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Abstract

The COVID - 19 pandemic is currently causing authorities and public health officials more
concern. The goal of the project is to convert a deterministic model for COVID-19 transmissions
to a stochastic model, and then analyze the results to see how media-driven awareness campaigns
have an impact on the disease's spread. The dynamic COVID-19 model was converted to a
stochastic model, which was then examined. The model includes the following categories:

Susceptible (S), Exposed (E), Infected class (I), Isolated class (1), Aware class (Sm) and

Recovered class (R), as well as the Cumulative density of awareness programs by media denoted
by M (S,E,1,1,,S,,R,M). With the help of MATLAB, the converted model is then

g
numerically solved using the Eula Maruyama approach, allowing the existence and uniqueness of
the model to be examined. The implementation of awareness programs has been found to have a
significant positive impact on the spread of COVID-19. As the rate of implementation of these
programs rises, the population that is exposed to the virus and those who are infected with it
declines, and it has been hypothesized that this will eventually cause COVID-19 to become
extinct. According to the report, putting awareness campaigns into place can help stop the
COVID-19 epidemic from spreading.

Keywords: COVID - 19, Stochastic Model, Eula - Maruyama, Transition Probability, Media
Campaign.

1. INTRODUCTION

The Covid - 19 epidemic is currently causing authorities and public health officials
more anxiety. Due to the vast number of infected and fatalities reported worldwide, it is
regarded as the greatest global menace. The World Health Organization (WHO) reported
that 539906 people had died and 11669259 had been confirmed as having the disease as of
July 8th, 2020 (Ayinde et al 2020). The COVID-19 Pandemic is primarily spread by close
contact (effective contact), particularly through the minute beads created by coughing,
sneezing, or speaking. The main symptoms include persistent chest pain or pressure, fever,
headache, loss of taste and smell, runny nose, and diarrhea.

Mathematical modeling has been used to examine the dynamics of many
complicated COVID-19 systems, both physically and physiologically (Nesteruk 2020),
(Liu et al 2020), (Tang et al 2020). Since the disease was identified as the greatest global
threat, mathematical models have been developed to examine how the pandemic spreads
(see [(Asamoah et al 2020), (Asamoah et al 20201),(Abdo et al 2020), (Al — ganess et al
2020), (Anastassopoulou et al 2020), Ayinde et al 2020),(Engbert et al 2020),(Hay 2019)
and (Rihan et al 2020)], and the deterministic model is the most used one in modeling
studies of COVID-19). Even though, a deterministic model yields the same outcomes
under identical circumstances, and it is well known that the parameters utilized in a
mathematical model of a communicable disease are subject to change in various
experiments [(Jumanne and Naboth 2020), Zafer et al 2020)]. Since most deterministic
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models presume that all input variables are functions of time and that biological processes
are stochastic, neglecting their fundamental randomness is likely to provide findings that
are inaccurate and misleading (Ndairou et al 2018), (Ndij and Supriatna 2017), (Nesteruk
2020)

The stochastic component of the COVID-19 pandemic has also been rigorously
explored by a number of writers [(He and Libin 2020),(Mohammed and Modeste
2021),(Rihan et al 2020),(Sultan et al 2020) and Zizhen et al 2020)]. The proposed
deterministic model was transformed to a stochastic model for this investigation. Euler
Maruyama was used for numerical simulations, and MATLAB was used for analysis.

2. RESEARCH METHOD

The expanded SEIR model was used in this study to simulate the COVID-19
epidemic in Nigeria. The model took into account the entire population as (N), and it
divided the human population at time (t) into seven (7) sub classes: Susceptible (S),
Exposed (E), Infected class (1), Isolated class (1), Aware class (Sm) and Recovered class

(R), as well as the Cumulative density of awareness programs by media denoted by. It is
also assumed that only contact between susceptible and infected people causes COVID-19
to spread. The pace at which new people enter the susceptible population through births
and immigration is indicated by the number. As a result of the awareness campaigns,
Susceptible people create a distinct class and stay away from infected people .

Let 4 Dbe the rate of dissemination of awareness among Susceptible, which results
in the creation of another class, A, the rate of transfer of aware people to the susceptible

class, k is the rate of implementation of awareness programs, and k, the rate of

depletion of these programs as a result of sociological issues. These sociological issues
include the lack of palliatives during the lockdown and religious prohibitions on the use of
alcohol-based hand sanitizer. Let B be the transmission rate from Susceptible to the

Exposed class
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Figure 1. Schematic Diagram of the proposed COVID-19 model
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Based on the information above and earlier research(Stephen et al 2015), (Misra et
al 2011,(Kumama and Koya 2019), (He and Libin 2020),(Liu et al 2020), the dynamics of
the model are controlled by the following system of non-linear differential equations

Z—?:A—ﬂSI — 18+ 2,8, — ASM

d—E:,BSI —(oc+n+u)E

dt

%zaE—(7/+a+v+,u)l

dc:—tS:nE+al—(a)+,u)|5 (1)
ds

=AM =+ 4o)S,

dr

G oA el R

d—M:kI—kOM

dt
Where $(0)>0, E(0)>0,1(0)>0,1,(0)>0,S,(0)>0,R(0)>0,M(0)>0. The

parameters of the model (2.1) are presented in table 1 below.

Due to the fact thatS+E + 1 + 1, +S, + R = N . The above system reduces to the following
system.

dN

—=A—-uN -Vl

dt a

dE
E:p’(N—E—I—IS—Sm—R)I—(a+77+,u)E
dl

EZO‘E—(}/+0{+V+IU)|

dl

E=77E+05|—(a)+,u)lS )
ds
dt”‘=/1(N—E—I—IS—Sm—R)M—(,u+/10)Sm
dr

—=N+ol. - uR

at A+olg —u

d—M:kI—kOM

dt

2.1  The reproduction Number (Ro)

The numerical value of basic reproductive number indicates the status of endemic
in the population. Going by [(Van and Watmough 2020) and (Ming et al 2020)], Let G be

a next generation matrix which comprises of two parts F and V ™ where
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F_| Fi(X) v =| Vi)
de OX j
F.is the new infections, while the V, transfers of infections from one compartment to
another. X, is the disease free equilibrium state.
G=Fv" 3)

we are concerned with E,l and I, compartments of the model (2). Thus

i—ltE:,B(N ~E-1-1,-S, -R)l —=(c+7n+u)E
%:OE—(}/+0(+V+,U)I (4)
dI—S:77E+aI —(a)+,u)l
dt *
Hence, we have
po
R, = (5)
(+n+ufy+a+u)

2.2 Stochastic Model Equations

The stochastic model equations of the above deterministic model can be obtained using
the method proposed by [(Allen et al 2008), Allen 2008), Allen and Jr (2012) and
Mohammed and modeste 2021)].

The drift vector is defined as;

N 18 -

f= z piﬂ'i ) (6)
i=1

where p, and )f, are transition probabilities and random changes respectively,

Table 1: Transition Probabilities

Random Changes (4, ) Probability (p, ) Event

[1 0O 00 0O O]r p,= AAt Birth of a Susceptible

[_1 O 00O 0O 0]' p,= 1SAt Susceptible dies natural death
[_1 1 0 0 0 O 0]r P, = ASIAt Susceptible becomes Exposed
[_1 O 0 01 O 0]r p,=ASMAt Susceptible becomes Aware
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[0 -1 0 0 0 O 0]r P, = HEAt Exposed individual dies Natural

death
[0 1 01 0 O O]r P, = EAt Exposed individual becomes
Isolated
[0 110 00 O]r p,=oEAt Exposed individual becomes
Infected
[0 0O -1 0 0 O 0]' Py = AL Infectious individual dies Natural
death
[0 0O -1 1 0 O 0] P, = alAt Infectious individual Isolated
[0 O -1 0 0 1 O]r Py, = AAL Infectious individual Recovers
[0 O -1 0 0O O 0]' p,, = At Infectious individual dies disease
induced death
[0 00 -1 00 0]' Py, = 4 (At Isolated individual die Naturally
[0 0O 0 -1 0 1 O]r P = ol At Isolated individual Recovers
[0 O 00 -1 0 0]' Py = 1S, At Aware class dies Naturally
[1 O 00 -1 0 0]r Ps=4,S,,At Aware class becomes Susceptible
[0 00 0 0 41 0]r P, = LURAL Recovered individual die
Naturally
[O O O 0O 0 O :|_]r p,, = klAt Media (Awareness program are
implemented)
[o O 0O 0O OO _;|_]r P.s = K, MAt Reduction in awareness program
due to the population
- 18 -
f= Z p; Ai
i=1
The drift vector f of order 7x1, is given by
A — N — vl
P(N-E—-1—-1,—-S, —R)I —(c+n+ u)E
oE —(y+a+v+ u)l
f=47E +al —(wo+ 1)l > (7)
AIN-E—-1—-1,-S,—RM —(u+ 4,)S,,
A +ol, — uR
kl —k,M
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Where V is the covariance matrix, given as :

18 > 7T (8)
V=2p AL
Thus, we obtained the covariance matrix v of order 7x7 as

a, a, 0 0 -a; O 0

a, a, a; -nE 0 0 0

0 -a, a 0 0 - 0
V=0 -o& 0 ol, 0 -, 0

a, 0 O 0 a, 0 0

0 0 -4A -w, O ag 0

0 0 0 0 0 0 ag
where

=A+ S+ +ASM+ A4S, , a,=-AI, a,=ASM+4.S,, a,=/,l+uE+nE+oE+al

s =—oE-al ay=ocE+al, a;=cE+ul +al +V+ul +4, a, =R+Aalg, a,=kl+k,M

Hence , the stochastic model is presented as

dX(®) = FXE)dt +V/ 72 X OdW () ©)

Where the drift vector f of order 7x1, p,and /'11 (i=1,...,18) are random changes
and transition probabilities represented in the above table.

The diffusion matrix is obtained from the entries p; 4. as

A s -yl M o0 0 0 0 0 0 0 0 0 0 Jis, 0 0 0

0 0 Bl 0 -JiE -JE -VE 0O 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 VeE -Ju Vol -t -0 0 0 0 0 0 0
G=0 0 0 0 0 JE 0 0 Vo 0 0 -Jdg -Joly 0 0 0 0 0

0 0 0 M 0o 0 0 0 0 0 0 0 0 -JiS, -J4S, -YiR 0 0

0 0 0 0 0 0 0 0 0 A 0 0 o, 0 0 0 0 0

0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0V -JiM

and

1 ’WZ ’W3 ’W4 ’WS,WG ’W7 ’WB ’WQ ’W10 ’Wll ’W12 ’Wl3 'W14 ’W15 ’W16 LV ’W18 ]T (10)

is a Vector of eighteen independent Wiener processes. In addition, dw (t) has order
18x1 While dX isa 7x1 dimensional vector. f, are given as;
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f,=A—uN-vl
f,=B(N-E—-1-1,-S, —R)l —(c+n+u)E
fo=0E—(y+a+v+u)l
f, =nE+al —(a)+,u)lS (12)
fo=AN-E—-1-14-S, —RM —(u+4,)S,
fo=/A+ol, - 1R
f. =kl —k,M
Thus, the elements of the diffusion matrices are;
Hence,

7 7 16
ENLTC) IR S BN » 363

i=1 i=1 j=1 (12)
Where
1=\ TG +IGF IR F [RF 4], T [0

and

||G||— 2(SI + ASM + A, S, +nE+ocE+al + A + ol )+ A+ uS+ tE+ 1d + + 4l
- + 45, + R+ +x,M

Both f, and g;,;are continuously differentiable at S,E,I,1,S,,R,M and hence

satisfy the Lipchitz condition by (mean value theorem), since norm exist they are bounded.
The drift and the diffusion matrices are therefore bounded, hence satisfy the condition for
existence.

3. RESULT AND DISCUSSION.

This section focused on numerical interpretation of the stochastic model using
Euler Maruyama method coded with Matlab (Fadugba et al 2013). (Zafer et al,2017) and
( Zizhen et al 2020) .The numerical results were presented graphically followed by the
discussion .
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Figure 2. Graph of Awareness for varying value of A
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It was observed from figure 2 that when A is increases from 0.1 to 0.4, the aware
population is increasing, at time (year) = 0.4, the aware population when is 30 when
A=0.1 while it is 35 when 4 =0.4. Also, it increases from 70 to 80 when A is increases
from 2 =0.4to0 A =0.7.This also may be as a result of awareness of preventive measure.
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Figure 3. Graph of Infected Population for varying value of A

It was observed from figure 3 that when A is increases from 0.1 to 0.4, the infected
population is decreasing, at time (year)=0.9, the infected population is 54 when 1=0.1
while it is 52 when 4 =0.4. Also, it decreases from 52 to 49 when A is increases from
A=041t0 1=0.7.
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Figure 4. Graph of Infected Population for varying value of A4

It was observed that figure 4 display similar behavior as fig.3, the expose
population decreases , at time (year)=0.9, the infected population move from 60 to 55 and

51 when 4 isincreases from 4=0.1 : A=043ng 4=07 respectively.
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Figure 5. Graph of Awareness for varying value of K

It was observed from figure 5 that when Kk is increases from 0.0 to 0.3, the
awareness population is increasing, at time (year)=0.5, the awareness population moves
from 27 to 48, it also increases from 69 to 740 when k is increases from k =0.6to

k=0.8.
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Figure 6. Graph of Isolation for varying value of K

It was observed from figure 6 that when k is increases from 0.0 to 0.3, the isolation
population is decreasing, at time (year)=0.8, the awareness population moves from 53 to

50.
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It was observed from figure 7 that when k increases from 0.0 to 0.3, the infected
population is decreasing, at time (year)=0.5, the infected population moves from 27 to 48,
it also decrease from 74 to 69 when Kk is increases from k =0.6to0 k =0.8.
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Figure.8. Graph of Awareness for varying value of k

It was observed from figure 8 that when k is increases from 0.0 to 0.3, the Exposed
population is decreasing, at time (year)=0.5, the awareness population moves from 48 to
27, it also increases from 74 to 69 when K is increases from k =0.6to k =0.8.
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Figure 9. Graph of Isolation for varying value of A

It was observed from figure 9 that when A increases from 0.1 to 0.3, the isolation
population is decreasing, at time (year) =0.8, the awareness population moves from 53 to
50
4. CONCLUSION

In order to examine the impact of media-driven awareness campaigns on the spread
of COVID-19, a modified dynamic model to stochastic model for the COVID-19
transmissions was developed and examined in this work. According to the model study,
COVID-19 extinction will result from an increase in the rate at which awareness activities
are implemented.
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