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modelling: means and ends
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why did COVID-19 become pandemic

Fraser C et al. (2003) Factors that make an infectious 
disease outbreak controllable. PNAS 



the natural history of COVID-19



generation time and serial interval



computing the pace of the epidemic



estimating the reproduction number

Reyné B et al. (2020) Rt2: https://cloudapps.france-bioinformatique.fr/covid19-rt2/
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the non homogeneous detection issue



infering the epidemic curve
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Sofonea MT et al. (2020) COVIDSIM: https://bioinfo-shiny.ird.fr/COVIDSIM2-fr/



non-Markovian dynamics



discrete time modelling

MTS



model structure

Sofonea MT et al. (2021) Memory is key in capturing COVID-19 epidemiological dynamics. Epidemics



recurrence relation system



force of infection



parametrisation



fitting and early estimation of key parameters

R0

t0

κ := 1 - Rlockdown/R0



early estimation of key parameters
early forecasting
(data censored after Apr 7th 2020)

Sofonea MT et al. (2021) Memory is key in capturing COVID-19 epidemiological dynamics. Epidemics

incidental

inertial

post-lockdown lifting (May 11th 2020)



comparison with the Markovian approach



counterfactuals: lock-down timing



Sofonea MT et al. (2021) Two waves and a high tide: the COVID-19 epidemic in France. Anaesth Crit Care Pain Med

two waves and a high tide



per capita contact ratio

Sofonea MT et al. (2020) Epidemiological monitoring and control perspectives: application of a parsimonious 
modelling framework to the COVID-19 dynamics in France. medRxiv



limited leverage of age-differential control



the unexplored partial periodic lockdowns

the intensity-duration trade-off



adaptive control: illustrative cases 

Ferguson et al. 20-03-16 'Report 9'



adaptive control: systematic analysis

Sofonea MT (not published)



past projections
ESCMID Sept 20

HuffPost, statu quo
(as on mid-May)

Conseil FDS, Univ. Montp. Juin 20

Sofonea MT et al. (2021) COVIDSIM

Le Parisien,
Jan & Feb 21



vaccine rollout



COVIDici

Boennec C et al. (2021) COVIDici: https://cloudapps.france-bioinformatique.fr/covidici/



spatial considerations

Thomine O et al. (2021) Emerging dynamics from high-resolution spatial numerical epidemics. Zenodo
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in brief
• discrete time is useful for combining memory effects, parsimony & 

computability,
• accounting for the age of infection is crucial for short-term prediction,
• age-related control variance shows limited leverage,
• importance of early strong responses and permanent moderate restrictions

future work

• time-varying contact matrices
• incidence-dependent NPIs
• implicit spatialisation



parameter estimates



estimates with alternative IFR



post-lock-down response delay



adaptive control: threshold
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