Modelling infectious disease outbreaks
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» Emerging infections require rapid and robust modelling tools.
» You will develop and analyse models to support policy decisions.
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» Emerging infections require rapid and robust modelling tools.
» You will develop and analyse models to support policy decisions.
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Project overview
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You will:
» Formulate deterministic and stochastic epidemic models.
» Fit models to outbreak data.

» Evaluate intervention strategies.
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Compartmental models (1)

The SIR epidemic model divides the population into three compartments or classes:
» S: susceptible individuals who may get infected,
» /: infectious individuals who are infected and can infect susceptible individuals,
> R: recovered individuals who have been infected, but do no longer transmit the
disease and are now immune.

Susceptible ﬂ% Infectious ol Recovered
5(t) I(t) R(t)
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Compartmental models (I1)

Mathematical
Institute

SIR model can be defined by ODEs
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Compartmental models (I1)
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Many possible extensions including latent periods, waning immunity,

or heterogeneities as age structure, vaccination status etc.

pullth) E, I,

Su(t) o Eu(t) Tl (1) T Ry(1)
grodltl) = I,
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Scenario: The OxV-26 Qutbreak
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Part A: Model formulation
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Core requirements:
» Deterministic SEIR model
» Stochastic model (e.g., Gillespie)
Possible extensions:
P> Age structure or asymptomatic compartments
» Vaccination dynamics
» Behaviour-dependent contact rates
| 2

Spatial or network modelling
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Part B: Parameter estimation
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You may estimate:
» Transmission rate
» Latent and infectious periods
» Initial conditions
» Ry and R;
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Part C: Intervention strategies
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You may evaluate:
» Vaccination (efficacy, rollout speed, waning immunity)
» Testing and isolation (delays, sensitivity)
» Non-pharmaceutical interventions (mask use, distancing)
» Combinations of interventions

Goal: ldentify conditions for epidemic control.

Oferd e Modelling infectious disease outbreaks 21 January 2026
athematics

10/12



Questions that could be addressed
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» How do the conditions/interventions that achieve epidemic control depend on the
chosen definition of “under control”?

» How does the time point at which an intervention is put into place affect its
outcome?

» How do the modelling choices for any particular intervention affect the conditions
for epidemic control?
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Optimal Intervention Strategies for Minimizing Total Incidence
During an Epidemic

Authors: Tom Britton and Lasse Leskeli AUTHORS INFO & AFFILIATIONS

hitps/doi.org/10.1137/22M1504433

Suggested meeting time: Thurs 9-10 am.
Contact: fanny.bergstrom@maths.ox.ac.uk
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