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Abstract.
Research background: The study uses the key parameters of the spread of
the epidemic, dividing the population into several groups S - susceptible, E
- exposed, I - infectious, R - recovered, D - dead. It is found that the model
behaves differently depending on the R₀ indicator - the average number of
people that one infected manages to infect. Measures to suppress the
epidemic undertaken by Azerbaijan and their effectiveness have been
considered.
Purpose of the article: The aim of the article is to model the current
dynamics of the disease for future forecasting. The model takes into
account all the main parameters of the epidemic: the proportion of severe
patients and the mortality rate depending on the age of the patients, the
duration of the incubation period and the infectious phase of the disease;
incomplete registration of infected people due to the high prevalence of
asymptomatic disease and insufficient testing; possible measures to contain
and suppress the epidemic and their impact on R₀.
Methods: The article uses the linear regression method, which consists in
finding estimates of unknown parameters and the formation of a functional
relationship between the sickness rate and the factors determining it.
Findings & Value added: The constructed model analyzes the growth of
patients in the country after removing the restrictive measures taken in
early May on the basis of real statistics.
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1 Introduction
The world is swept by a pandemic of the cruel and dangerous coronavirus, capable
infecting more than half of humanity and killing tens of millions of people. Scientists
around the world investigate a new Chinese virus. Moreover, this virus is studied not only
by virologists, microbiologists and physicians, but also by representatives of other areas of
world science. The focus is on the impact that COVID-19 can have on biota, flora and
fauna, as well as on various spheres of human life.
This article discusses the SEIRD model, which reasonably describes the spread of
disease in humans [1]. The study covers the period from May 4 – the day of the lifting of
severe restrictive measures in Azerbaijan – to June 30.

2 Research methodology
There are various approaches to modelling the processes occurring in complex systems.
One of the most common methods is simulation based on systems of differential equations
describing both individual subsystems and the object as a whole [2]. For numerical
modelling, the article uses an extrapolation method based on the implicit Euler method for
the numerical solution of differential equations [3, 4].
Since the most convenient in this case is the tabular way of entering and visualizing
calculations [5, 6, 7], the authors used Excel spreadsheets with a high level of functionality,
as the suitable tool for calculations.
This study of the forecasting the exponential growth of people infected with coronavirus
in retrospective time by SEIRD method is based on a multivariable regression model.
The information framework of the research is largely based on data published by
specialists from the WHO, the Chinese, American and European Centers for Disease
Control, as well as materials on the treatment and prevention of this infection [8].

3 Building a SEIRD Epidemic Model for Azerbaijan
The SEIRD epidemic model belongs to the class of compartmental models, the essence of
which is to divide the population into several groups, in our case: S – susceptible, E –
exposed, I – infected, R – recovered, D – dead.
The modified version of the SEIRD model is presented as follows:
dS/ = -βS(I+θE)/ ,
dt
N
βS(I+θE)/ – kE ,
dE/
dt =
N
dI/
dt = kE – γI – μD ,
dR/
dt = γI ,
dD/
dt = μI ,

(1)

where β is infection rate, γ is recovery rate, k is rate of transition of the disease from the
incubation stage to the open, θ is contagion rate of latent carriers of infection. Assuming the
illness lasts an average of 14 days (at least as long as the mild form lasts, which accounts
for up to 80% of cases), find the value γ = 1/14 = 0.0714. Let’s accept β = 3/14 = 0.2143.
Taking into account the average duration of the incubation period of 3 days, we take k = 1/3
= 0.33. The value of θ = 0.6 we borrow from [1]. Parameter μ – death rate – determined by
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modelling (μ=0.012), since this parameter depends on the strengthening measures taken to
combat the epidemic and various factors related to human health [9, 10].
Let us describe the real situation generated by the COVID-19 pandemic in Azerbaijan in
the considered period from May 4 to June 30 (Fig. 1):

Fig. 1. The number of active cases I, exposed E and recovered R from May 4th to June 30th.

Starting from June 20, the share of active cases in the total population during the week
increased from 3.04% to 4.27%. This warns of COVID-19’s further spread in the republic
(Fig.2):

Fig. 2. Behaviour of Number of Active Cases I in relation to the considered population N.

Simulating the behaviour of the virus spread by differential equations’ systems (1) is
carried out by the numerical Euler method with given initial values and a step of 1 day in
the considered period [11]. As the initial conditions, we use the data on Azerbaijan as of
May 4 [12]:
S0 = 1984,
I0 = 478,
E0 = 0.5*I0
To further model the rate of infection spread, we introduce the variables Nd – the
number of cases on a particular day.
The probability of infection from each contact is calculated using the formula:
p = (1 – Nd/pop.size) .
Then ∆Nd – the number of new cases during the day:
∆Nd = E·p·∆Nd
Therefore,
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∆Nd+1=Nd+E·p·Nd=(1+E·p) Nd→ Nd=(1+E·p)d·N0 ,
and the growth factor of the disease will look like this:
Growth factor = ∆Nd/∆Nd-1

(3)

By the end of June, due to the increase in the number of new cases, the probability (2)
that each contact would become an infection was equal to one (Fig.3). This means that the
development of such probability of infection can lead to the peak of the first wave and a
smooth transition to the second.

Fig. 3. The probability of each contact with an infected person becoming an infection.

The rate of infection spread depends on many factors, including the variable Growth
factor. For the situation with a pandemic in Azerbaijan, the calculated growth factor using
formula (3) is 1.05 on average, i.e. above one, which signals exponential growth.
Next, in our model, we need to calculate the spread of coronavirus Rt – an indicator that
determines the average number of people that one patient infects before isolation. It is
calculated based on data on the increase in new cases for the last 8 days.
The spread of coronavirus is calculated using the formula:
Rt = (N_d8+N_d7+N_d6+N_d5) / (N_d4+N_d3+N_d2+N_d1),
where Ndi, i = 1,…,8 – number of registered patients for the corresponding day.
The relationship
p between Growth ffactor and Rt is shown in the following
g ggraph
p (Fig. 4):

Fig. 4. Description of the relationship between Growth factor and the spread of coronavirus.

Rt shows how many people on average manage to infect one person before he is
isolated. If it is equal or less than 1, the authorities can begin to ease quarantine measures.
If the coefficient drops to 0.8 or less, the region can proceed to the second stage, with a
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value of 0.5 or less - to the third. As can be seen from the graph (Fig.4), for the considered
period in Azerbaijan, this coefficient is on average 1.17, that is, more than 1.
The next step in predicting the values of a variable, we use a regression analysis toolbox
[13, 14]. Its goal is to develop a statistical model to predict the values of the dependent
variable or response from the values of at least one independent or explanatory variable
[15].
Consider a linear regression model:
y=a+b*t+u,

(4)

where a – regression shift, b – regression slope, u – random error.
The performed analysis shows that the calculated value of the function y describes its
initial value relatively well. To determine the linear relationship between the number of
daily observations of the infection spread and the corresponding day using the linear
regression method (Fig.7), the values in (4) were found: а = -4.3185 and b = 9.285038.
Let’s explain the meaning of these values. The calculated slope b = 9.285038 means that as
the variable t increases by one, the mean value of the variable y increases by 9.285 units.
The interpretation of the parameter a equal to -4.3139 should be treated with care. This
regression value is the mean of the y variable at t = 0. This means that if the number of
periods is zero, the number of infections per day will decrease by 4% more. Since the
number of periods cannot be zero, the shift can be considered as the proportion of all
infections, depending on other factors (intensity or communications’ development, the
nature of restrictive measures, weather, and geographic location).
Using a trend line
y=9.285t-4.3139

(5)

it is possible to predict the situation by the number of daily new infections in the considered
observation period - from May 4 to June 30, where the mixed correlation coefficient R2 =
0.9277 estimates the proportion of variation in the variable y, which is explained by the
independent variable t in the regression model. R2 – the value of the reliability of the
approximation is close to unity (Fig.8) and indicates a strong positive linear relationship
between the two variables. Only 7.2% (the result of the mixed correlation coefficient) in the
sample of daily infection rates is due to other factors not accounted in the regression model.
With the help of (5), it is possible to predict the behaviour of the infection spread for
another 50 days in advance. Our model predicts the number of infections for that day:
y (108) = 998.
Given that linear regression represents a more accurate forecast for 2 weeks ahead, we
have 72 days after the abolition of strict quarantine:
y(72) = 664.

4 Discussion and conclusion
The spread of infectious diseases is a complex phenomenon with many interacting factors.
The key role of mathematical epidemiology is to create models for the spread of pathogens.
These models serve as a mathematical basis for understanding the complex dynamics of
disease spread.
The paper considers the SEIRD model of the spread of coronavirus infectious disease.
Based on real data on coronavirus disease in Azerbaijan, the model was numerically
implemented in MS Excel.
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The article discusses the application of a linear regression model to predict the process
of exponential growth of infected. However, the following precautions must be taken into
account:
1. The linear model is only an approximate function of exponential growth and has a
certain margin of error.
2. We have studied the exponential growth of the epidemic; the exponential growth
corresponds to the epidemic only in its initial stages. At some point, recovered people
will no longer spread the infection. When (almost) everyone is infected or cured, growth
will stop.
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