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Abstract

Corona virus is a disease that started by putting human being into the state of
fear. It is the most dreaded disease that created an indelible mark that all the
countries in the world cannot forget in a hurry. The emergency of COVID-19
motivated the researchers into carrying out research work so as to see if there
is a way to control its spread thereby preventing the incessant death associated
with COVID-19. From the literatures, we observed that some areas have been
covered but we observed that quarantine, vaccination and partial immunity
were not covered. This prompted this research. The aim is to determine the
impact of vaccination and partial immunity on the transmission dynamics of
COVID-19. To achieve this, we carried out numerical simulation so as to find
out if quarantine, vaccination and partial immunity have impact in the spread
and control of COVID-19, using the data we obtained from National Centre
for Disease Control, World Meters and from Literatures The analysis was
carried with the aid of Maple 2023 software. The results show that quarantine,
vaccination and partial immunity has impact in the spread and control of

COVID-19. We therefore recommend that incomplete doses of the vaccines
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should be avoided for effective control of the disease. Health workers should
ascertain the health condition of a patient before discharging such patients so
as to prevent partial immunity.

Keywords: Numerical simulation, partial immunity, Vaccination, Quarantine,
Disease

INTRODUCTION

COVID-19 is a new form of a typical pneumonia. It was first reported in the city of
Wuhan in December 2019, and has spread rapidly to other areas of China and multiple
countries (Chen, 2019). Corona virus disease is likely to emerge as a watershed moment in
the history of the planet. COVID-19, the abbreviation of corona virus disease (2019), is
caused by a severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) (WHO,
2019), which hit the globe with a bang. In December 2019, the first outbreak was noticed
in Hubei province, Wuhan, China (Hui et al, 2020). On February 11th, 2020, the World
Health Organization (WHO) Director-General, Dr. Tedros Adhanom Ghebreyesus, named
the disease caused by the SARS-CoV-2 as “COVID-19”, and by March 11th, 2020 when
the number of countries involved was 114, with more than 118,000 cases and over 4000
deaths, the WHO declared the pandemic status (WHO,2020). The pandemic started with a
cluster of patients being admitted in late December 2019 to hospitals with an initial
diagnosis of pneumonia and the patients were linked to a seafood and wet animal market in
Wuhan, Hubei Province, China (Rothabn and Byrareddy, 2020).The novel corona virus
2019 (2019-nCoV, officially named as severe acute respiratory syndrome corona virus 2
[SARS-CoV-2] by International Committee on Taxonomy of Viruses, belongs to the genus
B, with envelope, round or elliptic and often pleomorphic form, and 60-140 nm in
diameter. The virus genetically differs considerably from those of SARSr-CoV and MERSt-
CoV. Current studies show that the homology between 2019- nCoV and bat-SARS-like
corona virus (bat-SL-CoVZC45) is over 85%. When cultured in vitro, 2019-nCoV can be
found in human respiratory epithelial cells after about 96 hours, while it takes about 6 days
to isolate and culture Vero E6 and Huh-7 cell lines (Global Health Journal,2020). COVID-
19 is transmitted from human-to-human via direct contact with contaminated surfaces and
through the inhalation of respiratory droplets from infected individuals (Bai et al, 2020).

There are different schools of thought behind the origin of COVID-19: some say that it
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might be of bat origin (Zhou, et al,2020), some say that it might be related to a seafood

market exposure (Gao, W., et al.: 2020).

According to the latest research, the novel corona virus is 96% identical at the whole-
genome level to a bat corona virus, leading to speculation that this new corona virus may

originate from bats (Zhou et al,2020; Wu et al, 2020).

The corona virus is found both in humans and animals and it causes diarrhoea in human
beings. COVID-2019 emerged from China in late December. It follows two other corona
virus outbreaks, the SARS-CoV and the MERS-CoV. Corona viruses usually circulate
among animals but sometimes can jump to humans (Holstein,2020). As of May 27, 2020,
5,656,615 cases of COVID-19 have been reported worldwide, with about 355,355 deaths
(The European Centre for Disease Prevention and Control, 2020). In case of this current
pandemic COVID-19, according to New York time 2020, some individuals who are
infected with the corona virus can spread it even though they have no symptoms. It is also
called incubation period (time from exposure to the development of symptoms), reported

between 2—14 days (Worldometer,2020)

Despite the fact that there were multiple crises in recent years, such as natural disasters,
economic rises, and even epidemics, the corona virus pandemic is the first in 100 years to
severely affect the entire world. The economic effects of the COVID-19 Pandemic concern
an impending global recession caused by the lockdown of non-essential industries and the

disruption of production and supply chains (Wong and Tang (2005).

To slow the spread of COVID-19, the Centre for Disease Control and Prevention (CDC)
has recommended that individuals adopt certain preventive health behaviors. These
recommendations include hand washing with soap and water or hand sanitizer, keeping a

six-feet social distance from other people, and covering the mouth and nose with a cloth

face mask when around others (CDC, 2019).

Some studies showed that seeking social support is one of the most common strategies
used to deal with the corona virus pandemic (Ogueji and Okoloba (2021);Chew et al
(2020))
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METHODS

The 10 compartmental model equations, that is equations (1)-(19) are the model equations

used in the analysis.

The Model Equations
‘3_?:;;_(1_pl)(lg2|A+s,33|S)3—(1—pz)sﬂl\/+zvc+nQ+
Ry — (T S
=T+ ) (1)
= DYt BJ)S - PISBY ~(G+ g+ p1)E N
al,
T=(1—r)5E—(,()A+7/A+a)l+lul)| A 3
d—Is—réE—( +UFY F@, )]
dt ps H 7/5 " H)Ts 4)
d].
dt :aA7A|A+aS}/sIS+V|W_(pH+/uH+lul)IH 5)
d
dItW:(l—aA))/AIA+(1_as)7/5|s+mQ_(V+pw+lLlw+lLl1)|W *(6)
R Pt Plet Pl Py Lyl LR
dtpAApsspHprlelul 7)
dv
_:C()1|A+a)2|s_((p+ 1)V
dt H ®)
dQ
— =@, E-(h+m+ 14)Q
at @ M) )
dV

C=TS—-(Z+

dt 2+ )V ¢ (10)
Volume 1, Issue 1, July 2024 453



Okorie Charity Ebelechukwu, Haruna Yusuf, Bala Ma’aji Abdulhamid, Hina Aliyu Danladi

1
2
3

4

10
11
12

13

14
15

16

Table 1: Table of Data for variables and parameters

Variables and values | Source
1 |N | 221,859,741 Wortld Population Review,2023
2 |S 126,000 Lin et al (2020)
3 |E |60789 Wotldmeters,2023
4 | In | 26667 Assumed
5 | Is | 35000 Wotldmeters,2023
6 |In | 27483 Assumed
7 | Iwv | 15000 Assumed
8 | R | 70,000 Worldmeters,2023
9 |V |24995 Assumed
10| D |3,155 Wotldmeters,2023
11 | Ve | 20,616 National Institute of Health
121 Q | 20000 Assumed

Table 2: Table of variables and Parameters values

S/N  Parameters Values Source

V4 0.01888 World Bank Birth rate(2018)
Py 0.0351 Rabajante(2020)
ﬁ 0.000000622 Jummy et al, 2021

DA
ﬂ 0.0000004306  Jummy et al, 2021

DS
P, 0.01255 Rabajante(2020)
ﬂ 0.00000016462  Jummy et al, 2021

1
r 0.138 Wotld meters,2023
. 0.01 Assumed
> 0.1259 Sanchez and Blower2020)
Z 0.0003 World meters,2023
n 0.001 Assumed
U 0.00712 WorldBank Death rate(2018)

1

S 0.025 Shaikh et al (2020)
r 0.05 Jummy et al,2021

0.007 Jummy et al,2021

o
y 0.029389 Jummy et al,2021

A
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17 ) 0.0356 Jummy et al,2021
2
18 0.24701 Jummy et al,2021
Ps
19 y 0.12072 Jummy et al,2021
s
20 W, 0.025193 Jummy et al, 2021
21 o 0.74087 Jummy et al, 2021
22 Qs 0.82189 Jummy et al, 2021
23 0.0357 Jummy et al, 2021
o
24 1 Jummy et al, 2021
K, L
10
25 14 0.012277 Jummy et al, 2021
26 0.0001 Jummy et al, 2021
P
27 1 Jummy et al, 2021
M, L
15
28 0.034632 Jummy et al,2021
M
29 m 0.002 Assumed

RESULTS AND DISCUSSION
Numerical Simulation

We used numerical simulations to illustrate some of the analytical result and verify
theoretical predictions of the model (1)-(10) using set of parameter values (Table 1). This
parameter values are obtained from the epidemiology of demographic profile of the
population which is obtained from literatures. We used Maple 2023 software to run the

analysis. The results of the numerical simulation are presented in the figures 1-5 below;
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Figure 1: graph of COVID-19 in the absence of quarantine and vaccination

This graph shows that quarantine and vaccination is very important when considering the
state of recovery of COVID-19 patients. Looking at the early stage of the graphs, we can
see how the recovery graph went down drastically. This occurs because when the virus
spread rapidly though the population without measures put in place to control the spread.

The increase seen in the graph comes as a result of natural immunity.

Figure 2: Graph showing the effect of vaccination to COVID-19
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From this graph, we observe that before the introduction of vaccines, the graph shows a
trend of increase in infection. As soon as vaccination is introduced, the graph shows a
decline in the trend of infection which brings increase in recovery of individuals with
COVID-19. The graph also shows that there are low hospitalized individuals. This is
because as the graph is flattening, it indicates low hospitalized individuals and less strain foe

medical resources. This graph shows that vaccination has an impact on COVID-19.

Figure 3: Graph showing the impact of Quarantine on COVID -19. From figure 1, we saw
that before quarantine the graph shows an increase in infections. As quarantine is
introduced, the rate of new infections start to slow down as infected individuals are isolated
and prevented from spreading the virus to other, This shows that quarantine has a great

effect on the recovery of COVID-19 patients.
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Figure 4: Graph showing the impact of incomplete doses of vaccination

From this graph, we observed that the graph of incomplete vaccination shows less impact
on the reduction of spread of COVID-19 This shows that there is need to have complete
doses for effective reduction and prevention of COVID-19, We also observe that

incomplete doses of vaccination has a great adverse effect on the recovery of COVID-19.

Figure 5: Graph showing the impact of Partial immunity
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In this graph, we observe that there are some individuals who have some degree of
immunity due to treatment received from the hospital but due to the pressure in the
hospital facilities such individuals were discharges without acquiring full immunity thereby
slowing down the recovery rate. This shows that Partial immunity has an adverse effect on

the state of recovery from COVID-19.

CONCLUTION

The graphs of the numerical simulation show that the control strategies should not be
neglected for effective control of COVID-19. Also, incomplete doses of the vaccines and

partial immunity should be avoided so as to prevent re-infection of the disease.
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