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Abstract

The COVID-19 pandemic, though significantly reduced by 2023, still poses
a risk of resurgence in Nigeria due to suboptimal vaccination uptake and
weak adherence to preventive measures. To better understand and
strengthen control strategies, this study develops a mathematical model of
COVID-19 transmission dynamics with control through awareness
campaigns, use of safe vaccines, and treatment of infected individuals. The
proposed model is formed using a system of nonlinear ordinary differential
equations with eight compartments. Analytical results established the
boundedness and positivity of the solution, as well as the existence and
stability conditions for both the disease-free and endemic equilibria. The
basic reproduction number, derived using the next-generation matrix
approach, was greater than one in the absence of interventions but declined
below unity when vaccination and awareness coverage improved, indicating
potential elimination of the disease. Sensitivity analysis revealed that
vaccination completion rate, isolation with treatment, and awareness
campaigns are the most influential parameters in reducing transmission.
Numerical simulations, based on Nigerian data, showed that without
awareness campaigns COVID-19 could persist with high infection levels,
while increased vaccination awareness markedly reduced susceptible and
infectious populations. Long-term projections further indicated that
sustained vaccination, awareness campaigns, and treatment can eradicate
the disease. The results of the analysis showed that the proposed controls
are effective to eradicate and prevent a resurgence of COVID-19 in
Nigeria. Hence, it is recommended that public health awareness,
vaccination, and treatment be implemented at full scale for effective disease
control.

1.0 INTRODUCTION

The illness caused by the novel coronavirus SARS-
CoV-2 was officially designated as Coronavirus
Disease 2019 (COVID-19) by the World Health
Organisation (WHO) [1]. Following a report of a
cluster of instances of "viral pneumonia"” in Wuhan,
People's Republic of China, the World Health
Organisation (WHO) first became aware of this virus
on 31st December, 2019 [1]. The WHO article
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described Coronavirus Disease (COVID-19) asan
infectious disease that was first diagnosed in the
Chinese city of Wuhan in December 2019 and is
brought on by a coronavirus code-named COVID-19
by WHO [2].
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This work responds to WHO Situation Report 90,
which highlighted the need to utilise networks of
researchers and specialists to coordinate international
efforts in  surveillance, epidemiology, and
mathematical modelling, among other responses to
COVID-19. To this end, it is imperative to
mathematically model the novel COVID-19
pandemic to aid containment of the spread,
diagnostics, clinical care, treatment and infection
prevention, among others [3]. There has been
advocacy for the use of preventive measures to
control the spread of the disease, including isolation,
guarantine, enlightenment for and use of safe
vaccines (see [1] and [4] ), which the model put into
consideration.

As of 26 February 2023, Nigeria recorded 5,915,616
laboratory tests, with 266,313 confirmed cases,
259,027 recoveries, 4,131 active cases, and 3,155
COVID-19-related deaths [5]. According to WHO,
there have been 770,085,713 confirmed cases of
COVID-19 and 6,956,173 COVID-19-induced deaths
as of 12:20 pm CEST, 30th August 2023. A total
of 13,499,983,736 vaccine  doses have  been
administered by 27 August 2023 worldwide [6].

A review of previous studies has showed several
studies on the disease in a Nigerian setting. See [7],
[8], [9] and [10]. This work, unlike previous studies,
considered the control of COVID-19 spread using
WHO and NCDC statistics from August 2023. It
aimed at achieving complete eradication and
preventing resurgence of the disease in Nigeria,
despite poor public attitudes towards vaccination, in
line with WHO and NCDC recommendations and
global best practices for pandemic prevention and
control [6]. The study aimed to develop a model of
COVID-19 transmission dynamics with control
measures including quarantine, isolation, vaccination

Q)
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and treatment. Specifically, the objectives of the
model are to: (a) develop a model of COVID-19
transmission dynamics to inform effective control
strategies; (b) establish the invariant region and
positivity of solutions to ensure the model
realistically represents human populations; (c) obtain
the steady states of the model and determine the
conditions under which the disease can persist or die
out; (d) estimate the basic reproduction number as an
indicator of potential spread and assess conditions for
control or eradication; (e) identify the most
influential drivers of transmission through sensitivity
analysis and provide guidance for effective public
health interventions.

20 MATERIALS AND METHODS

2.1 Model of COVID- Ransmission
Formulation

The study puts into consideration the natural history
of COVID-19 transmission from the medical
literature and presents the mathematical model
related to the pandemic's pattern of transmission,
from person-to-person transmission. We formulated
an eight-compartment model of COVID-19
transmission, incorporating control measures such as
vaccination, quarantine, isolation with treatment, and
health education through awareness campaigns.
Precisely: 5 = susceptible, V' = vaccinated, V=

complete vaccination, E = exposed. Also, other
population compartments include: @ = quarantined
persons, I = infectious persons (COVID-19 case):
I+=isolation in public health facilities with treatment

and E = recovered.
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Figure 1: COVID-19 transmission dynamics

Model Major Assumptions

o Susceptible individuals can only get infected after

contact with an infectious person(s) or

environment (infectious surfaces or objects).

Age, sex, social status, and race are assumed not

to affect the probability of COVID-19 infection.

o Individuals who recover from COVID-19 are
assumed not to acquire lasting immunity.

e Variants of COVID-19 may exist against which
current vaccines do not provide immunity.

e Exposed individuals to COVID-19 that did not
get the infection return to susceptible classes.

e There is no inherited immunity against COVID-
19; therefore, every human without vaccination
is susceptible to COVID-109.

e There is the situation of infectious individuals to
be strictly isolated in public health facilities
called government-approved isolation centres.

e There are chances for natural recovery from
COVID-19, and the vaccines can wane over
time.

e Isolated individuals are assumed not to infect
susceptible persons due to strict containment
measures.

Table 1: Model epidemiological definitions

22 The
Dynamics
From Figure 1, the blue arrow is the movement of
persons from one compartment to another, the green
arrow is movement of persons back to the susceptible
class and the dotted curves are the interaction of
persons with infectious persons. The mechanistic
model of COVID-19 pandemic dynamics presented
in the following eight compartment classes of
differential equations that are time dependent; (1),(2)

(3)...8).

S=A-lall +e )+ bl +ul5+1,E+1.Q0 + 2R (1)

Model of Covid-19 Transition

V=all+e)5—(p+ b0+ )V 2
Ve = pV — (b, I + )V, (3)
E=bIS4+ b0V + b0V, — (o, + . + u+7,)E  (4)
Q=y.E—(y+u+1)Q ®)
T=yp E+yQ-[6+k +pu+01l+e)lI (6)
=0l +e -6 +k, +u)l; (7
R=kdr +kI—(u+7,)R 8

Variable | Biological Interpretation
S Susceptible: Population that can be exposed to or infected by COVID-19.
V Vaccinated; vaccinated population among the susceptible class.

=
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V, Complete Vaccination: individuals who received the full COVID-19 vaccination.

E Exposed: individuals who had contact with COVID-19-infectious persons, objects or
environments (probable cases).

Q Quarantined Persons: these are individuals with contact with the COVID-19 virus but

removed from other members of the susceptible population.

I Infectious Persons (COVID-19 Cases): individuals infected with COVID-19 include
symptomatic, asymptomatic or pre-symptomatic individuals.

Isolated persons undergoing treatment: Infectious individuals isolated and receiving
COVID-19 treatment.

R Recovered: Infectious individuals that have fully recovered from COVID-19.

Table 2: Model parameters definitions

Param. | Biological Interpretation Value Source

A A'is the recruitment level into COVID-19-susceptible | 750 [8]
population.

i The rate at which the susceptible population took | 0.6233 [6]
vaccination against COVID-19 in Nigeria.

fi] The rate of completion of vaccination among vaccinated | 0.06615 | Estimated
persons. from [6]

Py The rate at which persons exposed to COVID-19 get | 0.04671 | Estimated
infected by the virus. from [6]

Y, The rate at which persons exposed to COVID-19 get | 0.75 Estimated
quarantined. from [5]

ey The rate at which awareness makes susceptible persons go | 0.5 Assumed
for COVID-19 vaccination. (placeholder)

e The rate at which awareness of the dangers of COVID-19 | 0.5 Assumed
infection makes an infectious person accept isolation with (placeholder)
appropriate treatment.

X The rate at which quarantined individuals who became | 0.75 Estimated
infectious with COVID-19 move into the infectious class. from [5]

Ty The rate at which persons exposed to COVID-19, who were | 0.6 Assumed

neither quarantined nor COVID-19 infectious, return to the
susceptible class.

Tz The rate at which persons exposed to COVID-19, who were | 0.5 Estimated
quarantined but not infected by COVID-19 return to the from [5]
susceptible class.

T3 The rate at which recovered individuals from COVID-19, | 0.97479 | Estimated
return to the susceptible class. from [5]

7] The rate at which infectious COVID-19 individuals accept | 0.25 Assumed
to go for isolation with treatment.

Ky The rate of isolated infectious individuals with COVID-19 | 0.97479 | Estimated
undergoing treatment recover from COVID-109. from [5]

Ky The rate of COVID-19 infectious persons without isolation | 0.67 Assumed
or treatment gets recovered from COVID-19.

1 Natural death (hon-COVID-19-induced mortality) rate | 0.00004
among humans. 32

8 The rate of COVID-19 induced death. 0.01184 | [5]

by The rate at which susceptible persons with complete | 0.00000 | Assumed

© 2025 by the author(s). Licensee NIJOTECH. Vol. 44, No. 4, December, 2025
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vaccination interact with infectious persons. 0001
by The rate at which vaccinated persons interact with | 0.001 & | Assumed
infectious persons. 0.02
by The rate at which susceptible persons without vaccination | 0.0001 Assumed
interact with infectious persons.

2.3 Invariant Region and Positivity Analysis
The invariant region refers to the set (space, surface,
or curve) in which a system of differential equations,
or its solution, begins and remains unchanged. Given
the invariant set, also referred to as manifold that is
positive, the solution of the differential equation in
the positive region will be positive at all times.
Hence, a positively invariant set or manifold, will
yield solutions that remain positive for all time. Since
in our model, we are studying the human population,
all solutions of the equations (1), (2), (3) ...(8) are
positive for every t>0 if they enter the invariant
region.

ﬂ = {{S.IV.I VI‘__J EJ QJ 'FJ'FT"R} = RE.N{E} (9)

This was established in line with [11], [7], [8] and
[12]. Hence, we proved that the model state variables
are positive in the invariant region [2.

Proof: The model's solution with non-negative
initial conditions is denoted by closed set 12. At t>0,

our model of human population compartments all
states variables are semi-positive definite.

0R=0

. The entire population is given by

N=S5S+V+V.+E+Q+I+I.+R (10)

This implies
dV _dS  dV  dVg , dE | dQ , dl | dif |, dR

dt  dt | dt | dt | dt = dt  dt = dt @ dt’
summation of (1),(2), (3) ....(8).

dr
Hence, . + ulV < A (12).

Comparing the ODE over time: % + P{t)x = Q(t) (12)

- -
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with integrating factor: IF = e**. Solution showed

N(t) = f+ {N{jﬂ} —E}e-w. As t = o N(0) = f

then N(t) = f Therefore,

2={(5V,V,E,Q1LIr,R) € RE:N < f} proved.

The manifold is a positive variant. Hence, the
solution to the system is bounded in i1 which

indicates the epidemiology model is well-posed in its
mathematical sense [10] and [13].

On positivity of the solution, we solved equation (1)
of the model;

S =A—lalt +e) +bsl+ S +1E+1,Q+
TR
This implies 5= + [a(1 + e,) + byl + 415 = 4 (13).

Compared (13) and (12), the integrating factor
IF = eht+l[(1+eda(f)+ba1(H)]af

At initial condition, £ = 0, 5(0) = ¢;. Therefore, the
solution;
s() = { J'Df A E,'.,!}'+‘|'I;"'[I:1+E-_:'m:E}+ba,£|:§}]d§," d},} e —{
ut+ [I(1+e)a(®) + bl (D)]de} + S(O)e

—{ut + 101 +e)a(E) + byI(E)]dE} > 0.

This showed 5(t) = 0. Similarly, solution of

equation (2) of the model, implies the solution

r P -
Vf{:t} = Vf{:ﬂ}e_“r_-rn bul()dd - o
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Hence, V¢(t) = 0. The solution of other equations

by separation of the variable method showed that;
E(t)=>0, Q(t) =0, I(t)=0, I;(t)=0, and

R(t) = 0.

2.4 The Steady States of the Model

The model's disease-free equilibrium (DFE)
represents the state where no infection exists in the
population. Establishing the existence of the DFE
means demonstrating mathematically that the system
admits such an equilibrium point under specified
conditions. At DFE, the state variables of the disease
compartments

E=Q=I=I;=R=0,
$=V=V.=E=Q=li=l,=B=0

Therefore, from equations (1) , (2) ...(8);

o g0 D o o yO g o
(" V5L ER QR I5IE.RY) =
A gallee,)
g+aey i (p+p)lme +o+p)’ (o +oey+u) (p+pip

epAlles)

,0,0.0,0,0) (14)

On the Existence of Endemic Equilibrium Point
(EEP);

($.V.V..E.Q.LI..R) = (5" V" .\ . E*.Q".I".I;.R").

From (7).
B 1+e, )l
T= Bk, +p (15)
B* = ml* where m = lBeaky -|;EF:':+_uF;: +8ky +ky k) (16).
LE+Ry +ptlp+rg)
Q*=nl",where n = bo BearErpiBiiy ] 7).

W+ W +p YT,

(bsS +bV +bVe ) (2w + 2, + uy +yit,)

E* :—“'*’T”'r (18).

5§ = A +Tynly+p+1 00 +Taend T +Tgomi” (19)
- Walo+oe +p+bai®) '

Ve = (e+oe g, +rynly+p+100" vroponl "+ 1o mi] (20)
wolo+aey+p+by " p+u+bo1t)
. pla+ee Ay, +ronly+p+1 00 +rogonl +rpami’] |
Fc — LA +T NLE 2 2 Wt aWaMmi (21)

W lpg+by " Na+oe +u+ba" Np+p+balt)

Hence, there exists EEP for the model.

2.5 COVID-19's Basic Reproduction Number
The reproduction number Ry of an infection is the

critical threshold which indicates the total number of
fresh infections brought on by one illness case [14].
We computed the Ry using Next generation method

approach of [15] because the system contains
multiple infectious compartments. Our disease
compartment are; equation (4) to equation (7). We
obtain the following:

baSI + boIV + by IV,

(r+u+r)(py+y, +u+o)[S+k + u+0(1+e,)]| (r+u+r,)[d+k+u+0(1+e,)] S+k, +u+0(1+e,)

Fv*= 0
0
0

Ry is the greatest eigen value of the matrix Fv™,

obtained with the help of Maple 18. When evaluated
at the DFE (14), we obtained:

=
I"Iej © 2025 by the author(s). Licensee NIJOTECH.
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0
fi= 0
0
(P, + ‘:'-"_: +u+1)E
b — —P,E+(y +p+1,)Q
T Y E— yQ+ [+ ko +pu+0(1+e)ll
-1 +e )l + (8 +ky +ply
(b3S +h,V +hV, )Z b,S +b,V +bV,
0 0 0
0 0 0
0 0 0

_ Alapbe +opbe+aub,+aphby +ptho+ ppBO (g + s + gy +yy T,
- wloe +o+ p g+l +u+T 0 W+ +p+1 ) [B+ R +p+ B L+e.]]

Ry

2.6  Establishing the Condition for Stability
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The stability of the steady states helps to determine
how long COVID-19 persists in the population. The
stability of DFE determines the short-term dynamics
of an infectious disease, while endemic equilibrium
provides the long-term dynamics.

Theorem 2.7.1: A system is locally and
asymptotically stable at a point if the real part of all
the eigenvalues is negative at the point.

—(a + ae, + p) 0 0 T,
a(l+e) —(p+p) 0O 0
0 el —u 0

0 0 0 0 —(p+m)
I = 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

The model's Jacobian matrix's eigenvalues at DFE
generate:

AM=Ada=A3=Ag=—pAs=—p—As=
—ae) —a— A, =—[u+68(1+e)]

and
Ag = —(u + 71). This indicated that in the absence of

the disease, the eigenvalues are real and all negative.
That is A1,A21A3,A41A5,A61A?,A3 = 0. This entails

that the system is local and asymptotically stable.
Also, the DFE is locally and asymptotically stable if
Ry <1 by Theorem 2.7.2. This entails that the

COVID-19 will be eliminated in the human
population given certain conditions because when the
average infected persons as a result of one infected
person is less than one, a small presence of COVID-
19 infectious individuals into the society will not
generate a large COVID-19 outbreak. With
appropriate control measures the disease could be
eradicated.

The global stability of the equilibrium point followed
the method of [16] use of LaSalle’s invariant
principle to construct Lyapunov function. The
Lyapunov function is positive definite and its first-
time derivative is semi-negative definite.

Proof: let Z be the Lyapunov function.

5 ')
z = 5-5"-5'Ing+v-v'-Ving+v VS -
E'”EDIE?:L!?+E—ED—ED|!”£. +
e =

N
© 2025 by the author(s). Licensee NIJOTECH.
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Theorem 2.7.2: The
asymptotically stable

Ry = 1. [15]. We established the local stability of

DFE is locally and
if Ry < land unstable if

DFE using linearization method [16]. The Jacobian
of the model is given by

0 0 0 0
0 0 0 0 \
0 0 0 0
0 0 0 0
—u 0 0 0
0 —[u+6(14e)] 0 0
0 (1 +e;) —u 0
0 0 0 —_u/}

0—0°- QDEP:$+I—ID—IDEP:%+IT 2 —2inI+R-

R
R —RpIn=
k FE

(22)

At DFE, the first-time derivative of the function is
given by;
!

&0 ol !
2=85-"84+V -V 4V -

since,
Vi

E® =Q°=1" =12 =R® = 0 substituting (1) to (3)

~Z =M-—N, The first-time derivative of the

Lyapunov function is Semi-negative definite if
N =M. This entails the DFE is global and

asymptotically stable if N == M,

On global stability of endemic equilibrium Point
(EEP), going by Theorem 2.7.2 the EEF of our

COVID-19 model is globally asymptotically stable
given that our model basic reproduction number;
Ry=>1.

3.0 RESULTS AND DISCUSSIONS

3.1 Computation and Discussion of Fg

In line with Theorem 2.6.3 which entailed that when
the infections cause by a single infectious person
within the environment is greater than one, our
endemic equilibrium point will be stable in the
defined human population but unstable when it is less
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than one while Theorem 2.7.2 states that the DFE
will be stable when the reproduction number is less
than one. This indicates that if the number of new
infections generated in our environment by a single
infectious individual is more than one, the
persistence of COVID-19 in our environment will
last for a long time except certain control measures
are applied to curtail the existence of the deadly
disease. COVID-19 reproduction number of the
model using the NCDC statistics, computed for
0<e <1 and 0<e; <1 the enlightenment rate

for vaccination and isolation with treatment; Ej,

values were given by Rp= [9.48720172 9.48629515

9.48542412 7.46254508], Ry= [0.52434079
0.52342178 0.52253879 0.39531315], Rg=
[0.09978422 0.09886462 0.09798107

0.06054953]; at rate of interaction of the of

vaccinated persons with infectious person given by
b, = 0.02, 0.001, 0.001 and 0.0001 respectively.

9.0
9.0 8.52
8.5 Ro 8.0
0.0
7.5
04 5o
el d.ﬁ
- 7.5
10 0o 02 04 06 08 10

e2

Figure 2a: Variation of the Ry with awareness and

contact rate at 0.2

% ©2025 by the author(s). Licensee NIJOTECH.
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0.52 e
0.50 2
0.48 045 =
RO 0.46

0.44 820 0.40
0.42 04
040L\»— g:“

00 02 04 06 o8 g 10

e2
Figure 2b: Variation of the Ry with awareness and

contact rate at 0.001

Figure 2 is the 3D python plot of for b2 =0.02,

0.001, 0.0001, this result indicates that the rate at
which an infectious person can generate new cases
can be as high as 9.47 when rate of interaction with
vaccinated persons is 2% amidst population with
COVID-19 infection. This is alarming because of
high transmission rate. On the positive note, with
enlightenment for use of vaccine and isolation of
infected persons with treatment at 100% when
possibility of infection among vaccinated persons is
at 0.001, the rate at which an infectious person can
generate new infections is 0.3953. this can be as low
as 0.06055 when the interaction with infectious
persons is lowered to 0.0001 which by theorem 2.7.2,
COVID-19 will fizzle out from Nigerian population
in a short time if these conditions are met.
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0.09
0.095

0.090
0,085
0.0s0ro [l ©07
0.075
0.070
0.065

0.08 g

L0 o 02 04 06 08 10
2

Figure 2c: Variation of the Ry with awareness and

contact rate at 0.0001

Table 3: Sensitivity indices of the parameters

3.2 Model Sensitivity Analysis

In need to obtain the optimal control of the spread of
COVID-19, the study foud out the parameters to
focus on to achieve the best intervention strategies to
control the spread and prevent resurgence of
COVID-19 within Nigerian setting. The parameters'
sensitivity indices were computed for all parameter
using Python code. See Table 3.

Figure 3 is the python plot of Table 3, the parameters
with positive values as represented with green bars
indicate parameters that their increase show positive
increase in Rg. This implies that the increase in such

parameters result to increase in the transmission of
COVID-19. Red bars present the parameters that
must be increased to ensured reduction in the spread.
As the parameters with negative index are reduce,
this facilitates the COVID-19 virus's spread.

Param. | Indices | Param. | Indices | Param. | Indices | Param. | Indices | Param. | Indices
A 1.0000 |y, 0.3690 |1, -0.4296 | x; 0 by 0.0007
o -0.0032 | & -0.0011 | 75 -0.3624 | w, -0.6339 | b, 0.9961
P -0.9960 | e -0.1183 | 13 0 7 -0.0009 | bs 0.0032
Py 0.0606 | x 0.3624 | & -0.3548 | & -0.0112

Sensitivity Index

1.00 A

0.75 4

0.25 4

0.50 4 II

0.00 II
-0.25 II
-0.50

II |
-0.75 4 II
~1.00

Ao pyly2 x TLT2T3 6 KLK2Z B G5 bl b2 b3 el e2
Parameter Names

Sensitivity Index

Figure 3: Significance of parameters in Ry

This result shows that A4 and b- are the two most

influential parameters that must be reduced to

@ © 2025 by the author(s). Licensee NIJOTECH.

This article is open access under the CC BY-NC-ND license.
https://dx.doi.org/10.4314/njt.v44i4.15
http://creativecommons.org/licenses/by-nc-nd/4.0/

guarantee a decrease in the transmission of Covid-19,
followed by ez and y among others. So, the

movement of persons into the given population in
any setting in Nigeria amidst of COVID-19 outbreak
must be check to avoid the spread of the disease.
Also, the rate at which persons without complete
vaccination have contact with COVID-19 infectious
persons must be reduced to check the spread of the
disease. Restriction on social gathering and use of
protective measures like face mask, social distancing
among others is ideal. On the negative indices; p, %2,

7y, T2 and &, show parameters that their values

require increment to lower the COVID-19
transmission rate in Nigeria. This entails that there is
need to increase the rate of completion of vaccination
among the people, the rate at which COVID-19
infectious person isolate and present themselves for
treatment and to enhance natural recovery rate
among infectious persons.
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3.3 Simulation of the Model Compartments and
Results

Using the parameter values on Table 2, the model

was simulated using the initial condition of the state

variables [11]. When the initial susceptible

population at the time of introduction of the COVID-

19 in a location was S(0) = 5000, within a location

in Lagos, Nigeria obtained from [8], where
V(0) = 1000 has taken first jab of the vaccine,

V-(0) = 300 completed vaccination, E{0) = 1000
Q(0) = 600
I:(0) = 60

already exposed to
quarantined, I{0) = 1000 infected,

the disease,

isolated and undergoing treatment and R(0) = 10

recorded recovery.

20000 A
—— Susceptible Persons

17500 1 = Vaccinated Persons
— Complete Vaccinated Persons /

15000 1 Exposed Persons

—— Quarantine Persons

— Infectiuos Persons

10000 4 — Persons Undergoing Treatment
Recovered Persons

—

12500 4

7500 4

Population Growth

5000 ~

2500 A

0

0 20 4ID GID 80 160
Time(days)
Figure 4: COVID - 19 model compartments with
e1 = 0 and b2= 0.02 (100 days without vaccine
enlightenment)

20000 1" — g5ceptible Persons
175004 —— Vaccinated Per;ons
—— Complete Vaccinated Persons
15000 1 Exposed Persons
= B
o =—— Quarantine Persons
3 12500 -
o — Infectiuos Persons
2 10000 L — Persons Undergoing Treatment
S
=] Recovered Persons
T
2 7500 A
o
[
5000 +
2500 1
04

T T T
0 20 40 60 80 100
Time(days)

Figure 5: COVID - 19 model compartments with e1
= 0.5 and b2= 0.02 (100 Days with vaccine
enlightenment at 50%)
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Figure 4 from Python plot of the model
compartments shows that without
awareness/enlightenment for vaccination, at a contact
rate of persons with incomplete vaccination with
COVID-19 at 0.02, the result indicated that within
100 days of COVID-19 introduction into the initial
population of 5000 susceptible persons in a setting,
the disease can be found in large population with
suceptible population above 17500 persons, exposed
persons (contacts) to the disease at 19000 with
possible cases of 11000 Quarantined persons, over
8000 cases of infections, over 6000 persons
completed vaccination doses, possible 6000
recovered persons and about 3000 isolated persons
undergoing treatment. Comparing 50%
enlightenment of Nigerians for use of vaccines as
shown on Figure 5, the result indicated reduction of
susceptible persons from 17500 down to 15000 and
increment of persons with complete doses of vaccine
from 6000 to 7000 persons.

35000 4 — Susceptible Persons
—— Complete Vaccinated Persons
30000 Exposed Persons

—— Quarantine Persons

g 25000 7 — Infectiuos Persons

o —— Persons Undergoing Treatment
‘2 20000 7 Recovered Persons

o -

T 15000 1

3

o

o

610000 4

0_

0 25 50 75 lCIFO l2|5 lf;O 17‘5 260
Time(days)
Figure 6: COVID - 19 model compartments with
e1 = 0 and b2= 0.02 (200 Days without vaccine
enlightenment)

35000 4 —— Susceptible Persons
— Vaccinated Persons
30000 4+ — Complete Vaccinated Persons
Exposed Persons
g 25000 - —— Quarantine Persons
g — Infectiuos Persons
‘Z 20000 " — persons Undergoing Treatment
£ Recovered Persons
£ 15000 A
=
o
[=]
8- 10000 -
5000 4
0 -

T T T T T
0 25 50 75 100 125 150 175 200
Time(days)
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Figure 7: COVID - 19 model compartments with
e1 = 0.5 and b2= 0.02 (200 Days with vaccine
enlightenment at 50%)

Using the same values of the parameters and initial
population in 200 days, Python plot in Figure 6
indicated that persons with contact to infected
inidividual will be as high as 35000 persons, with
suceptible and recovery cases approximately 20000
each. The figure also showed that there will be
almost 15000 cases of infections, less than 10000
persons that completed vaccination doses, possible
22000 recoveries and 2500 isolated persons
undergoing treatment. While on Figure 7 with
enlightenment for susceptible persons to go for
vaccination, the population of susceptible persons
reduced below 20000 persons with individuals that
has received complete vaccination rises above 10000
persons.

—— Susceptible Persons
50000 4 Complete Vaccinated Persons
Exposed Persons
—— Quarantine Persons
g 40000 1 — |nfectiuos Persons
e —— Persons Undergoing Treatment
E 30000 4 Recovered Persons
2
5
2 20000 1
o]
o
10000 -
0 -

T T T T T T
0 50 100 150 200 250 300 350
Time(days)

Figure 8: COVID - 19 model compartments with
el = 0 and b2= 0.02 (1 Year without vaccine
enlightenment)

—— Susceptible Persons

50000 4.~ Vaccinated Per;ons
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g 40000 1 — Quarantine Persons
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2 30000 4 — Persons Undergoing Treatment
2 Recovered Persons
M
2 20000 1
[=]
a
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0 50 100 150 200 250 300 350
Time(days)
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Figure 9: COVID - 19 model compartments with
e1=0.5and b2=0.02 (1 Year with vaccine
enlightenment at 50%)

Figure 8 and Figure 9 entail that at 0.02 rate of
interaction of persons with COVID-19 the population
of persons with complete vaccination s
approximately 11000 in one year without
enlightenment. The value rises to 15000 with 50%
enlightenment for vaccination. The suscptible
persons in one year time decreased from 24000 to
21000 when the enlightenment for vaccination was
placed at 50%. This result supports the need for
enlightenment for use of safe vaccines to control
COVID-19 spread.

80000 1 —— Susceptible Persons

—— Complete Vaccinated Persons
Exposed Persons

—— Quarantine Persons

— Infectiuos Persons

50000 T — Persons Undergoing Treatment

Recovered Persons

70000

60000

Population Growth
[*%) £
(= (=]
(= [=]
S o
[=] o
| |

0 160 260 360 4t|)0 560 GtI)D 760
Time(days)

Figure 10: COVID - 19 model compartments

with e1 = 0 and b2= 0.02 (2 Years without vaccine

enlightenment)

80000 1 — susceptible Persons
—— Vaccinated Persons
—— Complete Vaccinated Persons

70000

60000 4 Exposed Persons
[= N
g —— Quarantine Persons
© 50000 1 — nfectiuos Persons
ﬁ —— Persons Undergoing Treatment
o 40000
5 Recovered Persons
1+
2 30000 1
o
a

20000 4

10000 -

0 160 2{I)D 3D|0 4l|)0 560 6l|)0 Y{I)D
Time(davs)

Figure 11: COVID - 19 model compartments

with e1 = 0.5 and b2= 0.02 (2 Years with vaccine

enlightenment at 50%)
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In two years time, Figure 10 without enlightenment
for vaccination projected exposed persons from the
initial population in the setting at 80000, almost
50000 quarantined, 39000 cases of COVID-19,
40000 recovered cases with 26000 Susceptible
persons. While isolation with treatment is 28000
persons. While on Figure 11 with enlightenment for
susceptible persons to go for vaccination, the
population of susceptible persons reduced below
22000 persons with individuals that has received
complete vaccination rises above 21000 persons.

—— Susceptible Persons
— Vaccinated Persons

80000 1 — Complete Vaccinated Persons
Exposed Persons

% 60000 —— Quarantine Persons
o — Infectiuos Persons N -
E —— Persons Undergoing Treatment
[=]
5 Recovered Persons —_—
T 40000
=] /
o
=]
o

20000 4
/
0_

0 2:’;0 560 ?:’;D lDIOO ].2|50 lSIDO 1750
Time(days)

Figure 12: COVID - 19 model compartments

with e1 = 0 and b2= 0.02 (5 Years without vaccine

enlightenment)
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[s]

g —

0 2:’;0 SC;D 7:’;0 10|00 12|50 leO ].750
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Figure 13: COVID - 19 model compartments

with e1 = 0.5 and b2= 0.02 (5 Years with vaccine

enlightenment at 50%)

Comparing Figures 12 and 13, the gragh projected
that the vaccinated population will rise to almost
40000 persons, susceptible population at 22000 in
five years time with enlightenment for safe
vaccination at 50%. While without enlightenment,
the susceptible population will be 22000 persons
with complete vaccination around 21000 persons.
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Figure 14 and Figure 15 showed that complete
vaccination  population  superseded  exposed
population and moved to almost 100,000 persons
over the years at 50% enlightenment while it will be
60,000 at zero enlightenment level.

Inputting our model parameters as highlighted on
Table 2 except change in possibility of vaccinated
persons to be infected with COVID-19 at
by, = 0.0001, the computed rate at which one

infectious individual can generate infectious cases
were given by Ry = 0.06055 . Results on model

compartments are displayed on Figure 16 and Figure
17. This showed that at this rate of interaction, the
infectious compartments and the subsequent
compartments will become insignificant while
COVID-19 will fizzle out in a short period of time.
Also, comparing Figures 16 and 17, this result
indicated that when rate of interaction with the virus
is this low (one person per ten thousand) with the
corresponding basic reproduction number as
computed, enlightenment for vaccination become
insignificant on the transmission of COVID-19. This
result supports [15] theorem of reproduction
number.

—— Susceptible Persons

—— Complete Vaccinated Persons
80000 Exposed Persons

= Quarantine Persons

= .

s — Infectiuos Persons

3 60000 :

o —— Persons Undergoing Treatment
g Recovered Persons /
[=]

B 40000 [/

=

o

o

=

T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000
Timel(davs)

Figure 14: COVID - 19 model compartments
with e1 = 0 and b2= 0.02 (22 Years without
vaccine enlightenment)
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Figure 15: COVID - 19 model compartments
with e1 = 0.5 and b2= 0.02 (22 Years with vaccine
enlightenment at 50%%)
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Figure 16: COVID - 19 model compartments

with e1 = 0 and b2= 0.02 (Few days with contact
at 0.0001, g, = 0)
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Figure 17: COVID - 19 model compartments
with e1 = 0.5 and b2= 0.02 (Few days with
Contact at 0.0001, e; = 50%)

40 CONCLUSIONS

The study provided a model of the dynamics of
COVID-19 transmission with control through
enlightenment for the use of safe vaccines and
treatment of infected persons. The study developed
an eight compartment mathematical model of
coronavirus disease 2019 transmission dynamics in
the form of a system of differential equations.
Considering vaccination, quarantine, isolation with
treatment and natural recovery from the virus. These
measures were advocated to control the spread of the
virus and reduce human casualties. The model’s
preliminary analyses showed the positivity of the
solution in the defined manifold. The DFE and EEP
were obtained, with conditions for their stability
established and discussed using NCDC statistics. The
replication number of the disease was computed with
the available statistics, considering WHO and NCDC
advocacy for vaccines and drugs in use globally. The
numerical analysis of the R, using enlightenment for

the use of safe vaccines and treatment in isolation
showed conditions to eradicate the disease. Also, to
ensure optimal control of the disease spread,
sensitivity analysis to obtain the best intervention
strategies indicated the possibility for total
eradication and prevention of an upsurge of the
disease within the population using restriction of
movement, full vaccination and public enlightenment
for vaccination as major intervention strategies.

In summary, the results showed strong control of the
disease through enlightenment for vaccination,
isolation and use of effective safe vaccines. The
result also portrayed that prevention of the spread
through effective vaccination could be more effective
than enlightenment for isolation without treatment.
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