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Le R0 dans les différents départements de France, le 11 juillet 
2020 (capture d'écran réalisée le 17 juillet 2020) Crédit : 
Capture d'écran RTL/Ministère de la Santé 
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What is a model ?

A mathematical representation of reality,
constructed and validated by observations,
that aims at understanding, analyzing and eventually act
upon it,
dependent on theory and on data
A reductionist and simplified version of reality
Guided by specific scientific questions, hypothesis, styles of 
thought and data available
« All models are wrong but some are useful » George Box 
(1979)
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Diversification of model nature and functions
(Armatte and 

Dahan, 2004)

• With the increase in computing capacities, modelling
approach have diversified
• New simulation-based approach have been developed to 

optimize the management of phenomena rather than
explaining them
• Production of specific forms of anticipations, referred to 

as scenarios
• Complex relationship with data
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Models for epidemiology of infectious
diseases • Explain sporadic occurrence 

of large epidemics
• Get insight on the various

factors which govern
epidemics
• Asumptions : infection is

random, 
all individuals equally susceptible, 
immune response is complete, 
pathogen is stable

• Three key parameters
(infectivity, recovery and death
rate) summarize the epidemy
dynamics

Poor data on a Plague
epidemy on an island
of Bombay 
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A model with a remarkable legacy

• Dominant framework for most current models (R0)
• Complexified with new questions :

• Proportion of the population to be vaccinated in order to 
control known diseases (measles, chickenpox…)
• Allow for heterogeneous mixing – varying risk of infection 

depending on sexual practices (HIV), network of connexions 
(HIV, flue), geographic location… (Flue, SRAS…)

• Complexified with new data, scientific and disciplinary
skills
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Models for infection diseases in context

• Need for a sociological approach of model analysis : who
produces them ? In which institutions ? With what kind of 
knowledge, know-how and technologies ?
• The particular position of infectious disease epidemiology

after World War II
• Focus on two recent COVID19 models and modellers

• Neil Ferguson and Marc Lipsitch
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• Individual-based simulation 
model developed to 
support pandemic 
influenza planning
• Wuhan data for disease 

transmission parameters 
• Census and mobility data 

embedded to model types 
of contacts 
• Hypotheses on infectivity, 

immunity
• Hypotheses on disease 

characteristic 
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• Critics on the many hypotheses regarding disease
transmission, healthcare system parameters…
• Critics on the methods : complexity of the simulation 

process, lack of reproducibility, methods for statistical
inferences
• Contrasted impact on political decisions : France and UK
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Neil Ferguson, Imperial College London

• PhD in Theoritical Physics
• Post-doc with R. May and R. Anderson in Oxford. 

Trained and socialized in the epidemiology modelling tradition. 
Work on measles vaccination strategy, scenario of small pox attacks
(optimizing control strategies)
• Leading modeller on foot and mouth disease (2001). Use real time 

data on spatial and temporal patterns of disease spread, to make
prediction of future incidence and simulate control strategies
• Brings computer intensive simulation practices – to incorporate big

data available (on disease pattern, behavior and effects of control 
strategies) and adapt modelling practices to increased model 
sophistication
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• Modelling the epidemics dynamic over a 5 year 
period, with attention on the duration of 
immunity, cross-immunity and season effects

• Time series data for previous coronavirus immune 
response
• Simpler model for contacts in the population, fine 

effects of intervention
• Shows the impact of the type of immune response, 

in the longer-term. Calls for serological data 
collection
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Marc Lipsitch, Harvard School of Public 
Health

• PhD in zoology at Oxford on pathogen virulence evolution
• Post-doc on evolutionary biology of bacteria (B. Levine) 

and at the CDC
• Work on streptococcus pneumoniae (immune responses, 

population biology and genomics, antibiotic resistance) 
and on pandemic preparedness and response (SRAS, 
H1N1)
• Brings evolutionary biology perspectives, attention to 

environnemental parameters and data
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Opening (rather than a conclusion)

• Rising importance of simulation-based modelling 
approaches aiming at optimizing the management of 
epidemics
• Efforts on collecting and managing big data
• Anticipations still require finer comprehension of 

phenomena
è Need for fine grained analyses of modelling practices, 
impactS of scientific trajectories, technologies and 
institutional positions, with an attention to local and 
national configurations 
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