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Outline of the presentation

• Prediction of confinement effects on the number of Covid-19 outbreak
in Algeria (MMNP2020).

• On the threshold of release of confinement in an epidemic SEIR model 
taking into account the protective effect of masks (BMB 2021).

• On the effect of infected dependent management measures on the 
dynamics of a SEAIR epidemic

• Perspectives



Epidemic costs of the pandemy



Epidemic costs of the pandemy

• The onset of the Covid-19 epidemic was brutal with very high peaks
of contamination leading to the saturation of intensive care units.

• In the United States, the occupancy rate of intensive care beds
reached over 60% in the most populous states and large cities.

• In France, the number of beds able to accommodate severely ill
patients requiring intensive care in hospitals is limited to around 5,000 
beds and the number of respirators available seemed also insufficient
in view of the foreseeable arrival of seriously ill patients. 



Economic costs of the pandemy

• The covid-19 epidemic has led the vast majority of states around the world 
to take very strict confinement measures ranging from lockdown to partial 
confinement.

• Below we show the data regarding the total job numbers in the US from
2005 to nowadays.



Economic costs of the pandemy

• Nearly 900,000 workers lost their jobs in Spain since it went in 
lockdown in mid-march 2020. During the second half of march, 4 
millions French workers applied for temporary unemployment
benefits. 

• The pandemic caused the largest global recession in history, with
more than a third of the global population at the time being placed in 
lockdown.

• The Covid-19 pandemic has, among other things, caused a sharp
increase in public debt, in France and elsewhere. Public debt thus
reached nearly 116% of GDP in France at the end of 2020.



Effects of NPI measures

• As a result, several governments in the world have decided to put in 
place more or less strict Non Pharmaceutical Interventions (NPI) 
such as lockdown, social distancing, wearing of masks or 
teleworking in order to limit the number of cases and keep hospital
admissions of seriously ill patients below the hospital capacity
threshold.

• The aim of this work is to study the effects of various NPI protection 
measures against the epidemic.





Cumulated infected cases in Algeria (march-april 2020)

Figure 1 shows the cumulative number of detected cases of coronavirus in Algeria between March 01 and 
April 10, 2020. Between these two dates, the cumulative number of cases increased from 03 to 1761. 



SEIR Model for Algeria



In the beginning of the epidemic

Jacobian matrix

Parameter estimation for Algeria :



Cumulated infected cases in Algeria (march-april 2020)



Numerical simulation of the epidemic without protective measures

v The susceptible compartment gradually empties with epidemic peaks of E and I which then fill the R compartment.
v For Algeria, the model predicts that, in the absence of any protective measures, around 80% of the population will

contract the disease.



Taking into account asymptomatic/symptomatic patients

v For example, with 50% of asymptomatic individuals remaining contagious for five days
on average while asymptomatic persons are isolated in two days, we obtain a = 0.35 
and R0 about 2.6.

v f is the fraction of asymptomatic, (1-f) of symptomatic.
v It can be assumed that symptomatic individuals are isolated quickly in a 1/aS time
v Asymptomatic persons, not knowing that they are sick, remain infectious for a long time 1/aa.



Numerical simulation of the epidemic without protective measures



Extension of the SEIR Model to confinement

u = 1 - v



Effect of confinement



Threshold of confinement

v In this example, it is necessary to maintain a proportion of unconfined people below the threshold 
of 68%.

v In other words, it is therefore necessary to maintain a proportion of confined people greater than 
32%.



Threshold of confinement

v The figure shows that by choosing a proportion u<u* of unconfined people smaller than the threshold of 
68%, the epidemic stops.

v However, to avoid a second peak, it is necessary to keep 40% of the population confined, which generates 
very high economic costs.



A SEIR Model with places and masks



SEIR Model with daily movements, confinement and masks

• We take into account the daily movements of individuals in different
places.

• We also consider the effects of protection by masks.

• We study the effects of combined confinement and protection 
measures on the dynamics of the epidemic.



A SEIR Model with places and masks

Y. Liu et al. What are the underlying transmission patterns of COVID-19 outbreak? An age-specific social contact characterization 
(2020) EClinicalMedicine. https://doi.org/10.1016/j.eclinm.2020.100354 



A SEIR Model with places, confinement and masks



The complete SEIR Model with locations W, P, H

• The complete model takes into account daily movements in different places at 
the fast time scale and the dynamics of the epidemic at the slow time scale



Fast part of the Model

• We define time slots for average occupancy per day of the different places.
• Individuals are more likely to remain on places with larger time slots.



Slow part of the Model



Reduction of the model : Fast equilibrium



Reduced/aggregated model

• At the FE, the proportions of individuals in the different places is proportional to the 
corresponding time slot.

• The overall transmission rate is expressed in terms of the local transmission rates and the 
proportions of individuals in the different places at the FE.



Reduced/aggregated model



Comparison of the complete and aggregated models



Model with mask

J. Howard et al. (2020) DOI: 10.1073/pnas.2014564118



Extension of the SEIR Model with confinement and mask

Effective reproduction number at the release of confinement at T*

J. Howard et al. (2020) DOI: 10.1073/pnas.2014564118



Effects of masks for a release of confinement (90%) and S*=0.95



SEAIR Model with infected dependent confinement



Absence of protective measures



Effects of different functions v(I)

v In the following figures, we start the epidemic with a single infected at t=0, 
then we trigger protective measures according to various functions v(I) 
when the incidence (number of cases per week per 100,000 inhabitants) 
becomes greater than 200.

v The v(I) control is stopped when the incidence drops below 3, i.e. less than
one case per day per 100,000 inhabitants.



Effects of monotone increasing functions v(I)

v The first strategy consists in choosing a monotonic increasing confinement 
function v(I) which corresponds more or less to what is done in France and 
in many countries.

v When the epidemic peak starts, the number of cases increases rapidly and 
protection is reinforced by increasing v(I) with I.

v After the epidemic peak has passed, the amplitude of which has been 
reduced by protective measures, v(I) is gradually reduced.



Effects of monotone increasing functions v(I)



Effects of monotone increasing functions v(I)

v This strategy makes it possible to reduce the amplitude of the epidemic
peak but ultimately causes a very high cumulative number of cases.

v The more the amplitude of the epidemic peak is reduced, the longer is the 
duration of the peak and of the protective measures.

v The economic costs remain high.



Effects of monotone decreasing functions v(I)

v At the start of the epidemic, when the number of cases is low, protection 
measures are very high from the outset. When the number of cases 
increases significantly, protective measures are reduced.

v This strategy is a bit counter-intuitive. After the peak has passed, when the 
number of cases decreases sharply, the protective measures become
increasingly strong and are maximum when the epidemic is about to 
disappear.



Effects of monotone decreasing functions v(I)



Effects of monotone decreasing functions v(I)

v With an adequate choice of the confinement function, it is possible to avoid
a large epidemic peak as well as a large number of cumulative cases, 
orange and purple functions.

v This strategy makes it possible to bring about the extinction of the epidemic
in less than 100 days.



Perspectives

v We have created a software that makes it possible to assess the levels of 
confinement used during the various periods of confinement and different
countries.

v This software makes it possible to simulate various NPI measures and to 
evaluate their epidemic and economic costs.

v We could extend the method to a network of cities connected by planes and 
trains…

v We could take into account the age distribution in the model.



Thank you for your attention



Threshold of confinement



Illustration of the threshold of confinement



Illustration of the threshold of confinement


