Mathematical Modeling of Ebola Virus Disease Dynamics Incorporating Vital Supported by
Dynamics, Contact Tracing and Quarantining &3

IMomoh A. A, Abdul, H. B. and *Audu, A. and = Abdullahi, M.

TERTIARY EDUCATION TRUST FUND

!Department of Mathematics, Modibbo Adama University, Yola, Nigeria
Corresponding Author: balaabdul734@gmail.com
Received: March 20,2022  Accepted: June 18, 2022

Abstract: This thesis extends the standard SEIR epidemiology model of Ebola virus to include both Human and Monkey

population. Nine (9) compartments were considered, namely: (SH )’ susceptible Human (EH )’ individual that

(1h), (Ru),

Dead Human. For Monkey Susceptible Monkey,

are suspected to have had contact with infected human and monkey infected Human Recovered

Qu). Quarantine Human and (Dy), (Su ), (Tw),

infected Monkey and (D'V' )’ Dead Monkey. We mathematically modeled the natural growth, the interactions
between these two populations. The disease-free equilibrium (DFE) and endemic equilibrium (EE) were
established. We obtained the basic reproduction number, which can be used to control the transmission dynamics
of the disease and thus, established the conditions for local and global stability of the disease free- equilibrium
thus, using Routh- Hurwitz criterion and Castillo-Chavez approach respectively. The result of the analysis of the
stability of the disease-free equilibrium state that Ebola can totally be eradicated if effort is made to ensure that the
rate of recovery infected individuals with Ebola virus and the rate of natural death must have a lower bound.
Numerical analysis for the model has done and demonstrated that in the case of patients with Ebola virus, Ebola
Virus Disease will be eradicated if effort is intensified in bringing down the transmission rate of Ebola Virus.
Keywords: Vital Dynamics, Contact Tracing and Quarantine

Human

Introduction

Ebola disease is a severe, often fatal illness in humans. The
virus is transmitted to people from animals and then
spreads in the human population through human -to-
human transmission. The average Ebola case fatality rate is
around 50%. Early supportive care with rehydration,
symptomatic treatment improves survival. Ebola is coursed
by infection with a virus of family filoviridae, genus
Ebolavirus. There are five identified Ebola virus species,
four of which are known to cause disease in humans:
Ebola virus (Zaire eblolavirus); Sudan virus (Sudan
eblolavius); Tai forest virus (Tai forest ebolavirus,
formerly Cotedhh’ivore ebolavirus); and Bundibugyo virus
(bundibugyo ebolavirus). The fifth, Reston virus
(Restonbolavirus), has caused disease in nonhuman
primates, but not in humans (WHO, 2018). A number of
different viruses cause viral hemorrhagic fever. Some
iliness from these infections, such as Lassa fever, dengue,
or yellow fever, may be encountered in West Africa and
can easily be confused with Ebola virus because symptoms
are similar. For example, because Lassa fever is endemic
in West Africa and accepted drug treatment (Ribavirin)
exists, it is important to differentiate this from Ebola virus
(CDC, 2014). Based on evidence and the known
transmission cycles of other similar viruses, researchers
believe that Ebola virus is animal borne. Bats are the most
likely reservoir although the exact species is unknown.
Transmission occurs via direct or indirect contact with
body fluids from Ebola virus infected persons or animals.
Potentially infectious body fluids include blood,
respiratory secretions, urine, feces, vomit, saliva, sweat,
breast milk, semen, and vaginal secretions. The
transmission risk from semen after recovery is uncertain.
However, seminal fluid is an immunologically protected
site, meaning that antibodies might not have access to
virus present in semen. Hence, it is recommended men use
condoms for three months after the Ebola virus is no
longer detectable in the patient’s blood (CDC, 2014).
Ebola virus outbreaks have occurred, most notably in parts
of Central Africa. However, the largest and most

devastating outbreak of EVD is the 2014 epidemic in three
West African countries (Guinea, Liberia and Sierra
Leone).The first outbreak in West Africa occurred in
Guinea in March, 2014. The outbreak was widely spread in
Liberia (its capital city Monrovia and other metropolitan
cities) and Sierra Leone. The disease also spread to Nigeria
by an airline passenger who arrived from Liberia. It spread
to Senegal by a student from Guinea who arrived by land
transportation. This spread was not limited to Africa alone;
it elected a Western European country (Madrid, Spain) and
the United States of America (Dallas, Texas; New York
City). However, outside the 3 West African countries,
there was little to no local transmission, with the only local
transmission happening in Nigeria which was quickly
contained (Adefisan, 2018). In July 2014, Nigeria
experienced an outbreak of Ebola virus disease following
the introduction of the disease by an ill Liberian Traveler.
The epidemiological profile of the outbreak that majorly
affected two States in the country in terms of person, place
and time characteristics of the cases identified is hereby
described.  Using field investigation technique, all
confirmed and probable cases were identified, line-listed
and analyzed using Microsoft Excel 2007 by persons, time
and place. Results indicated that, a total of 20 confirmed
and probable cases; 16 in Lagos (including the index case
from Liberia) and 4 in Port Harcourt were identified. The
mean age was 39.5 + 12.4 years with over 40% within the
age group 30-39 years. The most frequent exposure type
was direct physical contact in 70% of all cases and 73%
among health care workers. The total case-fatality was
40%; higher among healthcare workers (46%) compared
with non-healthcare workers (22%). The epidemic curve
initially shows a typical common source outbreak,
followed by a propagated pattern. Investigation revealed
the size and spread of the outbreak and provided
information on the characteristics of persons, time and
place. Enhanced surveillance measures, including contact
tracing and follow- up proved very useful in early case
detection and containment of the outbreak (Musa et al.,
2019). There is currently no licensed vaccine available for
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Ebola. Several vaccines have been tested, but at this time,
not are available for clinical use. At the moment, treatment
for Ebola is limited to intensive supportive care and
includes: balancing the patience fluids and electrolytes,
maintaining their oxygen status and blood pressure and
treating the patient for any complicating infections
(Nichols, 2019).

Mathematical Formulation

In this paper, we divide the total human population at time

('[), denoted by NH (t) into the following sub-
populations of susceptible individuals at timet, SH (t) .
those exposed to Ebola virus EH (t) individuals with
Ebola symptom |H (t) quarantine individual at time t ,
Qy (t), individual recovered from Ebola at time t,

R, (t), and those individual who died due to Ebola
disease So that
N, =S, +E,+1,+Q, +R, +D, The total

host (monkey) population at time t, denoted by NM (t),
is subdivided into susceptible monkey SM (t), infected
monkey at time t, IM (t), those monkey that died due to
infection with Ebola virus at time t, Dy, (t), so that
N,, =Sy + 1y +D,,.The Human and Monkey

recruitment rates are denoted by Apyand Ay

respectively. The susceptible human population is
increased by migration of quarantine human at the rate O .

This population further reduced due to the transfer of
newly infected individual into exposed human population

due to natural death at the rate £/, ,

The population is further decreased due to
natural death and due to migration of exposed individual to
the infected human population at the rate ) so that the
population of infected human |H increased due to
transfer of exposed individual at the ratey . This

population decreased due to natural death at the rate £{

and due to transfer of infected individual to Quarantine
population at the rate £/ the population is further

decreased by the transfer of death individual to Deceased
compartment at the rate 7, .The population of Quarantine

human QH increased due to transfer of infected
individual at the rate £/ . This population decreased due

to natural death at the rate L4, and due to transfer

of Quarantine individual to recovered population at the
rate ) . The population is further decreased by the transfer

of Quarantine individual to Deceased compartment at the
ratec  The population of recovered individual RH
increased due to transfer of Quarantine individual at the
rate ® . This population decreased due to natural death at

the rate [, . the population of deceased increased due to
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transfer of infected individual at the rate 7,, and also
increased due to transfer of Quarantine individual who
died at the rate 7, .The susceptible monkey population is
increased due to the recruitment of newly susceptible

monkey at the rate /), . The population is further reduced

due natural death at the rate ([{,. the population of

infected monkey increased due to migration of susceptible
monkey. The population reduced due to natural death at

the rate [{,, and due to transfer of infected monkey to

death monkey compartment at the rate 7),,. The
population of death monkey increased due to progression
of infected monkey which died at the rate 7, .

Figure 2.1: Schematic diagram for the model with vital
dynamics, contact tracing and Quarantining
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Model equations

ds Suly &8S:Dy  BSily  £BS,D ]
TH:/\H +pQ, - ﬁlNH iy lﬁlNH 8 +ﬂ2NH "+ ZﬂlNH |- u%ble 1. Variables and parameter for the model with
t H H H H vital|dynamics, contact tracing and
dditH _ ﬂl;H Iy 4 ‘91ﬁ1’\?H Dy X ﬂz;H ly 4 5zﬁ1’\TH D, ~u,E, - 7E, —O'H(%l:a rantine
i H H H H Variables  Description
dTH:},EH S SM Susceptible monkey population at time t
dQ, S Susceptible Human population at time t
— - =uly +ou By - u,Q, -0Q, -7,Q, - pQ H
dt oo o nor " E Individual that are suspected to have had
R, R H contact with infectious Monkey or Humans
— =00 1Ry Infected monkey population at time t
dt IM
aD ; ;
T{*:TH I, +7,Q, -1, D, I y Infected human population at time t
uarantine human at time t
dSiM:/\ _ BSyly +51ﬁ1SMDH +ﬂZSMIM +gZﬂISMDM —uS QH Q
d " LN, N,, N,, N,, o D Death human at time t
H
d(:i:":ﬁl;MIH +51ﬁ1’\S‘M DH +ﬂ2;M|M +6‘2ﬂ2’\TM DM _IUMIM _TMIM D Death Monkey attimet
M
M M M M
dD A Recruitment rate into the susceptible human
—M=z,1,-v,D, H population
dt AL Recruitment rate into the susceptible Monkey
M population
Where the total populations and initial conditions are: & Deceased transmission rate
N,=S,+E,+1,+Q, +D, +R, } L, Natural mortality rate in human population
NM = SM + IM + DM 7 z:gggﬁi?rign rate from infectious human to
Natural mortality rate in monkey
Hwm
S,(0)=S,,,E (0)=E,,,1,(0)=1,,9,(0)=Qy, D, (@=D,,, R;%Qn?ge]ss@g‘ gate from quarantine to recovered
SM (O) = SMO, |M (O) = |M0, DM (O) = DMO oy Erogression rate from quarantine to death
uman
r Progression rate from infectious to death
H human
P Progression rate from infectious to susceptible
human
r Progression rate from infectious to death
M Monkey
v the rate of proper burial
H
v the rate of successful cremate
M

FUW Trends in Science & Technology Journal, www.ftstjournal.com
e-ISSN: 24085162; p-ISSN: 20485170:; August, 2022: Vol. 7 No. 2 pp 1203-1212

Model Analysis
Positivity of solutions
Theorem1: Let the initial solution set

(S4o>0,Eo>0,14,>0,Q4,>0,Ry>0,D,4,>0,8,,,>0,1,,,>0,D,,, >0)
Then, the solution set
(SH’EH’IH’QH!RH!DH’SNUIM’DM) is

positive for all time, t > 0.

Invariant region

Let (S, +E, +1, +Q, +R, + D, )and

N,, =Sy, +1,, +D,, be the solution of the model

equations (1) for Human and monkey population with the
initial conditions and biological feasible region given by

AH

le (SHYEH’IHiQHaRH;DH)GER?_:NH S—

My

1205



http://www.ftstjournal.com/

Mathematical Modeling of Ebola Virus Disease Dynamics Incorporating Vital Dynamics, Contact Tracing and Quarantining

be the rate of transfer of individuals out of , given the

disease free equilibrium, then Ro is the spectral radius
(largest Eigenvalues) of the next generation matrix denoted

Hy

and QZ:{(SM,IM,DM)emi:NM S/\—M} From

(1), the invariant region for the solution of all the 1
populations is Q=0 UQ, c iRi x?Ri c fﬂi by G =FV .

Ry, = pFV~

& T, + T, + Y748 +0,7

Thus, the region Q is positively invariant. The model (1) Ro =y—ﬂ1+ 1ﬂ1(7ﬂ H }/,1183) -I-'BZ(W n* 1Tyl * Oy Haz)
can be considered epidemiologically and mathematically ad, a8, a,8,0,3,
well-posed in the region.
Disease free and the endemic equilibrium Local stability of the disease free equilibrium
setting

Theorem 2: The disease free equilibrium point, Eo is

dS, dE, dl, dQ, dR, dD, dS, dI, dD,

o d d ot dt ot ot dt
the disease free and endemic equilibrium state (DFE) and R >1.
(EES) denoted by E, and E, of system (1) is given by and °

locally asymptotically stable if Ro <1 and unstable if

Proof: Let
g = NH(AH+pQH) Fon _(ﬁlSHlH+€1ﬂlsHDH+ﬂZSHIM+€2ﬂ18HDM)_ﬂ S, +00Q
- * * * * 1 H HYH H
" Bl y+afDy+ Bl y +64D y + Ny Ny Ny Ny Ny
x * N x o * N S, S.D S, | S,.D
E*_ﬂ1SHIH+€1ﬁ18HDH+IBZSHIM+gzﬂ15HDM F2:ﬂ1HH+81/B1H H+ﬁ2HM+£2ﬂ1H M_:uHEH_?/EH_UHEH
" (it +7+ 0N oo N N
H H/NH
E* Fy=7Ey -y —ply -1l
|:| :(Z_—ir) Fy=ply = 1,Qy - 9Q, -7,Qy - Q, +0,,Ey
'uT # H* Fy=0Qy - 1Ry
:I :M FG:THIH‘l'THQH_VHDH
('uH TO+Ty ) E o _ﬂlSMIH_I_glﬁlSMDH _I_:BZSMIM +52ﬂ18MDM S
. ANY Hy oy
R —qDQ_H Ny N, Ny Ny
o=
yum ngﬂliMlH +€1ﬁ1NSMDH +ﬂ2;MIM _I_gzﬂz’\?MDM _ﬂmlm _TMIM
H y K =11, -V\Dy
" )
M (ﬂlI*H T Y YT o )+,UM Evaluating the Jacobean matrix J (E;) of the system (2),
X o P . we have
I = BS yl yt+eBS yDy+6B,5 Dy
M= * r 7
Ny (g +70)=BS o 0y Jy 0 g 0 Uy
D = Tn |*M ‘]21 ‘]22 ‘]23 0 0 ‘]26 0 ‘]28 ‘]29
o, 0 J,J, 00 0 0 0 0
respectively.
Basic Reproduction Number 0 Jp Jg Jy 00 0 0 0
The basic reproduction number is denoted by R, J(EO) =0 0 0 1J, J, 0 0 0 0
. It is an important parameter that is used to study the 0 0 ] 0 J 0 0 0
behavior of epidemiological models. It is defined as the 6 6 66
average number of secondary infections infected by an 0 0 \]73 0 0 J76 J77 \]78 J79
infective individual during an infective period provided
that all members of the population are susceptible. It is an 0 0 Ju 0 0 Ji Jy Jgg Jg
important threshold parameter that determines whether or 00 0 0 0 0 0 J. 1
not, an infection will spread through a given population. L 9% V99

We apply the next generation matrix technique (3)
by (Diekmann, Heesterbeek & Metz, 1990) to obtain the

basic reproduction number, Ro by considering the infected
compartments of the system (1). Let Fi be the rate of

appearance of new infection in the i compartment and Vi
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where

b bl -BS -6 1
‘]11:’N*1(|H+51DH+52DM)’%’/1H!J13: Nl Hl‘]u:pv‘]m: 1Nl H!‘]egz’VM
H H H H

AR A i
8= NZHH = ZN: g ‘m(l +51DH+52DM)+;17;!‘]22:‘,U‘7‘U‘H
1= ﬂw J = _afS, J, = _BSy Jy= _&hS 4= ﬂlSMszs=g1ﬂlSM!
N, PN, PN, N,

Jg=

ﬂ B BS fﬂ
Iy :N71“H +6D, +£ZDM)+%"]88 :%_#M Ty = ZNlMM g =1

H H M

Evaluating (3) at disease free we have

“Hy 0 i P 0 -ef 0 b b
0 ptriay) b 0 0 ef 0 b, &fy
0 7 (447, 0 00 0 0 0
0 0 I (totrtp) 000 0 0
J(E)=| 0 0 0 0 - 000 0 0
0 0 T 0 0 v, 0 0 0
0 0 4 0 A
0 0 i 0 0 &f 0 B-lutn) af
|0 0 0 0 00 0 T -y
(4)

We need to show that all eigenvalues of (CDC, 2014) are
negative. We observe that the first, fifth and sixth columns
contain only the diagonal terms which form the first three

eigenvalues;
A= A==y,
A ==ty

From (4) the other six eigenvalues can be obtained from
sub-matrix, J, (E,) as

(1 t7)-4 A 0 af By &p;
¥ ~(uy +p1y)-4 0 0 0 0
~(u, +otr+p)-4 0 0 0
‘Jl(En)’M‘: o H (.uH Pty p) -0
0 Ty Ty -V, -4 0 0
0 A 0 af Bl )l-4 ef
0 0 0 0 Ty V-4
®)

The eigenvalues of the matrix J, (E,) (5) are the roots
of the characteristic equation

AL+ AL+ AL+ AL+ AL+ A

(6)
Where:
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A=1
Asz(a1+az+as+34+as+ae)
A =(8g(a +a, +a+a, +a;)+85(3 +2,) 7 — 7y, + 8,8, +8, (2 +8,+8;) +35(2 +8, +8;,+,))

A= (ag(aq(a, +8,) -8, + 3, +a,(a +a, +a;) +a(a, +a, +a,+3,) +a, (8, (8, +a,) - 78, +3a,)
+a5(a,(a, +3,) 7B, +a3, +a,(8, +8, +3) -8, (7f - aa,) - 1yby(a, +3, + 8, +3, +8) - 1B,
-0ty —yryly 47y bya)

A =(m (yalbﬁyazbl)—(ambl k)@ +, +2) -8, (76 - a,3,) 2, (@ (2, +2,) -7 + a@,)
+otyby+ o by) -3 (a; (78 - 23,) — a5 (s (8, +@,) — 7 + 23, +2, (8, +3, +8,) -2, (8, (8, + 2,)
*7ﬁ1+a132)+7ﬂ1ﬁ2+5@b1+07>4b1 -7y (b2’ s +788,) + 1y (oa - by + oa - (of,r,
+1Byt) + BB+ 1B,3,) -ty (8 (3 +8) - B + o

A= (ba, (0B,ry + 1B, ) + 7 (78,8, + 18,8, + 714 (08,2, — 714, + 0,3,)) — 3 (8 (8 (1, — 242,)
-a,(8,(a, +8,) - 7B, +aa, +oryby +yrh) + (o7, b 47 ) (8 +a, +a) -7, (vab +yah)
-1 (oah - by + o) +b(aB,ry + 1By ) - Bi(1B,3, + 1B,3,) + 8,3, (18, - 4a,)
+1B.8,(8,+ 8, + 3, +8,) -7y, (b (o7yb, + y7,.b,) - a5 (basyBb,) + 4

A =y, (& (b, (omyb, + y74h,) - a5 (b, a’ s +780,) + B, (Bh, —ab) - yah,)) - (z, (o(B,b, - ab,)
+7ub, —oa,)-a, (o7, b, + 7, Z)+TM( (Bb, —ab,) = ya,b,)) + B, (3, (r(Bb, —ab,) - yab,)
+7(ay(B0, - ab,) - 18D, + Bibyas))) — 3 (8 (y7iby + yryly)(a, +a, +3)) -7y (vahy +7a,0)
-1y (oap - uboab)+a, (78 - aiaz)) + ﬁl( , (78,,))

We employ the Routh — Hurwitz criterion, which states
that all roots of the polynomial (6) have negative real parts

if and only if the coefficients Ai are positive and matrices

Hi >0,f0l’ i:O,1,2’3741576'

From (6) we observe that

A >0,A,>0A >0A, >0,A >0,A >0]

Also the Hurwitz matrices for the polynomial (6) are found
to be positive. That is,

A

0
0
A
A

o o - = B
O O O O O

&P o o o

O O O O -

(7
H is called the Hurwitz matrix. The principal minors are:

=A>0

H, = 232‘=AA2—A3>0
A A O

=1 A Al=A(RA-AR)-AT> 0
0 A A
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(He), For

= —CA; X,Z ,CAE X,Z)>0V(X,Z)ell
AAAA =K A = KN+ ARA - KA + RIS 62000 2) 602 0m002)
where A= DZG(X*,O)isan M
Where A=D,G(X,0)is an M matrix (The off

o o
= 2> P

£ O o

0 diagonal elements are non-negative) and Ilis the
biological feasible region. If the two conditions given

0 above are satisfied by the model equations, them the
following theorem holds.

0 Theorem 2: If system (1) satisfies condition (6), then the

A

A A
fixed point Ej, =[—H,0,0,0,0,0,—M,0,0) is a

Hyy Hy

o O - (>
- >
> F L E s F P o

F P F o

0 0
) ) A52 - ) globally asymptotically stable equilibrium of the system
=ARRAR + AR + ARALA +AARA + ARA, +AAA +AAA, (1) provided that Ro <land the conditions (Hl)and

> AR A+ AAAA T AAAA + AN K, + AN, + ARAK, + KA,

( H, ) are satisfied:
Proof:
AAATDTDD dXx Ay — M1y S
1A AA 00 Consider —:F(X,O): H ™ Hron
0AAATDD dt /\M_IUMSM
"o 14 a4 o
00 AAATUD « | Ay, A
00 1 AAA Therefore, X = {A_H,A_M} is  globally
:AIA) ‘%Az'%AA_AiAoAA_AoAzlAzA+A21A20A2+A1A0A4Aﬁ_AzuAlAa_AZUA1A5A2A3+AZUA21A5AA asvmpototically stable and H M
-RARA AAA + AAAR AR AR, - AAAA HAAAR, >0 ymplotealy ;
| G(X,Z2)=AZ-G(X,Z)
Therefore, all the eigenvalues of the Jacobian matrix J(EO)
have negative real parts when Ro < land the disease-free i (10)
equilibrium point is locally asymptotically stable. ~(y+7+0) By 0 0 AN B
Global Stability of the Disease Free Equilibrium N, N, N,
We employ the method of (Castillo-Chavez, Feng & 7 (g +ptry) 0 0 0 0
Huang, 2002) for analyzing global stability of DFE. The - 4 (4 +o41,+p) O 0 0
GAS is achieved if the two conditions below are met. The 0 0 R 0 0
model equations (1) are rewritten in the form: A= 4 “Hy
0 T T 0 -y 0
dx H H H
—=F(X,2) £S
dt 0 = 0 0
N N N
dZ M M M
—=G(X,2); G(X,0)=0 L0 0 0 0 0 5
dt (11)
9

Where X €[1? denote the number of uninfected BSaly +81ﬁ15”D” +'BZS”|M +€2ﬂ15HDM - Ey -vE, -0oE,

N N N N
individuals and Z e[ ! denote the number of i i E i | | " |
infected individuals. The DFE of the model VEw = Hylw = Hlu =Ty
below /”H +O'EH _ﬂHQH _(DQH _THQH —PQH

@Qu = iy Ry

e e e e (A A, o 6(X,2)=

E =6 By 1 QR D Sy 17y, DY) = =1,0,0,0,0,0—,0,0
0 HiEH Do i B M 9w D Mo [ﬂH fy 1, +7,Q, -v,D,

o BSuly +51ﬂ13MDH +IBZSMIM +62ﬂZSMDM P
Condition (9) may be met to guaranteed global N, N, N, N, Huw =ty
asymptotic stability

dX L Tyl =Dy
(Hy): For —=K(X,0),X"is _ (12)
dt Evaluating (10) using (11) and and (12) we have

globally asymptotic stable
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G(X,Z)=AZ-G(X,Z)=

O O O O o o o

(13)

ie. G(X,2)=[0 0 0 0 0 0 0] .hi
shows that G(X,Z) =0. Hence, the model is globally

asymptotically stable.

Numerical Simulation

In this section, we carry out some numerical simulations

using ode function from MATLABR2016a.

Parameter/Variabl  Values

e

Reference

m 4.65753x10°°
day™

0.033652

0.489

0.0846

P 0.047619 day

) 0.0314862
day™

An 422 day™

0.00005

0.160

0.35

4 0.06

u 0.160
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(Madubueze
, Kimbir &
Aboiyar,
2018)
Assumed

Assumed
Assumed

(River,
Lofgren,
Marathe,
Eubank &
Lewis,
2014)
(River,
Lofgren,
Marathe,
Eubank &
Lewis,
2014)
(Madubueze
, Kimbir &
Aboiyar,
2018)
(Madubueze
, Kimbir &
Aboiyar,
2018)
(River,
Lofgren,
Marathe,
Eubank &
Lewis,
2014)
Assumed

(Madubueze
, Kimbir &
Aboiyar,
2018)
(River,
Lofgren,

Marathe,
Eubank &
Lewis,
2014)
Vv 0.63 (Agness,
M 2018)
:Bl 0.35 Assumed
S (0) 750 day! Assumed
H
EH (O) 200 Assumed
|H (0) 10 Assumed
QH (0) 150 Assumed
RH (0) 6 Assumed
|M (0) 2 Assumed
DM (0) 15 Assumed
SM (0) 150 Assumed
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Figure.1 Numerical solution of susceptible humans.
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Figure 4 Numerical solution of quarantined humans
From Figure (1) to Figure (4) shows that

population of susceptible humans (SH ) , Exposed humans
(EH ) infected humans(lH ) and Quarantine humans

(QH) reduces significantly in the presence of Ebola

Disease. This simply means in the presence of Ebola
disease the population will drastically reduce due to
infections.
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Figure 5.Numerical solution of recovered humans.
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Figure 6. Numerical solution of dead humans.
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Figure 7.Numerical solution of susceptible monkeys.
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Figure 8 Numerical solution of infected monkeys.
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Figure 9. Numerical solution of dead monkeys.

Figure (5) shows that population of recovered
humans grows rapidly and then decreases with time,
Figure (6) shows that the population of dead humans as a
result of Ebola disease increases rapidly and decreases to
asymptotic level where they remain constant, In Figure (7),

it shows that population of susceptible monkeys (SM )
reduces significantly as a result of infections. In Figure (8)
and (9), the population of infected (IM) and dead

(DM) monkeys begins to rise and later decreases to

asymptotic level where they remain constant.
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Figure 10. Effects of quarantine rate of infected
humans on suspected contact with Humans.
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Figure 11: Effect of quarantine rate of infected humans
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Figure 12. Effect of quarantine rate of infected humans
on quarantined humans.
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Figure 13. Effects of quarantine rate of infected
humans on recovered humans.
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Figure 14: Effects of quarantine rate of infected
humans on dead humans.

Figure (10) — (14) shows the effect of
progression rate from infectious human to quarantine on

susceptible humans(SH), infected humans(lH ) and

quarantine humans(QH). It is observed that the

populations in these classes continue to decrease as
progression rate is increased from 0.00 — 0.250. Figure
(4.13) shows the effect of progression rate from infectious

human to quarantine on recovered humans (RH )which

increases the population of the class as progression rate is
increased from 0.00 — 0.250. Also, in Figure (14), it can be
observed that increase in progression rate from infectious

human to quarantine decreases the dead human’s (DH )

population significantly reduced as progression rate
increased from 0.00 - 0.250.
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Figure 15: Effects of quarantine rate of suspected
contact with infected humans on the suspected contact
with infected humans
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Figure 16: Effects of quarantine rate of suspected
contacts with infected humans on infected humans
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Figure 17: Effects of quarantine rate of suspected
contacts with infected humans on dead humans

Figure (15) — (17) shows the effect of
progression rate from infectious human to quarantine on

susceptible monkeys (SM ) and infected monkeys( I, )

it is observed that increase in quarantine rate decreases the
population of the class in the present of the diseases.
Figure (17) shows the effects of quarantine rate on dead

monkeys(DM ) it can be observed that increase in

quarantine rate decreases the dead monkeys population
significantly as quarantine rate increases from 0.00 —
0.250.

Ebola virus disease could be eradicated when

vital dynamics, contact tracing and quarantine are
concurrently put in place as measures of reducing the
spread of the disease.
This is affirmed by the work of (Madubueze, Kimbir &
Aboiyar, 2018) which suggest that Ebola Virus Disease
(EVD) could be eliminated faster when contact tracing and
quarantine measures are implemented together.

Conclusion
We modified (Durojaye & Ajie, 2017) Mathematical
model for dynamics transmission of Ebola virus disease by

adding EH individual that are suspected to have had

contact with infected Human or Monkey, quarantined, and
Death human compartment and we split the Monkey
compartment into susceptible, infected and Death Monkey
compartments. Stability analysis was carried out using
Routh-Hurwitz criterion for the local stability while
Castillo-chavez conditions were applied to obtain the
global stability. The disease free equilibrium points were
obtained and our results shows that the equilibrium point

of the system is locally asymptotically stable if Ro <1.
The result of the numerical experiment carried out
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indicates that quarantine measures of both EH individual,

infected humans and monkeys can significantly eradicate
Ebola Virus from the society
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