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Figure 1: Dynamic flow diagram of the COVID-19 model

Parameter Interpretation Value

 - 50

0.002

0.5

f 0.008

p 0.08

z 0.012

0.009

c 0.05

Disease- 0.25

Table 2: ���������� ���

[10] -
Table 2

( ) ,
( ) ,

( ) ,
( ) ,

.

S E m S
E SE pVE fY c E
Y fEY z Y
V mS pE V
R zY cE R

 =  − + +


= + − + +
 = − + +
 = − +
 = + −

(1)

( ), ( ), ( ), ( ),S t E t Y t V t ( )R t

Y

2
parameter . [10, ]



74

(1),
1b

m

1

2

1 2

( ) ,

( ) ,
( ) ,
( ) ,

( ) .

S E m S R
E SE pVE fY c E
Y fEY z Y
V mS pE V R
R zY cE R R

 =  − + + +


= + − + +
 = − + +
 = − + +
 = + − − +

(2)

1R 2R

1 2( )R+ (2).
3 Stability Analysis of the Mathematical Model

(2)

(2) [7,

(2) ( ) ( )X t F X=
5

1 1

2

3

24

1 25

( ) ( )
( ) ( )

: , ( ) : ( ) : ( )
( )( )

( )( )

F X E m SS
F XE SE pVE fY c E

X Y F X F X fEY z Y
V mS pE V RF X
R zY cE R RF X

− + + +    
     + − + +    
    = = = − + +
    

− + +    
     + − − +    

(2)
( ) 0F X =

solve -free-
0

0 0 0 0 0( , , , , ) ,0,0, ,0
( )

mX S E Y V R
m m

  
= =  + + 

and the 1
1 1 1 1 1( , , , , )X S E Y V R=
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3.1 Stability of the Disease-Free-Equilibrium Point
The main result of this subsection is to state the asymptotic stability of the

disease-free-equilibrium
0

0 0 0 0 0( , , , , ) ,0,0, , 0
( )

mX S E Y V R
m m

  
= =  + + 

follows:
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 
follows:
Theorem 3.1. Consider the mathematical model (2). The disease-free-equilibrium
point

0
X stable if 1 and is unstable if 1 , where

( ): . (4)
( )( )

mp
m c
 +

=
+ +

-
free- 0

0 0 0 0 0( , , , , )X S E Y V R=

matrix J0 at
0

X is given below

The Maple command Eigenvalues returns the

1 2, , ,z− − − − − − − m− −
2 2 3

( )
mp cm c m

m
 + − − − −

+
of the

Jacobian 0J have
2 2 3

( 1)( ).
( )

mp cm c m c
m

 + − − − −
= − +

+
Therefore, since the parameters c and are positive, stability of the disease-free-

0
,0,0, ,0

( )
mX

m m
  

=  + + 
depends on the sign of 1− . In

other words, the proof
We can condition 3.1 command

The is routine returns true or false. In this case, the result is true. This means, the
disease-free-

0
X is unstable.

3.2 Stability of the Endemic Equilibrium Point

1J
1

1 1 1 1 1( , , , , )X S E Y V R=
5 4 3 2

0 1 2 3 4 5( ) : (5)Q a a a a a a= + + + + +
coeff
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coeff

(2). 0 1 2 3 4 5, , , , ,a a a a a a
satisfythe following conditions

1 5

1 1 2 3

2 2
2 1 4 2 3 5 1 3

2 2 2 2 2
3 1 4 2 3 4 5 2 4 1 2 3 5 3 4 5

0, 0, (6)
: 0, (7)

: ( ) 0, (8)

: ( ( 2 )) 0, (9)

a a
a a a
a a a a a a a
a a a a a a a a a a a a a a a

 
= − 

= − + + 

= + − + − − + + 
1

X of the model (2) is asymptotically stable.

1J
1

1 1 1 1 1( , , , , )X S E Y V R= ( )Q 0 1a = -
( )Q

2 2
3 1 4 2 3 5 1 3

1 5 2
1 1 2 3

2 2 2 2 2
1 4 2 3 4 5 2 4 1 2 3 5 3 4 5

2 2
1 4 2 3 5 1 3

( )0, 0, 0, 0, (10)

( ( 2 )) 0. (11)
( )

a a a a a a a aa a a
a a a a

a a a a a a a a a a a a a a a
a a a a a a a

− + + −
  −  

−

+ − + − − + +


+ − − +

- -
1

1 1 1 1 1( , , , , )X S E Y V R=

2 -

true
1

X
4 Numerical Examples

We now discuss some numerical results for the model we have constructed by
considering

parameter values from Yavuz et al. [10] (and the references therein) as
given in Table 2.

( ) ( ) ( ) ( )S E Y V= = = =
0(0)R = . Figure 2a depicts the behaviors and densities of mathematical model (2)

with the data given in Table 2.

Ǧ
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Ǧ
1: 0.002
5

=  5

( )E t 340
1.5t  280 1.8t  ( )Y t

400 3t 
350 3.5t  ).

Figure 2: Dynamical behavior of the COVID-19 pandemic with the change of

(a) Stability of model (2) (b) 1 0.002
5

= 

(c) Stability of model (2) 5 0.002= 
Figure 2: Dynamical behavior of the COVID-19 pandemic with the change of

5 5 0.002= 
5 0.002=  ( )E t

340 1.5t  460 (at 0.9t 
( )Y t

400 3t  440 (at 2.2t 

rate .
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rate .
p m p m

5 1 0.08
5

p = 
1 0.5
5

m = 

( )V t
50 (at 0.4t  140 (at 9.8t 

( )E t
340 1.5t  270 2.7t 

( )Y t ( )Y t
400 350 3.5t 

)].
p m 5 5 0.08p = 

5 0.5m =  p m

4

( )S t ( )V t

die.
p m

(a) Stability of model (2) 1 0.08
5

p = 
1 0.5
5

m = 

(c) Stability of model (2) 5 0.08p =  5 0.5m = 
Figure 3: Dynamical behavior of the COVID-19 pandemic with the change of p

and m
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