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Keywords Abstract
Ebola Virus Disease, Ebola is a highly contagious and fatal viral disease that has sparked widespread panic
Transmission and devastation and thus affected global health, the economy, and social dynamics.
Dynamics, Hence, a model is formulated to examine the impact of isolation and vaccination on
Vaccination, curbing the transmission dynamics of Ebola Virus Disease (EVD). The model's
Isolation, epidemiological viability in a given region was established. Numerical simulations were
Infectious Disease, conducted using MATLAB to examine the effect of vaccination and isolation on
Mathematical curtailing the spread of the Ebola virus disease. The impact of the parameters used in the
Modelling. model on the basic reproduction number and the estimation of the sensitivity of the

parameters were also carried out. It is observed that if the rate of symptomatic infected
individuals being isolated and vaccinated is high enough, this would reduce the infection
rate. Hence, the isolation of infected individuals and efficacious vaccination with a zero-
wane-off vaccine will help a great deal in curtailing the spread of the Ebola virus disease.

1. Introduction

Ebola virus has the potential to induce a viral hemorrhagic fever, commonly referred to as Ebola virus disease
(EVD) or Ebola hemorrhagic fever (EHF), in humans and other primates. Both outbreaks can be attributed to the
same source, namely the Ebola virus. The Ebola virus disease, a highly uncommon yet fatal condition, is
attributed to an infection caused by any of the various species of the Ebola virus. The onset of symptoms typically
occurs within a span of two to three weeks following the initial infection, whereby individuals commonly
manifest indications such as fever, sore throat, muscular discomfort, and headaches. Subsequently, a cutaneous
eruption frequently manifests, followed by symptoms of queasiness, gastrointestinal distress, and a progressive
decline in hepatic and renal performance. At this stage, individuals can experience both external and internal
bleeding. The illness exhibits a significantly elevated fatality rate, ranging from 25 to 90 percent, with an
approximate mean of 50 percent, indicating a substantial likelihood of death among affected individuals. This
medical condition, commonly associated with hypotension caused by fluid depletion, may present itself between
six to sixteen days following the onset of symptoms. Various bodily fluids, including blood, saliva, sweat, faeces,
vomit, breast milk, and semen, can serve as carriers of infection. Additionally, inanimate objects such as needles
and syringes can become contaminated, as well as fruits and vegetables [1-5]; Research has demonstrated there
is a potential correlation between breastmilk consumption and a potential reduction in the infant's immune
system. Their actions have the potential to facilitate the transmission of the contagious pathogen. Numerous
studies have provided evidence indicating that the viral presence can persist in seminal fluid for approximately
40 days after the initial infection [6]. According to [7] and [8], it is strongly recommended that individuals who
have survived Ebola refrain from participating in breastfeeding and engaging in sexual activity without the use
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of protection. This is because their actions have the potential to transmit the pathogen to others. According to a
study, it has been suggested that Ebola can be transmitted by various arthropods, including bats and rats [9].

Numerous disease pandemics have inflicted severe devastation upon their respective regions. Comprehending
the patterns of disease transmission and the methods employed for its control is imperative for the effective
management and mitigation of epidemics. The utilisation of mathematical modelling has emerged as a valuable
instrument in comprehending intricate disease mechanisms, as evidenced by the works of researchers [10-13].
Scientists can conduct experiments on alternative scenarios and treatments, potentially exerting an influence on
public health policy.

The study of mathematical modelling in relation to Ebola Virus Disease (EVD) has attracted significant
interest in recent years [14-20]. These studies have provided insights into the epidemiology of the disease
[14,17,19-20], its patterns of transmission [14,15,18-20], and potential therapeutic interventions [15,16,17,19].

Several researchers have employed the SIR and SEIR models [19-21] in an attempt to predict the transmission
dynamics of Ebola. The research paper proposes the use of vaccination as a preventive measure against the
disease and employs the SEIR model to assess the transmission dynamics and control strategies of the illness.
Various vaccination rates are employed to assess the potential extent of disease transmission. After determining
the minimum vaccination threshold necessary to impede the transmission of the illness, researchers may proceed
to examine the impact of the vaccine on the proportion of individuals susceptible to the disease, capable of
transmitting it to others, exposed to the disease, and successfully treated [22] demonstrated the application of
mathematical modelling in evaluating the effects of fundamental public health interventions on disease
transmission and gaining an understanding of the potential occurrence of a severe epidemic caused by Ebola virus
disease (EVD). During the discourse on the dissemination and management of viral hemorrhagic fevers within
the framework of the greatly diverse economic landscape of African nations, the scholars also deliberated on the
imperative requirement to gather comprehensive epidemiological data in a timely manner throughout the
progression of an ongoing epidemic. Additionally, they emphasised the necessity of conducting supplementary
investigations to assess the efficacy of interventions, as well as the development of extensive modelling studies
on a large scale. During the meeting, the aforementioned issues were discussed.

The deterministic SEIR model of the 2014 Ebola epidemic in West Africa was understudied [21]. The
proposed model elucidates the intricate interplay between populations that are susceptible to a particular disease
and those that have already been infected. This model takes into consideration the impact of hospitalisation on
the spread of the disease as well as the transmission of the illness through contact with individuals who have
recently passed away. The model's parameters were refined by utilising current estimates of infected and deceased
patients in each nation, with data sourced from the World Health Organisation (WHO). The model was
subsequently evaluated using the established parameters. Proposed indicators were put forth to ascertain the
nations that are in dire need of additional funding to effectively curb the proliferation of the disease. The factors
under consideration encompass the fundamental reproductive number in relation to hospitalisation and
appropriate burial rates, as well as local and global sensitivity assessments of the affected population.

In [23], a study was carried out that examined and compared two distinct mathematical models employed for
elucidating the transmission dynamics of the Ebola virus in West Africa. The researchers conducted a
comparative analysis of the two models in order to enhance their accuracy in predicting and mitigating the
transmission of the infection. Specifically, the researchers examined the scenario in which the outcomes derived
from both models exhibit congruence. [19] used the SEIR (Susceptible-Exposed-Infectious-Recovered) model to
examine Ebola transmission dynamics. They also suggested ways to control this infectious sickness. The research
was focused on susceptible, infected, and recovered people. The researchers examined many methods for
managing the 2014 Ebola pandemic using WHO statistics. The steps were taken to reduce viral transmission and
test vaccination effectiveness.

It is observed that most existing Ebola virus disease models exclude the combined use of vaccination and
isolation as measures against Ebola. Furthermore, existing models that incorporate vaccination as a control
measure fail to adequately emphasise the declining effectiveness of vaccination over time. This study is focused
on enhancing comprehension of the impacts of these measures in order to acquire valuable recommendations for
preventive and therapeutic measures against the Ebola virus disease. Hence, we examine the transmission
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dynamics of Ebola Virus Disease (EVD) with prevention and control measures as well as the possibility of the
vaccination waning off.

2. Model Formulation

Based on the following assumptions, we build a deterministic compartmental mathematical model for EVD that

includes vaccination, isolation, and therapeutic treatment as control strategies:

Q) There is continuous disease-induced immunity.

2 We suppose a crucial dynamic exists. In fact, several Ebola epidemics have lasted longer than two years
(for example, the Western Africa outbreak). As a result, throughout this rather lengthy period, there may
be new births or an influx of susceptible persons from other/neighboring regions, as well as natural
deaths.

3 Homogeneous mixing of members of the population being studied.

The model is composed of eight compartments namely

S(t) — Susceptible persons at a time.

E(t) — Exposed persons at a time.

A(t) — Asymptomatic infectious persons at a time i.e people who are infected but not infectious yet.

1(t) — Symptomatic infectious persons at a time i.e individuals who are aware.

Q(t) — Quarantined or isolated infectious persons at a time.

V(t) — Vaccinated persons at a time.

D(t) - Death

R(t) — Recovered persons at a time.

Figure 1 carefully shows the schematic illustration of the model. The susceptible class is increased by the
constant rate A of births or immigration, rate of vaccination & and lost immunity of the recovered individuals,
which is then decreases due to natural mortality rates u, interactions with infectious people Q(t), and those going
for vaccination v¢. Susceptible individuals transfer to compartment E after being exposed to infection at a rate
Q(t). They either die naturally or become asymptomatic infected (unaware infectious) at the rate y. The rate at
which the asymptomatic infected becomes symptomatic infected (aware infectious) is €. The proportion of A and
I are quarantined at a rate n and « respectively. After treatment they are recovered at the rate of p. The induced
death rate for the symptomatic infected and quarantined person is §. The vaccinated are populated by the
susceptible person being vaccinated at the rate v¢p and reduce by the rate of wane off of vaccination.

Figure 1. Schematic Illustration of the Model
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2.1. Model Formulation

§=A—Q(t)—v¢S+EV+cR—uS )
T=00 - (0 +wE @
%zyE—eA—nA—yA 3)
L=eA-(uta+o)l (4)
Z—f=nA+a1—(u+p+8)Q ()
Z—Z=v¢5—fV_#V ©
Z—f=pQ—(C+u)R ()
L= 51+50 (8)

Q(t) = 015E + CzsA + C3SI

where
A = birth rate unto the susceptible
¢= proportion of susceptible individual vaccinated
v = vaccination rate
n = rate of recruitment into the quarantine class
¢, = contact rate between susceptible and exposed
¢, = contact rate between susceptible and asymptomatic infectious individuals
c3 = contact rate between susceptible and symptomatic infected
& = rate of vaccine wane
¢ = loss of immunity
p= recovery rate of the quarantined
u = natural death rate
a = rate of infected isolated
6 = disease induced death rate
y = incubation rate of the disease
€ = rate at which symptomatic infected become symptomatic

2.2. Disease-Free Equilibrium Eo

Since no disease is in the system, there is no illness and no need for recovery.
Hence,

— L vPSy
Eo = (775, 0.0,0,0,25%,0,0) ©)

2.3. Basic Reproduction Number Ro
The basic reproduction number predicts how long-term disease stays in the body. It controls how quickly a disease

spends in the system. Using next generation method, the basic reproduction number denoted by Ry is obtained
by taking the largest (dominant) eigenvalue of

p(Ry) = FV™* (10)
The reproduction number Ry = p(FV™)
Ry = Rg + R4+ R, (11)
_ G159 C25oy C350¢Y

Ry (12)

T oytu | (vt (retp) | (et (atS+w) (y+u)
Where

Ry is the contribution of the exposed individuals
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R, is the contribution of asymptomatic infectious individuals
R; is the contribution of the symptomatic infectious individuals

2.4. Endemic Equilibrium

In epidemiology, the term "endemic" is used to describe the state of an illness within a particular population or
geographical area. Specifically, it refers to the continuous presence of the virus at a baseline level, without the
introduction of additional infections. To find the endemic equilibrium, equate equations (1) — (7) to zero. Hence

the endemic equilibrium is
* A+B4LE

W (13)
A= G (14)
I o e (15)
Q= hremrss® (16)
V= (fVi) ((C1+1[\3:f;f)533) (17)
R = e e e (18)

2.5. Stability Analysis of the Model

This section covers the stability analysis of the model ranging from local stability to global stability.

2.5.1. Local Stability of the Disease-Free Equilibrium

Theorem 1: The disease-free equilibrium (DFE) of the system is locally asymptomatically stable if R, < 1 and
unstable if Ry > 1.

Proof

To get the local stability of Eo, the following variational matrix is solved corresponding to the equilibrium E,
The Jacobian Matrix at DFE is given as

—(wé + ) = (15, = (35 (350 0 $ c
/ 0 —(y+uw 0 0 0 0 0
| 0 y —(u+é+n) 0 0 0 0 |
JSEALQV,R) = 0 & —(a+6+w) O 0 0 0 (19)
0 0 n a —(a+p+95) O 0
0 0 0 0 0 -+ O

The eigenvalues - (¢ + ), -V + w), —(y + w),and — (u + p + 96).

The remaining eigenvalues are obtained from the following matrix

_[~+s+mn) 0
](S,E,A,I,Q,V,R)—[ " ((H(HH)] (20)
P+u+é+n+a+s+wrA+@+é+na+6+w =0
. p+E+tn+ra+s+putJu+ri+tn+ra+s+wi—au+E+n(a+s+p)
12 — 2
2P +al+b=0 (21)

If this is satisfied, it implies that all the roots are negative hence, the DFE is locally asymptomatically stable but
otherwise unstable.
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2.5.2. Global Stability of the Disease-Free Equilibrium

Theorem 2: The Ebola model at DFE is globally asymptomatic stable if Ry < 1

Proof

The proof is based on using the Lyapunov function. Using the idea of Onitilo and Daniel (2022), the Lyapunov
function needs to satisfy the model of the infected class E = A =1 = Q = 0 to be asymptomatically stable

Let L = byE + byA + b3l + b,Q (22)
The derivative of equation (22) is

S = b Z b, B+ by D p, 22 (23)
% < by ((¢,SE + ¢,SA + ¢3SI) — (y + WE) + (bye — by(e +n + WA + (bya — by(a + 8 + 1) — by(u+ p + 6)Q (24)
AtDFE &4,Eq, Ap, 1y, Q=0
% < (byy — by(y + WE + (bse — by(e + 1+ w)A + bynA + (bya — bs(a + 8§ + 1)) — by(u + p + 8)Q (25)

equating the coefficient of E in equation (25) and applying the multiplication property of equality
ie.
If pr =qsthep =qaswellasr =s
by = by (y + 1)
b,=y+u andb; =y (26)
Also equating the coefficient of I
bya =bs(a+ 6+ p)

by=a+6+u and b; =« (27)
substituting for by, b,, b;and b, in equation (25) and further simplification gives
dL 150 250 C3€¥So
a = (‘ (<y+u) T oo (n+s+u)<a+ys+u)(y+u)) tale+m+ @ +wn—G+m+n+wRy - 1)> 4 (28)

Therefore, % = 0if and only if A = 0 and % < 0if Ry < 1.Hence the largest compact invariant set in Q =

{S, E,A1Q,RER: %} Is the singleton set {€,}. from Lasalle’s invariant principle. It can be concluded that
R, < 1 implies {&,} is asymptomatically stable in Q.

2.6. Sensitivity Analysis

To determine how to most effectively lower illness-related mortality and morbidity, epidemiologists must
understand the relative significance of the many elements involved for the transmission and prevalence of the
disease. Sensitivity analysis is performed to investigate how sensitive parameter changes are to the spread and
incidence of the illness. As a parameter value for changes, sensitivity indices are used to quantify the relative
change in a state variable. The ratio of the relative change in the parameter determines the normalised forward
sensitivity index of a variable to the parameter. The sensitivity index may be constructed using partial derivatives
in the case when the variable is a differential function of the parameter as shown below: The normalised forward
sensitivity index of a variable that depends differently on a parameter ¢ is defined as
=8
§08 Ty
Where ¢ represent all the basic parameter. The sensitivity of the parameters is computed using maple and
presented in Table 1.

3. Results and Discussion
A numerical simulation of the Ebola virus disease is analysed using the baseline values given in Table 1. The

numerical simulations were done over a period of 150 days using MATLAB, and the results are shown in Figures
2-10 to evaluate the efficacy of vaccination and the isolation of infectious individuals. Also, the effect of waning
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vaccination on the population is examined. The sensitivity index of the parameters used in the model was
calculated and presented in Table 1 to check the most contributing parameters to the basic reproduction number.

Table 1. Model parameters and values used in the simulation.

Parameters Values Source Sensitivity Index
A 136 [24] 1
€ 0.1 [25] 0.01839
o} 2.568e-7 Assumed 0.904
Cy 1.417e-7 [26] 0.09593
C3 1.1102e-9 Assumed 0.00007368
& 0-1 Control parameter -
é 0.8 [25] -0.0000578
n 0.4 [25] -0.0738
u 0.02 [25] -0.17036
v 0-1 Control parameter -0.5
a 0-1 Control parameter 0.00001445
¢ 0.1 [25] -0.5
p 1/15.88 [25] -
c 0.0314862 [25] -
y 0.1 [25] -0.73733
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Figure 2 illustrates the simulation plot of Exposed, Asymptomatic Infectious, Symptomatic infectious, and
Isolated Individuals in response to the Ebola Virus disease (EVB) in the absence of vaccination. It is observed
that the number of individuals exposed is much greater than the number of asymptomatic, symptomatic, and
isolated individuals. The peak is achieved in 60 days, and after that, it is seen to decline. This shows that there
would be a high number of people exposed if vaccination was not in place; hence, the contact rate would sooner
increase.

Figure 3 shows the simulation plot of the Asymptomatic Infectious, Symptomatic Infectious, Isolated
individuals, and Recovered Individuals in response to the Ebola Virus disease in the absence of vaccination. It is
revealed that the number of asymptomatic infectious individuals is much higher than the number of symptomatic
infectious individuals and isolated individuals. Recovered individuals are seen to be the smallest number in that
compartment. Hence, sooner or later, the human population will go extinct.

Figures 2 and 3 show the need to curtail the spread of Ebola Virus Disease (EVB); hence, the effectiveness of
vaccination and isolation of symptomatic infectious individuals is examined. Also, the sensitivity of the parameter
of the basic reproduction Ry, is assessed to know the impact of the parameters on R,,.

3.1. Effect of Vaccination

Figure 4a shows the simulation plot showing the impact of vaccination on susceptible individuals at the
vaccination rate v = 0,0.25,0.5,0.8. It is observed that as the rate of vaccination increases, the number of
individuals leaving the compartment for vaccination increases. Hence, there is a reduction in the number of
individuals in the compartment.

Figures 4b, 4c, 4d, 4e, and 4g display the simulation plot showing the impact of vaccination on exposed,
asymptomatic infectious, symptomatic infectious, isolated, and recovered individuals at the vaccination rate v =
0,0.25,0.5,0.8. It is seen that the number of individuals in these compartments reduces, which is a result of an
increase in the rate at which individuals are vaccinated. This shows that if individuals are vaccinated, the contact
rate between susceptible and exposed, susceptible and asymptomatic infectious individuals, and susceptible and
symptomatic infectious individuals will drastically reduce, i.e., the infection rates will reduce. Since the infection
is reduced, the number of individuals in the infection compartment reduces, and hence, the number of recoveries
also reduces since there are fewer individuals infected, they are hospitalised or isolated, and then they recover
after treatment. However, an increase in the rate of vaccination increases the number of vaccinated individuals,
as displayed in Figure 4f. Figure 4f illustrates the impact of vaccination on the vaccinated individuals at the
vaccination rate. Hence, Figure 4 demonstrates the effectiveness of vaccination in curbing the spread of EVB.
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137



Daniel et al. CUJSE 20(02): 129-145 (2023)

3.2. Effect of Isolation on the Spread of the Disease

Figure 5a depicts the Simulation of the effects of isolation on the symptomatic infectious individuals at the
isolation rate @ = 0,0.25, 0.5, 0.8. It is observed that with an increase in the rate at which symptomatic infectious
individuals are isolated, the number of symptomatic individuals in the compartment reduces drastically.
However, there is an increase in the number of individuals isolated and recovered, as observed in Figures 5b
and 5c, respectively. Figure 5b shows the simulation effects of isolation on the isolated individuals, while Figure
5c¢ shows the simulation effects of isolation on the recovered individuals.
In essence, increasing the isolation rate makes individuals who are symptomatically infected more likely to be
isolated and treated appropriately. After their duration of treatment, they move to the recovered compartment,
thereby populating the number of recovered individuals in the compartment. This is also seen as an effective way
of curbing the spread of EVB.

251 100

— =) PR

NF = = 142025 R4

Symptomatic Individuals
Isolated Individuals

time(days)
(b)
100
a=0
90 [ |= = 0=025 ..}j’..'.\&‘
g
time(days)
(©
Figure 5. Simulation of the effects of isolation on the (a) symptomatic infectious (b) isolated (c) recovered

individuals.

3.3. Effect of Waning of Vaccination

The simulation of the effects of the waning vaccine on susceptible individuals, exposed individuals,
asymptomatic infectious individuals, symptomatic infectious individuals, isolated individuals, and recovered
individuals is displayed respectively in Figures 6a, 6b, 6¢, 6d, 6¢, and 6g at the waning rate ¢ = 0,0.25,0.5,0.8.
It is observed that the increase in the rate at which the vaccine is administered increases the number of people in
this compartment. The implication is that the infection rate continues to increase due to an increase in contact
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between the susceptible and the exposed, susceptible and the asymptomatic infected, and susceptible and

symptomatic infected individuals, which poses a great threat to human health.

Figure 6f shows the simulation of the effects of the wane vaccine on the vaccinated individuals at the waning
rate ¢ =0,0.25,0.5,0.8. It is observed that an increase in the rate of vaccination reduces the number of
individuals vaccinated. When the vaccines wane, they move back into the susceptible population and can get
infected in contact with exposed individuals, asymptomatic individuals, or symptomatic individuals. Although
the disease is managed as long as individuals who get infected are isolated and treated, the cycle keeps continuing,

which can be avoided if the vaccine provided does not wear off.
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Figure 6. Simulation of the effects of the wane vaccine on the (a) susceptible (b) exposed (c) asymptomatic
infectious (d) symptomatic infectious (e) isolated (f) vaccinated (g) recovered individuals

3.4. Effectiveness of Vaccination in the Absence of Wane Vaccine

Figures 7a, 7b, 7c, 7d, 7e, 7f, and 7g, respectively, show the effectiveness of vaccination in the absence of waning
for susceptible individuals, exposed individuals, asymptomatic individuals, symptomatic individuals, isolated
individuals, vaccinated individuals, and recovered individuals at the vaccination rate v = 0, 0.25,0.5,0.8. It is
observed in Figures 7a, 7b, 7c, 7d, 7e, and 7g that in the absence of the wane vaccine, the number of individuals
in these compartments is reduced. In essence, as the number of vaccinations increases in the absence of wane
vaccines, the number of individuals in the susceptible class, exposed class, asymptomatic class, symptomatic
class, isolated class, and recovered class reduces greatly. The effectiveness is seen in its reduction as compared
to when the vaccine is not introduced to the system.

Figure 7f displays the simulation of the effectiveness of vaccination in the absence of waning for the isolated
individuals. It is seen that the number of individuals vaccinated keeps increasing. When there are no vaccines
introduced into the system, no one is vaccinated. As vaccines are introduced into the system, the number of
vaccinated people increases, and as the rate of vaccination increases, the number of vaccinated individuals is also

seen to increase.

Hence, in order to curb the spread of EVB, the vaccine provided should be the one that does not wane.
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Figure 7. Simulation on the effectiveness of vaccination in the absence of waning for (a) susceptible (b)
exposed (c) asymptomatic (d) symptomatic (e) isolated (f) vaccinated (g) recovered individuals.

3.5. Basic Reproduction Number and Sensitivity Index

Figure 8a displays the contour plot of the impact of the rate of vaccination v and isolation of symptomatic
infectious individuals a on the basic reproduction number Ry. It is shown that for the combined measure (i.e.
vaccination and isolation of symptomatic infectious individuals) to be effective, the vaccination rate should be
between 20% and 60%. At these points, the basic reproduction number R, < 1. If otherwise less than 0.2, the
basic reproduction number R, > 1. The contour plot shows the impact of v and n on R, is demonstrated in Figure
8b. It is revealed that for the combined measure (i.e. vaccination and isolation of asymptomatic infectious
individuals) to be effective, the vaccination rate should be between 32% and 85%. At these points, the basic
reproduction number Ry < 1. If otherwise less than 0.32, the basic reproduction number R, > 1.

Figure 9 shows the plot of the basic reproduction number R, against vaccination v. It is observed that the
basic reproduction number can be reduced from 1.6 (in the absence of vaccination) to 0.25 if the effectiveness of
vaccination can be increased to 1 i.e. 100%.

The sensitivity analysis of the parameters in the model is displayed in Table 1 and Figure 10. The essence is
to study how sensitive a model is to changes in the value of the parameters of the model and to changes in the
structure of the model. From Table 1, the sensitivity index for A = +1, which implies that an increase in A will
bring about an increase of the same proportion in R,. Similarly, a decrease in A will cause a decrease in R,.
Hence, A is directly proportional to R,. Likewise for ¢y, ¢y, c3, @ and a are all directly proportional to R, as
observed in Figure 10. Also, the sensitivity index for y = —0.73733, which implies that an increase in u will
bring about a decrease of the same proportion in R,. Similarly, an increase in y will cause a decrease in R,,.
Hence, y is inversely proportional to Ry. The same for v, ¢, §,n and u are all inversely proportional to R, as
observed in Figure 10. As observed from Figure 10, the order of magnitude from the largest to the lowest is
A ci,y,v,¢,¢0,1n,6 3,8, a and a. a is the less sensitive parameter.
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4. Conclusion

This research investigated a deterministic model of the Ebola Virus Disease (EVD) transmission dynamics made
up of systems of ordinary differential equations. The model includes susceptible, exposed, asymptomatic, and
symptomatic people as well as isolated, vaccinated, and recovered individuals. It was demonstrated that the area
exists in which the model is epidemiologically viable. The model is globally asymptotically stable when the
reproduction number R, < 1, which implies that ebola disease will eventually be eliminated from the population.
But, unstable when R, > 1, which implies that ebola would continue to be prevalent among us if control measures
are neglected. The effectiveness of isolation and vaccination in preventing the spread of the Ebola virus illness
was further investigated via the use of numerical simulation. The effect of the model's parameters on the
fundamental reproduction number as well as an assessment of the parameters' sensitivity was also done.
According to the study's findings, if the rate of isolated symptomatic infected people and vaccination can be high
enough, this would reduce the rate of contact between the susceptible and the exposed people, the rate of contact
between the susceptible and asymptomatic people, and the rate of contact between the susceptible and
symptomatic people, thereby reducing the infection rate. Consequently, there is a reduction in the number of
individuals exposed and infected; hence, there is a reduction in the number of individuals going for treatment.
This greatly impacts the transmission dynamics of the Ebola virus disease; the peak of infections is rapidly
flattened. Hence, the combined effect (effective vaccination with a zero-wane-off vaccine and isolation of
symptomatic individuals) produced a greater result, which, when implemented, would reduce infection rates and
thereby lead to the eradication of Ebola Virus Disease (EVD) over time. This study recommends the isolation of
infected individuals and efficacious vaccination with a zero-wane-off vaccine, which will help a great deal in
curtailing the spread of the Ebola virus disease.
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