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Outline

1. Shortcomings of mathematical epidemiology

2. Behavioural mathematical epidemiology
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Message

Mathematical epidemiology could be way better

with the help of anthropology/social workers.
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Classic epidemic models

Everyone is interconnected.
Infected transmit at rate β
and recover at rate α.

We follow the numbers I and R
of infectious and recovered individuals. . .

d

dt
I = β(N − I −R)I − αI

d

dt
R = αI
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Network epidemic models

Not everyone is interconnected!
Infected transmit at rate β
and recover at rate α.

We follow individuals by state and # of connections,
or we follow pairwise interactions. . .

d

dt
Ik = βkSkP (neighbor is infected)− αIk

d

dt
[SI] = −α [SI]−β [SI] + β [SSI]− β [ISI]
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Two very serious epidemiologists

Ben Althouse Sam Scarpino
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We don’t really know what we’re doing.
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Epidemics on adaptive network
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This is a fully solvable model
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[Scarpino, Allard & Hébert-Dufresne, Nature Physics, 2016]
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Lessons

1. Epidemic models are sensitive to behaviour.

2. We have no general models of behaviour.

3. And no parametrization of behaviour.
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We need a different approach and
different data.
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Timeline of Ebola and its contact tracing efforts
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[Hébert-Dufresne et al., in preparation]
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Timeline of Ebola as a branching process
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[Hébert-Dufresne et al., in preparation]
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What stopped Ebola?
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[Hébert-Dufresne et al., in preparation]
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Social Mobilization Action Consortium (SMAC)

• 2,466 mobilizers for 12,505 communities (60% coverage)

• 2+ million interviewed (. 25%)

• Goal: Bottom-up self-motivated action plans
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Agent-based metapopulation model

Reductions in Ebola virus transmission driven by behavioral interventions in Sierra Leone Laurent Hébert-Dufresne



Importance of preventive self-motivated intervention
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[Hébert-Dufresne et al., in preparation]
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Future work

1. Parametrization of behavioural model possible
through anthropological data.

2. Data collection in tandem with community
engagement / bottom-up interventions.
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