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Abstract: The rapid spread of COVID-19 disease worldwide has caused a frightening crisis in the health care system in many states. To
prevent it, many states have taken various measures, including total blockades. In this paper we have used the logistic growth model to show
the increase in the population of the number infected with the Covid-19 virus in Albania. The generalized logistic equation is used to
interpret the COVID-19 epidemic data in Albania. The growth rate was calculated using two random data and the expected number of
infected people. The predictions of the logistic model are as correct as the data are accurate, and that correct that they can imitate the
dynamics of the epidemic. The model clearly shows that there is a correlation between real and projected data. When daily predictions of
epidemic size begin to converge, we can say that the epidemic is under control. If we deviate from the forecast curve it may indicate that the
epidemic may get out of control. With a fully valid model, this type of information can be used as an example by policy makers to assess how
to take appropriate action.
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1. Introduction B P )

On March 8, 2020, Albania confirmed the first two cases of
Coronavirus, a father and a son, who had come to the country from (this model was introduced by the English mathematician Thomas
Florence, Italy. On the same day, the government banned all flights R. Malthus, in 1798, for the growth of populations). In this model,
and ferries coming from the northern part of Italy until April 3rd. the velocity of the change per capita r=P’/P is constant, positive
The government also closed schools for two weeks, ordered a ban
on all groups of people, and urged sports federations to suspend
activities. At noon on March 11, the first death from Coronavirus in
Albania was recorded; a 73-year-old woman died in Durrés from
vascular complications. On March 12, the number of infected
people went up to 23. All the 23 infected people had a history of . .
traveling to Italy or had come into contact with people who had ~ attime t=0 we have C =F,, from which we have:
been to Italy. On March 13, the Ministry of Health announced that
the number of people infected with Coronavirus had risen to 33, P(t) = pet @)
after 159 new tests performed in the last 24 hours. That same day, 0
the government announced the closure of major cities, including . . ] ]
Tirana, by midnight Sunday; some of the measures taken were Where P, is the population at time t=0. If r >0, the exponential
blocking roads, banning private cars and closing all businesses population growth can not continue forever. In an exponential plot,
(except pharmacies and grocery stores). [8] we can see thatas t —> oo, P(t) > .
In a real-life situation, it can not be possible for the population to
grow in such dimension, because the population would exceed the
weight of the earth.

What exactly limits the growth of population? Food
supply, territoriality, cannibalism, competition, predation, parasites,
i and diseases can all affect the growth.

2. Methods and Theory. The Models of Population In order to model the effects of overcrowding and limited sources of

How can the size of population change? There are four factors living, biologists who study populations and demographers often
which affect the population. The natality in a population increases accept the following hypothesis:
the size of its, while the mortality decrease the size of population. The rate of growth per capita i.e. the rate P’/P decreases rapidly
Also, there are new entries in the population (migration) or
population getaway (immigration). The above statements are
presented in a simple equation [1-6] 4 P

when P increases, and negative when P decreases.
This ia an equations with separable variables, the solution [1,2,4]

P=e"C

In this paper, we focus on the total number of daily cases of
Coronavirus in Albania. The data is taken from the web site
https://coronavirus.al/statistika/

when P becomes bigger, as shown in Figure 1.

AP=B-D+I1-E (1)
Where : AP = the change in the size of population in time t . r

B = birth rate
D = death rate

| = migration rate P >
E = immigration rate M\ P
If the population is supposed to be ‘closed’ (habitat), then we do not .
have a mobility of the population, so that Fig. 1
AP=B-D 2y  Forsmall P, PY/P nears the previous value r. However, for a

population larger than the specific carrying capacity M , the growth
The simpliest model is when the growth of populationis considered rate becomes negative, which means the death rate is higher than
to be densitity independent. Density independence means the birth the birth one.
and death rate is not affected by the size of population. A convincing mathematical manner to include these ideas is
Thus, birth and death rate is in commensurate with population accepting that the rhythm of growth P’/P decreases linearily with
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the growth of P, which means that the graph P’/P is a line.(Figure
2)

While writing the equation of the line which goes through the points
(0;r) and (M;0)

P!
P " P-0
0O-r M-0
A%
(19}
(M.0)
o \ ;

Fig. 2

obtain the equation (5)
P
P =rPl1-— 5
(15 ©)

which is called logistic equation.
This equation was suggested in 1838 by the demographer Verhulst
to describe the growth of human population, which is a
modification of Malthus model. [1-6].
The solution of equation (5) is: [2]

M

“l+e"C

R

attime t=0 we have C = M , from which we have:

MP,

PO= P, +(M—Pe "

(6)

where P, is the population at time t=0.
If we go to the limit in the equation (6) when t — oo we have the
tIim P(t) =M, so it approaches the carrying capacity.

3. Results and Discussion

3.1 Exponential Model

In this part we will do a test of the exponential model and the
logistical equation of increasing the number of infected for Albania.
Using data from any two points (dates) eg if we take as a starting
point t =0the date 1 May 2020 where the number of infected was

R, =782we can find r using the fact that the number of infected
per t =10 day was P =868 which corresponds to the date 10 May
2020. [1-6]

Using equation (4) we have:

868
n

782

{322
868=782"" =r= BT 0.0104336974

So the exponential model can be written
P (t) _ 78260.01043369741

We will now calculate the number of infected for the following
days by comparing them with real data. The following table
presents the real data and the forecast according to the exponential
model. [7]

Number of
real infected

Date population Predicted
2020-05-01 782.00 790.20
2020-05-02 789.00 798.49
2020-05-03 795.00 806.86
2020-05-04 803.00 815.33
2020-05-05 820.00 823.88
2020-05-06 832.00 832.52
2020-05-07 842.00 841.25
2020-05-08 850.00 850.07
2020-05-09 856.00 858.99
2020-05-10 868.00 868.00
2020-05-11 872.00 877.10
2020-05-12 876.00 886.30
2020-05-13 880.00 895.60
2020-05-14 898.00 904.99
2020-05-15 916.00 914.48
2020-05-16 933.00 924.08
2020-05-17 946.00 933.77
2020-05-18 948.00 943.56
2020-05-19 949.00 953.46
2020-05-20 964.00 963.46
2020-05-21 969.00 973.56
2020-05-22 981.00 983.77
2020-05-23 989.00 994.09
2020-05-24 998.00 1004.52
2020-05-25 1004.00 1015.05
2020-05-26 1029.00 1025.70
2020-05-27 1050.00 1036.46
2020-05-28 1076.00 1047.33
2020-05-29 1099.00 1058.31
2020-05-30 1122.00 1069.41
2020-05-31 1137.00 1080.63

This model can now be used to predict the future for the number
of people infected with Covid - 19 as shown in the Figure 3. We see
a match between the real data and those predicted from May 1 to
May 31. This gives us confidence in predicting the future.
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Numberof Infected Populationin Albania, May 2020
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Fig. 3

This model can now be used to predict the future for the number
of the infected.

In conclusion we can say that the Malthus model gives us the
ability to predict the size of the number of infected. It is clear that
the predicted data are almost the same as the real ones. The Malthus
model assumes that the relative growth rate is constant. In fact, even
if we do not take into account natural disasters, wars, and even
changes in social behavior, the rate of growth will change as the
population grows due to overcrowding, disease, and lack of natural
resources. This model predicts that the number of infected will
increase without limits but as we said above that in real life
situations this is impossible.

3.2 Logistic Growth Model

The logistical increase is characterized by an increase in the
initial phase, but with an increased decline in a later phase, as we
get closer to the carrying capacity.

For example, in the case of Covid-19 the carrying capacity would
be the total number of people in the world, because when everyone
is sick, growth will necessarily decrease.

The reason to use logistic growth for modeling the Corona Virus
outbreak is that epidemiologists have studied these types of
outbreaks and know that the first period of an epidemic undergoes
exponential growth and the total period can be modeled by logistic
growth.

The logistical increase is given by the formula: [1-6]

M
P(t)=———
© l+e"C
where:
P(t) is the number of cases at any given time t
To see this more clearly, we take the case of Covid-19 in Albania

for the first 10 days of the epidemic, in which we have; the
maximum number of infected people M is 64 people. Assume that

the initial number of infected persons is 1. From here we have
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Predicted

M-P 64-1

C= 0 - ~-63
P 1

Also, assume that each infected person infects 2 other people, so the
growth rate per capita would be r=2.

Now with the data we have we will examine the development of the
epidemic from time t =0 to time t=10.

First we put the knowledge we have in the logistics growth formula:

64
Aoaerey

We will now calculate the number of infected for the first 10 days
of the epidemic based on the logistics growth formula. The
following table presents the actual infected data and the data
calculated according to the logistic increase.

Time rea?;?;;:‘é;f Predicted
population
1 2.00 6.718368
2 10.00 29.713746
3 15.00 55.355593
4 23.00 62.675408
5 33.00 63.817469
6 38.00 63.975236
7 42.00 63.996647
8 51.00 63.999546
9 55.00 63.999938
10 59.00 63.999991

Below we present the graph realized from the data of the
table.
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From the real data of the spread of the epidemic we see .
that we initially have an exponential increase in the number of 4. Conclusions
infected. The curve is similar to the logistic growth graph curve, so
we have almost a matching of the curves. Unlike the logistic growth
graph in which the curve follows a linear decline, in the case of
Albania due to fluctuations in the increase in the number of
infected, the curve continues to increase until we have a decrease
(stabilization) of the number affected by the epidemic.

e Inthis paper we presented the logistic model to predict the
number of infected with Covid - 19 in Albania. The
forecast for the number of infected in Albania is an
example of how well this model works. This provides us
with an indispensable tool for predicting the number of
those infected in the future.

e  The model depends on accurate data, ie how accurate the

Below is a graph of the number of infected with Covid - data on the number of infected are.

19 for the period March 2020 - March 2021 [7]

Stafistics of Covid -19in Albania March 2020 - March 2021
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e When daily predictions of epidemic size begin to
converge, we can say that the epidemic is under control. If
we deviate from the forecast curve it may indicate that the
epidemic may get out of control, so the logistical model
enables us to control the spread of the infected. Non-
convergence of the model means that the pandemic is out
of control and further measures need to be taken.

e By looking at the numerical indicators of the logistics
model, the Ministry of Health and the Government can
use this type of information to take appropriate action.
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