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Modelling for real-time 
outbreak response



Beginning End

Middle

Beginning

• Will initial cases lead to 
a major epidemic?

• Which interventions 
reduce the epidemic 
risk?

Middle

• How effective are 
current interventions?

• Which interventions will 
minimise numbers of 
cases?

End

• How should 
interventions be lifted?

• Is the epidemic over?

Modelling for real-time outbreak response

Before

• Where is an outbreak 
most likely to occur?

• Where should 
surveillance resources 
be deployed?

Before



When a pathogen first arrives in a new host population,
will initial cases fade out, or will they lead to sustained local transmission?

Assessing the risk of a major epidemic



Det

Assessing the risk of a major epidemic



When a pathogen first arrives 

in a new population, there are 

two possibilities for what 

happens next

Susceptible Infected Removed
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Susceptible Infected Removed
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Epidemic Risk:  Can be calculated analytically 
using “branching processes”

Assessing the risk of a major epidemic



• Assume we start with one infected individual

• Denote qi = Prob(no major epidemic starting from i infected 

individuals)

• Want to find 1 – q1

Susceptible Infected Removed

Assessing the risk of a major epidemic



Susceptible Infected Removed

Two possibilities for the next event: infection or recovery

𝑞! = ℙ(infec'on)	×	𝑞" + ℙ(recovery)	×	𝑞#

Assessing the risk of a major epidemic



Susceptible Infected Removed

Two possibilities for the next event: infection or recovery

𝑞! ≈ ℙ(infec'on)	×	𝑞!" + ℙ(recovery)

Assessing the risk of a major epidemic



Susceptible Infected Removed

Two possibilities for the next event: infection or recovery

𝑞! =
1
𝑅"
	 or	 1 𝐸𝑅 = 1 − 𝑞! = 1 −

1
𝑅"

𝑞! ≈ ℙ(infec'on)	×	𝑞!" + ℙ(recovery)

Assessing the risk of a major epidemic
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Initial steps

1. Review methods for estimating epidemic risks using branching 

processes

2. Code up stochastic SIR model, and calculate the epidemic risk:    

i) Analytically; ii) Using model simulations

3. Extend the approach to a more complex model



𝑞",$,%,… = Prob no	major	epidemic	 𝑖	in	age	group	1, 𝑗	in	age	group	2, 𝑘	in	age	group	3, … . )

Age structure



Time-dependence



Aim 1:  Calculate the epidemic 
risk for this model!

Possible direction for the project?



Aim 2:  Use the model to test a 
range of interventions:
  - safe burials
  - restrictions in hospital
  - vaccination
  - viral treatment

Possible direction for the project?



Thank you!
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