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Since the epidemic of COVID-19 was declared in Wuhan, Hubei Province of China, and other parts of the world, several studies
have been carried out over several regions to observe the development of the epidemic, to predict its duration, and to estimate its
final size, using complex models such as the SEIR model or the simpler ones such as the SIR model. These studies showed that the
SIR model is much more efficient than the SEIR model; therefore, we are applying this model in the Kingdom of Morocco since the
appearance of the first case on 2 March 2020, with the objective of predicting the final size of the epidemic.

1. Introduction

During Christmas 2019, COVID-19 caused an epidemic in
the city of Wuhan, Hubei Province of China [1]. It spread to
the other parts of China and subsequently to many other
countries around the world. Morocco is one of the countries
affected by COVID-19. On 2 March 2020, the country
identified the first case [2, 3], and as of 30 March 2020,
confirmed cases reached up to 516 with a death toll of 27 [4].
Also, as the number of infected cases is increasing, it is
necessary for modellers to estimate the severity of the ep-
idemic in terms of the total number of people infected, the
total number of confirmed cases, the total number of deaths,
and basic reproduction and to predict the duration of the
epidemic, the arrival of its peak, and its final size. This
information can help public health agencies make informed
decisions.

In this work, we used the SIR model to predict the
development of the epidemic in the Kingdom of Morocco
from the identification of the first case on 2 March 2020 in
the city of Casablanca [2], given the reliability of the data and
the definition of confirmed cases during this period and the
simplicity of our forecasts and analyses. We were able to
determine the detailed results of the SIR model calibration
and the predictions of our model, including the distribution
of the peak period, the prediction interval of future con-
firmed cases, and the total number of infected persons.

2. The SIR Model

In the SIR model, compartment S refers to the sensitive
population in Morocco, I refers to the infectious population,
and R refers to confirmed cases [5]. The latency of COVID-
19 infection is biologically realistic due to an incubation
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FIGURE 1: Transfer diagrams for the SIR model for COVID-19 in Morocco.
TaBLE 1: Daily increased number of COVID-19 cases in Morocco [2].
Date Positive cases Death cases Reestablished cases New cases

2 March 2020

—

(=)

0 1
3 March 2020 1 0 0 0
4 March 2020 1 0 0 0
5 March 2020 2 0 0 1
6 March 2020 2 0 0 0
7 March 2020 2 0 0 0
8 March 2020 2 0 0 0
9 March 2020 2 0 0 0
10 March 2020 3 1 0 1
11 March 2020 6 1 0 3
12 March 2020 6 1 1 0
13 March 2020 8 1 1 2
14 March 2020 18 1 1 10
15 March 2020 28 1 1 10
16 March 2020 37 1 1 9
17 March 2020 44 2 1 7
18 March 2020 54 2 1 10
19 March 2020 63 2 2 9
20 March 2020 86 3 2 23
21 March 2020 96 3 3 10
22 March 2020 115 4 3 19
23 March 2020 143 4 5 28
24 March 2020 170 5 6 27
25 March 2020 225 6 7 55
26 March 2020 275 10 8 50
27 March 2020 345 23 11 70
28 March 2020 402 25 12 57
29 March 2020 479 26 13 77
30 March 2020 556 33 15 77
31 March 2020 617 36 24 61
period of up to 14 days; newly infected persons may not be ds
contagious during this time period as the virus will be in- dr —BSL, (1)
cubating in the organism.

Here, we highlight the difference between the latency dI )
period, the period between when an individual is infected ar - PSI=yL, (2)
and when he or she is infectious, and the incubation period,
the period between when an individual is infected and when dr (3)
clinical symptoms, including fever and cough symptomatic dr vL

of COVID-19, appear.

The transfer diagram for the model is shown in Figure 1.
The biological significance of all model parameters is given
in Table 1. A key assumption in both models is that deaths
occurring in compartments S, E, and I are negligible during
the model prediction period. The differential equation
system for the SIR model is given as follows [5]:

We can estimate the nature of the disease in terms of the
power of infection:

(4)
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TaBLE 2: The estimation of parameters of the SIR model.

" Basic Critical number Final Final number of
Initial number of cases  Contact rate Removal . . .
Country L) ®) rate (y) reproduction of susceptible number susceptible
0 Y number (R) cases of cases cases
Morocco 1 0499 0249 2.003 1,812 1,446 366
(1/day) (1/day)
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Ficure 2: (a) Confirmed cases, (b) death cases, and (c) recovered cases from 2 March 2020 to 31 March 2020.

It is called the basic reproduction number. R, is the
average number of people infected from another person. If it
is high, the probability of the pandemic is also higher.

3. Simulation with COVID-19 Data in Morocco

For this study, we used the data accumulated since 2 March
2020 concerning Morocco [2]. Four parameters to be esti-
mated in the SIR model from the data are as follows: basic
reproduction number (R,), contact rate (f3), removal rate (y),
and final number of cases (I).

We do not consider the effect of the natural death or
birth rate so that the total population remains constant.

(i) N = constant

(ii) No=total population in Morocco = 40,000,000
(iii) I, =1
(iv) Ry=0

4. Results

To solve the ordinary differential equation of the SIR model
(equations (1)-(3)), we must first simulate the daily data of
the SIR model, compare them with the real data, and then
execute the optimization algorithm (reduce the difference
between the real data and the corresponding simulated
data), so that it searches for the values of a and f5, which
minimize the difference between the real data and the
simulated ones.

In the optimal model, we supposed that the predicted
infected cases should definitely be close to the actual number
of infected cases; we found that the critical number of
susceptible cases was about 1,812 (Table 2).

The transfer diagram for the SIR model used in the
simulation of the size of COVID-19 infection in the
Moroccan state is provided in detail in Figure 1.

We note from Figure 2 that the number of confirmed
cases is not very high; the highest daily confirmed number
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FIGURE 3: Presentation of the evolution of total infected cases
(Ry=2.003, f=0.499, y=0.249, N=1,812, Copg = 1,446, Sena = 366,
RMSE =7).

Cases/day

0 1 1 1 1 J
10/03/20  20/03/20  30/03/20  09/04/20 19/04/20 29/04/20 09/05/20
Date

Bl Actual

—— Prediction

FIGURE 4: Daily estimated number of reported cases.

TaBLE 3: Basic reproduction number Ry (¢) of the time-dependent
SIR model of COVID-19 in Morocco based on the given data from
21 March 2020 to 31 March 2020.

Days The reproduction number R,
21 March 2020 1,751
22 March 2020 149
23 March 2020 1,182
24 March 2020 1,229
25 March 2020 1,339
26 March 2020 1,586
27 March 2020 1,337
28 March 2020 2,559
29 March 2020 1,372
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was 70 on 28 March 2020. This can be explained by the
strategy of Morocco, which declared a state of health
emergency and confinement on 20 March 2020, Friday, at 6
p-m., to limit the displacement of the population as much as
possible, the only way to keep the coronavirus under control.

Figure 3, based on optimal SIR models, shows that the
start of acceleration of the epidemic is around 21 March
2020, the regular growth will begin on 8 April 2020, and the
end of the epidemic in Morocco would be around 26 April
2020, with a total of 1,446 infected cases and 366 final
number of susceptible cases (Table 2).

The peak of the reported cases will be around 28 March
2020 with 80 confirmed cases (Figure 4).

The optimal estimates of R, ranges from 1.22 to 2.55
(Table 3); our study confirmed that the transmissibility of
COVID-19 is Ry =2.003 (Table 3), which was comparable to
that of severe acute respiratory syndrome coronavirus
(SARSCoV) (ranging from 2.2 to 3.7) [6] and much higher
than that of Middle East respiratory syndrome coronavirus
(MERS-CoV) (ranging from 0.47 to 0.91) [7].

5. Conclusion

Our simulation study on the optimization of the final size of
COVID-19 epidemic evolution in the Kingdom of Morocco,
with the SIR model, has allowed us to accurately predict the
peak of the infected and death cases (Table 2), although the
number of people tested is very low, about 3,079, until 31
March 2020.

The Moroccan government should probably increase the
number of cases tested on a daily basis in order to accurately
identify the true size of the pandemic in Morocco.

Data Availability
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