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The novel coronavirus disease 2019 (COVID-19) reported in Wuhan is continuing to impress the world by its fast
spread and the number of affected persons attracting an unprecedented attention.

In this article, the classical SEIR model and a generalized SEIR model called SEIRDP were applied to predict the
evolution of COVID-19 in Algeria for a future period of 100 days using official reported data from early April to
early August, 2020. Initial evaluation showed that the two models had a net correspondence with the reported
data during this period for cumulative infected cases but the number of cumulative deaths was underestimated
with the classical SEIR model. Model prediction with the SEIRDP concluded that the number of cumulative
infected cases will increase in the next days reaching a number of about 60 k in middle November with a median
of about 300 daily cases. Also, the number of estimated deaths will be around 2k. These results suggest that the
COVID-19 is ongoing to infect more persons which may push national authorities to carefully act in the probable

leaving of containment.

Keywords: epidemic model, COVID-19, SEIR model, SEIRDP model, Algeria

INTRODUCTION

The coronavirus disease 2019 (COVID-19) detected first in
Wuhan, in the province of Hubei (China) on December 2019
has provoked a real confusion in the world (Lounis, 2020). This
respiratory disease caused by a novel virus called SARS-CoV2
(Severe Acute Respiratory Syndrom coronavirus 2), has
afflicted more than 19.4 millions positive cases and more than
723k deaths around the world (Johns Hopkins University of
Medicine, n.d.).

Since the first case reported on February 25%, Algeria
accounts currently 34,693 cases and 1,293 deaths (Algerian
health and hospital reform minister: Carte épidémiologique,
n.d.).

Due to the early and the drastic implemented measures in
Algeria, the situation seemed to be under control until the last
April and the beginning of May (Lounis, 2020). However, the
evolution of the epidemic in the last two months has shown a
real increasing in the daily reported cases. This may be related
to the increasing in the total number of test performed but also
to a result of the alleviation of the prevention strategy and the
subsequent lightening in the respect of physical distancing
and protection measures (Lounis, 2020; Rouabah et al., 2020).
In this way, comprehension of the epidemic curves and
forecasting its evolution is very important for the evaluation

of the implemented measures and in deciding to adopt the best
future strategies to curb the spreading of the disease. In this
way, statistics or mathematical modeling is of great
importance and represents a crucial tool in understanding the
epidemic characteristics and predicting its curve (Tan and
Chen, 2020).

Multiple models have been achieved in Algeria to forecast
the epidemic or to evaluate the preventive implemented
measure with different approaches including local, regional
and global studies (Balah and Djeddou, 2020; Belkacem, 2020;
Ben Hassen et al., 2020; Bentout et al., 2020; Boudrioua and
Boudrioua, 2020; Daw and El Bouzebdei, 2020; Hamidouche,
2020; Moussaoui and Auger, 2020; Nail et al., 2020; Rahmani,
2020; Rezki, 2020; Rouabah et al., 2020; Zhao et al., 2020).
These studies used the most common SIR (Boudrioua and
Boudrioua, 2020; Rezki, 2020) and SEIR (Belkacem, 2020;
Bentout et al., 2020; Moussaoui and Auger, 2020; Peng et al.,
2020; Rouabah et al., 2020) models or other mathematical
models such as ARFIMA (Autoregressive Fractionally
Integrated Moving Average Models) (Balah and Djeddou, 2020)
and the Alg-COVID-19 Model (Rahmani, 2020).

In the current study, the classical model and a generalized
SEIR model called SEIRDP (Susceptible, Exposed, Infected,
Recovered, Death and Insusceptible (P) were used to predict
the evolution of the epidemic curves in Algeria for a future
period of 100 days.

Copyright © 2021 by Author/s and Licensed by Veritas Publications Ltd., UK. This is an open access article distributed under the Creative Commons Attribution License which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://www.ejosdr.com/
mailto:lounisvet@gmail.com
https://doi.org/10.21601/ejosdr/9675

2/5 Lounis and dos Santos Azevedo / EUR ] SUSTAIN DEV RE, 5(1), em0150
SEIRDP Model Characteristics
- In the current study, the used SEIRDP model is divided to
the following categories: The Susceptible population (S), the
y % Exposed population (E) to the virus which is not yet infectious,
the Infected population (I) confirmed in laboratory which has a
. potential infection, the Recovered population (R), the Death
Insusceptible(P) Exposed(E) number (D) and the Insusceptible population (P).
l y The total population (N)=S+P+E+I+R+D.
The SEIRDP model is described as follow:
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The daily COVID-19 new cases (confirmed with RT-PCR
test) in Algeria were collected from the Ministry of Population
Health and  Hospital Reform  official  website
(https://www.covid19.gov.dz/carte/) from April 1%, 2020 to
August 4™, 2020 for a period of 126 days. These data include
the total positive cases, the daily positive cases, the total
deaths, the new daily deaths, the total recovered, the daily
recovered and at last the number of quarantined persons.

The total case in the mentioned period is of 31788 cases
with an average of about 252 cases per day.

METHODS

The classical Susceptible Exposed Infectious Recovered
(SEIR) model represents one of the most adopted
mathematical models for characterizing and forecasting the
epidemic diseases (Rouabah et al., 2020; Tan and Chen, 2020).
It is widely used to study the COVID-19 curve in multiple
countries in the world (Rouabah et al., 2020).

In the current study, the authors followed the adapted SEIR
model developed by Tan and Chen (2020), the most reliable
response to emergency public health actions which takes into
account the population exposed to the virus.

More precisely, they used the generalized version of the
classical SEIR called SEIRDP (Susceptible, Exposed, Infected,
Recovered, Death, Insusceptible (P)) a particular type of the
proposed model of Peng et al. (2020) (See Figure 1).

In the SEIRDP model, multiple key parameters of the
COVID-19 epidemic like the latency time, the infection time,
the protection rate and the recovery can be included. This will
help to estimate the peak of the epidemic, the end-time and
the total infected cases in Algeria basing on the Ministry of
Health of Algeria data.

Where:

a is the protection rate including individuals exposed to
both infectious and asymptomatic patients); B represents the
infection rate; y'! is the average latency time; and A(t) and «(t)
which are coefficients used in the time-dependent cure and
mortality rate respectively.

The cure rate A(t) is defined according to time by:
A1) = Ao/[1 +exp (=A1(t = 22))], 2)
and the mortality rate x(t) as:
k(t) = Ko exp(—Kqt), 3)

These two functions are adjusted according to the cases
number for ¢ € [to; t7], with to as the initial period and tr which
represents the final period.

As described in Equation (2) and Equation (3) the rate of
recovery A(t) grows exponentially to reach a limit value while
the death rate x(t) tends toward zero.

Also, the least square sense method was used to adjust the
{a, B, v%, At), k(t)} parameters. Taking in consideration the
starting guess [Ao; A1; A2]=[0:1; 0:1; 0:1] and [ko; k1] = [0:5; 0:3],
these functions are plotted as shown in Figure 2.

A nonlinear least-squares solver was used to compute the
parameters {a,f, y",Ao, A1, Azk0(t), k1(t)} (Cheynet, 2020).

These parameters can be replaced in the model (1) and the
time-histories of the different states {S(t); P();E();
I(t);R(t);D(t)} can be calculated. Here, the standard fourth—
order Runge—Kutta process was used (Burden et al., 2015) and
the set of equations is written as a single ODE as:
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that the parameters of the SEIRDP model could be useful to

Figure 2. Plot of recovery and mortality rates
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Figure 3. (a) Modeling of the differential SEIRDP model from April 1 to August 3 (c) Modeling of the differential SEIR model from
April 1 to August 3 for cumulative positive cases (b), recovered (c), cumulative deaths (d).
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Figure 4. (a) Predictions of the differential SEIRDP model for Algeria from early April to mid-November, 2020. (b) Predictions of
the differential SEIR model for Algeria from early April to mid-November, 2020. (c) The recovery rates and (d) deceased rates of

April to early-August, 2020

the ministry of health, while the number of predicted deaths
was underestimated (see Figure 3d).

The SEIRDP model was later used to predict the evolution
of the pandemic for from April to November, 2020. Results
showed that the number of cases in Algeria still increasing to
attempt a number of about 60k positive cases and about 2k
deaths in 12" November, 2020 (see Figure 4a. Prediction of
the classical SEIR model however, estimated the number of
cumulative cases at about 46k (see Figure 4b. In Figures 4c-
4d, we have the recovery and death rates as a function of time
respectively. In this case, results between the computed and
observed rates were compared.

In Figure 4b we can observe a constant behavior while in
Figure 4c we have an exponential decrease in mortality rates
as time progresses.

These results corroborate with the plots of Figure 2.

At last, it is to note that, the current model is using the
official data by the Ministry of healthy based only of RT-PCR
testing. The number of performed tests was very low in the first
days (about 60 tests/day). This number has currently attempt
2500 tests/day but remain low for screening the total cases
which could affect the total number of cases in the model.

CONCLUSION

In this study, the authors used a classical and a generalized
SEIR models to analyze the epidemic curve COVID-19 and its
evolution in Algeria.

Based on data reports of the Ministry of public health and
hospital reform from early April to early August, it was first
shown that the two models, the classical SEIR model and the
SEIRDP model had a good correspondence with the daily
reported data in term of cumulative infected cases and
recovered while the classical SEIR model underestimated the
cumulative deaths. The SEIRDP model prediction for the next
100 days showed that the number of cases will increase to
reach a number of 60k in middle November while the predicted
number of deceased persons will be around 2k cases. The
number of cumulative cases with the classical SEIR model will
reach a number of about 46k in the middle November. These
results showed that the number of cases is still increasing in
Algeria despite the implemented measures which may be taken
in consideration public authority in the next steps of fighting
this disease.
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