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Abstract. The emergence of the Coronavirus Disease 2019 (COVID-19) 
pandemic, as reported by the World Health Organisation (WHO), originating 
from Wuhan, China in late 2019, poses a significant and formidable challenge to 
worldwide public health. As a result, more than 20 nations experienced the impact of 
this lethal illness. This research introduces a mathematical model, namely SEIQRV, 
which incorporates the SEIR model to analyse the ongoing COVID-19 epidemic in 
Nigeria. The model incorporates nonlinear forces of infection. The present model 
takes into account the many modes of transmission involved in the dynamics of 
infection, as well as the influence of the environmental reservoir on the dissemination 
of this particular illness to human populations. The establishment of the area in 
which the model is epidemiologically viable has been confirmed. A comprehensive 
numerical simulation of the model was performed using the data given by the 
Nigeria Centre for Disease Control (NCDC). The findings from our analysis and 
simulation suggest that administering an inadequate dose of vaccination will result 
in an elevated number of persons who are exposed to and infected by the virus. 
Additionally, this incomplete dosage is also likely to contribute to an increase in the 
concentration of the virus within the environmental reservoir. Hence, the need for 
effective vaccination with a zero-wane-off vaccine and compliance with vaccination 
dose, which can be achieved through educational campaign and public awareness of 
the need to be vaccinated, and not to be vaccinated alone but to complete the dose 
as incomplete dosage is dangerous to the community and the country at large. This 
will help a great deal in eradicating the spread of the COVID-19.

Keywords: COVID-19; Vaccination; Infection dynamics; Mathematical model; 
SEIQRV model; Transmission; Basic reproduction number

1. Introduction 
Coronaviruses are zoonotic pathogens that may infect both people and animals, 

exhibiting a diverse spectrum of clinical manifestations, ranging from asympto-
matic cases to severe illness requiring hospitalisation in critical care units. These 
viruses can cause infections in several systems of the body, including the respirato-
ry, gastrointestinal, hepatic, and neurologic systems. The perception of their path-
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ogenicity in humans did not reach significant levels until their association with 
the outbreak of severe acute respiratory syndrome (SARS) in Guangdong, China,  
between the years 2000 and 2003.According to Weiss and Navas-Martin (2005), these 
viruses are prevalent among animals on a global scale; nevertheless, their impact on 
humans has been limited, with just a small number of documented instances. 

The 2019 new coronavirus, as designated by the World Health Organisation 
(WHO), is a kind of coronavirus that specifically impacts the lower respiratory 
tract of individuals diagnosed with pneumonia in Wuhan, China on December 29, 
2019 (Li et al., 2019). The World Health Organisation (WHO) has officially desig-
nated the name of the illness caused by the 2019 new coronavirus as COVID-19. 
This disease has garnered significant worldwide interest since it is associated with 
a pneumonia epidemic of uncertain origin (Zhu et al., 2019). The virus is now 
referred to as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). 
According to Zhu et al. (2019), there was a documented association between a 
group of individuals suffering from pneumonia of uncertain aetiology and the Hua-
nan South China Seafood Market located in Wuhan, during the month of December 
in the year 2019. 

Prior to the onset of the COVID-19 pandemic, two prominent strains of coro-
navirus, namely CoV OC43 and CoV 229E, were responsible for mostly inducing 
mild illnesses in individuals with a robust immune system. Nearly a decade after 
the emergence of the Severe Acute Respiratory Syndrome (SARS), a new highly 
contagious coronavirus known as the Middle East Respiratory Syndrome Corona-
virus (MERS-CoV) has emerged in urban areas of the Middle East.  

In addition to SARS-CoV-2, there are six documented coronaviruses that infect hu-
mans, namely HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HCoV-HKU1, 
and MERS-CoV. The occurrence of two significant pandemics, namely Severe Acute 
Respiratory Syndrome (SARS) and Middle East Respiratory Syndrome (MERS), may 
be attributed to the coronavirus during the last twenty years (Li et al., 2019).

Figure 1. Structure of COVID-19
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Various mathematical modelling studies have been undertaken to analyse 
the dynamics of the propagation of the COVID-19 pandemic. In their work, 
Okhuese (2020) used the SEIRU model as a tool for examining and forecasting 
the spread of COVID-19 on a global scale. There is a projected possibility of 
a reduction in secondary infections if comprehensive preventive measures are 
universally adhered to. Chen et al. (2020) proposed a mathematical model that 
aimed to explain a transmission network including bats, hosts, reservoirs, and 
humans. This model was specifically designed to simulate the possible trans-
mission of infections from the source of infection to humans. To simplify the 
complexity of the model, it was referred to as the Reservoir-People transmis-
sion network model. The calculation of the reproduction number was derived 
from the Reservoir-People model, using the next-generation matrix as a means 
to quantify the transmissibility of the virus within the geographical region of 
Wuhan, China. The predicted value of was found to be 2.30 when considering 
the transmission from the ambient reservoir to people, and 3.58 when consid-
ering transmission from humans to humans.  In their study, Yang and Wang 
(2020) introduced a compartmental model that incorporates many components, 
including the vulnerable population, the exposed population, the infected pop-
ulation, the recovered population, and the concentration of the pathogen in the 
environmental reservoir. The reproduction number was determined by using the 
next-generation matrix methodology to assess the transmissibility of the virus. 
This analysis focused on the transmission of the virus from individuals who 
were exposed, infected, or carrying pathogens in the environmental reservoir 
to vulnerable individuals in Wuhan, China. The projected value of is 4.25, with 
1.5 attributed to the indirect transmission route and 2.7 attributed to the di-
rect transmission route. In his study, Daniel (2020) examined the transmission 
dynamics of infectious diseases in Nigeria, specifically focusing on the trans-
missibility between individuals and the environmental reservoir. The analysis 
used nonlinear forces of infection to better understand the spread of the disease 
throughout the population. According to projections, it is anticipated that Nige-
ria would have a total of 55,000 confirmed cases by December 25, 2020. Conse-
quently, the implementation of mitigation techniques is recommended, as its ef-
ficacy in curtailing the transmission of COVID-19 throughout Nigeria is being 
emphasised. Previous investigations conducted by Onitilo et al. (2021, 2022) 
have undertaken rigorous study pertaining to the topic at hand. 

However, previous literature did not take into consideration the transmission 
route from the confirmed cases to the susceptible because, they are isolated and 
treated. But in a country like Nigeria where it is reported that the clinical practi-
tioners were infected in the process of treating patients with COVID-19. Hence, the 
need to include this transmission route. Hence, we present a mathematical model for 
the pandemic COVID-19 to describe the several transmission pathways including 
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the disease-induced rates for humans, and direct and indirect transmission routes. 
The direct transmission routes through contact describe the transmission from the 
exposed individuals to the susceptible individuals; from the infected individuals to 
the susceptible individuals, and from the quarantine individuals/confirmed cases 
to susceptible individuals while the indirect transmission routes come from the in-
teraction of the susceptible individuals with these pathogens in the environmental 
reservoir. 

 2. Model Analysis and Formulation
2.1. Formulation
To investigate the transmission dynamics of COVID-19 among humans, 

we utilise the SEIR model framework, which considers a total population 
size . We incorporate the presence of quarantined individuals and the con-
centration of the virus in the environmental reservoir into our model. Conse-
quently, we propose a mathematical model denoted as SEIQRV to examine 
the ongoing epidemic in Nigeria.

The susceptible compartment, represented by , comprises persons who 
are at risk of being infected. The exposed compartment, designated by , 
consists of individuals who have been infected but have not yet shown 
symptoms. The infected population, denoted by , represents individu-
als who are displaying complete illness symptoms. The compartments 
that are exposed and infected consist of individuals who are respective-
ly asymptomatic and symptomatic with the infection. The quarantine 
compartment, referred to as , comprises individuals who have been 
proven positive for a certain condition, have been placed under quaran-
tine, and have received vaccination. Individuals who decline to under-
go therapy or vaccination are reclassified into the susceptible compart-
ment. Following a period of therapy and completion of all necessary 
observational procedures to ensure the successful recuperation from the 
aforementioned infectious ailment, individuals are then transferred to the 
designated recovery compartment, signified by . Finally, the variable 

 denotes the concentration of the pathogen in the environmental reser-
voir. The following diagram illustrates the transmission dynamics of the  
COVID-19 pandemic using the SEICRV model, under the premise that 
people who have recovered from the disease develop immunity and are 
not susceptible to reinfection. In order to study the transmission dynam-
ics of COVID-19 among humans, we adopt the SEIR model framework 
with total population of human size  and formulate a model that in-
clude the quarantine individuals and the concentration of the virus in 
the environmental reservoir, hence propose a mathematical model of the 
form SEIQRV to investigate the present epidemic in Nigeria.
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Figure 2. Transmission dynamics of the infectious disease

Virus

Figure 3. Concentration of the virus in the environmental reservoir

The transmission dynamics of the disease are described by a six-dimensional 
system of ordinary differential equations, as seen in Figures 1 and 2.
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Together with the initial conditions
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The variable  denotes the population inflow within the context of the 
study. The symbol μ represents the fatality rate, where it is assumed that 
all individuals in the compartment experience natural death. The symbol  
represents the rate of death produced by the illness, whereas  represents 
the duration of the incubation period between the time of infection and the 
start of symptoms. The variable d_qr represents the rate at which individu-
als recover from the sickness. The variable  represents the rate at which 
persons who are verified to be infected with the illness are classified as in-
fectious. The variable  represents the rate at which people who have been 
exposed to COVID-19 are tested and provide positive results. The variable 

 represents the rate at which individuals in the susceptible compartment 
choose to undergo testing and vaccination, resulting in their transition to 
the recovery compartment. However, if individuals fail to complete their 
vaccination or if any confirmed cases fail to complete their treatments, they 
are returned to the susceptible compartment at a rate denoted by . The 
rates at which the exposed, infected, and quarantined individuals contrib-
ute the virus to the environmental reservoir are denoted as  and , 
respectively. The removal of the virus from the environmental reservoir is 
represented by μ_v.

For the infection degree ( , , , )b E I Q V  of COVID-19 pandemic in the sus-
ceptible compartment, the mathematical expression is as follows: 

( , , , ) E I Q vb VE I Q SE S SV I SQβ β β β+ += +  

The terms , , ,E VQISE SI SQ SVβ β β β , bilinear incidences define respec-
tively the transmission rates between susceptible and exposed, susceptible 
and infected, susceptible and confirmed and from the environment to hu-
mans. 

2.2. Boundedness of the Solution
It is necessary to demonstrate that the transmission dynamics defined by system  exhibit 

epidemiological and mathematical well-posedness within a viable area denoted by   

5( , , , , ) :h S E I Q R N
µ+

 Φ
= ∈ ≤ 
 

�  



287

Modelling the Impact of Vaccination...

and 
1 2 3( )

µµ
 + Φ

= ∈ ≤ 
 



 

where, 

( ) ( ) ( ) ( ) ( ) ( ) ( )N t S t E t I t Q t R t D t= + + + + +  

Theorem 1: There exist a domain   in which the solution set { , , , , , }S E I Q R V  
is contained and bounded.

Proof: 
Let

1( , , , , ) ( ) ( ) ( ) ( ) ( ) ( )S E I Q R S t E t I t Q t R t DU t= + + + + +  
and 

1( ) ( )VU V t=  

Then the time derivatives 21  and U U′ ′  along solutions of the system  are:

	 1 1 1 11 1
1

U dS U dE U dI U dQ U dR U dD
S dt E dt I dt Q dt R dt D dt

U ′ ∂ ∂ ∂ ∂ ∂ ∂
= + + + + +

∂ ∂ ∂ ∂ ∂ ∂
 

and 
2

2U U dV
V dt

′ ∂
=
∂

 

It follows that

		  1 1 2 1 2 3 2 and ( ) vU U h hhU Uµ µµ′ ′≤ Φ − ≤ Φ −++ 	 (1.3)

Solving the differential equations   yield
	 0 01 0 0 01 (1 exp( )) ( , , , , ) exp( )U t U S E I Q R tµ µ

µ
Φ

≤ − − + −  
and 

1 2
02 2

3( ) (1 exp( )) ( )exp( )v v
v

h h t U V thU µµ µµ
µµ

+ Φ
≤ − − + −

+
 

Therefore, taking the limits as t →∞  yields

1 2
1 2 3( ) and 

v

h hU hU
µ µµ
Φ + Φ

≤
+

≤  

Hence, every possible solution of the population belongs inside the feasible 
zone, indicating the existence and definition of the feasible region for the specified 
model in equation  and is defined by
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2.3.	 Equilibrium Point
2.3.1. Existence of Disease-free Equilibrium Point (DFE)
The DFE point are equilibrium point where no infection of COVID-19 occurred. 

Let 
* * * * * *

0 ( , ), , , ,E IS E Q R V= .
Thus at DFE point * * * * *

0, , , , , 0E I Q R VE = . In respect of this, solving , the 
resulting DFE point obtained is
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2.3.2. Stability of the Free Disease Equilibrium Point
Here, we show that the disease free state 0E  is asymptotically stable if 0( )J E  

is negative and unstable if 0( )J E  is positive.
To start with, we find the Jacobian matrix of the system  at the disease-free equi-

librium point 0E  which is obtained as
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The eigenvalues of the matrix 02 ( )J E  are the roots of the characteristics equation
3 2
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Employing the Routh-Hurwitz criterion (Murray, 2001) which states that 
all roots of the polynomial  has negative real parts if and only if the coeffi-
cient  and matrices  for . From equation , we have 
that . Also,  provided . Also, the 
Hurwitz matrices for the polynomial  are positive i.e

2 3
2 3
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Hence, it follows that the eigenvalues of the Jacobian matrix J(E_0) possess 
a negative real component, so establishing the local or asymptotic stability of the 
disease-free equilibrium point. This suggests that in order for a state to achieve 
freedom from the virus, the rate of individuals transitioning from the confirmed 
cases category to the recovered category must exceed the rate at which individu-
als transition back from the confirmed cases category to the susceptible category, 
while also ensuring effective removal of the virus from the environmental reser-
voir. The attainment of a disease-free condition may be ensured by eliminating 
pathogens from the environmental reservoir and ensuring a higher number of in-
dividuals who have received treatment compared to those who have declined it.

Otherwise, if , we see that  and by Descarte’s rule of 
sign, there is at least one sign change in the sequence  of the 
coefficient of the polynomial . So, there is at least one eigenvalue with posi-
tive real part and the disease-free equilibrium point is unstable.

2.3.3. Computation of Basic Reproduction Number
The reproduction number 0  refers to the anticipated number of cases that arise 

from a single case within a community in which all people are vulnerable to infec-
tion. If  0 1> implies that certain measures are implemented, as such, there would 
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be a decrease in the number of cases. Conversely, if 0 1> such measures are not 
implemented, there would be a rise in the number of cases, perhaps leading to the 
declaration of an epidemic. The magnitude of is directly proportional to the level of 
difficulty in managing the epidemic. Consequently, it becomes essential to forecast 
the potential spread of an illness within the population.

To get 0  for the model in equation (1.1), the next generation matrix approach 
is used. The components pertaining to infection in this model are , , ,E I Q V . The 
derivatives at the disease-free equilibrium point are to be determined. The infection 
matrix and the transition matrix are denoted as   and  , respectively.
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Where 1 2 3, ,  and eq iq qr qsw d d dw dwγ µ φ µ φ µ= + + = + + = ++ + .
Hence, the reproduction number for the model  is

The first three components 0  in equation (1.7), namely , IE   and Q , 
quantify the impact of human-to-human transmission channels, namely the expo-
sure of susceptible individuals to diseased individuals, and the transfer from infect-
ed individuals to susceptible individuals. The fourth component V , quantifies the 
contribution of the environment to the human transmission route. The four trans-
mission pathways described include the comprehensive assessment of the infection 
risk associated with the Covid-19 outbreak in Nigeria. The subsequent elucidation 
delineates each of the components of the fundamental reproductive number.
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The first component E  quantifies the multiplication of the contact rate between 
susceptible people and exposed individuals in close proximity to the disease-free 

equilibrium Eβ , divided by the average length spent in the exposed class
1

1
w

. 

Additionally, I  quantifies the multiplication of the rate at which susceptible people 
come into contact with infected persons in close proximity to the disease-free equilibrium 
(DFE) Iβ , and the time between infection and the appearance of symptoms γ , relative to 
the average duration within the combined exposed and infected population 

1 2

1
w w+

.  In 

a similar vein, Q  quantifies the combined effect of the contact rate between susceptible 

individuals and confirmed cases in close proximity to a DFE Qβ . It also takes into account 
the multiplication of two factors: the rate at which individuals transition from the infected 
class to the removed class, and the rate at which exposed individuals become confirmed 
cases. Additionally, it considers the multiplication of the number of infected individuals 
who test positive for the disease after the incubation period ( )2ec icd w d γ+ , and the av-

erage duration of individuals in the exposed, infected, and quarantine class
1 2 3

1
w w w

 
 
 

. 

Lastly, V measures the product of contact rate of susceptible individuals from the con-

centration of the virus in the environment near DFE Vβ  and the sum of the product of 
the following: rate at which individuals are confirmed, removal from the infected class 
and the contribution of the confirmed cases in the environmental reservoir to the remov-
al of the virus from the environmental reservoir; removal from exposed class, infected 
class and the ratio of the contribution of the exposed individuals in the environmental 
reservoir to the removal of the virus from the environmental reservoir; rate at which in-
fected individuals are positive with the infectious disease after the incubation period and 
the ratio of the contribution of the confirmed cases in the environmental reservoir to the 
removal of the virus from the environmental reservoir; removal of infected individuals 
after the incubation period and the ratio of the contribution of the infected individual in 
the environmental reservoir to the removal of the virus from the environmental reservoir 
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Sensitivity Analysis
The present research incorporates sensitivity analysis to assess the individual 

impact of each parameter on the basic reproduction number. The purpose of this 
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analysis is to assess the extent to which each parameter value contributes to the 
reproduction number.

The calculation of the basic reproduction number is calculated as follows:
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Sensitivity index of the model parameter is provided as:
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Where X denotes any parameter in the model.
The estimation of the sensitivity index for each of the parameters is presented 

in Table 1.

Table 1. The estimation of the sensitivity index for each of the parameters
SYMBOL VALUE SOURCE SENSITIVITY INDEX

0.036402 0.0334 7.01E-05 0.000538

22655 Daniel (2020) 1 1 1 1

1/7 Yang and Wang 
(2020) -0.13257 -0.139 0.861001 -0.00845

1/14 Onitilo and Daniel 
(2022) -0.01737 0 0 -0.71469

1 Yang and Wang 
(2020) -0.06576 0 0 0

0.0182 Daniel (2020) -0.06583 -0.06123 -0.08771 -0.24679

4.103e-5 Daniel (2020) -0.82216 -0.84329 -0.84329 0.026159

0.626 Daniel (2020) -0.00269 0 -0.91094 0.011626

3.366e-8 Daniel (2020) 0.917541 1 0 0

6.396e-9 Daniel (2020) 0.001925 0 1 0

1.023e-9 Assumed 0.014775 0 0 1

1.886e-8 Daniel (2020) 0.065759 0 0 0

2.010 Daniel (2020) 0.054892 0 0 0

0.235 Daniel (2020) 0.001334 0 0 0

0.035 Assumed 0.009533 0 0 0
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0.4 Assumed -0.95648 -0.95648 -0.95648 -0.95648

0.8667 Daniel (2020) -3.6E-06 0 0 -0.00015

0.043 Iboi et al. (2020) -0.0004 0 -0.06257 -0.00817

0.103 Iboi et al. (2020) -0.00251 0 0 -0.10306
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Figure 4. Simulation showing the impact of vaccination on the susceptible 
individuals
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Figure 6. Simulation showing the impact of vaccination on the infectious  
individuals 
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Figure 7. Simulation showing the impact of vaccination on the quarantine  
individuals 
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Figure 8. Simulation showing the impact of vaccination on the recovered  
individuals 
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Figure 9. Simulation showing the impact of vaccination 
on the environment reservoir
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Figure 10. Simulation showing the impact of incomplete vaccination  
on the susceptible individuals
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Figure 11. Simulation showing the impact of incomplete vaccination  
on the exposed individuals
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Figure 12. Simulation showing the impact of incomplete vaccination  
on the infectious individuals
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Figure 13. Simulation showing the impact of incomplete vaccination  
on the quarantine individuals
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Figure 14. Simulation showing the impact of incomplete vaccination  
on the recovered individuals
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Figure 15. Simulation showing the impact of incomplete vaccination  
in the environmental reservoir
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Results and Discussion
In the present study, we have introduced the SEIQRV transmission model, 

which incorporates the pathways of transmission from the environment to humans 
and from humans to humans.  In order to simulate the model, data from Nigeria 
was used, as seen in Table 1. The rates used in this study are 0.2, 0.4, 0.6, and 0.9, 
which correspond to percentages of 20%, 40%, 60%, and 90% respectively. Figure 
4 illustrates a simulation plot that depicts the effect of vaccination on susceptible 
people at several vaccination rates, namely  and . There 
is a correlation between the rate of vaccination and the number of persons exiting 
the compartment for the purpose of vaccination. Consequently, there is a decrease 
in the population size inside the compartment. However, a reversal of this trend is 
noticed in Figure 10. Figure 10 depicts a simulation plot that showcases the impact 
of incomplete COVID-19 dosage with rates  at various levels: 0.2, 0.4, 0.6, 
and 0.9. It has been noticed that the number of persons increases when people fail 
to complete their prescribed dose.

Figures 5 and 6 depict the simulation plot illustrating the influence of vaccination 
on the populations of exposed and infectious individuals, with varying vaccination 
rates of  and , respectively. Similarly, Figures 11 and 12 
present the impact of incomplete vaccination on the populations of exposed and in-
fectious individuals, with rates of , and , respectively. Figures 
5 and 6 illustrate a decline in the population inside these compartments, which may 
be attributed to an increase in the vaccination rate among people. This demonstrates 
that the implementation of vaccinations may significantly decrease the frequency of 
interactions between susceptible persons and those who are exposed or infectious, re-
sulting in a notable reduction in infection rates.  However, the phenomenon described 
in Figures 11 and 12, which illustrate an increase in the population of exposed and 
infected persons due to a corresponding increase in infection rates. 

Figures 7 and 8 depict the simulation plot illustrating the influence of vaccination 
on the populations of quarantined and recovered individuals, with varying vaccina-
tion rates . Similarly, Figures 13 and 14 provide a de-
scription of the impact of incomplete vaccination on the populations of quarantined 
and recovered individuals, also considering the  rates 
. The observed data in Figures 7 and 8 indicate a notable rise in the population size 
inside these compartments. This increase is attributed to a corresponding increase 
in the rate of vaccination among people. Due to the observed rise in vaccination 
rates, there has been a corresponding increase in the population of vaccinated per-
sons inside the quarantine compartment, thereby leading to an upsurge in the num-
ber of individuals who have successfully recovered from the illness. A reversal of 
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the aforementioned trend is seen in Figures 13 and 14, whereby a decrease in the 
population sizes of the quarantine and recovered compartments is noted. This sug-
gests that a significant proportion of people die prior entering these compartments. 
Nevertheless, it is shown in Figure 9 that an increase in vaccination rates leads to 
a decrease in pathogen concentration inside environmental reservoirs. Conversely, 
Figure 15 demonstrates that insufficient dose of the COVID-19 vaccine tends to 
increase the number of pathogens present in these reservoirs. The presence of a 
significant population of persons with inadequate dose has been identified as a con-
tributing factor to the proliferation of these diseases in environmental reservoirs.

Table 1 presents the basic reproduction number and the respective contributions 
from persons who are exposed, infected, and quarantined. The data indicates that per-
sons who are exposed demonstrate a higher level of contribution, followed by those 
who are isolated, and lastly, individuals who are infectious. Persons who are asymp-
tomatic yet infected with the illness have the potential to spread it in public settings. 
Despite being without symptoms, these persons may freely move about in their sur-
roundings. The primary determinant for the impact of the basic reproduction number 
on persons in quarantine compartment is the medical practitioner. The healthcare pro-
fessional becomes infected by a confirmed patient and then transmits the infection to 
additional patients with unrelated conditions, either via negligence or unintentionally. 
Finally, the persons who are infected but not yet showing symptoms contribute more 
than those who are unwell and unable to move about due to their illness.

Table 1 presents the sensitivity analysis results for the parameters in the model. 
The primary objective is to investigate the degree of sensitivity shown by a model 
in response to variations in both its parameter values and structural configuration. 
According to the data shown in Table 1, it can be seen that the sensitivity index for 

 indicates a positive relationship between  and . Specifically, a rise in 
Φ will result in a proportional increase in . Likewise, a reduction in the value of 
Φ will result in a corresponding drop in the value of . Therefore, the variable Φ 
exhibits a direct relationship with the values of , and . Similarly, it can 
be noted from Table 1 that the variables , and  exhibit a direct 
proportionality with . Additionally, the sensitivity index for  is calculated to 
be -0.95648. This indicates that an increase in  will result in a proportional drop 
in the basic reproduction number ( ). Likewise, an augmentation in the value of 

 will result in a reduction in the value of . Therefore, the variable  ex-
hibits an inverse relationship with the variables , and . The variables 

, and  exhibit an inverse relationship with  , 
as shown by the data presented in Table 1.
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Conclusion
The present study investigated the transmission dynamics of COVID-19 by the 

use of a deterministic model consisting of systems of ordinary differential equa-
tions. The model incorporates persons who are susceptible, exposed, infectious, 
quarantined, and recovered, as well as the concentration of pathogens in the envi-
ronmental reservoir. The efficacy of COVID-19 vaccination in mitigating the trans-
mission of the virus was further examined by the use of numerical simulation. The 
impact of the model’s parameters on the basic reproduction number, as well as the 
evaluation of the parameters’ sensitivity, was also conducted. Based on the research 
results, a high vaccination rate has the potential to decrease the rate of interactions 
between suusceptible individuals and those who are exposed or infectious. Conse-
quently, this reduction in contact rates would contribute to a decrease in the overall 
infection rate. As a result, there is a decrease in the population’s exposure and in-
fection rates, leading to a rise in the number of persons undergoing quarantine and 
seeking medical care. Therefore, the synergistic impact of implementing a success-
ful vaccination strategy using a non-waning vaccine and ensuring full completion 
of COVID-19 vaccination will provide a more substantial outcome. This approach 
would effectively decrease infection rates among the human population and miti-
gate the contribution of people to the environmental reservoir. This will result in 
the expeditious elimination of COVID-19. This study highlights the importance 
of implementing a robust vaccination strategy that includes the use of a long-last-
ing vaccine with no waning efficacy. Additionally, it emphasises the significance 
of ensuring compliance with the recommended vaccination schedule. This can be 
accomplished through the implementation of educational campaigns and raising 
public awareness regarding the necessity of receiving the complete vaccine dosage. 
It is crucial to emphasise that incomplete vaccination poses a significant risk to 
both the community and the nation as a whole. This intervention will significantly 
contribute to mitigating the transmission of the COVID-19 virus.
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