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Introduction:

data & objectives
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https://www.data.gouv.fr/fr/datasets/donnees-hospitalieres-relatives-a-lepidemie-de-covid-19/





• The objective is not to build a model… and try to “calibrate” it in 
order to fit the data as well as possible
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• The objective is to develop a model

- for the observed data, and validated by the data, 

- that provides good short-term predictions,

- that is implemented as an open-access interactive tool.



I  
Modelling the JHU data



Daily number of confirmed cases Daily number of deaths



Marino Gatto talk
(Modeling the propagation of Covid-19, May 2020)
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The epidemiological compartments

The transmission rate b changes over time
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The observation model

Available data:

• w = (wj , j = 1, 2, …)  where w j  is the 
number of new confirmed cases on day j

• d = (dj , j = 1, 2, …)  where dj is the 
number of new deaths on day j
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The observation model

The epidemiological model:The data:

• daily number of new confirmed cases (wj ) 

• daily number of new deaths (dj ) 

We assume that only a fraction a(t) of the 
infected people are confirmed at time t
a(t) depends on the number of tests performed at time t



The observation model

The epidemiological model:The data:

• daily number of new confirmed cases (wj ) 
wj predicted by Wc(tj) - Wc(tj-1) 

• daily number of new deaths (dj ) 
dj predicted by D(tj) - D(tj-1)



Daily data clearly exhibit a weekly periodic component

Daily number of confirmed cases



The observation model

A statistical model for the daily counts: The epidemiological model:



The dynamics of the infection process seems to have changed from July onwards

Daily number of confirmed cases



A model for the “first wave” 
(before July)

The epidemiological model:

• The transmission rate is a piecewise linear function

• The fraction of confirmed cases is constant over time

a(t) = a



A model for the “first wave” 
(before July)

The epidemiological model:

• The transmission rate is a piecewise linear function

• The fraction of confirmed cases is constant over time

a(t) = a

Parameters of the model:

q obtained by Maximum Likelihood (ML) Estimation  
K obtained by  minimizing the Bayesian Information Criteria (BIC)



Some fits (with the periodic component)

Basic reproduction number:
(expected number of cases generated by one case in a population where all individuals are susceptible to infection)



Some fits (without the periodic component)

Basic reproduction number:
(expected number of cases generated by one case in a population where all individuals are susceptible to infection)



t2 2.9 4.7 2.6 4.4 6.9

t1/2 16.1 15.7 31.4 44.1 -



This tool can be useful for analyzing “unexpected” changes in the dynamics of 
the epidemics.
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A monitoring tool

This tool can be useful for analyzing “unexpected” changes in the dynamics of 
the epidemics.



Possible scenarios after the end of the lockdown

1) The transmission rate remains the same



Possible scenarios after the end of the lockdown

2) The transmission rate is multiplied by 1.5



Possible scenarios after the end of the lockdown

3) The transmission rate is multiplied by 2



Possible scenarios after the end of the lockdown

4) The lockdown ends 2 weeks later (May 25)



Possible scenarios before/after the lockdown

5) The lockdown starts one week before (March 10)



Things get more complicated from July on...

US

France

Spain



II  
Modelling the SPF data



Original (French) daily data



Original (French) daily data  +  7-days moving average



7-days moving average   &  semi-log scale



The model

H: number of individuals in hospital or in intensive care unit
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Which model for the in-hospital mortality rate kdeaths ?



Empirical in-hospital mortality rate:

kdeaths(j) = (number of deaths on day j ) / (number of hospitalized patients on day j ) 



Empirical in-hospital mortality rate:

kdeaths(j) = (number of deaths on day j ) / (number of hospitalized patients on day j ) 

H (j)       = number of hospitalized patients on day j



Piecewise quadratic models:



Final fits + confidence & prediction intervals  


