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Abstract 
The COVID-19 pandemic is a curse and a threat to global health, develop-
ment, the economy, and peaceful society because of its massive transmission 
and high rates of mutation. More than 220 countries have been affected by 
COVID-19. The world is now facing a drastic situation because of this ongo-
ing virus. Bangladesh is also dealing with this issue, and due to its dense pop-
ulation, it is particularly vulnerable to the spread of COVID-19. Recently, 
many non-linear systems have been proposed to solve the SIR (Susceptible, 
Infected, and Recovered) model for predicting Coronavirus cases. In this pa-
per, we have discussed the fractional order SIR epidemic model of a non-fatal 
disease in a population of a constant size. Using the Laplace Adomian De-
composition method, we get an approximate solution to the model. To pre-
dict the dynamic transmission of COVID-19 in Bangladesh, we provide a 
numerical argument based on real data. We also conducted a comparative 
analysis among susceptible, infected, and recovered people. Furthermore, the 
most sensitive parameters for the Basic Reproduction Number (R0) are graphi-
cally presented, and the impact of the compartments on the transmission dy-
namics of the COVID-19 pandemic is thoroughly investigated. 
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1. Introduction 

In December 2019, the virus resurfaced in Wuhan, China, prompting the World 
Health Organization (WHO) to proclaim COVID-19 as a pandemic [1] [2]. The 
COVID-19 outbreak is causing havoc in people’s personal lives all over the 
world, as well as a dire economic and social situation. This RNA-based virus is a 
member of the family of Coronaviridae that causes Severe Acute Respiratory 
Syndrome (SARS) [3] [4]. The other viruses in this family have caused local out-
breaks in the past. The Coronavirus (COVID-19) has caused greater morbidity 
and mortality than Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) 
and Middle East Respiratory Syndrome Coronavirus (MERS-CoV) [5]. Some 
scientists believe that this virus infects the human body in the medium of a ser-
pent or bat. Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), 
the virus that causes COVID-19, is phylogenetically the most closely related to 
bat coronaviruses, with a 96% similarity to the virus found in horseshoe bats [6] 
[7] [8]. Coronaviruses have the ability to change their viability, which is one of 
the reasons they are so contagious. Initially, the common symptoms were fever, 
cough, dyspnea, myalgia or fatigue, headache, hemoptysis, diarrhea, and acute 
respiratory distress syndrome [9] [10] [11] [12]. Because of the severity, most 
countries have halted all activities as a precaution, and they encourage people to 
stay at home and avoid crowds. Experts recommend flattening it out with social 
distance. As a result of the new lawsuit, more than 1/3 of the people worldwide 
were on lockdown at the moment. 

On March 8, 2020, the Institute of Epidemiology, Disease Control, and Re-
search (IEDCR) reported the first three confirmed cases of COVID-19 in Ban-
gladesh. Bangladesh’s government immediately declared a national lockdown to 
combat the coronavirus outbreak. Despite the fact that preventing the virus is 
impossible, the Bangladesh government has taken numerous steps to neutralize 
it [13]. Bangladesh is the most densely populated country in the world. As a re-
sult, it was the most dangerous region to spread COVID-19, as was proven after 
the second wave hit the country. The case rate was downcast in 2020, but when 
the second wave hit the country, the rate of cases surged. And yet, this pattern of 
cases continues [14].  

The confining healthcare system is the major cause of the spread of the virus 
in Bangladesh. Bangladesh has experienced the most ICU crisis and oxygen cri-
sis in the medical sector [15] [16] [17]. Many people are currently dying without 
getting oxygen and necessary treatment. IEDCR has confirmed that the new va-
riants are caused by the ongoing lockdown. In Bangladesh, a total of five variants 
have been found in different districts. The most recent variant, known as Delta 
variants (B.1.617.2), came from India, a neighboring country to Bangladesh. 
The rest of the variants are the UK (B.1.1.7), South Africa (B.1.351), Nigeria 
(B.1.525), and Brazilian (P1) variants of the Coronavirus [18]. None of them 
are double mutants. That means it has the odds of wreaking havoc in Bangladesh. 
The COVID-19 pandemic has had a significant impact on household and indi-
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vidual earnings, with around 13% of the population becoming unemployed, with 
women in informal employment being more likely than men to have their 
working hours reduced in Bangladesh. Meanwhile, the Bangladesh Institute of 
Development Studies (BIDS) claims that national poverty will rise by 25.13 per-
cent [19] [20] [21].  

In this paper, we chose the fractional order Susceptible, Infected, and Recov-
ered (SIR) model to predict the situation in Bangladesh. Because, many scientists 
have demonstrated over the last few decades that fractional models can more 
accurately explain natural phenomena than integer-order differential equations 
in modeling biological, economic, and social systems where memory effects are 
important [22]. It is critical to assess the disease’s potential future impacts through 
an understanding of its dynamics, forecasting future trends, and planning effec-
tive control strategies to develop competent economic activity guidelines and 
public health policies. Our efforts might be able to predict the COVID-9 pan-
demic situation, which would stir up awareness among the people. 

2. An Overview of SIR Epidemic Model 

Our aim is to predict the future conditions of Coronavirus (COVID-19) cases in 
Bangladesh and, if possible, control the spread of diseases. In this case, we have 
described the SIR model [23]. In this model, the fixed population consists of 
three compartments. The descriptions of the parameters used to describe this 
model can be found in Table 1, where S(t) recounts the susceptible people that 
are not infected by the disease. I(t) recounts the infected people that can spread 
the disease by contiguity with susceptible class. R(t) recounts the recovered 
people having a cure from the disease.   

( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( )

d
d

d
d

d
d

S t
S t I t

t N
I t

S t I t I t
t N

R t
I t

t

η

η µ

µ

= −

= −

=

                 (2.1) 

It is assumed that the population size of this model is constant and the total 
population is stated as, 

( ) ( ) ( ) ( )N t S t I t R t= + +  

 
Table 1. Parameters descriptions. 

Notations Description 

S(t) The number of Susceptible people in time t 

I(t) The number of Infected people in time t 

R(t) The number of Recovered people in time t 

η The rate of infection 

μ The rate of recovery 
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The basic description of model is interpreted in Figure 1. The underlying pe-
culiarity of the model is, 

1) Susceptible people are functioned to the infected people with the rate of η. 
2) Then, the infected people are immensely acted to the recovered people with 

the rate of μ. 
3) The recovered people regress to the susceptible class after losing immunity 

from the diseases. 
 

 
Figure 1. Working diagram of SIR model. 

 
The transition rate between susceptible class and the infected class is ( )I tη , 

which contemplates the probability of getting the disease in a contact between a 
susceptible and an infectious subject [24]. The transition rate between Infected 
and recovered class is μ which indicates the rate of recovery. All the parameters 
are positive. The range of η and μ is 0 1η≤ ≤  and 0 1µ≤ ≤  respectively. It is 
known that ( ) ( ) ( ), ,S t I t R t  are fraction of the total population. We may write, 

( ) ( ) ( ) 1S t I t R t′ ′ ′+ + =  

where, ( ) ( )t
S t

N
S

′ = , ( ) ( )t
I t

I
N

′ = , ( ) ( )t
R t

R
N

′ = . 

Based on the assumptions and model diagram, we can define a system of dif-
ferential equation as follows,  

( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( )

d
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d

d
d

S t
S t I t
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S t I t I t
t
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′
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with subject to the initial conditions, 

( )
( )
( )

1

2

3

0 0

0 0

0 0

S n

I n

R n

′ = ≥

′ = ≥

′ = ≥

                      (2.3) 

Remark-1: (Classical case) Initial conditions hold, 
If, ( ) ( )0, 0 0S t I′ ′> > , then  

( ) ( ) ( ) ( ) ( )
d

0, 0, 0 0
d

S t
S t I t S t I

t
η

′
′ ′ ′ ′= − < ∀ > >        (2.3a) 

( ) ( ) ( )
d

d
I t

I t S t
t

η µ
′

′ ′= −                   (2.3b) 

Combining Equation (2.3a) and Equation (2.3b),  

( ) 0S t µ
η

′ − =                       (2.3c) 

https://doi.org/10.4236/jamp.2021.99144


O. Chandrow et al. 
 

 

DOI: 10.4236/jamp.2021.99144 2262 Journal of Applied Mathematics and Physics 
 

So,  

( )d
0

d
I t

t
′

< , if ( )S t µ
η

′ <                    (2.3d) 

The direction diagram can be defined as, 
( )d

0
d

I t
t
′

> , if, ( )S t µ
η

′ > . Now, we 

calculate the trajectories and get,   

( ) ( ) ( )logI t S t S t kµ
η

′ ′ ′= − + +  

So, the taken initial conditions are, 
(If),  

( ) ( )0,S t I t′ ′→ → −∞  

( ) ( ),S t I t′ ′→ +∞ → −∞  

From the above consultation, we obtain three commentaries, 

1) If ( )0S ′  is greater than µ
η

, the pandemic will occur. 

2) If ( )0S ′  is less than µ
η

, the disease will dig out. 

3) If 
( )0

1
Sη
µ
′

> , then the number of infected people will be increased 

enormously. 
Remark-2: The change in the rate of the susceptible class to the infected class 

is η and it moves from ( )S t′  to ( )I t′  (Figure 2). After a certain time, the 
susceptible people will be zero and remain unchanged. Susceptible people will be  
 

 
Figure 2. Working diagram of the SIR model shows how disease reaches a stable equili-
brium point. 

At first , S′(t) is 
maximum. 
After getting 
affected, S′(t)→
0 and moves to 
I′(t).

Here, I′(t) will be 
maximum after healed 
from disease, I′(t)→0 
and moves to R′(t). 

Now, R′(t) will be 
maximum and 
create a stable 
equilibrium at 

(0,0,Rmax.)

Initial S′(t)

I′(t) with rate η

R′(t) with rate μ
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affected by the transmission of the virus that moves to infected people. After that, 
the infected class will move ( )I t′  to ( )R t′ . Finally, the number of recovered 
people will increase with the rate of μ and when the number of infected people 
tends to zero, the recovered people will get the maximum value as well. And the 
total features reach the stable equilibrium point at (0, 0, Rmax). 

Remark-3: The nature of the SIR model is discrete because the maximum da-
ta is collected and, that provides a prompt way to compare with the output data 
of the model. In this model, the time dependent variables are ,S I′ ′  and R′ . 
For measuring purposes, the whole data will be in the time domain. In this paper, 
we have collected data from different sources which may be weekly or daily for 
fast spreading epidemics like COVID-19. The compartments in the model will 
be estimated. After estimating the parameters, they can be easily determined in 
continuous form, which is more straightforward for numerical investigation. 

3. Preliminaries  

Here, we propound some basic definitions related to fractional calculus (see e.g. 
[25]). 

Definition 3.1: The Riemann-Liouville (RL) fractional integration of order θ 
is defined as, 

 ( ) ( ) ( ) ( )
0

1
0

1 d , 0,
o

t
t t

Y p t s p s s t tθθ θ
θ

−= − > >
Γ ∫           (3.1) 

 ( ) ( )0
ot

Y p p t=                        (3.1a) 

It is difficult to get the solution of RL derivatives because the constant of RL de-
rivatives is not zero. To make it easier and more comfortable, we will use Capu-
to’s definition of RL derivatives in the light of Definition 3.1. 

Definition 3.2: RL and Caputo fractional derivatives of order θ can be defined 
as follows, 

 ( ) ( )( )n nD p t D Y p tθ θ−=                    (3.2) 

 ( ) ( )( )*
n nD p t Y D p tθ θ−=                   (3.2a) 

where, 1n nθ− < ≤ , n∈ . 
Definition 3.3: Laplace transform of the Caputo derivative is defined as, 

 ( ){ } ( ) ( )
1

1

0
0

n
k k

k
L D p t s p s s pθ θ θ

−
− −

=

= −∑              (3.3) 

when, 1n nθ− < < , n∈ . 

4. Mathematical Modelling and Solution of the  
Fractional Order SIR Model  

The Laplace Adomian Decomposition method [26] [27] [28] is used to find the 
solution to the fractional order SIR model. This method is simple to use, and the 
resulting series is convergent easily compared with other methods. Applying the 
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Laplace transform on both sides of Equation (2.2), the system of differential eq-
uations is converted into a system of algebraic expressions, 

( ){ } ( ) ( ){ }
( ){ } ( ) ( ){ } ( ){ }
( ){ } ( ){ }

1

2

3

L D S t L S t I t

L D I t L S t I t L I t

L D R t L I t
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θ

η

η µ

µ

′ ′ ′= −

′ ′ ′ ′= −

′ ′=

             (4.1) 

The known Laplace transform property is, 

 ( ){ } ( ){ } ( )1 0L D p t s L P t s pθ θ θ −= −                 (4.2) 

Using the Laplace transform property, 
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−

−

−
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′ ′ ′ ′ ′− = −

′ ′ ′− =

        (4.3) 

From Equation (2.3), we obtain, 

( ){ } ( ) ( ) ( ){ }

( ){ } ( ) ( ) ( ){ } ( ){ }

( ){ } ( ) ( ){ }
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η
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′
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The method presumes the solution as an infinite series, 

( ) ( )

( ) ( )

( ) ( )

0

0

0

i
i

i
i

i
i

S t S t

I t I t

R t R t

∞
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∞

=
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∑

∑
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                        (4.5) 

Decomposing the non-linear part ( ) ( )S t I t′ ′  as, 

 ( ) ( ) ( )
0

i
i

X tS t I t
∞

=

′ ′ = ∑                        (4.6) 

where iX  treats as the Adomian polynomials which is described as, 

 ( ) ( )
0 0

1 d
! d

i i i
j j

i j ji
j j

X S t I t
i

λ λ
λ = =

 
′ ′=  

 
∑ ∑                  (4.7) 

Expanding Equation (4.7), further, the following polynomials are, 

( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

0 0 0

1 0 1 0

2 0 2

1

2 1 1 02 2 2

X S t I t

X S t I t S t I t

X S t I t S t I t S t I t

′ ′=

′ ′ ′ ′= +

′ ′ ′ ′ ′ ′= + +

            (4.8) 

And so on. 
Substituting Equation (4.5) and Equation (4.6), into Equation (4.4),  
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      (4.9) 

Comparing the both sides of Equation (4.9), 
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( ){ } ( ){ }

( ){ } ( ){ }
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Similarly, 
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Finally,  

( ){ } ( )

( ){ } ( ){ }

( ){ } ( ){ }

( ){ } ( ){ }

3

3

3

3
0

1 0

2 1

1

0

i i

R n
L R t

s s

L R t L I t
s

L R t L I t
s

L R t L I t
s

θ

θ

θ

µ

µ

µ
+

′
′ = =

′ ′=

′ ′=

′ ′=



                     (4.12) 

Taking the inverse Laplace transform of Equation (4.10), Equation (4.11), Eq-
uation (4.12) and envisaging the first few terms yields, 

For susceptible people, 
( )

( ) ( )

( ) ( )
( )
( )

( )

1

1 21

0 1

1 2
1

1

2 2
1 1 2 221 2

2
1 1 2
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Γ 2 1 Γ 1

S t n
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n n n nn nS t t t
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θ θθ

η
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η η µη
θ θ θ

+
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−′ =
+
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           (4.13) 
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For infected people, 

( )
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( )
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1 22

0 2

1 2 2
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2 2
1 2 2 1 2 1 2
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      (4.14) 

For recovered people, 
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                   (4.15) 

We can write the solution for fractional susceptible, Infected and recovered 
population as follows, 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

0 1 2

0 1 2

0 1 2

S t S t S t S t

I t I t I t I t

R t R t R t R t

′ ′ ′ ′= + + +

′ ′ ′ ′= + + +

′ ′ ′ ′= + + +







                 (4.16) 

These series are convergent in most cases. We suggest readers follow these 
links [29] [30] [31] to get more information about the existence and uniqueness 
of the results and observe the stability analysis of the solution of the fraction-
al-order SIR model. 

5. Data-Driven Forecasting of COVID-19 Pandemic in  
Bangladesh 

We have fitted our data as much as possible. Being an overpopulated country, it 
is not easy to fit the data accurately. We have used the RMSE method and the 
optimization method respectively to fit our compartments [32]. We get Table 2 
after fitting the data that continuously changes over time. So, it is quite difficult 
to keep the parameters constant. We’ve adopted the maximum data from the 
uplink [33] [34] [35]. All the data was accessed on 28 June 2021. The infection 
rate was low in the year 2020. However, when the so-called second wave arrives,  
 
Table 2. Values that were used in the numerical experiment. 

Notations Values Data sources 

N 166,311,720 World meter 

S 164,593,001 N-I-R 

I 896,770 JHU CSSE 

R 821,949 JHU CSSE 

η 0.2386 Estimated 

μ 0.0714 Estimated 
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the number of infected people increases geometrically. It is very arduous to es-
timate the parameters. There are several issues to consider, including the lack of 
proper information, which is very common. So, we have excerpted data from 
some reliable sources.  

6. Sensitivity Analysis with Respect to the Basic  
Reproduction Number 

The local sensitivity can be described under the parameter, namely Basic Re-
production Number (BRN). BRN is the measurement of how quickly a virus 
spreads and can be used to predict a virus’s future turning point by looking at its 
growth rate. The faster it grows, the more viruses will infect people and create a 
ghoulish situation. It will be impacted in response to some variations that may 
ensue in the parameters of the model. The normalization of the sensitivity index 
is defined as the ratio of the relative changes in variables to the relative changes 
in parameters. The sensitivity index is conducted to measure the most impres-
sionable compartments in the model [36] [37] [38]. The positive signs are con-
sidered as the most sensitive to increasing the value of BRN, while those with 
negative signs are less sensitive to the decrease of BRN (Figure 3(a)). By defini-
tion, we may write, 

 0 0

0

R R
D

Rζ
ζ

ζ
∂

= ×
∂

                        (5.1) 

where, 0R  is the Basic Reproduction Number (BRN) and ζ  is elasticity index 
parameter. Under consideration of Caputo’s fractional calculus, the basic re-
production number is defined as, 

 0R
θ

η
µ

 
=  
 

                          (5.2) 

After some calculations, we get Table 3. It is clear that the positive concerning 
parameters is η. In short, any increase in η will correspond to the increase in the 
probability of infecting the case, see (Figure 3(b)). Alongside, the negative con-
cerning parameter is μ, which indicates that an increase in the value of this pa-
rameter would favor decreasing the Coronavirus cases, see (Figure 3(c)). Changes 
to the BRN are plotted in Figure 3(b) and Figure 3(c) respectively. It is observed 
that the BRN of Bangladesh is greater than unity when 1θ =  which means, the  
 
Table 3. Sensitivity analysis parameters. 

Parameters Elasticity Numerical elements 

η  0RDη  θ+  

µ  0RDµ  θ−  

(if) Values of 0R  situation 

0 1R >  It will signify the epidemics 

0 1R <  The disease will die out 
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(a) 

 
Figure 3. (a) Normalized local sensitivity indices of R0 (Increasing with η and Decreasing with μ). (b) Effects of η on R0 (Basic 
Reproduction Number). (c) Effects of μ on R0 (Basic Reproduction Number). 

 
Coronavirus outbreaks will signify the epidemics in Bangladesh. If we take the 
values of θ within the range of 0 1θ< ≤ , each calculated value of 0R  will be 
more than 1. 

7. Numerical Discussions 

In this paper, the dynamical behavior of the SIR model is represented with re-
spect to the parameters. We have got the solution of the fractional SIR model in 
Equation (4.16) for three different cases. We used our fitting data according to 
the current situation in Bangladesh. We investigated the compartment variations 
concerned with different values of θ. The variation of the susceptible class, in-
fected class, and recovered class are propounded in figures (Figures 4-6). Our 
exertion is to take a look at the next 40 days and, based on this, forecast the ul-
timate situation. 
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Figure 4. (a-f) Delineating the number of only susceptible people with different values of θ. 
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Figure 5. (a-f) Delineating the number of only infected people with different values of θ. 
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Figure 6. (a-f) Delineating the number of only recovered people with different values of θ. 
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As can be seen in Figure 4, the susceptible class decreases if θ increases, whe-
reas Figure 5, shows an increase in the infectious class with increasing values of 
θ. This makes sense because the susceptible class, after being infected, is moved 
to the infected section (Remark-2), thereby causing to an increase in the number 
of Coronavirus cases. If θ is large, the recovered population surges forward, as 
shown in Figure 6. 

As of (Figure 4(a)), if we take the value of 1 2 3θ θ θ= =  is 0.1, the susceptible 
class slightly decreases with time. After that, it remains unchanged. In contrast, 
the recovery rate also slightly increases with time shown in (Figure 6(a)). Then, 
it remains steady. If we have a look at (Figure 5(a)), the features will show the 
same behavior as the recovered class. (Figures 5(a)-(f)), each graph illustrates 
that the infectious population’s impact is increasing. We may expect the next few 
months to be even worse than the previous ones. The increasing rate of the in-
fected class is upward. According to the current situation in Bangladesh, the 
number of infected people is at an all-time high, and this trend is continuing. It 
signifies that the number of infected population depends on the rate of infection 
of coronavirus outbreaks that seek a real prediction of coronavirus cases.  

We observe from (Figures 6(a)-(f)), the rate of recovery is also on a sharp in-
crease. Compared with the real scenario of Bangladesh [39] [40]. We will see 
that the recovery rate is increasing. Our figures indicate the same features assi-
milate with the substantive scenario.  

The BRN is not stable for each fractional value of θ. The infection rate is al-
so increasing with the variation of BRN. When we take 1 0.1θ =  and  

2 3 0.5θ θ= = , the infectious number appears steady. But the real features only 
happen when the BRN decreases. We found the BRN number for this curve is 
1.91, which is more than 1. It would undoubtedly increase the number of in-
fected people, and there is a strong possibility of an epidemic in this situation 
too. 

The number of infected people till now (24 August 2021) is 1,467,715 and the 
death toll stands at 25,400. The total number of tests according to  
https://www.worldometers.info/coronavirus/country/bangladesh/ is 8,686,306 
which is comparatively low compared with the population of Bangladesh. The 
low number of tests is one of the leading reasons for detecting COVID-19 cases. 
Though the number of tests is low, the probability of undetected people who are 
infected by the virus is higher. In our study, we found that the number of in-
fected people is increasing at an alarming rate, which can be the most demolish-
ing event for Bangladesh. 

After analyzing Figures 4-6, we can portend that the situation is against our 
favor. The susceptible people are decreasing with time but infected people are 
increasing tremendously. An immense number of people are getting infected by 
the contraction of people. Infected people need more time to heal from the dis-
ease, and it asserts that reaching a stable equilibrium point is quite impossible 
for developing countries like Bangladesh instantly.  
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8. Conclusion 

In this paper, the fractional order SIR model with a constant sized population 
was solved using the Laplace Adomian Decomposition method to predict future 
conditions using existing data available in Bangladesh. The numerical discussion 
presents some exposition. The disease is rapidly spreading. Furthermore, when 
compared to real data, the transmission rate is extremely high. As a result, we 
can deduce that the situation will be more dangerous and long-lasting than be-
fore. For every θ, the BRN is greater than unity, implying that an epidemic will 
erupt in Bangladesh with no known boundaries. The Remark-1 commentaries 
can also predict that a broken-down situation is about to hit Bangladesh. 

A coronavirus (COVID-19) pandemic, which would primarily affect develop-
ing countries, could pose a serious threat to peace. Because there is no immunity 
or effective vaccine, uncontrolled transmittable contact between the infected and 
the susceptible can hasten the disease, as shown by our mathematical model. 
This discussion depicts the variation in infection and recovery rates over time. 
The rate of infection has a significant impact on the number of infected people. 
Because no effective vaccine has yet been developed, the rate of infection will 
continue to rise despite the increased rate of recovery. 

Bangladesh is an overpopulated country with a lack of confining infrastruc-
ture in the healthcare system and proper utilization of knowledge about the virus 
among the people. It matters to us that if people don’t follow the provision of 
outbreaks, the infection rate will definitely increase. Our numerical simulations 
suggest that the epidemic can effectively be controlled only if its contact rate is 
lowered, and this is only possible when people follow rules like social distancing, 
wearing protective masks, using hand-sanitization, etc. 
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