Simfection
Controlling the spread of infectious disease

About the Resource
SimFection provides a visual and interactive demonstration of the transmission of some
diseases caused by viruses and the importance of vaccination. The activity focuses on a
computer simulation whereby students can change the parameters of a disease outbreak
(measles, mumps, smallpox or influenza) and watch how this affects the rate of transmission.
It also illustrates the concepts of herd immunity and ring vaccination.
To help support learning in the classroom, the resource contains four real UK-centric case
studies demonstrating how viral disease is transmitted and how a change in behaviours can
limit this transmission. Additionally, a number of extension activities are suggested which
will allow students to engage in ethical consideration and debate about the pros and cons of
vaccination in the UK. The program also contains an interactive quiz, where students team
compete to either increase or decrease the severity of an outbreak.
SimFection has been specifically designed to support the Biology GCE ‘A Level’ specifications.
Please visit the SimFection website www.simfection.org to find PowerPoint presentations
about:
- Viruses and Vaccination (general)
- Measles
- Influenza
- Mumps
- Smallpox
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Curriculum links
Many teaching specifications for post-16 Biology education taught throughout the UK
require knowledge of:
Viruses – for example influenza
Immunology
Vaccination as a control of disease
Additionally the topics and case studies presented here can be used to support teaching
of the nature of science. SimFection can simulate discussion and debate on real and
controversial issue of vaccination; encouraging students to research scientific knowledge,
statistics and news stories whilst considering their own views on a scientific issue with
important societal effects. The following table has been created to support teachers in using
the resource.

Why is it important to the Vaccination, viruses, immunology and infectious diseases
are included in A level specifications.
student?
What might you need to
know?

What is the big idea?

What should the student
take away from the
activity?

Difficulties/limitations

The topic of vaccination can be used as examples for “How
Science Works” within A level specifications.
Examples of viral infections.
The immunisation schedule.
Different types of vaccinations and immunity, for example
passive immunity and active immunity.
Other methods of preventing the spread of infectious
diseases, such as good hygiene and quarantine.
SimFection can be used to show the spread of infectious
disease within a population.
How an infectious disease spreads depends on several
factors, including infectivity of the virus, population density,
number of people infected, how many people in the
population are immune to the infectious disease and the
mortality rate.
Vaccination is a safe and effective method of protection
from infectious diseases.
Vaccination is important within a population to create a
‘herd immunity’ effect to protect those who are unable to
be vaccinated.
When vaccination coverage drops, the number of cases of
infections can increase and the diseases can spread quickly
within a population.
Need to be able to use the Simfection program
Students/teachers may have objections to vaccination for
religious or ethical reasons or concerns about the safety or
efficacy of vaccination.
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Instructions
1. Opening SimFection
1.a - To start SimFection, open the
‘Simfection.jar’ file
1.b - Click the name of the disease to start 		1.b
an activity. You can select:
		
- Measles
		
- Influenza
		
- Mumps
		
- Smallpox

2. Background information for the disease
2.a - After selecting a disease, you will see 		
the first of four information screens,
providing you with background
information you will need to complete the
activity.
The background information for each
disease focuses on:
		
- The virus
		
- Symptoms of disease
		
- Prevention
		
- Case study
2.b - To progress through the information 		
screens, click Next. To return to a
previous information screen press
previous. Once you have read all four
information screens, you can start the
simulation by clicking Let’s go!. If you
want to return to the home screen, click
Back.

3. Selecting the parameters of the disease
3.a - Each disease has different
parameters that you can change, so please
read the onscreen instructions carefully.
3.b - To change a parameter, use the
sliders at the bottom of the screen. As
they move, the parameter they represent
will be shown above.
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3.b

3.c - Once you have set the parameters for
the simulation to run, click Go! to start.
		

4. Simulating the spread of disease

Note:
Clicking Go! will open the simulation
in a new window and that will start
immediately.

4.a - After clicking Go!, you will see a window 		
entitled Simulation Graphics,
where the simulation runs. Within this
window, selecting either the Healthy,
Carrying, Immunised, Deceased, Infected
or Recovered buttons will remove the
visibility of dots representing each
category, enabling you to more clearly the
status of individuals in the simulation.
4.b - Pressing the Pause button will pause
the simulation. Moving the slider to the
left of the Pause button will rewind the
simulation.
4.c - Press Export Data to save the data
generated by the simulation as a .CSV file
which can be opened in Microsoft Excel®
as well as other data handling software.

5. Using the quiz feature
SimFection has an interactive quiz feature that you
can use to assess knowledge in the classroom. The
quiz asks you to divide the class into two groups (the
Infection team and the Population team).
The aim of the ‘Infection team’ is to infect and kill
the most people in the simulation, whereas the aim
of the ‘Population team’ is to prevent the spread of
infectious disease and keep the number of deaths of
the population as low as possible.
The teams take it in turns to answer questions
about the material included in the learning package.
Each question answered correctly allows a certain
parameter in the simulation to be changed, for
example increasing the mortality rate or immunising
50 people. This changes the way in which the
simulation progresses, allowing one team to win after
a set number of rounds.
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5.a - To set up a new quiz, select Host a
Quiz from the Actvities menu at the top of
the SimFection window. Detailed
instructions on how to use the quiz will
be displayed on screen, over three
pages. Click Next and Previous to navigate
between them. Press Start Quiz to begin.
5.b - A new set of windows will open.
The Question Frame presents you with a
question, and states which team should
answer. Click on the answer to select. The
answer will highlight green if correct and
red if incorrect.
5.c - A timer on the bottom left corner of the
screen will show the time remaining to answer
the current question. The bottom right corner of
the screen shows the scores.

6. Creating your own quiz
6.a - If you would like to create your own 		
quiz, click Configure before clicking Start Quiz.
6.b- A new window will open where you
can set the following criteria:
		
- Points needed to win
		
- Time to select answer/choice
		
- Points awarded per correct question
		
- Points awarded as a bonus
		
- Length of simulations
You can also remove and add sets of pre-loaded
questions to tailor the quiz to your lesson objectives.

7. Creating your own quiz questions
Alternatively you can customise the quiz feature by
adding your own questions. Please see the additional
‘Creating Your Own Quiz Questions’ PDF document on
the website for further instructions.
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Background Information
Infection

Disease, a condition causing a negative effect on an organism (such as humans), can have a number
of causes including infection, genetic defects or environmental stress. An infection is classified
as an invasion of an organism by microorganisms such as viruses, bacteria, protozoa and fungi.
Not all microorganisms can infect all animals, and of those that can infect, not all will be harmful.
Pathogens are microorganisms that are able to infect and be harmful. If a pathogen is able to
successfully infect and replicate (grow/copy itself) to a high enough number, it may start to cause
negative effects for the organism it has infected (usually termed the host) for example by either
damaging host cells or producing a toxin.

Viruses

Viruses are small infectious agents smaller than bacteria and fungi. They use host cells to replicate.
Many viruses, for example colds and flu, spread by droplet transmission. This resource will focus
on four viral infections: measles, mumps, rubella, influenza and smallpox. Although viral infections
are common, some can have serious complications, and some can be fatal. Antibiotics cannot be
used to treat viral infections so it is important to prevent the spread of viral infections. A safe and
effective way of preventing the spread of viral infections is vaccination.

Vaccination

Vaccination is a method by which a person can become immune. A vaccine stimulates the body’s
immune response because it contains an agent such as:
- A live but weakened form of the pathogen (attenuated)
- A killed virus/bacteria (Inactivated)
- An inactivated toxin produced by an infectious agent
Immunisation is the process in which the host is exposed to an antigen. Antigens stimulate the
production of antibodies which help the person fight the infection. Antigens can be components
of pathogens or products of pathogens such as toxins. Some of our immune cells remember the
antigens so that antibodies are produced more quickly and in greater amounts the next time the
antigen is encountered.
A major benefit of high vaccine coverage (where a large proportion of the population is vaccinated)
is the effect of ‘Herd Immunity’.
- Herd immunity is a type of immunity that occurs when the vaccination of a high proportion
of a population protects those who have not developed immunity towards an infectious
disease
- Herd immunity is important to protect those who cannot receive vaccinations
Successful eradication programs include the global eradication of smallpox and rinderpest and
regional eradication of polio.
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Measles Profile
Measles is a viral infection spread by air
borne or droplet transmission. Droplets can
be released when an infected person coughs,
sneezes or talks.
The incubation period of measles is around 10
days.
Humans are the only reservoir for measles
so measles could be eradicated through
vaccination programs.
There is only one antigenic type so you can
only get measles once and an effective vaccine
is available.

Early symptoms

Early symptoms appear around 10 days after
infection and last up to 14 days
Early symptoms of measles include: cold
symptoms (runny nose, watery eyes,
sneezing); high temperature; small white spots
in mouth and throat (Koplik’s spots); tiredness;
lack of appetite; aches and pains

Late symptoms

Around two to four days later a ‘measles rash’
appears lasting for up to 8 days. A typical
measles rash is a red-brown spotty rash
that normally starts behind the ears before
spreading over rest of the body.
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A small child displaying the characteristic rash
associated with measles

Transmission Electron Micrograph (TEM) of the measles virus. The measles virus ranges from 100nm to
200nm in diameter.

Case Study:
Swansea 2012
An outbreak of measles occurred in Swansea
in November 2012. There were 664 cases of
measles reported in Swansea, but the virus
also spread to other areas of South Wales.
In total, 1455 people in Wales were infected
during the outbreak. One man died from
complications of a measles infection and 88
others were hospitalised. The outbreak was
declared over on 3rd July 2013.
It is thought that low coverage of the MMR
vaccine caused the outbreak. For example, in
2003 only 67.5% of children in the Swansea
area were vaccinated creating a vulnerable
population of teenagers in 2012-13.
This meant that the measles virus was able
to spread quickly through Swansea and the
surrounding areas.

Complications

There are several serious complications of measles, some which are fatal.
Complications of measles infections include secondary bacterial infection, encephalitis and fatal
brain disorder (Subacute sclerosing panencephalitis - SSPE). Death occurs in 1 in 5000 cases of
measles in the UK.

Treatment

There is no medication to treat measles so self-care techniques are used, for example, bed rest,
painkillers and plenty of water. Painkillers such as paracetamol can be used to reduce fevers.

Prevention

The MMR Vaccine is used to immunise people against measles. It also provides immunity from
mumps and rubella.
The MMR vaccine was introduced to the UK in 1988 and is included in the
England and Wales ‘Immunisation Schedule’. The MMR Vaccine is 95% effective after the first dose.
The second dose gives immunity to almost all of those who were not immunised by the first dose.
To produce herd immunity, 95% of a population must be immunised against measles.

Additional Use

• Use SimFection software to explore herd immunity.
• Students should open SimFection and click on the ‘Measles’ button.
• Use data generated from the simulation to compare outbreaks at different levels of vaccine
coverage (95%+ will prevent the spread of measles, the lower the vaccination coverage the
quicker measles spreads).
• Research historical outbreaks of measles.
• Have a class debate about the MMR vaccine.
• Students could ask relatives about their experience of measles and discuss with the class.
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Mumps Profile
Mumps is a viral infection spread by airborne
or droplet transmission. Droplets can be
released when an infected person coughs,
sneezes or talks.
The average incubation period of mumps is 17
days.
Humans are the only reservoir for mumps
so mumps could be eradicated through
vaccination programs.
There is only one antigenic type so you can
only get mumps once and an effective vaccine
is available.

Symptoms
Swelling of the parotid salivary glands (either
side of your face) is the most common
symptom of mumps.
Other symptoms include fever, lack of appetite,
dry mouth, joint pains, tiredness, abdominal
pain. However, 30% of people infected with
mumps do not show any symptoms. The
symptoms of mumps last up to 14 days.

A small child displaying swelling of the parotid
salivary glands, a common symptom of mumps
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Transmission Electron Micrograph (TEM) of the
mumps virus. The mumps virus ranges from 150nm
to 200nm in diameter

Case Study:
UK Universities 2008 - 2009
In 2008 and 2009, there was an increase in
mumps outbreaks in UK universities. This
was thought to be due to many students
missing the MMR vaccination as children.
The outbreaks occurred because university
students at that time had been born before
the introduction of the two-dose MMR
campaign.
This meant that many students had received
no MMR vaccine, or just one dose. When the
two-dose MMR campaign was introduced,
the control of mumps improved and so the
unimmunised group remained susceptible
(as they did not encounter mumps) until they
started attending university, where mumps
was able to spread quickly through the
susceptible students.

Complications

There are several complications of mumps, some which can be serious.
These include: swollen testicles/ovaries (if infected after puberty); viral meningitis; pancreatitis.
Rarer complications include sterility, encephalitis (1 in 1000) and hearing loss (1 in 20,000).

Treatment

There is no medication to treat mumps so self-care techniques are used, for example bed rest,
painkillers, plenty of water, a compress for swollen glands and soft food. Painkillers such as
paracetamol can be used to reduce fevers.

Prevention

The MMR Vaccine is used to immunise people against mumps. It also provides immunity from
measles and rubella.
The MMR vaccine was introduced to the UK in 1988 and is included in the England and Wales
‘Immunisation Schedule’.
The MMR Vaccine is 95% effective after the first dose. The second dose gives immunity to almost
all of those who were not immunised by the first dose. To produce herd immunity, 90% of a
population must be immunised against mumps.

Additional Uses of SimFection to Explore Mumps
• Students should open SimFection and click on the ‘Mumps’ button.
• Students can explore how movement of unvaccinated people from an area of high vaccination
coverage to an area of low vaccination coverage can cause outbreaks.
• Research ‘virgin soil epidemics’ and how they occur. Find historical examples of these kinds of
outbreaks e.g. infectious diseases introduced to America by colonisers
• Research principles of infection e.g. endemic infectious diseases, epidemics and pandemics.
• Consider how this relates to going to university or moving abroad.
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Influenza Profile
Influenza is an infectious viral illness spread by
airborne or droplet transmission. Droplets can
be released when an infected person coughs,
sneezes or talks.
The incubation period (time between being
infected and showing symptoms) of influenza
is 2-3 days.
Some strains can spread between animals and
humans.
Influenza transmission can be controlled by
good hygiene and an annual vaccine.

Symptoms
The symptoms of influenza include sneezing,
coughing, headache, fever, chills, tiredness,
aches, diarrhoea, sore throat, lack of appetite,
runny/blocked nose and difficulty sleeping.
These symptoms last for 5-8 days.

Transmission Electron Micrograph (TEM) of
influenza. The influenza virus ranges from 80-120 nm
in size

Case Study:
H1N1 Swine Flu 2009
An outbreak of H1N1 (swine) influenza
started in March 2009 in Mexico. It was
initially called “Swine Flu” because it was
similar to a virus found in pigs. The virus
spread to the United States and was first
identified in the UK in June 2009.
This particular type of H1N1 was is highly
infectious but has a low fatality rate (0.04%
of those infected in the UK). In the UK
there were 474 reported deaths and 29,228
confirmed cases of H1N1.

Sneezing is a common symptom of influenza
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The pandemic was declared over by the
World Health Organisation on 10th August
2010.

Complications

Most complications occur in the elderly, pregnant women and immunosuppressed people rather
than healthy young people. Complications include secondary bacterial chest infections and
viral pneumonia (which may be fatal in elderly people). Rare complications include meningitis,
encephalitis, septic shock, tonsillitis, and otitis media.

Treatment

The symptoms of influenza can be treated if they are causing discomfort. Painkillers such as
paracetamol can be used to reduce fevers. In severe cases, antiviral medications can be taken
which can prevent multiplication of virus.

Prevention

Good hygiene is the best way of preventing the spread of influenza, for example by washing hands
regularly (Catch it. Bin it. Kill it, Department of Health, UK) and cleaning surfaces. There is an
annual flu vaccine available for the elderly, pregnant women, those with medical conditions and
healthcare professionals and carers. There is also a new annual nasal flu vaccine for 2 and 3 year
olds. The flu viruses mutate so people need to be vaccinated against circulating strains every year.

Additional Uses of SimFection to Explore Influenza

Students can use the software to collect data on how different strains of influenza spread within a
population. Research virulence and transmission.
Try to make the ‘worse case scenario’ for an influenza outbreak e.g. high infectivity and high
mortality rate.
Research other historical outbreaks of influenza e.g. Spanish influenza.
Find links with literature e.g. Twilight and Spanish influenza.

12

Smallpox Profile
Smallpox is a contagious infectious disease
caused by the variola virus.
It is transmitted by direct contact with an
infected person. It has serious and sometimes
fatal complications and a fatality rate of 30%.
Smallpox has an incubation period of 7-17
days. Smallpox was eradicated by ring
vaccination in 1980. Smallpox only affects
humans and there is only one antigenic
type. An effective vaccine for smallpox was
developed.

Symptoms
The initial symptoms are a very high fever,
malaise, aches and vomiting. These symptoms
last up to 4 days. Next, a rash appears which
begins with small red spots on the tongue and
mouth. The spots become sores which burst
spreading the virus to the throat. This is when
the infected person is most contagious. A rash
then spreads over the whole body, becoming
raised and then eventually filling with liquid.
The bumps become pustules and eventually
scab. The scabs fall off and the person is
contagious until all the scabs have fallen off.
This stage lasts for around 6 days.

Transmission Electron Micrograph (TEM) of the
smallpox virus. The smallpox virus is 200-400nm in
size.

Case Study:
Eradication of smallpox 1980
Smallpox was declared eradicated by the
World Health Organisation (WHO) in 1980.
The last naturally occurring case of smallpox
was diagnosed in 1977 in Somalia. The
WHO led a global vaccination program
which included heavy surveillance and ring
vaccination.
Ring vaccination is a method of containing
infectious diseases by vaccinating all contacts
of the infected.

Smallpox was suitable for eradication by
ring vaccination because it is highly visible
due to its characteristic rash. Humans are
iAround four days after infection with smallpox, a red the only reservoir so there is no spread of
rash develops which spreads across the whole body. the infection between different species and
These spots later become painful fluid-filled blisters. if a person is exposed to smallpox naturally
or is vaccinated they will have long lasting
immunity against the infection.
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Complications

Respiratory system problems, for example bronchitis or fatal pneumonia.
Other complications of smallpox include: encephalitis; permanent scars, temporary disability,
arthritis, limb deformities, ocular complications e.g. blindness.
Secondary bacterial infection of the skin is quite uncommon. Smallpox has a fatality rate of 30%.

Treatment

There is no specific treatment for smallpox and the only method of prevention is vaccination.

Prevention

The vaccine is made from the virus ‘vaccinia’ which is a pox virus related to smallpox. The vaccine
is a ‘live’ vaccine and provides immunity for up to 5 years.
A red itchy sore develops at the vaccine site, which then becomes a large blister which later scabs
and falls off.

Additional Uses
• Research and discuss why ring vaccination can be successful
for certain infectious diseases but not others – why did it
work with smallpox?
• Is the transmission of Ebola similar to smallpox?
• Research the development of the smallpox vaccine.
• Discuss the ethical issues surrounding the development of
the smallpox vaccine.
• Research and discuss the history of the smallpox vaccine.
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Glossary
Acute

Rapid onset of disease, a relatively brief period of symptoms, and resolution within days

Antigen

A toxin or other substance that stimulates production of antibodies

Coverage

The proportion of people who have received particular vaccines within a certain population

Droplet

A cough or a sneeze can release millions of microbes into the air in droplets of mucus or saliva
which can then infect somebody else if they breathe in the infected particles

Epidemics

Occur when there is widespread incidence of a particular infectious disease within a population
within a short time period

Herd Immunity

A type of immunity that occurs when the vaccination of a high proportion of a population protects
those who have not developed immunity towards an infectious disease

Immunisation

The process of protecting a person from an infectious disease before they encounter one by
stimulating an immune response

Incubation period

The period between the initial infection and the onset of signs and symptoms

Pathogen

Disease-causing infectious microorganisms

Reservoir

An alternate or passive host or carrier that harbours pathogenic organisms, without injury to itself
which serves as a source from which other individuals can be infected

Vaccination

A method by which a person can become immunised. A vaccine stimulates the body’s immune
response

Virgin soil epidemics

Epidemics in which the populations at risk have had no previous contact with the disease and so
are defenceless against it

Viruses

Small infectious agents which replicate only inside the living cells of other organisms
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Websites to visit
•
•
•
•
•
•
•

CDC.gov
WHO.int
nhs.uk
HPA (https://www.gov.uk/government/organisations/public-health-england)
Flu.gov
sfam.org.uk
microbiologyonline.org.uk
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This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/ or send a letter to Creative Commons, PO
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