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Abstract

The coronavirus disease 2019 (COVID-19) outbreak was declared as an international pandemic rather than a local epidemic worldwide
due to its rapid spread and high mortality. Countries have planned to return a new normal under some specific situations cope with
economic effects that caused by the curfew and closure of companies when they reach the infection peak. Modeling the incidence of
infectious diseases has attracted increasing attention from both scientific community and governments and a significant part of public
health and intervention planning and have become a hot research topic in the last decades. Since epidemic diseases are effective in
large populations, mathematical modeling has been used for a long time and has made important contributions in the analysis of these
populations, in determining and controlling the spread rate of the epidemic. In this paper, we propose an extended model and calibrate
the model and fitting with the coronavirus data by concerning with Susceptible-Exposed-Infected-Recovered (SEIR) model. In this
study, we used an open public dataset to create a SEIR model for Turkey. This paper focuses on demonstrating the spreade of disease
in Turkey. We gathered best approximation with the SEIR model parameters. The results suggest that SEIR model requires additional
variables to model diasese spread accurately. Furthermore, the model needs to consist of data that always be the same case definition.
The model plot results indicate the similar pattern.
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Tiirkiye'de COVID-19'un SEIR Temelli Salgin Modellemesi

Oz

Koronaviriis hastaligr 2019 (COVID-19) salgini, hizli yayilmasi ve yiliksek 6lim orani nedeniyle diinya ¢apinda yerel bir salgin
olmaktan ¢ok uluslararasi bir pandemi olarak ilan edilmistir. Bulasici hastaliklarin goriilme sikliginin modellenmesi hem bilim alaninin
hem de hiikiimetlerin, halk sagligi1 ve miidahale planlamasinin 6nemli bir boliimiiniin oldukga ilgisini ¢ekmis ve son on yilda 6nemli bir
arastirma konusu haline gelmistir. Bu ¢alismada, COVID-19 i¢in SEIR modeliyle ilgili olarak genisletilmis bir model 6nermekte, modeli
ve koronaviriis verileriyle uyumlu hale getirmekteyiz. Bu ¢alismada, Tiirkiye i¢in bir SEIR modeli olusturmak i¢in kamuya agik bir veri
seti kullandik. Bu ¢alisma Tiirkiye'de COVID-19 hastaliginin yayilisini gostermeye odaklanmaktadir. SEIR model parametreleri ile en
iyi yaklagimini gostermekteyiz. Sonuglar, SEIR modelinin yayilmasini dogru bir sekilde modellemek i¢in ek degiskenler gerektirdigini
gostermektedir. Ayrica, modelin her zaman ayni1 vaka tanimi olan verilerden olugmasi gerekliligine inanmaktayiz. Modelimizin grafigine
baktigimizda benzer desen modeli gézlemlenmistir.

Anahtar Kelimeler: Bulasici hastalik modeli, Matematiksel model, SEIR, Covid-19 bulasici hastalik.
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1. Introduction

In December 2019, disease of COVID-19 arised from Wuhan
and spread in all around the world (Kermack & McKendrick,
1927). This disease has caused significant public health
difficulties (Bailey, 1975). Mathematical modeling the epidemic
of COVID-19 can ensure efiicient strategies to cope with
transmission of COVID-19. In their first studies in 1927, Kermack
and McKendrick assumed that all individuals in a society were
initially not immune to a certain disease and had the potential to
develop the disease. In addition, they divided the society into 3
separate groups: individuals susceptible to disease (S), those who
are infected and in the position of transmitting the disease (I), and
individuals who have recovered from the ilness (R). These studies
by Kermack and McKendrick led to the emergence of the field of
Mathematical Epidemiology and new studies have emerged in
this field (Kermack & McKendrick, 1927; Bailey, 1975).
However, with the emergence of various epidemic diseases today,
these mathematical models have become more and more complex.
While the study of Kermack and McKendrick was referred to as
the SIR model in the literature due to the divisions of the society
during modeling, the need to develop different models due to the
mode of transmission of the disease, spread factors and other
situations that should be considered. For example, it has
sometimes been necessary to consider different groups in the
community, such as individuals with passive immunity (M) or
individuals who are not yet infectious due to the type of disease
(E), despite the disease being infected. In recent years, epidemic
diseases have been studied and modeled in subcategories such as
SI, SIR, SIS, SIRS, SEIS, SEIR, SEIRS, MSIR, MSEIR have
been created in the literature and some studies have been applied
(Kermack & McKendrick, 1927; Bailey, 1975, Zhang, Xiang &
Meng, 2014; Arino, McCluskey, Driessche, 2003).

Important mathematical models created considering epidemic
diseases are examined in sub-categories such as SIR, SIS, SIRS,
SEIS, SEIR, MSIR, MSEIR and SI (Diekmann & Heesterbeek,
2000; Keeling, 2004; Keeling, 2004; Jackson, 1989; Keshet,
2005; Hethcote, 2000; Sattenspiel & Lloyd, 2009). In recent days,
The COVID-19 outbreak encourages the models of asymptotic
approaches for epidemic model. In this study, we extended the
SIR model that has success in a closed-form solution to SEIR
model. Consider that individuals in a population at any time t-time
fall into four main groups: healthy individuals, those who are
affected by the disease but are not yet infectious, those who have
the capacity to transmit the disease, and those who have
recovered. At any time, t, the numbers of these individuals are
S(t), E(t), I(t) and R(t), respectively, and the total population is
N(@)=S(t)+E(t)+1(t) + R(t). The classical SEIR model
considers four elements that are S for susceptible population, E
for interacting with an exposed population, I for infected
population and R for recovered population R. The equation of
SEIR means the total number of people. Consequently, SEIR
model provides a fundamental model for the analyze of different
kinds of epidemic. Figure 1 presents the SEIR model for Covid-
19 transmission for the SEIR model.
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Figure 1. Mathematical Model of SEIR transmission for
COVID-19 (Annas & et al., 2020)

The mathematical model of SEIR is denoted by (Annas & et
all, 2020)
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Table 1. Definition of Variable/parameter

Variable/Parameter Definition
N Human populations number
S Suspected populations number
E Exposed populations number
| Infected Population number
R Recovered Population number
u Birth/death population rate
A Probably of changing from Sto E
B Probably of changing fromE to |
Ui Death population by COVID-19
rate
A Probably of changing from I to R
V Suspected Population vaccine
2. Related Work

In this study, we present a summary of the surveyed
modelling infectious diseases and epidemic model example.
Examples of studies with epidemic diseases are mathematical
models created for the mouth and foot disease epidemic that
erupted in Great Britain in 2001 and the SARS epidemic 2002-
2003. Mathematical modeling of SIR, SEIR, SIRS and SEIRS
models for the transmission of epidemics such as HIV-AIDS,
dengue fever, diabetes and tuberculosis has been conducted in the
literature (Egonmwan & Okuonghae, 2018; Abdallah, & et al.,
2012; Tang, & et al., 2020; Syafruddin, & et al., 2017; Elif, Arzu,
& Nuri, 2011).

In recent days, different mathematical models have attracted
increasing attention to analyze the epidemic of COVID-19. It is
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noticed that some mathematical models have applied some
changes based on the SEIR model (Stehle, & et al., 2011).
Mathematical modeling study was carried out on the spread of
COVID-19, which is called SEIRV mathematical modeling,
considering environmental factors in Wuhan, China (Yang &
Wang, 2020). Liu et al. provided a SEIRU and SEIRUd model for
the COVID-19 outbreak in China, enabling the implementation of
significant state public restrictions arranged to reduce the spread
of the epidemic in commenting the number of detected disease
transmission cases and asymptomatic infectious cases. Annas et
al. implemented a SEIR model for COVID-19, taking into account
the vaccination and isolation factors as the model parameters of
Covid in Indonesia. They proposed a model for early precaution
of the spread of COVID-19 in Indonesia as a reference, and in the
following days provided a predict picture of the number of
COVID-19. The findings from result indicated that vaccine may
speed up recovery from COVID-19, besides they concluded that
maximum restriction about isolation can decelerete the spread of
COVID-19. Weinstein et al. provided an analytical model by
using SEIR epidemic model, thanks to its application to the
COVID-19 pandemic.
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3. Material and Method

3.1. Dataset

The data is based on the study of the COVID-19 pandemic in
Turkey between February and October 2020. Because of the
COVID-19 virus, the government of Turkey adopted a new
strategy in January 2021. The data used in this study is the number
of people who got the COVID-19 virus, the number of people who
have died from the COVID-19 virus and the number of people
who the COVID-19 virus has infected. We applied the least-
squares method to find the best SEIR parameters with the public
dataset. The results show that the model performs well and is
highly reliable. However, the model is sensitive, and the model
may need some fine-tuning. The SEIR approach will also need to
be developed in future studies to identify more optimal parameters
in order to achieve better predictions and results. The experiments
are done using Python and scientific computing with NumPy,
scipy and Imfit libraries.

3.2. System Overview

This study aims to present SEIR model of patients diagnosed
with COVID-19 by collecting a publicly available dataset of
patient records. Figure 2 illustrates patient records collected from
several hospitals. The first stage starts with determining the best
parameters to built SEIR model. At the end of the stage, model
results are illustrated by graphical diagram.

SEIR MODEL

INFECTED

Figure 2. SEIR Model of COVID-19
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4. Results and Discussion

4.1. Experiments

Covid-19 total fatalities (Turkey)
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Figure 3. Covid-19 total fatalities

Figure 3 presents Covid-19 total fatalities from January to
October 2020. During this period, the outbreak spread through
different cities in Turkey. The figure can be divided into four
parts: from February to April of 2020, from April to mid of May
of 2020, from the middle of May to September of 2020 and
finally from September to October of 2020. In each section of
the figure, there is a linear relationship between cumulative
fatalities and the respective day. This relationship seems more
apparent after April to mid of May. In particular, during this
period, the total fatalities increasing with time.

We obtained the best approximation with the SEIR model
with following parameters. We computed the mean square error
value for the observed fatalities per day and the estimated total
number of fatalities at the SEIR model to obtain the best
matching parameters. The grid search-based optimisation
method was used to get the best parameters for the SEIR model.

This optimisation method is based on the procedure that
minimises the error by applying all possible combinations.
Table 2 shows the best parameters for SEIR model.

Table 2. The best parameters of SEIR model

Value
1.03

0.753
0.391

Variable
RO
Gamma
Sigma

Turkey SEIR-Model

Exposed
- Infected
Recovered
= Dead

500000

400000

300000

200000

100000

2

N
&
0,0

o o N
10'01 'L‘YQ% rLQQ@
N 20 2°

Figure 4. Turkey SEIR model for COVID-19
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It can be observed that in Figure 4, although the graphic
produces similar results in disease spread, it also demonstrates
some differences in the disease spread to humans. The reason for
the differences in disease spread between humans and the same
populations is that the number of the variable of the SEIR model
is insufficient to model the spread of the disease. Thus, we suggest
that additional new variables for the SEIR model are needed to
model appropriately. To better understand how the disease spread
to humans, it is necessary to consider some of the relevant factors
that are not present in the analysis.

5. Conclusions and Recommendations

Covid-19 outbreak was declared as an international pandemic
rather than a local epidemic worldwide due to its rapid spread and
high mortality. Undoubtedly, new infectious diseases will be
faced in the future. Obviously, increasing international travel and
changes in social and economic patterns will result in the
emergence of new and existing infectious diseases. This study
presents a mathematical model for the spread of COVID-19 in
Turkey. The model provides a useful tool for understanding and
quantifying the spread of infectious diseases.

The emergence of new and deadly forms of infectious
diseases has increased the need to develop, diversify and develop
new methods used to guide disease response. Currently, various
mathematical models have been applied to investigate the
COVID-19 outbreak. In this study, we concern with propagation
model of the COVID 19 epidemic spreade in Turkey using SEIR
approach and a publicly available dataset. The findings suggest
that SEIR model requires additional variables for the model. We
believe that the model requires always same case definition not to
give some differences due to changes definition of the cases In
Turkey. The model reveals that there is similar pattern.

The model provides a good opportunity for predicting the
spread of infectious diseases in the future. The model provides a
useful tool for understanding and quantifying the spread of
infectious diseases, which may be applied in the future when
similar situations arise.
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