng/health/hl/youth/hpv/get/ )
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Syllabus References

The relevant syllabus references are:

Junior Certificate Science
1B5 Chromosomes and genes

1C8  Microbiology

Leaving Certificate Biology
2.3  Cell continuity
2.5  Genetics
3.1.2 Microorganisms
3.5.4 Viruses

H.3.5.7 Human immune system

Science and Technology in Action is widely used for project work in 
Transition Year.

Student Activities

1. Find out the details of Ireland’s cervical cancer screening program. 
Who should avail of this program? What other cancers should i) 
older people, ii) young women and iii) young men be aware of that 
might be worth checking for?

2. Discuss the statement “Early detection of cancer is more effective 
than the development of sophisticated methods of treatment”.

3. Make a poster to advertise Ireland’s HPV vaccination programme.

4. What precisely are vaccines and how do they work? What makes 
them so attractive as health care tools? What problems have arisen 
in the development of vaccines for diseases such as malaria? 
Investigate techniques used in producing vaccines. What 
techniques may be used in making future vaccines. Write a 
paragraph on the one you think is most useful.

5. Compare and contrast cancer mortality statistics in different parts 
of the world and among different ethnic groups. Present your 
results on a graph or chart. 

6. Distinguish between benign and malignant growths. What features 
of malignant growths make them life-threatening?

7. There are viral diseases that ravaged human and animal populations 
throughout history up to recent times. Make a list of them and 
explain how they were dealt with.

8. “Cancer is very much a disease of the modern age”. Discuss.

9. Make two posters for display entitled “Disease prevention in 
general” and “Prevention of cervical cancer”.

Learning Outcomes

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

• Distinguish between viruses and bacteria

• Distinguish between vaccines and antibiotics

• Explain how HPV infection may be acquired

• Outline ways in which the risk of infection may be reduced

• Outline the relationship between HPV infection and cervical cancer

• Explain how a HPV vaccine can reduce incidence of cervical cancer 
and of other diseases

• Explain why vaccines do not remove the need for preventive 
screening.

General Learning Points
The following points can be used to enhance 
the lesson content and to inform discussion.

• HPV viruses are usually transmitted by sexual contact or from 
mother to baby during pregnancy or childbirth. 

• The main concern is the role of some HPV types in causing cervical 
cancer and also other cancers. Other HPV types cause genital warts.

• Most HPV infections clear quickly. 
• Some HPV infections are persistent. 
• Screening detects abnormal cervical lesions, making preventive 

action possible. Treatment of pre-cancerous lesions can be 
expensive.

• HPV vaccines protect against the two HPV types that cause most 
but not all cervical cancers.

• HPV vaccines are most effective in people with healthy immune 
systems. 

• HPV vaccines are ineffective against HPV infection that is 
already present.

True/False Questions

a) HPV is the only known virus that is a proven cause of cancer. T F

b) A woman vaccinated against HPV has no need to undergo   
cervical smear tests. T F

c) Developing vaccines against some diseases such as   
AIDS and malaria has proven to be a difficult process. T F

d) Some precautions taken to limit risk of exposure to   
HIV can also be applied to HPV. T F

e) Vaccines made from attenuated organisms may produce   
an excellent immune response but can carry a slight   
risk of transmitting the disease. T F

f) HPV vaccine may not be administered in combination   
with other vaccines. T F

g) Vascular endothelial growth factor promotes the establishment   
of blood vessels that can help tumours to grow. T F

h) Crops have been genetically engineered to produce   
vaccines in their fruit. This has the potential to economically   
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Examination Questions

Leaving Certificate Biology (HL) 2005, Q. 15(a)

 Comment briefly on the difficulty in classifying viruses as living 
organisms.

 Name two diseases of humans caused by viruses.

 Name two types of lymphocyte and state a role of each when 
viruses or other microorganisms enter the blood.

 “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.

Leaving Certificate Biology (HL) 2007, Q. 14 (b)

  Comment on the difficulty of defining viruses as living organisms.

 What are the two main biochemical components of a virus 
particle?

  Name two diseases caused by viruses.

  Give an example of a beneficial application of a virus.

  What is an antibiotic?

  Antibiotics should not be prescribed for a person suffering from 
a viral infection. Suggest a reason for this.

Leaving Certificate Biology (HL) 2010, Q. 6(a) and (b)

(a) The diagram shows a virus attached to a host cell.

(a) What is part A made of? 

 What is part B made of? 

(b) Briefly describe how viruses reproduce. 

 During 2009 swine flu spread through the population of many 
countries. Younger people were more at risk of becoming ill with 
swine flu than older people. Using your knowledge of the immune 
system, suggest a reason for this.

Did You Know?

• HPV normally affects the squamous epithelium of the cervix. The 
cervical smear test generally involves removing a sample of the 
surface tissue of the lining of the cervix and examining it for cell 
abnormalities (enlarged nuclei often being a danger sign). 
Abnormal cell patterns do not always mean that cancer is 
inevitable. Although the test sometimes misses cancer cells, it is 
overall a reliable one.

• Papillomaviruses infect vertebrates and as humans evolved, so did 
our HPVs. In times when people lived for 35 years or less, HPV’s 
cancer potential was not as significant. It is believed that there has 
been a process of co-evolution of the virus and host dating back to 
the time of evolution of H. sapiens. It is very likely that gene-
swapping has taken place between HPV viruses throughout 
history. This may have implications for vaccination.

Biographical Notes 

Peyton Rous (1879 – 1970)
(Francis) Peyton Rous was born in Baltimore in 1879. His mother’s 
ancestors were Huguenots who settled in Virginia and later in Texas. 
His father’s forebears came from England. 

After his father’s death his mother worked hard with little support to 
raise her three children. She was determined to ensure they got the 
best education. 

Peyton finished his BA in 1900 and then began a medical degree. A 
serious lymph infection forced him to take a year out during which he 
worked on a farm in Texas – an experience he valued greatly. 

He graduated in 1905 and began medical research which did not pay 
very well. In 1908 he obtained a grant for research on lymphocytes. 
This led to a post in cancer research. In 1911 he studied cancers in 
chickens and proved that they were caused by viruses. 

He returned to cancer research in 1934, studying warts (in rabbits) that 
were caused by a virus.

His 1911 discovery earned him the ‘Nobel Prize in Physiology or 
Medicine’ 1966!

Revise The Terms

Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

adjuvant, anogenital, apoptosis, attenuated viruses, benign warts, 
bivalent, cancer, centrosome, cervical cancer, cervical lesions, 
chromosome, condom, DNA, genes, genome, HPV viruses, immune 
response, immune system, induction period, malignancy, mitosis, 
oncogenes, oncogenic viruses, oropharyngeal, plasmids, polio, 
proliferation, quadrivalent, recombinant DNA, squamous epithelia, 
structural proteins, therapeutic vaccines, transient, tumour suppressor 
protein, vaccines, verrucae, viruses, warts, yeast.

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


