Infection and the Immune System - Questions by Topic

Q1.
Tuberculosis (TB) is an infectious disease caused by mycobacteria.
Individuals infected with M. tuberculosis can be treated with antibiotics.

Four of the antibiotics used to treat TB are shown in the table.

Antibiotic Mechanism of action
lsoniazid Inhibits the synthesis of a fatty acid
soniazl needed to make bacterial cell walls
Rifampicin Inhibits bacterial RNA polymerase

Binds to bacterial ribosomes to
prevent the binding of tRNA

Not yet known, but not the same
Pyrazinamide | mechanisms as the other three
antibiotics

Streptomycin

In one clinical trial lasting six months, the effect of treating TB with these antibiotics was
investigated.

All patients were treated with all four antibiotics for two months. Then they were treated with
different pairs of antibiotics or isoniazid alone for a further four months.

All patients were free of any signs of active TB at the end of the clinical trial.

The design of the trial and the percentage of these patients with TB three years after the trial
ended are shown in the diagram.

Percentage of patients with

Two months Group Four months active TB after three years (%)
—»1—>» ‘ Rifampicin + Pyrazinamide | 9
Isoniazid —»2—» ‘ Isoniazid + Rifampicin | 11

+ Rifampicin
+ Streptomycin
+ Pyrazinamide

—»3—» ‘ Isoniazid + Pyrazinamide | 32

—»4—» ‘ Isoniazid | 30

Analyse the data to comment on the effectiveness of these antibiotics for the treatment of TB.
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(Total for question = 6 marks)
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Q2.

Tuberculosis (TB) is an infectious disease caused by mycobacteria.

The graphs show the number of cases of TB and the number of deaths from TB worldwide from
2000 to 2015.
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In 1993 the World Health Organisation (WHO) declared TB a global public health emergency.
Since then, there has been a programme to reduce the impact of this disease.

Analyse the data to deduce the effectiveness of this programme.

(Total for question = 3 marks)
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Q3.
Antibiotics are used in the treatment of bacterial infections.
(a) (i) Cephalosporins are antibiotics that inhibit the production of bacterial cell walls.

Suggest why cephalosporins are bactericidal antibiotics.

(ii) Quinolones are antibiotics that inhibit the synthesis of DNA in bacterial cells.

Suggest why quinolones are bacteriostatic antibiotics.

(b) An investigation of the effectiveness of different antibiotics on Clostridium difficile was
carried out by a hospital laboratory. Several nutrient agar plates, containing C. difficile, were
prepared.

Four discs, A, B, C and D, were placed on the surface of each plate. Each disc contained the
same concentration of a different antibiotic.

The diagram below shows the position of the four discs on each agar plate, before being
incubated.

nutrient agar
containing C. difficile
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After incubation, the scientists in the laboratory concluded that C. difficile was completely
resistant to antibiotics A and C. They also concluded that antibiotic D was more effective against

C. difficile than antibiotic B.

(i) Explain how the appearance of the nutrient agar plates, after incubation, would have enabled
the scientists to reach these conclusions.

For each of the statements below, put a cross (X) in the box next to the term that completes
each statement.

(ii) In this investigation, several nutrient agar plates were used for

[ A accuracy

[l B precision

[l € reliability
D validity

(iii) In this investigation, each disc had the same concentration of antibiotic for

A accuracy
B precision

C reliability

O 0O O O

D validity
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(c) Hospital-acquired infections caused by bacteria can be a major problem for patients.

In a study in a London hospital, it was found that pillows contaminated with bacteria could
spread infections between patients.

Suggest how this hospital could improve the prevention and control of the spread of infections.

(Total for question = 12 marks)

Q4.

Yellow fever is caused by a virus. Infection with this virus causes thousands of deaths every year
in people who have not been vaccinated.

The graph below shows the mean levels of antibodies in the blood of two groups of people,
group A and group B, after being vaccinated. The same vaccine was used each time.

Group A consisted of eight people. They were given a vaccination against yellow fever and their
blood was analysed.

Group B consisted of nine people who had already been vaccinated against yellow fever. They
were given a second vaccination and their blood was analysed.

35 4

30 4 D Group A T
75 | DGroupB T l J{

20 4 -‘— J | J
15 4 l
iEEH

> I l J J T

0 — =
0 2 4 7 10 15 30 60
Time after vaccination /days

[ arbitrary units

Mean level of antibodies in blood

Edexcel (A) Biology A-level 6 PhysicsAndMathsTutor.com



(a) Place a cross X in the box next to the term that describes the type of immunity that results
from this vaccination against yellow fever.

[ A artificial active
[l B artificial passive
[ € natural active

[l D natural passive

(b) (i) Compare the changes in the mean levels of antibodies in these two groups of people in
the first fifteen days after vaccination.

(ii) Explain why the mean levels of antibody in group B are different from group A in the first
fifteen days.
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(c) Using the information in the graph, explain the advantage of vaccinating people tw
against yellow fever.

(Total for question = 11 marks)

Q5. Human diseases can be caused by many different types of organism, such as bacteria
and viruses.

(a) Give two differences between the genetic material of bacteria and viruses.
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(b) Tuberculosis (TB) is caused when droplets, containing the bacterium Mycobacterium
tuberculosis, are inhaled into the lungs.

In the lungs, large numbers of the bacterium are formed rapidly. These can be ingested by
macrophages. Eventually, tubercles (tissue masses), containing dormant bacteria inside
macrophages, may form.

(i) Describe how macrophages ingest the bacteria.

(ii) Suggest why treatment with antibiotics may not be effective against the dormant bacteria in
the tubercles.

(iii) TB can be prevented by vaccination. Explain how a person can develop artificial active
immunity following vaccination.
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(c) In a person with TB, the dormant bacteria in tubercles may be activated after several years.
The bacteria multiply rapidly, resulting in severe lung damage.

The bacteria are released from the tubercles. These bacteria can inhibit the activity of T cells
and infect other organs.

Explain why the activity of these bacteria and the inhibition of T cells means that a person may

quickly develop severe symptoms leading to death.

Q6.

(Total for Question = 13 marks)

The Human Immunodeficiency Virus (HIV) infects cells of the human immune system.

(a) (i) Place a cross ([[]) in the box next to the name of the type of cell in the human immune
system that is infected by HIV.

L1 A
[l B

[l €
[l D

B effector cell

B memory cell
T helper cell

T killer cell
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(ii) Place a cross (LJ) in the box next to the name of the enzyme used to produce DNA from viral
RNA in an infected cell.

[ A DNA polymerase

[l B RNA polymerase

[] € restriction endonuclease

[l D reverse transcriptase

(b) An antibody, known as 2G12, has been isolated from the blood of an HIV patient.

(i) State two characteristic features of antibodies.

*(ii) The antibody 2G12 is produced in response to part of a glycoprotein found on the surface of
HIV. Synthetic molecules have been made that resemble this part of the glycoprotein. The
antibody 2G12 binds to these synthetic molecules.

Using the information, suggest how this may enable scientists to develop a means of producing
active immunity to HIV infection.
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(c) The table below shows some data about groups of people with HIV infection, in the United
Kingdom in 2010.

Group Numbers in the United Kingdom
People newly-diagnosed with HIV infection 6 630
People unaware of their HIV infection 21625
People receiving treatment for HIV infection 65 000

Some of the figures shown in the table are estimates.

Suggest why data about HIV infections are often estimates.

(Total for question = 11 marks)

Q7. The common cold is a disease caused by a variety of viruses.

The flow diagram below describes how common cold viruses attack the cells on the inside of the
nose.

Virus attaches to protein receptor on host

Stage A cell membrane

i

RNA of virus released in cell as protein

Stage B capsid is lost

r

RNA read at ribosome forming three
enzymes (5, T and U)
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(a) Common cold viruses infect only the cells inside the nose.

(i) Suggest why common cold viruses cannot infect cells if they land on unbroken skin.

(ii) Suggest why common cold viruses cannot infect cells if they enter the blood through a cut in
the skin.
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(b) Compare the action of the RNA in the common cold virus with that found in HIV.

(c) At Stage C, three enzymes are formed.

(i) Suggest why two of these enzymes, S and T, are needed at Stage D.

(Total for Question = 11 marks)
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Q8.

Whooping cough is a disease that is particularly serious in young children. Whooping cough is
caused by the bacterium Bordetella pertussis. Children may be vaccinated against whooping
cough.

In an investigation, a group of rats was vaccinated. Sixty days later these rats were infected with
Bordetella pertussis. In this investigation, the levels of two antibodies in the blood of the rats
were measured.

The graph below shows the mean levels of antibody A and antibody B.
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(a) (i) For antibody A, compare the increase in mean level after the vaccination with the
increase in mean level after infection with Bordetella pertussis.
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(ii) Explain the changes in mean level of antibody A after infection with Bordetella pertussis.

(b) (i) Suggest why antibody B was not present in the blood of these rats until after infection
with Bordetella pertussis.

(i) Place a cross X in the box next to the term that describes the type of immunity that results
in the production of antibody B.

A artificial active
artificial passive

C natural active

O O O O
w

D natural passive
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(c) Comment on the reliability of the data shown in the graph.

(Total for question = 11 marks)

Qo.
Human papilloma virus (HPV) is a DNA virus.
Cervarix and Guardasil have been used in national vaccination programs.

A person who has been vaccinated becomes infected with HPV-16. Explain the role of the T cells
in the body of this person.

(Total for question = 3 marks)
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Q1l0.

Histamine and the proteins interferon and lysozyme are involved in the non-specific responses to
infection.

(a) (i) Describe how the production and action of interferon differs from the production and
action of lysozyme.

(i) Suggest why the protein structure of lysozyme is important to the way in which it acts
against pathogens.
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(b) Following a bite by an insect, the area around the bite may show signs of inflammation as
histamine is released.

(i) Explain why an insect bite, which breaks the surface of the skin, may lead to inflammation
around the injury.

(ii) In order to reduce inflammation, a cream containing antihistamines might be applied to the
skin, around an insect bite.

Suggest why applying this cream might be better than taking tablets containing antihistamines.

(Total for question = 13 marks)
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Q11.
One role of the skin is to protect the body from infection.

(i) Explain how skin flora protect the body from infection.

(ii) The skin produces lipids that protect the body from infection.

Place a cross X in the box next to the correct explanation of how these lipids
protect the body from infection.

A they are alkalis that kill bacteria
they have antimicrobial properties that inhibit the growth of bacteria

C they are enzymes that destroy viruses

O O O O
W

D they are water soluble and prevent viruses from replicating

Q12.
Ebola haemorrhagic fever is a life-threatening disease caused by the Ebola virus.

(a) Explain why antibiotics are not used to treat Ebola haemorrhagic fever.
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(b) Some of the blood plasma of individuals who have survived infection with Ebola can be
collected. This can be used in the treatment of individuals currently infected with Ebola.

Explain why the blood plasma from survivors can be used to treat new cases of Ebola infection.

(c) A study of the 2014 Ebola outbreak in Sierra Leone found that the Ebola virus was evolving
rapidly.

Explain why the evolution of the virus might reduce the effectiveness of any vaccine being
developed.
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(Total for question = 9 marks)
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