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Abstract

The deadly corona virus pandemic remained a global threat to human existence. It becomes
imperative to develop a Mathematical model to show how this virus spread. This paper provides
a Mathematical model that succintly shows the process of transmission of covid 19 and provides
measure to control its spreads. The Laplace decomposition method is used to obtain the
approximate solutions in the form of infinite series. The obtained result from this paper avail
that physical contact with infected persons happens to be the major cause of the spread. Thus,
It becomes important to place the infected person in isolation and this will eventually flattened
the curve of the spread of the covid 19 virus.

Keywords and Phrases: Covid 19, Pandemic, Laplace decomposition method, Adomian polyno-
mial, Susceptible class, Infected population.
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1 Introduction

The COVID-19 pandemic constitutes the greatest global public health challenge, with serious health
and socio-economic crisis. Mathematical models can be used to show susceptible, exposed infected,
isolated and recovered corona virus patients.

Recently, several mathematical, clinical and examination studies have been put forward for mod-
elling, prediction, treatment and control of the disease. There is dare need for further improve-
ment. Wu et al. [1] introduced a SEIR Mathematical model to describe the transmission dynamics
of COVID-19 and predicted the national and global spread of the disease. On their part, Yang
et al. [2], used mathematical model to investigate the epidemic development of COVID-19 based
on a modified susceptible-exposed-infectious-recovered (SEIR) sectoral framework, they predicted
the time the disease curve will be flattened under various intervention strategies. Leung et al. [3]
quantified the transmission and severity of COVID-19. Sarbaz et al. [1] model the disease as a sys-
tem of differential equations. Most previous Models for the corona virus were developed with some
significant computational simulations and sensitivity analysis included.Fazal et al. [5] introduced
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the use of fractional derivative for childhood infectious diseases. In the paper,the seafood market
is considered as the main source of infection. After reducing the model into the seafood market,
and proposed a fractional model, parameterized the model using the first month of 2020 data cases.
Anwar et al. [6] developed a Mathematical Model for Corona virus Disease 2019 (COVID-19) con-
taining Isolation class.

Laplace Decomposition Method (LADM) was introduced by Khuri [7] based on Adomian tech-
niques. For brevity of the method, see Taiwo et al [8]. This method has been used to solve
differential and integral equations of linear and non-linear problems in Mathematics, Physics, Bi-
ology and Chemistry. It had been shown that the ADM method is capable of greatly reducing
the size of computational work while still maintaining high accuracy of the approximate solution
( See [9-12]). The ADM decomposes a solution into an infinite series which converges rapidly to
the exact solution whenever it exists. Nhawu [12] worked on the Adomian decomposition method
(ADM) as a powerful method which considers the approximate solution of a non-linear equation
as an infinite series which usually converges to the exact solution.In the paper, the method was
formulated to solve some first-order differential equations.The non-linear problems are solved easily
and elegantly without linearising the problem by using ADM

2 Analysis of the Mathematical Models

In this section, the Mathematical model of the covid 19 pandemic is developed. It is divided into
five sectors. The susceptible, the exposed, infected, isolated and the recovered from the pandemic.

B~ 4 us(0) — BSOEWD + 10),

B _ 5N)SOB) + 1) ~ 7B — (u-+ 1) BO),

%t) =nB(t) — 0I(t) — pl(t), (2.0.1)
T — 1 B() +51(0) — 0Q(0) - QL)

MO _ bq(t) - nrir

with the initial conditions
S(0)=5,>0,E(0)=FEy>0,I(0)=1,>0,Q0)=Qo >0 (2.0.2)

where the parameters are defined as follows S is the susceptible population

F is the exposed population to the pandemic

I is the infected population

@ is the isolated population

R is the recovered population from the pandemic

[ is the rate at which susceptible population moves to infected and exposed class
7 is the rate exposed population moves to infected one

~ presents the rate at which exposed people take onside as isolated

6 shows the rate at which infected people were added to isolated individual

0 is the rate at which isolated persons recovered

w is the natural death rate plus disease- related death rate

Based on the initial conditions (2.0.2), all the solutions S(t)., E(t), I(t), Q(t) and R(t) of system
(2.0.1) remain non negative for all positive ¢.
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2.1 Application of Laplace Decomposition Method

The Laplace transformation is used to convert the system of differential equations into a system
of algebraic equations. Then, the algebraic equations are used to obtain the required solution
in form of infinite series. We will discuss the procedure for solving model (2.0.1) with the given
initial conditions (2.0.2). Applying Laplace transform on both sides of model (2.0.1), we obtain the

following system:

e{ B~ epa- usto) - SISOEO + 10)),

i { dI(?) } — ({mB(t) — 5I(8) — pI(1)}
{ — OB + 81(1) — 0Q() — uQ(D)} ..

dt} £16Q() - uR(t))

On simplification of (2.1.1) and using the initial conditions (2.0.2) give (2.1.1)

50

St} = —+ [ C{A = pS(t) — BIN)SE)(E(H) + 1(t))}],

C{B()} = E" [if{ﬂ( )S(O(E() + 1)~ 7E() — (n-+ 1) B},
({10} = I— L RB() ~ 81() — pI(D)]},

Q) =% [if{ B(1) +81(1) ~ 0Q(1) ~ Q1))

(R} = 4 (e 0Qu) - urin)]

C{BIN)S()(ER) + I(1) = 7E(t) — (p+7)E()},

(2.1.1)

(2.1.2)

Now ,assume that the solutions S(¢)., E(t), I(t), Q(t) and R(t) are in the form of infinite series given

by
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=0 (2.1.4)

respectively.
where each Z; and Vj; is the Adomian polynomials defined as

%

1 d , L
Zi= 53 {Z NS (#) .fg”Ej“"
Jj= Jj=

)

A=0 (2.1.5)

=il {z Ajwzw‘

=0 =0

A=0

simplifying equation (2.1.5) further, the following polynomials are we obtain

Zy = So(t)E,(t)
d

Zy = o [(A"S0(t) + ALS1 () (A Eo(8) + A Ea ()], (2.1.6)
L 1(S0(6) + AS ) (Bolt) + AE ()]

Simplifying (2.1.6) yield

A [(So(6) Bolt) + ASo()(Ea(1) + Ay Bo(t) + X281 B (1) |x=o} (2.1.7)

Zy = So(t)Ex(t) + S1(t)Eo(t)
Similarly,
Zy = 2Sp(t)Ea(t) + 251 (1) Eq(t) + 2S2(t) Eo(t) (2.1.8)

Also,
Vo = So(t)1,(t)

_d

=

So(t) + AS1(2)) (o (t) + AL (1))][x—o

Vi A2So(t) + ALS1 () (Ao (t) + AL ()], (2.1.9)

ol
From (2.1.9), we have

% [(So(t)Io(t) 4+ ASo(£)) (I3 (t) + AS1Io(t) + A S1 11 (1)) ]],

Vi = So(t)1(t) + S1(t)Io(t)

Similarly,
’ Vy = 2SO(t)IQ(t) + 281(15)[1@) + QSg(t)Io(t) (2.1.10)
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Substituting (2.1.3) and (2.1.4) into (2.1.1) results in
{ {A ,uZS N)ZZi(t)_B(N)ZVi(t)}]a
i=0 ;
Z Tl R R E SRR SR SEURRE) 9Tt
=0 =0 =0

{ I( }:+[é{wZEi(t)—5ZIi(t>—MZIi(t)}L

{ZQZ SO {VZEZ +5ZIi<t>—GZth)—uZQi(t)}],
{ZR } {GZQZ uZRi(t)}]

Comparing the two sides of equation (2.1.11) results the following iterative algorithm

(2.1.11)

r{s0} = "t

tfsiy =2 ogsyy - MWy iz PNy

é
4{52}—% (s - ﬁ( P iz - ( 20 vy
" ¥ (2.1.12)

(s =2 - Legsy - %4{22} - @Z{VQ}

()

{sen) = 2 - Loy - M0z Py

S

Similarly,
N.
t{Eo} = *2

K{El}_ﬁ( )K{Z}Jrﬁ( )4{‘/} (

W+M+VU{E}

({Ey} = E{Z}+7€{V}

@ BN, 1 (4147,

(2.1.13)

e{Eg}—ﬁ( )e{zwﬁ( Joqvpy - |

T+p+7)
e B

BN)

({Ep1} = e V)

{Zp} + e

ey - TEEE iy
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with N
{lo} = ?3

(6 +u)

(6 +u)

{nL} = S%E{EO} — ¢{lo}
E{Il}

— L}

R} = S0{E) - o

oy = Tomy - *’”

{11}

e} = Zegmy - O

also,

Qo=

Qi = Zoqmy+ Semy - 8

— —{Qo}
— @}
5 {Q2}

00y = Loy + ey - ““‘)
5% 5% (2.1.15)

015} = Logmy+ emy - U “‘)

(9+u)

HQend = 2e(my + 2egmy - T gy

Finally,
N,
({Ro} = ?5

timy = 210 - Loy
t{i) = ZoqQiy - Legny

p (2.1.16)
Ry} = —0{Qa} — L0 (o)

(R} = 0@} - L)

Taking the inverse Laplace transform of (2.1.12), (2.1.13), (2.1.14), (2.1.15) and (2.1.16) and con-
sidering the first few terms result

So =N

S1= (A~ iSo) — L (BIN)Zo + B(N)Vh)

So =N

2o — So B (2.1.17)
Vo = Solo

Ey =N

Ip = N3
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Substituting

tn n

S1 = (A= pNy) = S (B(N) (N1 Na) + B(N) (N1 Vo) (2.1.18)

ol

tn tn
Sz = (A= pS1) = S (BIN)Zy + B(N)V1) (2.1.19)
Substituting equation (2.1.17) into equation (2.1.19) above yield

B t"A _ t”u[%A - tnl!/lNl - %5N1N2 - %5N1N3] - tnﬁ(% - MﬂNl - 0‘1fn BN1Ny

Sy = — n! n!
n! n!
HOSEBNING + G B — OIE Ny — S0 (u+ 6+ ) 0.1(t”)26
: : : : - ™
n! (n)*!
(2.1.20)
St)=1+—A- —751 - —'ﬁzl - —'ﬁv1 (2.1.21)
with the following parameters defined as follow
Zy = SoE1 + S1Ey
Vi = Soly + S11o
tn’/TEO tn’}/IO tnMIO
I = — —
n! n! n!
tn’/TEO tn’}/IO tnMIO
I = — —
n! n! n!
t"6Z "V t"
E, = B|O+ 6'0— (u+7+ﬂ—)
For the exposed class
t"6Z t" BV, t" E
B = /3'0+ ,3'0_ (M+’Y'+7T) 0
"6z,  t"pVy " E
Ey — 5'1+ 5'1_ (M+7|+7T) 1
By — t" B2 4 t" BV, _ t"(u+ v+ m)Es (2.1.22)
n! n! n!
t"B8Z,  t"BVi  t"(u+vy+ 7)Ek
Erpr=—7—+—7 — ‘
"6z,  t"pVy " E
B(t) = (1) = “0A TP ety Em)Ey (2.1.23)
Substituting the values of the parameters into equation (2.1.24)
1 t"A " uN t" BN N t" BN N
E(t):'[t“ﬁ<N2('— ,U'l_ 5'1 2 "B '1 3)
t"BN1No  t"BN1Ns  t"(u+ v+ 7)N.
+(5'1 2, 5‘1 3 (1 7' ) 2)Nl>}
1 t"A  t"uN; t"BNiNy t"SNN. t"wNy  t"yNs " uN.
e R e D)
n! n! n! n! n! n! n! n!
t"(u+y+7) (t"ﬁNgNz 4 BNINy _ t"(u+v'+7r)Nz>
B n!
(2.1.24)
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Similarly, for the infected class;

tnﬂ'EO _ tn’ylo o tn/J,Io

L =
n! n! n!
tnﬂ'El tn’}/Io tnlj,Il
I, = — -
n! n! n!
t"rEy  t"yIy  t"uls
I3 = — —
n! n! n!
tnﬂ'Ek tn’)/.[k t”,u[k
Depr=———— "~
t"rE th~yI thul
I(t) = Ut N S L

n! n! n!

Substituting the values of the defined parameters into equation (2.1.26), we have

( t" 7w (t" BN1 No+t" BNy Ns—t" (u+y-+m)Na) ) ( t"y(t" T No—t" ByN3—t" uN3) )
n! n!

) = n! n!

For the isolated population Q(t)

- tn5E0 + tn(SIo _ tner _ tn/.LQo

@

n! n! n! n!

Substituting the values of the defined parameters into equation (2.1.28) gives

o tn6N2 + t"53 tn9N4 t"/LN4

@1 n! n nl n!
It follows that
tn6E1 tn(SI1 tnte tn/.LQ1
Q=— =t T T
Qg _ t"é{Eg + tn(S'IQ _ tn9?2 _ tn/.L'QQ
t"OF t"ol t"o tm
Qr = 'k+ 'k_ ?k_ M'Qk
So,
t"oF thorl t"o tn
Q(t) = L 1 1"0Q "y

n! n! n! n!

Substituting the value of the given parameters into equation (2.1.29) gives

t"BNINy | (t"5N1N3 _ t"(u+v+7r)Nz)> mne (t"ﬂNz _ t"yNs _ t"uNs
n!

(2.1.25)

(2.1.26)

(2.1.27)

(2.1.28)

(2.1.29)

)

tn,y ( n! n! n! a! n!

n§N. "~ N- nON. t" N, n§N. n§N. n N nON.
tne(t62+< le_t94_ %4)) tnﬂ(t62+(t62+tn!3_t94_

n! n! n! n! n!

tn[LN4))
n!

n! n!
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Finally, for the recovered class R (t)

t"0Qo  t"uRy

R, =
n! n!
"0 t"uR
Ry = n?l . Z' 1
100y 1Ry (2.1.31)
Ry =— = ——1
n! n!
"0 t"uR
Ry = ?k - M, b
n! n!
So,
"0 t"uR
R(t) = Ns + ?1 S i (2.1.32)
n! n!
Substituting the values of the defined parameters into (2.1.32) yields
QL N2 | 763 _ t"ONy _ t"uNi  yn t"ONs _ t"uNs
R(t) _ n! n! n! n! K n! (2133)

n! n!

3 Numerical Method and Results

In this session, the efficiency of the proposed method is demonstrated. Given

So=Ni=1,Eg=Na=0.1,Ip = N3 =0,Q0 = Ny = 0.5, N5 = 0.4, A = 1000, 7 = 0.4, 8 = 0.8,
v =0.03, 1= 0.04,0 = 0.25, §=0.2

The proposed Laplace Decomposition method for analyzing the Covid 19 Mathematical Model
provides solution in the form of an infinite series

ﬂw:1+%A—%%&—%fa—ifm

n=1,

S(t) = S, = 1+ 1000t — 120.0440¢>

n = 0.95,

S(t) = Sy = 14 1020.532448t% — 125.0242027¢-9°
n = 0.85,

S(t) = S, = 1 +1020.532448t°9° — 125.0242027¢°
n =0.75,

S(t) = sy = 1 + 1088.065252¢* 7> — 142.1184101¢"*"

The plot of S(t) forn=1=5,;n=0.95=S;;n=0.85 = S,;n = 0.75 = S;
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n04 e n03- - n02]

[—— =05

Figure.1: Plot of numerical solution of susceptible class S (t) corresponding to different time in a
day

For the exposed population;

o t"ﬂZl + t"ﬂVl . t”(u +’Y + ’/T)El

E®) n! n! n!

n=1,

E(t) = B, = 0.1 + 8.03329¢*

n = 0.95,

E(t) = E; = 0.1 4 8.214061569t %% — 0.01615345527¢*-%°
n = 0.85,

E(t) = E, = 0.1 + 8..511743729¢'%% — 0.01673886547¢"*°
n = 0.75,

E(t) = E, = 0.1+ 8.757619601¢""> — 0.01711139544¢"7°
7000 1 /
60004 /
5000 /
4000 1 /
() /7
3000

2000+ 2

1000 P

Time in davs

— — -l

n=0.93 ----- n=0.83 - - n=0.73
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Figure.2:Plot of numerical solution of Exposed class E(t) corresponding to different time in a day

For the infected population;

N
n=1,

I(t) = I, = 0.04352261008¢" ™
n = 0.95,

I(t) = I, = 0.01131587863¢" 7
n = 0.85,

I(t) = I, = 0.01122399749¢" %
n = 0.75,

I(t) = I, = 0.01154822132¢17°

Iy 4 R
o
RS
3 R
s
R
2 B
< el
R
A
1 i
,r.‘F-

0 . . .
0 10 20 30
Time in days

[— — =1 n=003 -+ - n=083 - - n=0.75]

Figure.3:Plot of numerical solution of Infected class I(t) corresponding to different time in a day.

Also, for the isolated population Q(t);

Q) =05+ th!El . t”;;fl B t"Z!Qo B t”,l;!Ql
n=1,

Q(t) = Qr = 0.5+ 0.04405¢°

n = 0.95,

Q(t) = Qi = 0.5 4 0.04495445435¢9°

n = 0.85,

Q(t) = Qu = 0.5 + 0.04658362877¢"*°

n =0.75,

Q(t) = Qu = 0.5+ 0.04792927435t ™

The figure below shows the relationship between values of Q(t) corresponding to different time in

thirty days.
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Time in days

n=0.95 + - n=0.83 -+ n=0.75]

==

Figure.4:Plot of numerical solution of Isolated class Q(t) corresponding to different time in thirty
days.

Finally, the analysis of the recovered class is given below 0.4 + 0.04405¢>
tnte _ tn/.LRl

R(t) =04+ — i
n=1,
R(t) = R, = 0.4 — 0.03561¢>
n = 0.95,
R(t) = Ry = 0.4 — 0.03708733347¢" %"
n = 0.85,
R(t) = R, = 0.4 — 0.3843139906¢ "
n = 0.75,

R(t) = Ry, = 0.4 — 0.0394155393t 1™

1200
1000 -
800 1

R()
600 -

4004

2004

Time in davs

— —n=1 n=0.93 ----- n=0.83 - - n=0.73
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Figure.5:Plot of numerical solution of Recovered class R(t) corresponding to different time in
thirty days.

Figure 6 and figure 7 are graphical plots showing the relationship between the exposed population
and infected population and isolated class versus recovered population respectively

10 /!
/
s
8 //
/
/
£
’ /
1) and E(f) /
ré
Ve
‘ ’
7
/
e
2 -
-~

— - -
0 /

0 10 20 30

Time in days

——13 E®)

Figure.6:Plot of numerical solution of exposed class and infected class R(t) corresponding to
different time in thirty days.
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Time indays

R

—— Q@
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Figure.7:Plot of numerical solution of isolated class and Recovered class R(t) and the
corresponding to different time in thirty days.

Conclusion

This paper considered the Mathematical and analysis of COVID 19. The model presented the
susceptible class S, exposed population to the pandemic F, the infected population I , the isolated
population @, the recovered population from the pandemic R.

The Laplace Decomposition method which is a very useful algorithm to solve non-linear model is
applied. From the study, it is observed that physical contact with the infected person is the major
cause of the spread of the pandemic. It becomes imperative that isolation of infected person can
flattened the curve of the spread of the virus. From the graphical result, it is also observed that the
susceptible class increases as the value of n increases. This is also applicable to the exposed, infected,
isolated and recovered population. This confirms that the pandemic increases with physical contact
with the infected. To reduce the spread of the disease is to limit the contact with an infected person
and also the used of pharmaceutical/non pharmaceutical control measures as a means of reducing
the spread of the dreaded covid 19 pandemic.
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