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Why Are Viruses So Successful?
Rabies, smallpox, poliomyelitis, hepatitis, influenza, the common cold, measles, mumps, chickenpox, herpes, rubella and the acquired
immunodeficiency syndrome (AIDS) are all caused by viruses. This Factsheet summarises viral structure and function and, by using
recent exam questions, considers why they are so successful as parasites and pathogens.

The influenza virus
Figs 1 - 3 show the structure of the virus that causes influenza.
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Don’t panic if the diagram they give you has features you don’t
recognise. The “new” features are part of the answer and, in terms
of viruses, they are almost always related to the proteins/antigens
on the surface.

Haemagglutinin –  a protein that
binds to receptor molecules on
the surface of epithelial cells in
the breathing system.

Neuraminidase - an enzyme
which breaks down molecules in
the surface membrane of
epithelial cells and allows the
viruses to be released from the
cells.

Fig 2.

Fig 3.

Typical Exam Question
1. Describe how the influenza is transmitted person to person

and damages cells in the nasal passages
2. (a) How do T lymphocytes recognise and respond to the

influenza virus?
(b) Describe how B lymphocytes would respond to the

influenza virus.
3. One new type of drug for treating influenza acts a

neuraminidase inhibitor. Explain how this type of drug would
work.

These are typical diagrams from exam papers. Each diagram chooses
to focus on different bits – enabling the examiner to focus you in on
the particular bit of Biology they want to test. But the key thing to
remember is that the basic structure will always be the same.

Answers
1. 1. Viral [particles are inhaled as droplets expelled on sneezing/

coughing/exhalation
2. They are carried as aerosols in air currents
3. They are inhaled
4. The glycoprotein spikes are the main antigens. They

attach to the surface membranes of the cells lining the
trachea, bronchi and bronchioles.

5 Viral genetic material is inserted into the host’s DNA
6 The RNA polymerase produces mRNA
7 Host cell’ amino acids are used to synthesize viral proteins
8 The viral genetic material codes for the synthesis of

enzymes which digest the cell, kill the cell via toxins or
cause lysis

9. The cell is destroyed and huge numbers of new viral
particles are released

10. In the case of this virus, when cells in the nasal passages
are destroyed in this way, we end up with excess mucus
and a runny nose!

Note: The answer makes explicit reference to information
shown in the diagrams. Examiners do not include features/
labels on diagrams for the sake of it. If they are there, they
are there for a reason, and you should try to make use of
them.

2. (a) T lymphocyte receptors recognise shape of
haemagglutinin /neuraminidase / viral antigen;
clone;  destroy virus;

(b) clone;  produce antibodies;
effect of antibody e.g. stimulation of phagocytosis /
precipitation of toxins;

3. Drug  alters the  shape of the active site of neuraminidase /
block active site;  virus is unable to leave host cells;
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NOTE: All of these questions were testing your knowledge of basic facts – how flu is transmitted, what antigens do, how lymphocytes
recognize and deal with foreign invaders. The diagrams simply gave you unfamiliar names for antigens etc – simply practice building them
into your answers.

Extract from Chief Examiner’s Report
Many candidates understood that there could be several strains
of the influenza virus, but failed to explain that these have
different antigens on their surfaces which would not be
recognised by the memory cells resulting from infection by a
different strain.

What if the virus changes?
Gene mutations can give rise to a new strain of the influenza virus.
A change in the nucleic acid base sequence results in a change in
the amino acid sequence of the glycoprotein. In turn, this may
change the tertiary structure or shape of the protein. This is hugely
significant because now the existing antibodies no longer match
the shape of the antigens and thus, they are ineffective. Most people
will have no immunity, it will now take time for immunity to develop
and previous vaccines will be ineffective. During this time the virus
can replicate, spread and cause an epidemic. Thus a simple mistake
in the copying of the genetic material of the virus can lead to the
deaths of thousands of people.

Exam Hint: The significance of viral mutations, especially in
the flu virus, is always coming up in the exam. Learn it!

Typical Exam Question
Both Influenza and measles are caused by viruses. The viruses
have antigens on their surface. Suggest why a person may have
influenza several times, but usually suffers from measles only once.
(4)

Note that the examiner has bothered to tell you about antigens.
They didn’t have to. They could have just started the question
“Suggest why…….They are telling you that these are crucial
to the answer.

Note also, the word “Suggest” This means that the actual
answers may not be explicitly spelled out on the syllabus and
they want you to think like a biologist (i.e., within reason,
they will credit most sensible comments

We know from the above that changes to the antigens on the
surface of the virus will render our antibodies useless.

Answers
Measles virus has one antigen/ flu virus has several;
Antigens on measles don’t change/ antigens on flu virus
regularly change;
In measles, one type of memory cell needed/ in flu, several types
of memory cell needed;
memory B / T cells do not recognise the new antigens;
antibodies previously produced are not effective;
shape not complementary to new antigen;
takes time to produce effective antibodies;

Extract from Chief Examiner’s Report
Many found this question difficult. Weaker candidates did not mention that infected droplets entered the body via inhalation.
Very few knew the function of RNA polymerase, the enzyme involved in the synthesis of messenger RNA. Many were imprecise and
failed to identify the specific type of RNA.

Only a few candidates gave a full explanation that focused on the damage caused by viruses to cells. References to “host cells
become ‘virus making machines’ and a virus ‘uses the host cell to reproduce itself’ were common answers that gained no marks.

Weaker candidates continue to confuse the actions of T and B lymphocytes. Many still believe that T lymphocytes carry out
phagocytosis.

In Q3 many candidates misread the information given and wrote about viruses being unable to enter cells. Even those who knew
the virus could not get out could rarely explain inhibition.

Vaccinating against flu
People that are considered ‘at risk’ are offered a vaccination against
influenza each year. Fig 4 shows the number of people in the UK
population aged 65 and over and the percentage of those who were
vaccinated against influenza each winter.

Fig 4. Influenza vaccination rate
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Over the last 15 years for which figures are available, both the
absolute number and proportion of the 65+ age group that have
been vaccinated have increased. This is mainly a result of better
publicity and information about the risk of an epidemic and, because,
since 2000, the vaccination has been free.

An increasing proportion of the target group is receiving a vaccine
each year. This is advisable given the virus’ propensity to mutate
and change its antigens.
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The human immunodeficiency virus (HIV)
Fig 5 shows the structure of the HIV virus.

Fig 5. Structure of the HIV virus

In the exam, make sure you can recall and label the main
components:
• protein coat/capsid
• RNA/nucleic acid
• glycoprotein pegs
• lipid envelope

Typical Exam Question
(a) Describe how the human immunodeficiency virus (HIV) enters

the body (3)

(b) Describe how the human immunodeficiency virus (HIV)
causes disease  (5)

Markscheme
(a) Unprotected sexual intercourse;

Blood transfusions;
Transplants;
Contaminated / shared needles;
Across placenta;
Breast milk;

(b) Destroys / infects helper T cells;
Viral RNA inserted into cell;
Reference to reverse transcriptase;
Cell makes viral protein / new viruses;
Immunosuppression leads to disease;
Specific effect, e.g. opportunistic infections/ Karposi’s
sarcoma / TB;

Fig 6 Changes in the blood of an AIDS patient after infection with HIV

Typical Exam Questions
1. Why does the number of HIV particles in the blood plasma

fall shortly after infection?
2. Explain why AIDS patients are likely to suffer from

opportunistic infections.

Answers
1. The viruses have entered T cells;

viruses destroyed by phagocytosis / antibodies /
lymphocytes;

2 Decrease in T cells reduces immune response;
antibody production decreased;
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Note that one of the opportunistic infections that is frequently
asked about in exam questions is tuberculosis.
People with HIV are usually given a combination of several drugs,
rather than just one drug. There are four main reasons for this:

• to attack the virus at different stages in its life-cycle
• reduce the chance of the virus developing resistance
• some drugs may be needed to control side-effects
• there are many different strains of virus/virus changes its surface

antigens
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Once inside, the viral enzyme reverse transcriptase stimulates the cell to make viral DNA from the viral RNA template. This viral DNA is
then inserted into the host cell’s chromosomes where it codes for the production of thousands of new viruses. Eventually, these burst
out of the cell, killing it and go on to infect other cells

How HIV enters T cells
• The glycoprotein on the outer surface of the virus attaches to receptors on the host T cell
• The lipid bilayer of the virus then fuses with the host cell’s membrane, itself caused by a virus.
• HIV enters the cell via CCR5 receptor molecules which are proteins in the cell surface membranes (Fig 7)
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Typical Exam Question
Explain why an individual with a mutant form of a gene, which
results in a different form of the CCR5 protein, may be protected
against HIV.  (4)

This is a good example of a synoptic question. It is designed to
test your recall of facts from different areas of the syllabus, and
to integrate these into a sensible answer. The question is really
asking you:
Do you understand what a mutation is?
Can you describe how this might change the structure of the
receptor (via protein synthesis)
Can you apply this to the specific case of a virus trying to get
into a cell?

Markscheme
addition/deletion/substitution of base(s);
different base sequence/nucleotide sequence;
results in different amino acid(s) in CCR5;
change in tertiary structure/shape of loops;
no longer complementary shape to virus coat/virus cannot bind;
viral contents/RNA cannot enter cell;

These synoptic questions worry a lot of candidates – but they
shouldn’t. Just plot out the stages, step-by-step and, as ever, use
the technical terms.

Here is another example:

Typical Exam Question
The smallpox virus uses the same receptors as HIV to enter T
cells. Individuals that have been vaccinated against smallpox
are much more resistant to HIV than unvaccinated people.
Explain why.

Answers
smallpox has similar antigen/attachment protein to HIV;
smallpox vaccination results in production of antibodies/T killer
cells;
smallpox antibodies similar to HIV antibodies;
memory cells produced by smallpox vaccination recognise HIV;
antibodies block CCR5;
or
(killer cells) destroy HIV;

Here, the examiner has tested that you understand what a
vaccine does and how antibodies work – both pretty simple
topics. But the reference to smallpox will have caused many
candidates to think “ I don’t know anything about smallpox!!”
The good news is, they didn’t need to.

Fig 7.  Cell surface membranes

Conclusion
Viruses are successful because:-
1. They keep changing their antigens
2. They are easily transmitted
3. They can make millions of copies of themselves very quickly!


