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Abstract

This work is aimed at formulating a mathematical model for the transmission dynamics and control of
corona virus disease in a population. The Disease Free Equilibrium state of the model was determined
and shown to be locally asymptotically stable. The Endemic Equilibrium state of the model was also
established and proved to be locally asymptotically stable using the trace and determinant method, after

which we determined the basic reproduction number ( R;) of the model using the next generation

method. When (R, <1), the disease is wiped out of a population, but if (R, > 1), the disease invades
such population. Local sensitivity analysis result shows that the rate at which the exposed are quarantined
(0), the rate at which the infected are isolated (@), the rate at which the quarantined are isolated (77),
and the treatment rate ( ) should be targeted by the control intervention strategies as an increase in the
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values of these parameters (&,@,77 and y) will reduce the basic reproduction number (R,) of the

COVID-19 and as such will eliminate the disease from the population with time. Numerical simulation of
the model shows that the disease will be eradicated with time when enlightenment control measure for the
susceptible individuals to observe social distance, frequent use of hand sanitizers, covering of mouth
when coughing or sneezing are properly observed. Moreso, increasing the rates at which the suspected
and confirmed cases of COVID-19 are quarantined and isolated respectively reduce the spread of the
global pandemic.

Keywords: Corona; virus, model; quarantine; isolation, treatment.
1 Introduction

Corona virus (COVID-19) is an ongoing pandemic disease caused by severe acute respiratory
syndrome Corona virus 2 (SARS-COV2) [1]. The disease was identified in Wuhan, China in
December 2019 [2] and was declared to be a public health emergency of international
concern on the 30th January, 2020 and was also recognized as a pandemic by the World Health
Organization on the 11th March, 2020 [3,4]. As of 14" April, 2020 more than 1.94 million cases [5] of
Corona virus have been reported in 210 countries and territories [6] resulting in more than 121,000
deaths with more than 465,000 recoveries [5]. Death and recoveries rates vary significantly between
countries [7].

The symptoms include fever; cough and shortness of breath [8]. Complications may include
pneumonia and acute respiratory distress syndrome [9]. The time from exposure to onset of
symptoms is between 2 to 14 days [10]. They are no vaccine presently and they are no specific
antivirus medications approved for COVID-19, but development efforts are underway. Drinking
fluids, resting, oxygen therapy intravenous fluids and breathing supports may help to alleviate symptoms
depending on the severity [11]. The primary treatment is symptomatic and through supportive therapy
[9,11].

The disease is transmitted primarily during close contact and by small droplets produced during coughing,
sneezing or talking [2] with close contact being within 1 to 2 meters which is equivalent to 3 to 6 feet [12].
Both sputum and saliva can carry large virus loads [2,12].

Research shows that an uncovered cough can lead to droplet travelling up to 4.5 meters to 11.4 meters [2].
Respiratory droplets may also be produced during breathing out, talking, though the virus is not generally
airborne [2], the droplets can land on the mouths or noses of people who are nearby or possibly be inhaling
into the lungs [12]. The virus can also be transmitted when one touches a contaminated surface, including
skin and then touches the eyes, nose or mouth [13].

Diagnosis is on the basis of Symptoms, though confirmation is ultimately by reverse
transcription-polymerase  chain  reaction (rRT-PCR) of infected secretions or Computed
Tomography (CT) imaging [14,15]. The test using (rRT-PCR) can be done on respiratory or blood
samples and results are generally available within a few hours to days. In the U.S, a serological test which
detects antibodies are developed by cells and it is approved for emergency use by certified
laboratories only [16]. Preventive measures include hand washing covering one’s mouth when
coughing, maintaining distance from other people, and self-isolation for people who are
suspected to have been infected with the virus [12]. Authorities worldwide have responded by
implementing travel restrictions, quarantines, curfews and stay-at-home orders which has led
to severe global social-economic disruption, cancellation of sporting, religious, political and cultural events
[17].
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A number of modelling researches have already been performed for the epidemic. Wu et al. [18]
presented a Susceptible, Exposed, Infected and Removed (SEIR) model to describe the
transmission dynamics of the corona virus; they predicted a global spread of the virus. Read et al. [19]
estimated a value of (3.1) for the basic reproduction number of COVID-19 based on data
fitting of a SEIR model which epidemiologically shows that the disease will spread globally.
Tang et al. [20] also proposed a deterministic model for corona virus with a high basic reproduction
number of (6.47) which implies that the disease will invade the population. Gao et al. [21] developed a
model that incorporates a learning algorithm to analyze the infectivity of the novel corona
virus and predicts its potential host, results show that bats and minks may be the two animal hosts of the
virus.

Most of the existing work on corona virus did not consider the role of control measures in the
spread of COVID-19 as highlighted above. In this present work, we present the role of
enlightenment control measure for the susceptible individuals to observe social distance, the need to use
hand sanitizers or frequent washing of hands, covering of mouth when talking, coughing or
sneezing in public and lastly the isolation of infected human on the spread and control of corona virus in a
population.

The specific objectives of the work are to develop a mathematical model for the transmission
dynamics of COVID-19 with control measures, to determine the basic reproduction number of the
pandemic disease, to perform local stability analysis of the model and to conduct sensitivity analysis on the
model parameters to determine which of the parameters can be targeted by the control intervention
strategies.

This study is significant as humanity will always entertain contributions for prevention, control and even the
eradication of the COVID-19 pandemic. The research will be appreciated in the medical world; policy
makers can also use the acquired knowledge from this research on the need to always quarantine suspected
cases of COVID-19, isolate the confirmed cases, observation of social distance, frequent washing of hands
or the use of hand sanitizers, covering of mouth when coughing or sneezing in public by the Susceptible
individuals and the provision of supportive treatment to the infected individuals. The general public will
through this research see the need to observe preventive measures on the need to stay safe as prevention is
better than cure.

2 Model Formulation and Procedures
In modelling the spread of disease (COVID’19) pandemic, we assume the following:
. The model incorporates a net inflow of individuals into the susceptible population. This parameter

comprises of new births, immigration and emigration.
il. All classes of the population die naturally.

iii. Disease induced death is considered in the model.

iv. Infected individuals can recover naturally, though the rate is assumed to be minimal.

v. The Recovered has permanent immunity for re-infection.

Vi. Every individual taken for treatment recover at a high rate, that is to say the treatment is considered

to be effective.

vii. The population is divided into the Susceptible class (S), the Exposed class (E), Quarantined class
(Q), Isolated class (J), the Infected class (I), the Infected but treated class (I7), and the Recovered
class(R).

2.1 Model formulation

The Susceptible population (S): The Susceptible population is recruited at the level of (1), decreases at the
rate by which they are exposed to the virus at a contact rate of (). This rate can be reduced by a factor
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(1 — a), where (x) is a control parameters which represents the enlightenment control measure for the
Susceptible individuals to observe social distance (that is to say, to avoid close contact), washing of hands
always or the use of hand sanitizers, covering of mouth when talking, coughing and sneezing. These
strategies are assumed to be observed at the same rate of (x).The susceptible population (S) decreases
finally at the rate of (u) which represents natural death of the individuals.

The Exposed population (E) : The Exposed population, increases by the progression of
individuals from the susceptible class at the rate of (1 —x) . If x =0, this implies that the
susceptible individuals do not observe the necessary control measures stated or the campaign
has no influence on the susceptible population. If x =1 the Susceptible individuals observe the
necessary control measures and as such the campaign has influence on the susceptible population.
The Exposed population reduces as a result of the progression of individuals into the infected
class at the rate of (B), the population also decreases because individuals with suspected cases of
COVID’19, which are assumed to be quarantined at the rate of 6(1 + y), where (y) is a control
parameter that represents the enlightenment campaign measure for the exposed individuals to be quarantined
for some times. If y = 0 the campaign has no influence on the Exposed population, whereas, if y = 1, the
campaign has influence on the Exposed class. The class finally reduces due to natural death rate at the rate of

w.

The Quarantined population (Q): The Quarantined population increases due to the progression of the
Exposed individuals (Those suspected to have COVID’19 but do not show the symptoms) to the
Quarantined class at the rate of 8(1 + y), the class reduces due to the progression of confirmed cases of
COVID’19 into the Isolated class (J) at the rate of (77). The population of the quarantined class reduces
finally due to natural death at the rate(u).

The Isolated class (J): The Isolated class is increased due to the progression of those who are quarantined
and after sometimes they become symptomatic (showing symptoms of the disease) which are now isolated at
the rate of (7). The population also increases due to the progression of the infected at the rate of @(1 + z)
where (z) is a control parameter that represents the enlightenment campaign measure for the infected
population to be isolated immediately for treatment. If (z = 0), the campaign measure has no influence on
the infected population, whereas if (z = 1) the campaign has influence on the population of the infected
class. The population of the isolated class reduces due to the rate at which individuals in that class are taken
for treatment at the rate of (y) also the class is assumed to be reduced due to natural recovery at the rate of
(p). This is possible because we assume that individuals infected can naturally recover at a minimal rate of
(p). The population finally reduces due to disease induced death and natural death at the rate of (o) and (1)
respectively.

The Infected class (I): The Infected class is increased due to the progression of individuals from the
Exposed class who are infected at the rate of (8), the population reduces at the level of @(1 + z), this
represents the rate at which the infected are isolated. The population also reduces due to minimal natural
recovery rate of (1). The class finally decreases due to disease induced death and natural death at the rates of
(o) and (u) respectively.

The Infected but treated class (I7): The Infected but treated class is increased due to the progression of
individuals from the isolated class who are taken for treatment at the rate of(1). The population reduces due
to the rate by which treated individuals recovers at the rate of(w). This population reduces finally due to
disease induced death and natural death at the rate of (o) and (u) respectively.

The Recovered population (R): The Recovered population increases due to the progression of individuals
from the infected and isolated classes that recover naturally at the minimal rates of (1) and (p) respectively.
The class also increases due to treatment at the rate of(w). The Recovered population reduces due to natural
death at the rate of(u).
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2.2 Model flow diagram for the transmission dynamics and control of COVID’19
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Fig. 1. Model flow diagram for COVID’19

2.3 Mathematical model for the transmission and control of COVID-19

The mathematical model that incorporates the above assumptions is given as:

%z/\—a(l—x)S—uS

= a1 -x)S - [0(1+y) + B +ulE
2= 0(1+yE -1 +wQ

T =nQ+0(1+2) - (u+o+7r+p)
dai

%= BE-[0A+Z2)+ A+ 0 +u]l
dr
d—tT:V]— (w+p+o)lr
S = U +p] +wly — R
a1E+azQ+azj+agl+aslr

N

and0<x<1,0<y<10<z<1

Where a =

where x,y, z, are control parameters

2.4 Model variables and parameters description

\

Table 1. Model variables & description

)

S/N VARIABLES DESCRIPTION

1. S Susceptible Human

2. E Exposed Human *

3. Q Quarantined Human

4. ] Isolated Human

5. I Infected Human

6. Ir Infected but treated Human
7. R Recovered Human
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Table 2. Model parameter and description

S/N VARIABLES DESCRIPTION

1 A Recruitment rate

2 a Force of infection

3 6 Rate at which the exposed are quarantine

4 n Rate at which the quarantined are isolated

5 B Rate at which the exposed are infected

6 [0)] Rate at which the infected are isolated

7 y Treatment rate

8 p Natural recovery rate of the isolated

9 y! Natural recovery rate of the infected

10 w Recovery rate due to treatment

11 o Disease induced death rate

12 u Natural death rate

13 x Enlightenment control measures for the susceptible individuals to
observe social distance, washing of hands, covering of mouth when
talking, coughing and sneezing

14 y Enlightenment control measure for the exposed to be quarantined

15 A Enlightenment control measure for the infected to be isolated

3 Model Analysis

3.1 Disease free equilibrium (DFE)

At the Disease Free Equilibrium (DFE), there is no COVID-19 infection and as such
E=Q=J=1=1;,=R=0
Also at equilibrium:

ds _dE _dQ _dj _dl _dlr _ dR _
dt  dt dt dt dt  dt  dt

The DFE state is represented by:
[SO EO QO JO IO ITO RO]
Which is represented by:-

g = [%,0, 0,0,0,0,0] )

Proof :
From model (1), we have from the susceptible equation that
0=A—a(l—x)S°—us°®

But the force of Infection

_ aEtaQ+azjtagltasit
= " =

This is obviousbecause E = Q = J =1 =1 =R =0

74



William et al.; ARJOM, 16(11): 69-88, 2020, Article no.ARJOM.63754

0=A—pS°

us® = A

=50 =2
u

Since there is no infection at DFE state, therefore we can state categorically that E® = Q% = J° =% =
I°=R"=0

3.2 Endemic disease equilibrium (EE)

At the endemic disease equilibrium, infection exists and as such we let:
S=S"E=E,Q=0Q"]=J,1=1"I,=1;"and R =R*

Also at equilibrium,

ds _dE _dQ _dj _dl _dlyp _dR _
dt  dt dt dt dt  dt  dt

The EE is represented by [S*,E*,Q",J*, I*,I;" R*] which is given by:

a(1-x) B 0(1+y)E* (w+p+o)ir*
e — [0(1+y)+B+ulE*’ [8(1+2)+A+0+u]’ (+u) y ’ 3)
17 ) 4+ uto+y+p)(w+p+o) It*=ynd (1+y)E* A+uy DI YAI* +[p(w+p+0)+ywliT*
oy (n+u)(1+2) " lwyutppw(@+u+o)]’ yu

Proof:
From the second equation of model (1)
0=a(l—-x)S*—[6(1+y)+ B +ulE*

B a(l—x)
[0 +y) + B+ uIE

*

(4)
Also from the third equation of model (1) we have that

m+wQ =6+ 1A+ yE"

_ 6(+y)E*

“O= 0w ®

Also from the fifth equation of model (1) we have that

[6(1+2)+A+ 0+ ull* = BE*

. * 18
~E = [B(1+2)+A+0+ull* (6)

From the sixth equation of model 1 we have that

(w+p+o)l" =y]*
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W]t = (w+p+a)ir” )
From the fourth equation of model (1) we have that
(w+o+y+p)J =m0+ 01+ 2)I"
A+ =@u+ao+y+p) —nQ
o tory+p) —nQ )
(1 +2)
Substituting equation (5) and (7) into (8) we have that:
ot toty+p)(wtpt o)l —ynd( +y)E ©
oy(n+ 1)1+ 2)
From the last equation of model (1) we have that
UR* = A" + pJ* + wl”
- gt = Mtpsitolr” (10)
I
Substituting equation (7) into (10) we have
R* = YA Hp(wruto)tywlir’ (11)
12
Also from the last equation of model (1), we have that;
UR* = AI' + pJ* + wly”
Where wl;* = uR* — AI* — pJ*
I* = !M% (12)
Substituting equation (7) and (11) into (12) we have that
Uryu+ pulw +p+ o)l lo = (A —wy)I
= s (3)

The presence of E*, I" and I7 in the expression for &; which is represented by equation (7) shows that the
disease is actually present in the population.

3.3 Basic reproduction number (Ry) of the covid-19 model

Definition: It is defined as the number of secondary infection produced by infected persons during his/her
life time, in a complete susceptible population [22]. The basic reproduction number is mathematical
expressed as:

R, :V(FVil)

Where:
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OFi ovi

Fzgj(xo) and gj(x())
Such that
7 [+ )+ B+ wlE
| Q-0+ VE
F= a(l-x)s° | and Vi= (u+o+y+0J-nQ—p(+2) | where:
N [¢(1+z)+ A+ o+ u]l — PE]
0 (w+u+o)l, —W
0
U

o E+a,0+aJ+a,ld+al,
o =

N
a,(1-x)8° a,1-x)S° a,(1-x)S° a,(1-x)S° a;(1-x)S°
N N N N N
0 0 0 0 0
= 0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
Also
[(1+ )+ f+u] 0000
” —¢(+y) (n+px) 00 0

0-n(u+o+y+0)—¢(l+2) 0
- 00 [pQ+2)+A+0+u]0
00-y 0 (w+u+o)

Using maple 2015 software and find the inverse of V we let a=[0(+y)+ [+ ul,
b=—01+y),c=+w.,d=(u+oc+y+0),e==01+z),f =[¢(l+2)+A+0+ ul.g(0+ u+o0)

1—0000
vi= |°

iLOOO

ac ¢

—bfntcep n 1 -e
deaf cd d fd

LOO ! 0

af .

—yOfn+cep) v y -y 1
dcafg dcg dg dfg g
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Also using maple 2015 software

k, ky, ky k, ki
00 00O
(FV™)=/00 0 00 Where
00 00O
100 0 00 |
B _ _ _ 0
b [ b alceB=bm) ap asGeep—bim ]0-0S
L ¢ cdf f cdfg aN
i _ 0
k, =| o, + 21 ET 1-x)8
i d dg cN
_ 0
ky=|a, +055;/}(1 X)S
L g dN

i ae asre|(1-x)S°
k, = a4_3_5}(ﬂ\;

Now finding the Eigen values of (F y! ) Using the same maple software gives:

> O O o O

1

The dominant Eigen value is seen to be k, = /(FV)™' =R,

- {al b ay(cef-bn) af as(eep- m)} (1-0)S"°
¢ Cdf f Cdfg aN

A

_ . . A
Substituting now expressions for a,b,c,d, e, f, g stated earlier, where S° = —, N = — we now have

H H
that:
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L) i) @Le2) +Ax o+ p—gAn+p1+2)]

_ 7+ 1) 7+ p)(u+o+y+0O@l+2)+ A+0+ 1) (1-x)

0 a (Hl+y) +a5[76’n(1+y)(¢(1+2)+/1+6+ﬂ)—7¢ﬁ(77+ﬂ)(1+2)] Al+y)+f+p
(l+2)+A+0+u (+p(u+oc+y+0@l+2)+ A+ 0+ p)(o+ p+0)

q

Equation (14) is therefore the basic reproduction number for the spread of corona virus in a population. The
value of this quantity ( RO) determines whether the disease will be invaded in a population or the disease
will be eliminated from a population.

If R, <1this epidemiologically implies that the disease will be reduced or eliminated from the population.
Similarly, if R, > 1, the disease invades the population. Therefore to control the COVID-19, effort should
be targeted toward the reduction of this quantity ( R) to be less than 1. This can be achieved by increasing

or decreasing values of same sensitive parameters that form the (R,) which will be discussed in section
(4.0).

3.4 Local stability analysis of the disease free equilibrium state of the model

We investigate the local stability of the disease free equilibrium point of the model. We first linearize the
model by computing its Jacobian matrix (J) at the disease free equilibrium point(&y).

From the model (1), the Jacobian matrix (J) is expressed as:

—la@—x)+u] 0 0 0 0 0 8
a(l—x) -b@+y)+p+ul o 0 0 0 0
0 o0(1+y) —(m+uw 0 0 0 0
= 0 0 n —(u+o+y+p) o(1+2) 0 ol (%
0 B 0 0 - +2)+1+0+u] 0 0
0 0 0 14 0 —(w+p+oa) g
0 0 0 p A w —u
Now the Jacobian matrix (J) at the DFE (&) is given by
—u 0 0 0 0 0 8
0 —[6d+y+B+ul 0 0 0 0 0
0 0(1+y) -+ 0 0 0 0
Jo=1]o0 0 n —(u+a+y+p) P(1+2) 0 0
0 B 0 0 —-[0(1+2)+ 2+ 0+ u] 0 0
0 0 0 14 0 —(w+puto)
0 0 0 P A w —u

Using the principle of m-matrix, the Eigen values of J, have negative real part which are given by

M=—pud=—[0(1+ )+ B+pul=—M+ ) A=—u+o+y+p)h=—[0(Q +2)A+ 21+ 0+
U A= (wtpta) h=—u

Since the Eigen values of the Jacobian matrix of model (1) at the disease free equilibrium have negative real
parts, we therefore conclude that the disease free equilibrium state of the COVID-19 model is locally
asymptotically stable. This means, a little variation of this present state does not cause any change in the
system.
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Epidemiologically, this result implies that the disease will be eradicated with respect to the initial condition
(population) considered.

3.5 Local stability analysis of the endemic equilibrium point

Using the method developed by [23], the endemic equilibrium point of a model is locally asymptotically
stable provided the determinant of the Jacobian matrix (15) is greater than zero and the trace of the same
matrix is less than zero both expressed at the endemic disease equilibrium point (&;).

Now, trace is defined as the sum of the major diagonal element of the Jacobian matrix(15);

From the Jacobian matrix expressed in equation (15), we have that

Trace of the Jacobian matrix is evaluated as:

J= —[(@@-0)+W+OA+N+B+W+ W+ +w+o+y+p)+ @A +2)+1+
THu A w+uto+u

Therefore the Trace of the Jacobian matrix (15) is given as:
J=—lal-x)+01+y)+0(1+2)+B+n+y+p+w+Ai+3c+u] (16)

To find the determinant of Jacobian matrix (15), we use maple 2015 and result shows that the determinant of
the matrix expressed in equation (2) is given by:

J=[(a@-0+w@A++p+Wh+Wu+o+y+p)@A+2)+2+o+w)(@+u+ou] (17)
From equation (16) and (17), we have that, Trace of J < 0 and the Determinant of J > 0

Since the trace of J< 0 and the determinant of J > 0, both at endemic equilibrium, we conclude that the
endemic disease equilibrium is asymptotically stable.

This implies that a little variation of the present state does not cause any change in the system.
3.6 Sensitivity analysis of COVID 19 model

Sensitivity analysis shows how sensitive a model or system is to changes in the value of the parameter of the
model and the variation in the structure of the model. It enables us to have confidence in a model by
studying the probabilities that are often associated with parameters in such models.

Sensitivity analysis of COVID-19 model is conducted to know which parameters should be targeted by
control intervention strategies.

Mathematically, the normalized forward sensitivity index of parameters ( ¢ ) that depends on differentiable
(R,) is defined or expressed as:

OR o
Ry _ 0 « 18
Xa' =50 R (18)

The sensitivity index of the remaining parameters that depend on the differentiable quantity (R,) can be
expressed or defined just the same way as equation (18).Using maple 2015, we got that:

80



William et al.; ARJOM, 16(11): 69-88, 2020, Article no.ARJOM.63754

X5 =0k, + )P+ 2)+y+ o+ p) @+ pu+0)  ky(1-x)+a,(1+ y)k,

[d(l+2)+ A+ 0+ pw)( o+ u+0o)k,(1-x)+an(n+ u) (gl +z)+ A+o+ u) @0+ u+o0)

[ks =B+ )1+ 2)Jky (1 - x) =k (17 + p)(@ + p+ o), (1+ y)ky (1= x) + a5 [ kg — ypP(n + 1)
A+, (n+ L)@l +2)+ A+ 0+ k(1 -x)} KK, (7 + 1)(@(1+2)+ A+ o+ p)( o+ u+o)/
k,(n+ )@ +2)+ A+o+ o+ pu+o)aky (1-x)+a,(1+ )k [¢(l+2) + A+ 0+ )
(@+ p+ O)aky (1= )+ (1 + )P+ 2) + A+ 0+ )@+ +u+ )k — #B0n + 1)(1+2)
=-0.6121132

25 =K, + 0)((1+2) + A+ 0+ )@+ p+ ) Ky (1-x) + a,0(1+ y) K,
[I+2)+(A+o+ ) (0+pu+0)K,(1-x)+an(n+ (1 +2) + A+ o+ p) o+ u+0o)

[ks = BOp+ 1)1+ 2) ey (1= x) =k, (17 + p)(@+ pa+ 0), 01+ y)ko (1= x) + ais[ ks — B

7+ 1A+ 2) ey 7+ 1)+ 2) + A+ 0+ kg 1= X) ko (7 + )1+ 2) + A+ 0+ )@+ p+0)/
7+ O(1+z2)+ A+ o+ p)(o+ p+o)oyky(1-x)+k, (7 + )0+ p+o)o, 01+ )k, (1-x) +
aslks — ygAn+ )1+ 2) e, (17+ 1O+ 2) + A+ 0+ ks (1-x).

=-0.8231501

2, =i+ 2)+ 7+ o+ u) @+ p+0)a k(1= x) +a, (1+ y)knlg(l+ 2) +
y+o+u)o+u+o)k,(1-x)+a,(n+w)0(1+z)+A+o0+u)o+u+o)

[k =08 (n + p)(1+ 2)] = ks (@ + p+ o)a, (L + y)ky (1= x) + a[ky — ygfu(l+ z)]
koug(L+z)+y+o0+ wky(1—x)kok,(n+p)O(0+2)+ A+0+u)/ k,(0(1+z2)
+A+o+u)o+pu+o)ak,(1-x)+a,1+ )k, [¢(0+2)+ A +0+ p)ak,(1-x)+
a,(n+p)g(l+z)+A+0+u)+a,00+ y)ky(1+x)+ aslhky —ypp(L+ 2)ulk, (n + p)
(@A+z)+ A+0+ wk,(1-x).

=-0.3241120

)(,g” =pk,(n+ W)@ +2)+(A+o+u)o+u+o)ak,(1-x)+(a,1+y)kn+A+0+ u)
(@+p+o)ky(l-x)+ann+pu)g(d+z)+A+0+pu)o+pu+o)lks—¢n+ u)1+2)]
ky (1= x) =k (7 + )@ + g+ @)a, (L+ kg (1= x) + as[ky = (7 + p)($(+ 2]k, (7 + 1)
P@A=2)+A+0+ k(1 -} koky(n+ ) @A+ 2)+ A+0c+uo+u+o) k,(¢(1+2)+
A+o+uNo+u+o)ak,(I+x)+a,Q+y)d(l+2)+A+o0+u)o+u+o)ok,(1-x)+
a, 1+ ) p(+2)+ A+o+u)o+u+o)ak,(1-x)+ann+u)gd+z)+A+0+ u)
(@+p+0)kg—¢(n+ p)(1+2)]

= 0.8341261
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2 ==l (4 I+ 2)+ Aot 0 )@+ a+0Votky (L=) + g+ i@+ 2)+ At o 40)+
(0+ p+0)lks —gf(n+ w1+ 2) ey (1 —x) —k, (7 + )@+ p+ o), (1+ Yk (1-x) + a5

[ks — @B+ 1)1+ 2) I, (17+ )KL+ 2) + A+ 0+ ko (1= x) Yok, (7 + 1) (K1 + 2) + A+ 0+ 1)
(o+u+0) k;(n+ (P14 2)+ A+ 0+ w0+ p+o)aky(a—x)+a, 1+ )k, [¢(1+ 2]

+ A+ o+ )0+ p+o)ok,(1-x)+an(n+ w)(@l+2)+ A+ o+ p) o+ u+ o)k, — 6

(+ )+ 2) =k, (7 + )@+ p+ o), 61+ y)ky(1-x).

=-0.52411130

Ry _

2, =Mk, + 1)1+ 2) + 0 + p)(@+ p+ o)aky (1= x) + o, 1+ Y)k; [p(1+ 2) + 0 + 1)
(@+ p+0o)ky(1=x)+an(n+ p)Pp(l+2)+ o+ p)@+ p+o)lks —ppn + 1)1+ 2)]

ko (1=x) =k, On + p)(@ + 1+ o)a, (1+ y)ko (1= x) + s [k = y#f (1 + 1)1 + 2) 1k (17 + 1)
(p(1+2)+ 0 + ks (1= x) ko key (7 + 1) (7 + )@+ 2) + 0 + p) (@ + p+ 0)a ko (1-x) +
a,(1+ )k, [¢(1+ 2) + o + p) @+ p+ o) ks (1= x) + asgf(n + )1+ 2)k; (7 + p)(p(1+ 2) +
o+ wk,(1-x)].

=0.0082113

Ko = 0k, 7+ @)@+ 2) + A+ 0+ @)+ o)aky (1= ) + 0, 1+ )k, [+ 2) + A+ 0+ )
(p+0)ky (1=x) + s + )@+ 2) + 0 + A+ p)lkg = (0 + 1)1+ 2) ey (1= X)k; (17 + 1)1+ 0)
ot (L )k, (1= x) 4 [y 87 + 1)1+ 2y (74 0@+ 2) + 0+ )y (L)} 7+ ) (L +2) +
A+o+ ) (u+o)ok,(1-x)+o,(1+ y)kn.

=0.0583215

,}'ﬁ' =oy ik, (n+ ) Hl+2)+A+o+ W)+ u+o)k(1-x)+a,(1+ V)kplel+2)+
A+o+ o+ p+ o)k, (1-x)+an(n+ uldl+2)+ A+ o+ pufw+ pu+ o)k, —ofp

(M + 1+ 2k (1-x) -k, (n+ )0+ p+ o)a, (1 + v)k (1- x) + o[k — ydBln + )1+ 2)]
kn(n+ (@ +2)+ A+0 + 1)k, (1- ) kk,(n+ 1)(@(1+ 2) + A+ 0+ @)+ u+ o)/ k,
M+ m(@p(l+2)+ A+0+ p)w+ p+ o)k (1-x).

=0.6321110

,}'fl' =adk,(n+ 1 Kl+2)+ A+ o+ o+ pu+a)onk,(1-x)+ oy 1+ vk [¢(1+ 2) +
A+va+ o+ pu+ayk,(1—x)+an(n+ (@1 + )+ A+ o+ o+ u+ o)k, —dfn + 1)
I+ kA= x) =k, (n+ )@l + 2) + A+ o + 1k (1= xX) ke kn(n + ) (Kl +2)+ A+ 0+ 1)
(0+ u+ o)k, —gf(n + )1+ )]k (1-x) — &k, (n + )0+ u+ )01+ vk (1-x).
=0.93101117

82



William et al.; ARJOM, 16(11): 69-88, 2020; Article no.ARJOM.63754

,}'f_' =a.k,(n+ w(d(l+2)+ A+ 0+ y)(@+ u+0)ok,(1-x)+ o, (1+ 0k, [o(1+2) +
A+0+ 1)@+ pu+ o)k (1-x) +ann+ )l +2)+ A+ 0+ p)o+ pu+o)k, - op

(n+ w1+ )k (1= x) =k, (7 + p)( 0+ p+0)a, (1+ )k (1-x) +[ky — y@f(n + L)(1+ 2)]
ko(n+ ) (gl +2)+ A+ 0+ 10k (1—x)} kg — y0fB(n + 101+ 2)]k;(n + ) X1+ 2) + T + y)
k(1= )} (p+ )Xol +2)+ A+ o+ u)u+ o) ks (1-x)+ o, (1+ v)kn.

=0.065321112

Table 3. Numerical value of the sensitivity index

S/N Parameter Sensitivity Index Parameter Values
1. 0 -0.6121132 0.6
2. ¢ -0.8231501 0.7
n
3. B -0.3241120 0.7
4. y 0.8341261 0.5
> Y -0.5241130 0.6
6. @ 0.0082113 0.0003
;’ a, 0.0583215 0.6
a, 0.6321110 045
9.
Os 0.93101117 0.60
10. 0.65321112 0.50

Result of the sensitivity analysis shows that, parameters with positive values increase the
endemicity of the COVID-19 but the parameters with negative values decrease the endemicity of the
COVID-19 pandemic.

In other words increasing the parameter values of those with negative index will reduce the basic
reproduction number ( R,) of the COVID-19 and as such reduce the disease from the population. A
reduction in the parameter values of those with positive index as shown in the Table (3) will also reduce the
basic reproduction number (Ro) of the disease and this will also help in reducing the disease from the
population.

4 Numerical Simulation

We presented the numerical simulation of the model (1) using Matlab ode15s solver. Parameter values used
are presented in Table (4) below: Simulation results are presented in Fig. (2), Fig. (3) and Fig. (4)
respectively.
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Table 4. Numerical value of the sensitivity index

S/N Value/Parameter Values Source
1 S 10000 Estimated
2 E 5000 Estimated
3 0 1000 Estimated
4 J 500 Estimated
5 I 200 Estimated
6 Iy 100 Estimated
7 R 60 Estimated
8 2] 0.6 Estimated
9 ¢ 0.7 Estimated
10 n 0.7 Estimated
11 ﬁ 0.5 Estimated
12 V4 0.6 Estimated
13 0] 0.6 Estimated
14 a 0.7 Estimated
15 P 0.0005 Estimated
16 A 0.0003 Estimated
17 o 0.05 Estimated
18 U 0.005 Estimated
19 A 0.5 Estimated
20 X 0.2 Estimated
21 y 0.4 Estimated
22 z 0.6 Estimated
Variation of control parameter (x)on the infected population
2000 r r r r
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1600
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Fig. 2. Effect of increasing the enlightenment control measure for the susceptible individuals to

Time(days)

observe social distance, regular washing of hands or the use of hand sanitizers and covering of mouth

when coughing or sneezing
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Variation of control parameter (y)on the infected population
500 T T T T T
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400 08
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Fig. 3. Effect of increasing the enlightenment control measure to quarantine individuals suspected to
have cases of COVID-19

Variation of control parameter (z)on the infected population
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Fig. 4. Effect of increasing the enlightenment control measure to isolate individuals with cases of
COVID-19
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5 Discussion of Results and Conclusion

Fig. (2) shows the impact of increasing enlightenment control measure for the susceptible individuals to
observe social distance, regular washing of hands or the use of hand sanitizers and covering of mouth when
coughing or sneezing, increase in this rate reduces the population of the infected individuals. Similar
dynamics is observed on the total infected population as depicted in Fig. (3) and Fig. (4) respectively, as
increase in the rates at which unconfirmed and confirmed cases of COVID-19 are quarantined and isolated
respectively reduces the population of the infected individuals.

Result from sensitivity analysis shows that the rate at which the exposed are quarantined ( &), the rate at
which the infected are isolated ( @ ),the rate at which the quarantined are isolated (77),and the treatment rate
(7) should be targeted by the control intervention strategies as an increase in the parameter values of these

parameters (&, @,7 and y) will reduce the basic reproduction number (R,) of the COVID-19 and as such
will reduce and even eliminate the disease from the population with time.

We therefore conclude that full compliance of individuals in observing social distance, the use of hand
sanitizers and covering of mouth when coughing or sneezing eliminate the disease from a population with
time. Similarly, quarantining the suspected cases of COVID-19, isolating the confirmed cases and increasing
the rate at which supportive treatment is given to the infected individuals eliminate COVID-19 from a
population.

Corona virus would be eliminated from a population if the above mentioned control strategies are strictly
followed as prevention is better than cure.
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