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Periodicity of Infectious Diseases
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Incorporate Seasonality??

 Add in periodicity
 Model during school and between schools years – age the children

 Add a time varying transmission rate



Seasonality
 In the absence of 

seasonal forcing, the 
SIR family of models 
exhibit a stable 
equilibrium 

 Adding time-dependent 
transmission can 
generate
 Annual epidemics

 Multiennial outbreaks

 Chaos



SIRWS Model
 Birth and death - ξ

 Infection - β

 Recovery - γ

 Waning - κ

 Relative factor of 
immune boosting – ν>1
 Individuals with 

intermediate immunity 
levels have heightened 
sensitivity to boosting
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 Discuss
 Seasonal forcing 

 Demographic change

 Immune boosting

Dafilis M, Frascoli F, et al. (2014) Jour Theor Biol



Immune-boosting and demography
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Dafilis M, Frascoli F, et al. (2014) Jour Theor Biol



Period 
Diagrams
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• Limit cycles and multistability in the unforced system give rise to complex and 
intricate behaviour as seasonal forcing is introduced

• Identified chaotic regions of parameter space
• Identified regions where saddle node lines and period doubling cascades of 

different orbital period overlap, suggesting that the observed behaviour of the 
SIRWS system is particularly responsive to small perturbations in its parameters

Dafilis M, Frascoli F, et al. (2014) Jour Theor Biol



Immune-boosting and demography
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(from right to left)



50 years
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50 years
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Periods 3, 5, and 20+
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(from right to left)
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Crises and Chaos
 Basins of attraction, vary duration of immunity

Dafilis M, Frascoli F, et al. (2014) Theor Biol Med Model 11:43.

2D slices through the full 4D 
initial-condition space.
S(0)+I(0)+R(0)+W(0) = 1
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SIRWS Model
 Birth and death - ξ

 Infection - β

 Recovery - γ

 Waning - κ

 Relative factor of 
immune boosting – ν>1
 Individuals with 

intermediate immunity 
levels have heightened 
sensitivity to boosting
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 Discuss
 Seasonal forcing 

 Demographic change

 Immune boosting

Lavine et al., Earn et al, Dafilis M, JTB (2014) 


