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Abstract— A pandemic Covid-19 is an epidemic that spreads over a big region,
Crosse international borders, and often affects a lot of people. Only a few pan-
demics result in severe illness in a subset of people or in an entire community.
The virus has mainly affects the elderly population that causes Covid-19, has
mainly been transmitted through droplet generate once an infected persons ex-
hales, sneezes and coughs. These symptoms are too heavy; to hang in air, and
quickly, fall on surface or floor. The COVID-19 model including the Vaccination
Campaign is of natural phenomenon which can be represented as a system of
differential equations for the first order; the mathematical models include a sys-
tem of several second order nonlinear equations. We applied the Adomian de-
composition methods to the mathematical models of Covid-19. The main ad-
vantage of this method is that it can be directly applied to all kinds of linear and
nonlinear differential equations, homogeneous or nonhomogeneous, with con-
stant or variable coefficients. The solutions of the model are non-negativity. It
indicates that the, infection, will be gradually the epidemic and disappear will,
stop. If, R_0>1, the average of each affected individually. More than one person
has infected, and the incidence of infection is in wrinkles. That means the epi-
demic, will not be end, while maintain the existence of the disease, the R_0=1
means that each infected patient results in an average infections.
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1. Introduction

Coronavirus (Covid-19) was a persistent global, epidemic of the Covid-19, which broke out,
on December, 2019 in Wuhan city, China. On February 2020, it has been begun to spreading
rapidly worldwide. The ASARS-COV-2 virus strain transmitted from infected animal to human,
it causes the infection of 10 million people, and the death of hundred thousands of people world-
wide. This is according, to statistics that reported, by country authorities, including the local
Health Ministry [1-15]. The Covid-19 has 3 types which are also known, as beta, gamma and
alpha. There is also, another type that is called, delta SARS- CoV. Humans’ coronavirus was first
identified in 1960s [16]. The virus has mainly affects the elderly population [1]. The virus, that
causes Covid-19, has mainly been transmitted through droplet generate once an infected persons
exhales, sneezes and coughs. These symptoms are too heavy; to hang in air, and quickly, fall on
surface or floor.
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Studies have been discussed the international trade as the driver of virus spreads [17]. Some
studies have discussed SARS-CoV-2, and the corresponding diseases [18-23]. Many studies have
been discussed the matter of the effective reproduction number [24-25]. The research tries to find
the connection between environmental factors and spread of Covid-19 [26]. Also, study the clin-
ical feature of corona virus, and discuss the outcomes in short term of eighteen patients of these
patients with the Covid-19 are in intensive, care unit. Instruction has been given on keep the
distance, of at least two meters, from other person. The virus was spread by shard of saliva emit-
ted by sneezing, coughing, speech from a person, who infested with the virus. The incubations
time were on the average five days. Thus, the health ministry has been decided to the isolation,
of at the least 14 days, from moment of the discovery, of the virus. During that time, carrier
person can be infecting others. Symptoms are usually shortness of breath, cough and fever. In the
elderly, populations, complications might like kidney failure, blood clots accumulation, and
pneumonia. There was no specific drag or vaccine against the Covid-19; however, studies were
being ducted worldwide [28]. Greater measures may be needed for reduce the airborne transmis-
sion of the virus including regular disinfection and room ventilation. It is effectively limit the
concentrations of SARS-CoV-2 in aerosol. But, most of the period, social distancing was not
respected. Recently, the sanitary protection, that is providing by the universal wearing of mask
represent a promising practices for reducing transmission, of Covid-19 infections.

The epidemiological result has been provided at the beginning of pandemics by number of
countries, including Singapore, South Korea, Japan, Taiwan, Hong Kong. It shows efficacy of
universal, masking as, the sort of a control measures, even in absence, of the severe lockdown
over the pandemic. The necessity, of the mask, that against asymptomatic spreads in aerosols,
and droplets. The evidence was provided, of fact that no wearing masks maximize exposure,
whereas the least, levels of exposure were achieved through a universal mask. The universal use,
of face masks helps to reduce the size, of the spread particles from, 100um to 1-0.1pum, especially
in asymptomatic, humans and those with, the mild symptoms. The aim of the study was to esti-
mate mathematical modeling depends on the mathematical language that describes the behavior
of a natural phenomenon .

2. COVID-19 Mathematical Model

Mathematical modeling depends on the mathematical language that describes the behavior of
a natural phenomenon. The COVID-19 pandemic model including the Vaccination Campaign is
of natural phenomenon which can be represented as a system of differential equations for the first
order, the model is formed (1)[16].

The population of COVID-19 pandemic model is divided into five individuals named com-
partments, S(t), E(t), I(t), V(t) and R(t), so this model is made (SEIVR),[16]. The first stage;
Susceptible population is the healthy individuals with the symbol (S), the second stage; Exposed
population; the infected individuals in the incubation period who do not show symptoms of dis-
ease and are denoted by (E). The third stage; the Infected population is the infected individuals
and the given rise to infection after incubation interval and symbolized by (I), the fourth stage;
the Vaccinated population is the individuals who take the vaccination and symbolized by (V), the
fifth stage; Recovered population are the individuals who die or recover which are coded by (R).
The derivatives of all compartments of the coronavirus model are continuous at t > 0. The solu-
tions of the model are non-negativity. The system of COVID-19 understudy is offered in (1),
[16]:
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=i} =A—(aE +m+ pu)S. (2.1)
dt

digt) = aSE 4+ pVE — (fl + c + p)E. (2.2)

w=fE1—(z+u+a)I. (2.3)
dt

adO) =mS — (pE + WV. 24)
dt

dr(t)
P zl + cE — uR. (2.5

where Table (1) has a description of the parameters of the COVID-19 model.

Table (1) Description parameters of the COVID-19 model with their values

Parameter Description Value of References
Parame-
ters
A Recruitment rate of COVID-19 viruses 50 [29]
o Rate of transition from susceptible individuals to ex- | 0.002 estimated

posed individuals

m Proportion of vaccinated susceptible individuals 0.5 estimated
f Rate at which exposed people become infected (1) 0.008 estimated
p Disease exposure rate for vaccinated individuals 0.08 estimated

z The recovery rate of infected individuals 0.012 estimated
u Natural death rate 0.009 estimated
c Recovery rate of exposed individuals 0.05 estimated
c Disease-related mortality 0.25 estimated

3. Solving COVID-19 Model by Analytical Method
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A numerical method is a process to find the solutions approximately at specified points, most
initial value problems can be solved numerically like the COVID-19 epidemic system in the
present work. In this section, the Adomian decomposition method (ADM) can be utilized to solve
the COVID-19 epidemic problem in waist in 2020. First, the form of ADM is presented below,
the general formula of S Ey 411541 Vieriand Ry, for the ADM method is:

Sper = I"(A — aldy — mSy — uS;) k=0 (3.1)
Epey = "2 (aAy + pBy — fCi — cEx — uEp)- k= 0 (3.2)
ey = Y (FCy — 2l — ply — 01). k= 0 - (3.3)
Vigr =171 (mSy — pB —uVy).k =0- (3.4)
Risr = U2zl + cEy —uRy). k=0 (3.5)

The general form of the nonlinear borders A,, B, and ;. have to be: by Using the Alternative
Method

A= (Z:;()En) (Z:=05n>.k =0.12...

Ay = (Eg+E +E;+)(So+ S+ S, + ).

=EySo + EgSy + EgSy + -+ E1Sg + E1 Sy + E1Sy + -+ EpSg + EpSy + EpSy + -+

By = (Z;En) (Z:;ov”)'k =0.12...

Bk = (E0+E1+E2+"')(V0+V1+V2+"')-

=EgVy + EqVy + EqVy + -+ E1Vy + E{Vy + E{Vy + -+ EVg + EVy + EQV, + -

C = (Z;En) (Z;In).k =0.1.2...

Ck = (Eo +E1 + EZ + "')(IO +11 +12 + "')-
= Eyly + Egly + Egly + -+ Ejly + E Iy + Eql, + -+ Eylg + Eo 1y + EQl + -+
Substituting for all 4, and S, by Eqg. (3.1), 4, By C, and E, by Eq. (3.2), C, and I, by Eq.
(3.3), Sy By and V, by Eq. (3.4), I, E, and R, Eq. (3.5), to obtain :
S =U"YA—ady—mSy—uSy).k=0-

E; = 1Y adg +pBy— fCy — cEy —uEy).k=0-
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L =17Y(fCy—zly — uly — cly).k = 0
Vy =171 (mSy —pBo — uVp).k 20+

Ry =17Y(zly + cEy — uRy). k = 0~
Now we find S,. E,. I,.V, and R,.

Substituting for all A; and S; by Eq. (3.1), A;. B;. C; and E; by Eq. (3.2), C; and I; by Eq. (3.3),
Si.B; and V; by Eq. (3.4), I,. E;.and R, Eq. (3.5), to find :

S, =1I"Y"(A—ad; —mS; —uS).k=0-
E; =1""(aA; + pBy — fCy — cE; — uE;).k 2 0~
L=1"YfC,—zl, —ul; —cl,)).k=0"
V, =1"Y(mS; —pB, —uVy).k =0-
R, =1"Y(zl; + cE; — uR).k = 0"
Now we find S3. E5. I5. V5 and R5.

Substituting for all A, and S, by Eq. (3.1), 4,. B,.C, and E, by Eq. (3.2), C, and I, by Eq. (3.3),
SZ'BZ and VZ by Eq (34)1 12. Ez. and RZ Eq (35), to get :

S3=1""(A— ad, —mS, — uS,).k 20"
Es =1"Y(aAy + pB, — fC; — cE, — uE;).k = 0"
Iy =1"Y(fC, —zl, —ul, —0l,). k=0

Vs =1"Y(mS, —pB, —uVy).k =0

Ry =1"Y(zl, + cE, —uR,).k = 0"

The Adomian decomposition method assumes that the unknown functions S(t). E(t).1(t).V(t)
and R(t)that can be written by series as follows:

S = Z:o_os"' 0 ZZ;E"‘ 10 =Zw_ Ie. V() = Z:;OV,(. R(D)

= Rk'
k=0
[oe)
S(t)zz Sk=SO+51 +52 +S3+"' (36)
k=0
E(t) ZZ?:OEt=E0+E1+E2 +E3+"' (37)
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[oe)

I(t)=z L=+ L+1L+1;+- (3.8)

k=0

V(t)zz Vt=V0+V1+V2+V3+' (3.9)
k=0

R(t) = R, =Ry+Ry+R,+R3+ - (3.10)
k=0

S(t).E(t).1(t).V(t) and R(t) of ADM results are unsettled terms.
4. Results and Discussion

The initial conditions are taken which is as follows; S_0= 500 , E_0=0.622 |_0=0.151, V_0=0
,R_0=0.189 The problem of the Corona epidemic is discussed in 2020. It is analyzed in this
section. A model is given for COVID-19 [16] because an exact solution is not available for the
current model, in Figure 4.1 the expected values were used to compare the current approximate
solutions for ADM and [RK] _4. We note the convergence of the numerical curve with the
approximate curve, which indicates that the ADM method is an effective, convergent and reliable
method for solving polynomials. Note that the population decreased in period 0.02. Then it
stabilizes at one level in the period 0.04 until the epidemic will continue.
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Figure 4.1: Comparison Susceptible (S) between RK4 Method and present method (ADM) for
Covied-19 model in [16]

Figures 4.2 describe the behavior of each phase for the COVID19 epidemic. The behavior of
S(t), the population has decreased gradually since the virus began, then will be stable at the end
of 0.02 to the following years. On the other hand, it is noticeable that the E(t) has increased since
the beginning of the spread of the virus, reaching its highest possible in 0.04. Then it starts de-
clining with 0.06 to the end. After that, it settles to the same level. It is clear that the behavior of
I(t) population has been increasing since the beginning of the epidemic and begins to decrease
gradually after 0.04, it will maintain the same level after 0.06. At the beginning of the spread of
the virus, the vaccine was not available until the end of 0.02, therefore, the behavior of the vaccine
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curve before the middle of 2021 should be ignored. With the vaccination campaign began, we
note that the curve of V (t) gradually rised to 0.04 and remained in a noticeable rise until 0.06,
then began to decline and stabilize at a certain level in 0.04 for the coming years. Finally, the
curve R(t) began to increase and rise gradually until 0.06. The increase would be very little in the
coming years for the curve R(t) . All the present study results agree with the previous studies [29]
for all stages of the Coronavirus epidemic in the results.
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Figure 4.2: Population densities of the COVID-19 model for the estimated values in [16]
5. Conclusion

The study has conclude that the population has decreased gradually since the virus began, then
will be stable at the end of 0.02 to the following years. On the other hand, it is noticeable that
the E(t) has increased since the beginning of the spread of the virus, reaching its highest possi-
ble in 0.04. Then it starts declining with 0.06 to the end. Population has been increasing since
the beginning of the epidemic and begins to decrease gradually after 0.04, it will maintain the
same level after 0.06. At the beginning of the spread of the virus, the vaccine was not available
until the end of 0.02.
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