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Abstract 

In this paper, we will discuss an analytical solution and numerical simulation of fractional 

order mathematical model on COVID-19 under conformable sense with the help of conformable 

fractional differential transform method for different values of order q, where ( .1,0q  The 

underlying mathematical model on COVID-19 is consist of four compartments, like, susceptible 

class, healthy class and infected class, quarantine class. We conclude that use of fractional 

epidemic model provides better understanding and biologically more insights about the disease 

dynamics. 

1. Introduction 

The different models on the CORONA virus disease have been discussed 

by some authors using the various methods like Adams-Moulton type, 

Laplace transform coupled with Adomain decomposition method, generalized-

Bashforth-Moulton method, q-homotopy analysis transform method which 

can be found in [1, 2, 3, 4, 5]. 
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The differential transform method was applied in the different fields by 

many researchers which can be found in [6, 7]. In this paper, we will study a 

new application of the conformable fractional differential transform method 

[8, 9] to obtain an approximate solutions for the system of fractional order 

mathematical model on COVID-19 (1.1). 

Definition 1.1 Conformable definition[8, 9]. 

Given a function  ) .,0: Rf →  Then the conformable fractional 

derivative of f order  is defined by 
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Recently, some researchers develop a new mathematical model [12], 

based on susceptible individuals S, healthy or resistant individuals H, 

infected and quarantine individuals QI ,  respectively. All the parameters 

involved in the model are assumed to be non-negative. The susceptible 

individuals initially move to the infectious class with a constant flow rate. 

The suspected or infected individuals move to the quarantine class and 

confirmed cases are send back to the infected compartment for further 

treatment. In this paper, we investigate the COVID-19 new model under 

conformable fractional derivative as follows: 
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where 10  iq  for .4,3,2,1=i  

In the above model. 
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→  Recruitment rate susceptible, 

→  Disease transmission rate, 

→d  Natural death rate, 

→  Recruitment rate of healthy human, 

→  Transmission rate of healthy human, 

→  Disease related death rate infected or suspected individuals, 

→  Rate at which quarantine people get infection, 

→  Cure rate of infected people in the quarantine class. 

The study of the mathematical models under fractional derivatives 

instead of usual ordinary derivatives produces more significant results which 

are more helpful in understanding. 

2. Conformable Fractional Differential Transform Method 

For further use and better understanding of readers, we will recall some 

results on conformable fractional differential transform method. 

Definition 2.1[8, 9]. Assume ( )tf  is infinitely -differentiable function 

for some ( .1,0  Conformable fractional differential transform of ( )tf  is 

defined as 

( ) ( )( )( ) .
!

1
0

0
tt

kt

k
tfT

k
kF =


=  

Definition 2.2[8, 9]. Let ( )kF  be the conformable fractional differential 

transform of ( ).tf  Inverse conformable fractional differential transform of 

( )kF  is defined as 
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CFDT of initial conditions for integer order derivatives are defined as 
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where  is the order of conformable fractional ordinary differential equation 

(CFODE). 

Theorem 2.3[8, 9]. If ( ) ( ) ( ),tvtutf =  then ( ) ( ) ( ).kVkUkF  =  

Theorem 2.4[8, 9]. Let c be a constant. If ( ) ( ),tuctf =  then ( )kF  
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Theorem 2.5[8, 9]. If ( ) ( ) ( ),tvtutf =  then ( ) ( ) ( ) =  −=
k

l
lkVlUkF

0
.  
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3. Analytical Solutions of Model using CFDTM 

Apply CFDTM on mathematical model on Corona (1.1), and then by using 

Theorems 2.3-2.7, the first equation is transformed into 
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By using Theorems 2.3-2.7, second equation of model (1.1) is transformed 

into 
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By using Theorems 2.3-2.7, third equation of model (1.1) is transformed 

into 
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By using Theorems 2.3-2.7, fourth equation of model (1.1) is transformed 

into 

( ) ( ) ( ) ( ) ( )kQdkIkQkq qqq ++−=++ 11  

this implies 

( )
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qq
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Subject to initial conditions and using (5.1) which reduces to 

( ) ( ) ( ) ( ) .10,10,00,439940 ==== QIHS  

Now, we take values for parameters as follows. 



A. D. NAGARGOJE, V. C. BORKAR and R. A. MUNESHWAR 

Advances and Applications in Mathematical Sciences, Volume 22, Issue 8, June 2023 

1962 

,0025.0,27.0,5944.0,0056.0,535.0 =====  

.5.0,5.3,0043217.0,025.0 ====d  

Therefore, the series solutions of the transformed expressions, when 

6=k  and 
2

1
,

2

1
,

2

1
,

2

1
4321 ==== qqqq  for ( ) ( ) ( )tItHtS ,,  and ( )tQ  are 

obtained as  
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2

5
2 44.219013111789084798428.62977074786 tt ++  
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7
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For 7.0,6.0,4.0,3.0 4321 ==== qqqq  and hence ( ) ( ) ( )tItHtS ,,  and 

( )tQ  are obtained as 
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For 8.0,8.0,8.0,8.0 4321 ==== qqqq  and hence ( ) ( ) ( )tItHtS ,,  and 
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4. Numerical Simulation and Discussion 

Here we use python software to plot the pictorial behaviour of solution of 

given fractional COVID-19 model. In this section, we provide numerical 

simulation by using table and graphs. The mathematical analysis of measles 

epidemic model with nonlinear system of fractional differential equation has 

been presented. We observe that fractional order COVID-19 measles model 

has more degree of freedom as compared to ordinary derivatives COVID-19 

model. The compression for some different values of order q has been 

obtained and numerical simulation are shown using CFDTM. All the 

calculated values of solution of given model for fixed parameters are shown in 

table 1, table 2, table 3 and table 4. It is observed that the solution of the 

fractional COVID-19 model obtained by using conformable fractional 

differential transform method is approximately same with solution obtained 

for integer order COVID-19 model. Graphical interpretation of solution 

obtained by using CFDTM of given fractional model for different fractional 

order are shown in figure 1 and figure 2. 

Table 1. Table of susceptible class (population) at different values of q using 

CFDTM. 

S.N. 5.0=q  3.0=q  8.0=q  1=q  

1 4.39940000e+04 0.00000000e+00 2.29675648e+02 1.00000000e+00 

2 -7.54792786e+33 1.44637729e+29 7.54778250e+33 7.23214306e+26 

3 -8.53943052e+34 1.63637473e+30 8.53926606e+34 8.18216401e+27 

4 -3.52977177e+35 6.76395146e+30 3.52970379e+35 3.38209574e+28 

5 -9.66120273e+35 1.85133518e+31 9.66101668e+35 9.25700438e+28 

6 -2.10967499e+36 4.04268043e+31 2.10963436e+36 2.02141194e+29 

7 -3.99346063e+36 7.65249872e+31 3.99338372e+36 3.82638514e+29 

Table 2. Table of resistive class (population) at different values of q using 

CFDTM. 

S.N. 5.0=q  4.0=q  8.0=q  1=q  

1 4.39940000e+04 0.00000000e+00 1.00000000e+00 1.00000000e+00 

2 -6.31939606e+31 7.41113728e+27 1.70546212e+34 1.14301325e+28 
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3 -2.70915098e+32 5.16135504e+28 3.13446992e+35 3.41267508e+29 

4 -6.34778486e+32 1.60626377e+29 1.72086079e+36 2.48851810e+30 

5 -1.16142682e+33 3.59454437e+29 5.76086213e+36 1.01891953e+31 

6 -1.85567390e+33 6.71414707e+29 1.47064856e+37 3.04087438e+31 

7 -2.72133081e+33 1.11865858e+30 3.16278506e+37 7.42995616e+31 

Table 3. Table of infected class (population) at different values of q using 

CFDTM. 

S.N. 5.0=q  6.0=q  8.0=q  1=q  

1 4.39940000e+04 0.00000000e+00 1.00000000e+00 1.00000000e+00 

2 -1.51756154e+35 2.90803860e+30 1.51753231e+35 1.45407090e+28 

3 -7.36055689e+36 1.41047221e+32 7.36041514e+36 7.05261130e+29 

4 -7.12886473e+37 1.36607403e+33 7.12872744e+37 6.83061253e+30 

5 -3.57006871e+38 6.84117083e+33 3.56999996e+38 3.42070680e+31 

6 -1.24558162e+39 2.38685508e+34 1.24555763e+39 1.19346989e+32 

7 -3.45769634e+39 6.62583644e+34 3.45762975e+39 3.31303579e+32 

Table 4. Table of quarantined class (population) at different values of q using 

CFDTM. 

S.N. 5.0=q  3.0=q  8.0=q  1=q  

1 4.39940000e+04 0.00000000e+00 1.00000000e+00 1.00000000e+00 

2 -5.38590621e+43 1.02986685e+39 5.38580271e+43 5.14928336e+36 

3 -6.89395901e+45 1.31822939e+41 6.89382653e+45 6.59108180e+38 

4 -1.17789747e+47 2.25231840e+42 1.17787484e+47 1.12614807e+40 

5 -8.82426693e+47 1.68733351e+43 8.82409735e+47 8.43658413e+40 

6 -4.20773831e+48 8.04583304e+43 4.20765745e+48 4.02287675e+41 

7 -1.50770870e+49 2.88296742e+44 1.50767972e+49 1.44146946e+42 



A. D. NAGARGOJE, V. C. BORKAR and R. A. MUNESHWAR 

Advances and Applications in Mathematical Sciences, Volume 22, Issue 8, June 2023 

1968 

  

(a) Dynamical behaviour of the 

susceptible class (population) 

(b) Dynamical behaviour of the 

resistive class (population) 

Figure 1. Dynamical behaviour of the susceptible and resistive class 

(population) using FDTM for different values of q. 

     

(a) Dynamical behaviour of the 

infected class (population) 

(b) Dynamical behaviour of the 

quarantine class (population) 

Figure 2. Dynamical behaviour of the infected and quarantine class 

(population) using FDTM for different values of q. 

5. Conclusion 

In this work, a fractional order corona virus model under conformable 

sense has been investigated and solved by using conformable fractional 

differential transform method. The analytical solutions have been obtained in 

terms of convergent series with easily computable components in a direct way 

without using linearisation or perturbation or restrictive assumptions. 

Solution obtained for integer order COVID-19 model resemble with the that 

solution of the fractional COVID-19 model obtained by using conformable 

fractional differential transform method. Graphical interpretation of solution 

obtained by using CFDTM of given model for different fractional order are 
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shown in figure 1 and figure 2. The compression for some different values of 

order q has been obtained and numerical simulation are shown. 
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