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ABSTRACT

Received: 24 Mar. 2020

The novel 2019 coronavirus, SARS-CoV-2 (COVID-19), emerged towards the end of 2019 in the city of Wuhan in the
province of Hubei in the People’s Republic of China, and it has spread to the entire world very fast and in a very
short time. This study aimed to investigate the course of the pandemic by mathematical modelling based on the
information that the time-dependent change (spreading) rate of the H number of individuals who have caught a
contagious disease is proportional to the multiplication of the numbers of those who have caught the disease and
those who have not. According to the results of the mathematical modelling in our study, in the case that sufficient
precautions are not taken, or precautions are reduced, the course of the pandemic may show a very fast change
in the negative direction. For this reason, every precaution, individual or social, will be significant in terms of the
course of the COVID-19 pandemic.
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INTRODUCTION
The novel 2019 coronavirus, SARS-CoV-2 (COVID-19),
emerged towards the end of 2019 in the city of Wuhan in the
province of Hubei in the People’s Republic of China, and it has
spread to the entire world very fast and in a very short time.
With the respiratory tract infection that it causes, the virus
leads to pneumonia characterized by an appearance like
frosted glass. The infection, which has progressed in a highly
destructive manner especially in China, Iran and Italy and
caused large numbers of deaths, is continuing to spread (1-3).
The first diagnosis of COVID-19 in Turkey was made on 10 March
2020. Until 26 March 2020, the number of COVID-19-positive
cases reached 3629, while the number of related deaths
increased to 75 (4). The diagnosis of COVID-19 is made by
reverse transcription - polymerase chain reaction (RT-PCR)
tests. With the help of Chinese scientists sharing genomic
information on the virus fast with the entire world, it has
become possible to conduct RT-PCR analyses without the virus
completely spreading in the world. COVID-19 RT-PCR analysis
has provided a significant opportunity in fighting with the
pandemic that has emerged. However, some patients may
have negative RT-PCR analysis results but positive clinical
findings. In these cases, the RT-PCR analysis results may turn
out positive in following days. Therefore, in the diagnosis of the
disease, clinical findings are as important as laboratory
findings. Additionally, in routine biochemical analyses,
increases in the serum C-reactive protein (CRP), lactate
dehydrogenase (LDH), erythrocyte sedimentation rate (ESR),
monocyte volume distribution width (MDW) and D-dimer levels

and a decrease in albumin concentration may be expected (5).
Due to the gravity of the COVID-19 pandemic, the necessity of
scientific modelling is clear in terms of being able to make
medical planning and see the long-term course of the
pandemic. This study aimed to investigate the course of the
pandemic by mathematical modelling based on the
information that the time-dependent change (spreading) rate
of the H; number of individuals who have caught a contagious
disease is proportional to the multiplication of the numbers of
those who have caught the disease and those who have not.

MATERIALS AND METHODS
In the literature, for a region with a population 𝑃 (city,
country), it is stated that “the time-dependent change
(spreading) rate of the H; number of individuals who have
caught a contagious disease is proportional to the
multiplication of the numbers of those who have caught the
disease and those who have not” (6). The mathematical
model of this situation is given by the following differential
equation,
𝑑𝐻
= 𝜇𝐻(𝑃 − 𝐻)
𝑑𝑡

(Eq. 1)

Here, 𝜇 is the proportionality constant.
In this study, the model above was revised specifically for
the “corona pandemic” and discussed in the form of “the
spreading rate of the disease (

𝒅𝑯
𝒅𝒕

); is directly proportional

with the multiplication of the numbers of those who have
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caught the disease and those who have not, and inversely
proportional with the square root of time-variable”. The
variables and parameters that were considered while forming
the mathematical model of the issue were as follows:

𝐻(𝑡1 ) = 𝐻1
𝑐 + 𝑒 𝑃𝑘 √𝑡1
1
𝐻0 (𝑃 − 𝐻1 )
⟹ 𝑃𝑘 =
𝑙𝑛 (
)
𝐻
𝑡
√1
1 (𝑃 − 𝐻0 )

𝑡: Independent time variable in units of days,
𝐻(𝑡): Dependent variable expressing the number of
patients at the time t,
𝒅𝑯

: Derivative corresponding to the time-dependent
𝒅𝒕
change (spreading) rate of the disease,

The purpose of the study is, in the model given in (Eq.1), to
take the right-hand side as a function of the time variable t, and
with the help of a modified mathematical model to be more
compatible with actual data, to obtain more reliable data
regarding the course of the disease in the progression of time.
𝑘
For this, by using the expression 𝜇 = 𝜇(𝑡) =
dependent on
2√𝑡

the t-time variable instead of the constant 𝜇 on the right-hand
side, we are proposing the following initial value problem (IVP)
related to the issue as,
𝑑𝐻
= 𝜇𝐻(𝑃 − 𝐻)
𝑑𝑡
{
𝐻(0) = 𝐻0
𝐻(𝑡1 ) = 𝐻1

(Eq. 7)

Finally writing (Eq.6) and (Eq.7) into (Eq.5), solution of
given IVP (Eq.2)-(Eq.4) is obtained as,

𝜇: A parameter that covers all factors that influence the
spreading rate.
Furthermore, let the initial (𝑡 = 0) number of patients be
𝐻(0) = 𝐻0 , the number of patients at a time 𝑡 = 𝑡1 given as
additional information be 𝐻(𝑡1 ) = 𝐻1 and the number of
individuals who are open to the disease be 𝑃.

𝑃𝑐

𝐻(𝑡1 ) = 𝐻1 =

𝐻(𝑡) =

𝑃
1

(1 + 𝑒 − 𝑑 √𝑡 )

.

(Eq. 8)

𝑐

Here, 𝑑 = 𝑙𝑛 (

𝐻0 (𝑃−𝐻1 )
𝐻1 (𝑃−𝐻0 )

) /√𝑡1 .

RESULTS
Now, in the case that the potential number of individuals
open to getting the disease is P=100000, using the date 15
March 2020 as 𝑡 = 0, 𝐻(0) = 𝐻0 = 18 patients; 𝑡1 = 11 as 26
March 2020 with 𝐻(𝑡1 ) = 𝐻(11) = 𝐻1 = 3629 patients, let us
assess the figure below where we may observe the behavior of
the spread (approximate number of cases) in a 30-day future
time interval ahead of us.

(Eq. 2)
(Eq. 3)
(Eq. 4)

Here, 𝑘 is a positive proportional constant.
The solution of this problem (Eq.1)-(Eq.3) will provide a
formula related to how many people could get sick after how
many days, that is, a time-dependent analytical function in
units of days.
Firstly, solving the (Eq.2) differential equation in the
separable variables type, we have
𝑑𝐻
𝑘
=
𝐻(𝑃 − 𝐻)
𝑑𝑡
2√𝑡
𝑑𝐻
𝑘
⟹∫
=∫
𝑑𝑡
𝐻(𝑃 − 𝐻)
2√𝑡
⟹ 𝑙𝑛𝐻 − 𝑙𝑛(𝑃 − 𝐻) = 𝑃𝑘√𝑡 + 𝑙𝑛𝑐
𝐻
⟹
= 𝑐𝑒 𝑃𝑘√𝑡
(𝑃 − 𝐻)
𝑃𝑐
⟹ 𝐻(𝑡) =
−𝑃𝑘√𝑡
(𝑒
+ 𝑐)

(Eq. 5)

Figure 1. Different trends of number of cases based on an 𝛼
Figure 1 reflects the different trends based on an
𝛼 − control parameter that also contains the exponential
reflection of the precautions that are taken, from the solution
we obtained by utilizing the mathematical model we
established. Accordingly:

using initial condition, we get
𝑃𝑐
(𝑒 0 + 𝑐)
𝐻0
⟹𝑐=
.
𝑃 − 𝐻0

𝐻(0) = 𝐻0 =

(Eq. 6)

Then, to determine 𝑘 −parameter, let’s use additional data

𝛼=1

: Corresponds to the continuation of the existing
situation.

𝛼 = 0.9 : Corresponds to the situation of a 10% increase
in precautions.
𝛼 = 0.8 : Corresponds to the situation of a 20% increase
in precautions.
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CONCLUSION
According to the results of the mathematical modelling in
our study, in the case that sufficient precautions are not taken,
or precautions are reduced, the course of the pandemic may
show a very fast change in the negative direction. For this
reason, every precaution, individual or social, will be
significant in terms of the course of the COVID-19 pandemic. It
will be highly useful to take care of especially personal hygiene
individually, apply social isolation, strengthen the immune
system by natural and healthy nutrition, socially support social
isolation, scan those with symptoms of COVID-19 infection by
laboratory tests and take care especially for those who are at
older ages.

Figure 2. Different trends of number of deaths based on an 𝛼

DISCUSSION
COVID-19 is an enveloped RNA virus. It induces a
respiratory tract infection. It shows a very fast spreading
behavior. Its mortality rate around the world is around 3%.
Clinical laboratory analyses and imaging methods are used for
the diagnosis of a COVID-19 infection. It is aimed to make the
diagnosis at the laboratory by RT-PCR and routine biochemical
analyses and direct lung radiography and computerized
tomography in radiological imaging. It does not have an
effective vaccine or an exact and effective treatment scheme. It
shows a destructive effect especially in individuals with weak
immune systems. Intensive care and mechanical ventilation
may be required in the treatment process (1-5, 7). Various
precautions are applied to prevent it from spreading. The data
that were created as a result of our study showed that
increasing the precautions will reduce the very fast spread of
the pandemic situation. These numbers show us the
significance of abiding by the precautions that are taken (how
much they affect the outcomes). As the amount of increase in
the spread of the disease has an “exponential” change as
known, precautions have an effective role in reducing the
spreading rate of the disease. The different spreading rates of
the disease in every country may be explained by the different
precautions that are taken. According to the results of the
analysis we carried out on the mathematical modelling in our
study, even a small increase in precautions will create a large
difference in terms of the numbers of patients.
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