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Abstract

A backpropagation artificial neural network was employed in MathWorks MATLAB software to
analyze the data of 96 countries infected with COVID-19. They were evaluated with the
fitVirusCV19v3 (COVID-19 SIR model) function from MathWorks to classify them in two classes.
The first-class has an R-square precision greater than 0.995 when evaluating the SIR model and the
other with precision less than 0.995 to zero.

The data of the first class has only one maximum and can predict the final of the epidemic
with the SIR model. The data of the second class has more than one peak, and it is not possible to
find one maximum to evaluate the final of the disease in that country.

To training the artificial neural network, 70% of the data were used, 15% of data were
taken for validation, and 15% to testing. In the testing, 5 to 7 countries were well classified and 2
of 7 were classified incorrectly. Then, the model has 75% of precision obtained with the confusion
matrix, and the ROC curve shows sufficient success in the classification.

This first approximation to classify an epidemiologic phenomenon through an ANN with
the SIR, the model could help to health professionals to know a possible panoramic about the
infection course related to sickness, considering the mathematical conditions of the SIR model.
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1. Introducciéon

A worldwide pandemic was started by a new coronavirus SARS-CoV-2 (Chih-Cheng, Tzu-Ping, Wen-
Chien, Hung-Jen, & Po-Ren, 2020), (Lin, y otros, 2019). This new virus belongs to a new family of
coronavirus that is considered a virus to jump between species form baths to humans (Phan, 2020),
(Lupia, Scabini, Mornese-Pinna, Di-Perri, & Corcione, 2020).

The neural networks have been used in biomedicine to many applications (Krenek, y otros,
2014), (Boutaba, y otros, 2018), (Saravanan & Sasithra, 2014) as protein recognition (Wang, Sun, Li,
Zhang, & Xu, 2017), medical image analysis (Litjens, y otros, 2017), or a cervical cancer detection
(Elayaraja & Suganthi, 2018). The artificial neural network most used is back-propagation. It has a
supervised learning model and needs to be trained, validated, and tested to develop a model to predict
and classify data (Lau, Sun, & Yang, 2019). An activation function is used to train the model and it can
be validated to test its performance (Kose & Arslan, 2017) . A method to classify data was used as an
implementation of machine learning conceived as a neural network to identify inputs into a set of target
categories, (Rosebrock, 2017), (Lippmann, 1987), (Jahnavi, 2017).

Lin et al. (Lin, y otros, 2019) in 2019 propose a conceptual model to maintain the control of
an infectious disease like COVID-19, this model prevents outbreaks and reduce the pandemic time
exposition if the people have an extension of holidays, make a travel restriction, and put the population
in quarantine. This method can model over susceptible, infected, and recovery people of the disease,
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with this information the SIR mathematic model can predict the duration time and the end of the
quarantine taking in account the end of the disease in the population (Cadoni & Giusepe, 2020), (Ball,
Briton, Leung, & Sirl, 2019), (Agrawal, Tenguria, & Modi, 2017). The graph of the SIR model is similar
to a Gaussian function, with a maximum of infected people with the virus and is decreasing until zero
during a time interval.

However, not all country's data distribution follows the Gaussian function and many of them
at different times have two or more maximum, these have a precision near to zero in the SIR model. So,
this paper aims to apply an artificial neural network for classifying all countries in the Tom Hopkins
database considering the daily infected people of COVID-19 in countries that follow a distribution with
one peak and can be adjusted to the SIR mathematic model or not.

2. Methodology

The first section describes SIR model characteristics and the second the neural network application to
classify countries.

SIR model evaluation

The SIR mathematical model was calculated using the fitVirusCV19v3 software to assess if from the
distribution of the infected people the parameters susceptible (S), infected (1), and recovery (R) people
can be calculated to obtain the statistic and the R-square precision that the SIR model needs. This model
can be solved by ordinary differential equations solutions with the initial conditions S(0) = So> 0, 1(0)
=1p> 0, R(0) = Ro> 0. If with data of one country it is possible to do this, then the duration time of the
disease can be modeled with the SIR model.
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S(t) is the susceptible, I(t) the infected, and R(t) the recovered people at the time t. £ is the constant that
represents the contact rate and y is the inverse of the average infectious period. N is the total population depending
on the other variables

N=S@)+1(t)+R() 4)

Fig. 1 shows an example of the two countries evaluated with the fitVirusCV19v3 software, in
(A) the United Kingdom graph of infected people and (B) the USA one. (A) can be modeled by SIR
mathematic model with one peak and the data were decreasing until zero (prediction of the end of the
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pandemic in that country), but (B) cannot be modeled because the distribution of the data makes not
possible to find the maximum in this country so the parameters cannot be calculated and the precision

is almost zero.
A) B)
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Fig. 1. Distribution of infected people by COVID-19 in A) United Kingdom, B) the United States of
America.

The fitVirusCV19v3 (COVID-19 SIR model) function was calculated with the GitHub
software of the MathWorks community. The goal was to know which country's data are adjusted with
the SIR model. This program was developed by J. McGee solving ordinary differential equations (1-4)
follow the methodology proposed by R. Ranjan (McGee, 2020), (Ranjan, 2020). The function also
calculates the prediction of the duration of the SARS-CoV-2 pandemic with the Tom Hopkins database
of infected people in 96 countries around the world.

Artificial Neural Network Classification

The used back-propagation artificial neural network (ANN) has one hidden layer with 300 neurons as
shown in Fig. 2. It was used with an activation sigmoidal function and was performed with MathWorks
MATLAB software. We have chosen this architecture with the porpoise of implementing a classifier,
taking into account the number of available input data and as an expected result in the output (Bala &
Kumar, 2017). The input data were 48 countries with an R-square precision greater than 0.995 and 48
countries whose R-square precision were less than 0.995).

gt logtl

Fig. 2. Artificial Neural Network created in MATLAB software.
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70% of mixed data were used for training the model, 15% used for validation, and 15% used
for testing. The ANN performance was measured with a confusion matrix to calculate classes of data,
the prediction accuracy, error state, sensitivity, specificity, and precision. The Receiver Operating
Characteristic (ROC) curve was employed to detect the trade-off with true positive and false positive
rates to calculate the area under the ROC curve to evaluate the performance of the classifications.

The general diagram is showed in Fig. 3.

fitVirusCvV19v3
software to

R-square
precision >
0.995

Class 1: SIR model
adjust=TRUE

evaluate SIR model .
in 96 countries Training:

68 Countries

l o (70%)

ANN: Validation:
96 Countries 14 Countries
(100%) (15%)

Class 2: SIR model

adjust= FALSE

Testing:
14 Countries Lamd  Confusion Matrix
(15%)

Fig. 3. Flux diagram of the methodology to evaluate the ANN prediction.

3. Results and discussion

The SIR model was evaluated in all data of countries in the Tom Hopkins database considering the
number of infected people with COVID-19 disease. The SIR mathematical model was calculated using
the fitVirusCV19v3 function to track if the distribution of the infected people (as shown in Fig. 1) is
near approximately normal. These 96 countries were divided into two lists, the first 48 belong to a set
that satisfies 0.995 or greater precision to the SIR model and the other 48 not, as shown in Fig. 4.

fitVirusCV19v3
software to Has one Country classified as
evaluate SIR model maximum class 1
in 96 countries

Country classified as
class 2

Fig.4. Diagram of countries distribution.
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These data were analyzed by an ANN with a hidden layer, 300 neurons, and the activation
sigmoidal function with MathWorks MATLAB software (Fig. 2). The error obtained is shown in Fig.
5.

Error Histogram with 20 Bins
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Fig. 5. Error histogram obtained with the proposed ANN.

The most of error distributions based in ANN predictions were near to zeroth point and the
error was decreasing far away to center probing that artificial neural networks were performed
successfully.

Table 1 shows the confusion matrix of ANN like a binary classifier studying two classes, 5 of
7 countries that had good precision into the SIR model, and 2 of 7 that do not were classified correctly.

TRUE FALSE
TRUE 5 2
FALSE 2 5

Table 1: LTB division results

In the confusion matrix, the true positive rate obtained was 67.92% and the true negative was
72.09% with these values were possible to calculate the error state, sensitivity, specificity, and the
precision as shown in Table 2

Metrics ANN
Accuracy 69.79
Error 30.21
Sentivity 69.92
Specificity 72.10
Precision 75.00

Table 2: Determination of rates in percentage

The sensitivity shows that 67.92% of data were correctly predicted, the specificity reaches
72.10%, so less than 27.9% were predicted incorrectly. This model has a 75% of precision in the
accuracy to predict if data test of the infected people in a country has the precision required for the SIR
model to find only one peak in the data. Finally, the ROC curve was calculated, and show in Fig. 6 the
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performance of the artificial neural network studied was successful enough to predict the adjustment by
the country to the SIR model.

Class 1
Class 2

True Positive Rate
o
o

0 01 02 03 0.4 05 0.6 07 08 0.9 1
False Positive Rate

Fig. 6. The ROC curve of the proposed ANN functioning as a classifier.

4. Conclusions

In this paper, an artificial neural network was used to evaluate if the data of infected people by COVID-
19 disease of 96 different countries can be used to identified COVID propagation near to SIR model.
The back-propagation artificial neural network used has a 75% of precision to validate the performance
of the model calculated with the confusion matrix. The ROC curve shows sufficient success to predict
if the countries were well classified.

Results show that not all countries can be modeled because the daily disease distribution has
two or more peaks and one maximum cannot be found to evaluate the SIR model to the end of the
pandemic season. So, in those countries, where the virus is continuously spread with many daily peaks,
it is difficult to find the maximum of contagions per day. In the cases of classified countries that adjust
to the SIR model, it is possible to use the model to predict the duration time of the infection. For the
other countries, it could not be possible to do a prediction because they have many peaks of infected
people and other models like SEIR or SEIRD must be evaluated with their data.

This first approximation to classify an epidemiologic phenomenon through an ANN with the
SIR model could be of help to health professionals to assess a possible general view about the infection
course, considering the mathematical conditions of the SIR model. As future work, we plan to analyze
cases with other mathematical models using ANN’s.
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