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Abstract - In recent years, the COVID-19 pandemic has shaken the whole world, particularly our country, Cote d'lvoire,
which has had certain barrier measures imposed by the state in its response to this disease. The appearance of new cases of
contamination justifying these measures was an indicator of whether the government had stopped (abolished) them. The
prediction of new contamination cases has, therefore, contributed to a framework of barrier measures to allow the
population to go about their daily activities more easily. In this study, we describe the approach to implementing a model for

predicting new contamination cases using machine learning algorithms. The involvement of expertise and its importance in

the interpretation of the results obtained are highlighted.
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1. Introduction

In recent years, the COVID-19 pandemic has shaken
the whole world, especially our country, Cote d'lvoire,
where the state has imposed certain barrier measures in
response to this disease. The appearance of new cases of
contamination justifying these measures represented an
indicator of the cessation (abolition) of these by the state.
Therefore, predicting new contamination cases has
contributed to a framework of barrier measures to allow the
population to go about their daily lives more easily. As a
result, several collaborative studies have been conducted
between scientific researchers and health workers. Some
studies have been oriented towards understanding the
disease and its evolution [1, 2], and others to help in
decision-making [3, 4]. One of the issues surrounding this
assessment indicator is the prediction of the number of
contamination cases. This high number of contamination
cases negatively influences the country's economic
development in most cases. This makes it difficult to master
the proposed measures. In view of all the above, it is
important to consider the factors behind this problem. This
work proposes to train a predictive model based on Machine
Learning to approximate the number of contamination cases
and understand the factors behind this indicator. It is a
question of predicting the number of cases of contamination
in order to help in decision-making. This model uses
multiple regression to establish a relationship between the
number of contamination cases (dependent variable) and
several independent variables (factors).

To do this, it will first be necessary to present state of
the art on machine learning to show their contribution to the
production of knowledge; Then, to make a modeling of the
situation; and finally, the simulation and discussion from a
case study.

2. State of the Art on Machine Learning

In 2020, at the very beginning of the global coronavirus
pandemic, several barrier measures were taken, including
confinement, distancing, wearing a mask, etc. According to
the Ministry of Health, Public Hygiene and Universal
Health Coverage, these measures taken at that time were
urgent and necessary for an effective response to the disease
(official website of the ministry). Although this has yielded
conclusive results, there is also some caution to observe.
Hence the intensification of vaccination campaigns. Also, it
should be remembered that this pandemic has favored
producing a lot of COVID-19 data. Harnessing knowledge
from this data can be used to create intelligent applications
and help both in decision-making and their understanding of
the Ivorian people. For example, in estimating the length of
hospital stay at the time of patient admission, relevant data
have been used for improved organization of care and better
planning of activities [5-8]. In the field of energy and the
environment, the authors used the data to predict the
emergence of unsafe modes of operation from the point of
view of security of supply before they manifest themselves
[9, 10].
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Fig. 1 Different types of machine learning techniques [13]

The authors in [11, 12] did a comparative study of
linear and multiple regression models. The multiple
regression model, according to these authors, represents a
solid prediction model. In addition, several categories of
learning algorithms can be classified into four groups, as
shown in Figure 1. Each of these techniques is applied to a
specific data type (structured, semi-structured, or
unstructured data). The decision-making process proposed
by these ML algorithms requires following an approach. It
consists of data collection, data preprocessing, model
construction, choice of algorithm for training and accuracy
measurement of the model by an expert evaluation in the
field.

3. Modeling

In this article, the data we worked on came from data
on COVID-19 (extracted from the period from 2020-03-11
to 2021-05-29) from the official website of the Ivorian
government. This is a file that contains six fields relating to
the number of cases (total cases, retests, new cured, new
deaths, new cases) per day. We will propose a model that
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predicts the number of new one-day cases from its numbers
(new analyses, new cured, new deaths).

Let's consider m the number of lines in the data file and
En the data set in the file. En, can be written as:

Em = { (xl'yl)' (xz'yz)’ (x3’ y3)’ b (xmlym)}

X

X3
with x' = _ ,Vo<i<m. (x4 ¥,
Xp-1

Xn

represents the i line of the data set E, where, x!
represents the i input of X and y*,the i output of Y.

Due to the nature of the variable y to be predicted from
n (explanatory) variables x; yoci<myo<j<n OF X, the

prediction model is a multiple regression model.
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The set of inputs X of En can, therefore, be written in
the following matrix form:

1 xb xd.. xl

X=1: : E :
1 x™ x.. xt

where,

X

(5,

xt = : etxf =1L,v0<i<m.
V5

X5

The prediction model leads us to construct a regression
hypothesis function which associates each x* of X, 0<i<m,
with a unique value y*, i.e.:

V(¥ € Em f) = ¥

In general, the hypothesis function of a multiple
regression is defined by :

ho (X)) = B0 + 810 + 62D + ... + "xp

Table 1. Model algorithm

Step

0 Start

1 o Load the E_m data file.

2 o Prepare the data by separating the explanatory
data from the dependent data (data to be
predicted) (x%,y"), V0 <i<m.

3 o [f the data is not significant, then the data is
rejected

4 o Build the regression model

5 o Calculate the various model parameters

6 o Teach the model to the prediction machine

Prediction of new cases

End

In our study, this function, denoted f, is given by :

fx) =XRooax xi + &

VO<i<m and
parameters of f and &, the error.

ay ,the  coefficients or

We can rewrite f in vector form as follows:
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X

a, xi
flxt) = ATx" + e,withA=<5>and xi=| : |
2 )

Xn

VOo<i<m.

The table below shows the model algorithm, i.e. the
algorithm for predicting the number of new cases based on
new analyses, new cured cases and new deaths.

4. Results and Discussion

The numerical simulation of our model was based on
COVID-19 data (extracted from the period 2020-03-11 to
2021-05-29). The dependent variable we want to predict is
"New cases" from the explanatory variables ("new totals",

"new analyses”, " new deaths™).

new cured",

With these explanatory variables obtained, we construct
our model by determining its parameters or coefficients.
Using the sklearn library of the Python software, we obtain
the following result for the model coefficients from the
training and test data sets:

Intercept:
Coefficients:
[[{ 0.04430757 | [ 0.2598412 | [ 19.782908 |]]

Fig. 2 Datasets

The model can be written as _ _
f(x}) = 1.4909 + 0.0443 xi + 0.2598 x; +
19.7829 x{ + &,

vo<i<m.

The results highlighted in Figure "Fig. 3" are important
elements in the conclusions of the proposed model. Indeed,
subject to certain conditions met by specialists in the field,
our model provides an accurate result at 46%.

These results can be interpreted as follows: A new
analysis carried out and a new case cured cannot lead to a
new case of contamination of COVID-19. This is not the
case for a new case of death, which could lead to 19 new
cases of contamination of COVID-19.

A test of the model with new entries for the explanatory
variables gives the result shown in Table 2.

The increase in the number of death cases accentuates
the number of cases of contamination with COVID-19.
Hence, the restrictive measures taken by the state in the
event of the loss (death) of a close relative due to COVID-
19 to avoid contamination and the intensification of the
vaccination campaign to protect oneself.
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Table 2. Prediction of new cases

Variables Explicatives Dependent Variables
N Test | << New analyzes >> | << New healed >> | << New deaths >> << New cases >>

1 0 0 0 1

2 50 0 0 3

3 5000 500 0 352
4 5000 500 10 550
5 5000 0 10 420
6 0 0 10 199
7 0 500 30 724
8 100 100 100 210
9 100 10 10 206
10 100 0 100 1984

Dep. Variable:

OLS Regression Results

Houwvaaux <as

Model: OLS  Adj. R-squared: 9.459
Method: Least Squares F-statistic: 124.7
Date: Fri, 1@ Jun 2822 Prob (F-statistic): 2.78e-58
Time: 14:30:@5 Log-Likellhood: -2585.,8
No. Observations: 439  AIC: 5280.
Df Residuals: 435  BIC: 5216.
Df Model: 3
Covariance Type: nonrobust

coef std err t Pt [g.e25 8,975]
const 1.491@ 7.0942 @.212 8.832 -12.34¢9 15.331
Nouvelles analyses 0.8443 B.004 18.87@ B.eoa @.e36 ©.033
Nouveaux guéris B.2588 e.243 6.672 B.eoe 8.176 e.344
Mouvesux décés) aeo7ezs 4268 4.644 B.262 11.418 28.156

Fig. 3 Model learning result

5. Conclusion

In this work, we have proposed a decision-making
approach for predicting new cases of COVID-19
contamination. This approach was modelled using a
multiple regression model.
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