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Abstract — Ebola fever has been a mai v ‘
recent times, 1 has daimed thousan &‘;{\g‘;‘f\:ﬂ fiealh in
since 2014 4l date, SN West Africa

Very few mathematj
- . Very ematical models have been
dc\dnp@ to study its transmission dy namics. In this py

the stability analysis of the discase frec o apol

¢quilibrium state of o
nathematical model of Ebola Fever ’
carvied oul, disease epidemic were
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L. INTRODUCTION

Ebola fever is an acute viral hemorrhagic fever that is

hghly contagious, named afier a river 0 the Democratic
Republic of the Congo (f cmerly Zaire) where it was first

L 1976, (CDC. 2004). I s from a famuly of
RNA {nbonucleic acid) virus called Filovindae.

Ebola fever s transnutie
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Nosocomal  transmis fransmussion  from
ratients wathin hospital st

has been typical as
b A F e . 2 techaiques must be observed ). tadividuals
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enpenad 1o the vitus who become infectious do so after 3
.

' 4 o 5, €
mean incubation period of | - 21 days
Ebola fever has been a major

cause of death v recent
3 | 3 . r of 5y S 1%
ames It has claimed thousands of hives i

Vest Alrica
unce 2014 all date. With reports of outbreaks from nine
countnes namely, Guinea, Libena, Sierra Leone, Senegal,
Mali, Nigena,. \;\1“ United Kingdom and United States
as a total of 22,560 cases of wnfections and 9019 deaths.
Few people have shown coasiderable interest in d*r
tansmussion dynamics of Ebola Disease. For example.
Chowell er al, 2004), Astacio er al (1996), Althau

v £ ; syemth b ma ] el
2014}, Nishiura (2014). Very few mathematical model

2 Ny A o~
PR 1 srudv 1S ransmission dynamcs.
ave been developed o study it transmission dynam
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II. MoDEL FORMULATION

e ¢ of Ehola |
A mathematical model of ¢ d\mm;s §f Ebru? Fever
ing Quarantine and public campaign as “mxm}s
(1 1;*5& The population is divided into six (6)
. Susceptible Sit), Latent L1},

mpariments, samely:
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o R, nd Dead

Infectious I(t), Quarantined Q(1) Recovered R(Oy @d

D). 1) + Q1
The Total population is N(1) = S(1) + K1) + “ ;f Ebola

+ R(t) + D(1) Figure 1.1 is a schematic dingry it

fever transmission and Control model. ,1f° ™Mt '«

Fig.1.1 Schematic diagram of Ebola Fever transmission
and Control mode!.

Ebola fever models are usvally conrised of individuals
who have not had effective comac: v % the virus. These
ndividunls are referred 10 as Sowoepuble S0 When
useeplible undividuals come mte untact with infectious
idividuals, they get infected but do pot become infectious
swmediately, so they move into a class known as Latent
Lty

After the latency penod, these individuals now become
mfe;tiwi, meaning they can now spread Ebola Fever.
And 0 they move into & class known as Infectious HIYN

To prevent the spread of the Ebols Fever, these
individuals are isolated into g clag known as Quarantine
Q (1) for some treatments, B

ng“ﬁfﬁfmm&mam individuals in
chukmmuﬂmmmmu, d ‘ mm?mm ”

. no a class known as Dead ™
lass , S : Dq1).
Ebola Fever Virgs throg, ?ﬂ“&g}m& spreading
S(r) are individuags ,
mhabug.wbmmwha have not had effective ¢
through
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1) and 1 U\n Botinfevted the rate ¢ | (| =)
Y 9/,
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where ¥ i the effe
| A tween §'(1)
vorn S and

UV ontaet rie e
TGN A=) i e elffectiy
S and DY, They age

lln\x'\ have pot yet manifesied the symptomy of Hhols Fever
r\“é} the l\\‘t‘l}L\“ one 1) days neubation perlod, (they
Ay hecome dnfectious | they do- not posess wirong

ity o fight off the disense, théy then Jon™ (1) af n
progression rate ), They are redueed atn doath rate M
1

1() are the individuals that are info

©COnHel e belween

cled with Lbola
Fever, They are generated by /1 . where /s the natural
birth rate of  /(¢) and lhl'pliéh n. m’ogpcmo“ rte y “.Olm
LNw 1(1. They a mlncti:m reduced due Lu,é/, q and
f\\,. where g2 is the natural death rate, ¢ is the rate of
quarantine and Oy, the disease induced death rate.

D(1) is the compartment for those who are dead
through infection, and are generated from both classes
I(1) and Q(r) through 2, O, and O, respectively,
where 2718 the natural death rate of /(I):ll)cl Q(/) ‘Sl
and O, , the discase induced death rate of (1) and
Q) respectively. - L

Q) are the individuals that’ are ""gélmeratbd
(quarantined) from I(f) Lhmugh ¢, where (0 is“ the rate
of quarantine. They are reduégd through 7, /T‘a“,d, 8y,
where 7 is the treatment rate,’ 4 is' the natural death rate,
and O, is disease induce‘d death rate of Q(t) - |

RU'} are the individuals that have recovered and have

i i atment rate:
acquired permanent immunity through a tre }

. They suffer a natural death rale,u delieti f :w,.umw e
The following assumptions were made to ’lorm
model: ‘
1. The mixing
all individuals have T
al chance of geting
equal chance of getting I bl
adequate contact with infectious indi

|
' eaning that
of people 18 homogeneous, m g

infected if they “come in
|
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it gontaet with
3 Mhome 1 S0 et Ginfsctsd thiough comae

Tty and iy,

o Ly e it ted bt mest yest i,jfe#ﬁmt:’
pebInfectious, anly when they g sy mptornatie,

A e dnalation of 1) w Q1) cause the QW““}
Fhili Vever 0 e very low treatment rate 7 . =

i ("',‘ & 1‘7] due o thee trentinent of Q) m the mwri JW

6 Oftspring of (1) snd (1) are nmrtaMﬁm ﬂ”
conslderation becanse offspring from fhe{m almaghﬁjim
Koon ue they are glven birth to, Princess Saturday
Misternity Hospital, Hrestown, Slerfa Leone, o8 '
Septemiber 20th, 2014, ‘

T Persons In Q(F)  recover,

111 | e 1 . ,
permunehtly due o the trm_.mem re 5 il

B, 1he dend class (1) 1s not the compartment fr:; 5:?:
total dead, but for the discase induced death from ¢

() und, QC1) Iy

t 14

, The varinbles are dei’l}lﬂed a8 follows:
S(1) Susceptible class at time t
L(1) Latent class at time t
I(t) Infectious cluss at time t

D(t) Dead from /(1)

Q(t) Quarantined class at time t

R(t) Recovered class at time t

. The parameters are defined as follows: .. jiae + 11
/3 birth rate ;
M death rate ‘

gince they

of

th@y tECOVEr

il b WL

0,  disease induced death rate of | 03]

disease induced death rate of Q)

effective contact rate between 1(f) and S(t)
g7 (1 —- g)v effective contact rate between D(t) and S(t)
% . progression rate from L to () .

@ | rate of quarantine
T p'_eatment rate

¢ f,a“’ at whi‘ch“ the dead is decontaminated and
buried :
(1= &) proportion that jgne i ‘

/ gnored public en
can still be infected with EBI ; P -
, A'l'{gdellfquatiom.-,,m L

e schematic d?iag‘ramL is desi Ta

; crib

ord}nary ‘c_li‘fferemial €quations (1.0) ?(ff;).

f 3 glge rate of effectivgr;ess of public campaign

.

gé.'-- § T U ~¢)

- ﬂCSTLT“R)'(%‘v“fq (1Ng D)(l~¢)$-_;s (1.0)
dL (a,l az!l-g! ' 4k

dt ( il N )(1‘5)3'"(74'#)L (LD

Y a system of
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Where,

N@=S@O+LE)+ 1)+ Q) + R (1.6)

So that the total population which i changing at the rate
dN ()

—.1is given by
dt ‘

daN(1)

dr un

=BN-u(S+L+R)

III. EQUILIBRIUM STATE OF THE MODEL

oA equilibrium state, the rate of change of cach variable > @ W (1.22)

is cqual to zero. J"f if"’“ﬂ + 52 ) , : g e

ie ﬁ:ﬁé:g:gg:@i:i@:() (1.8) Substitutix\g (‘«22) in ('21) ﬂiVGé )

Tdt odr dr it dt dt i

‘ ‘ \-‘=“((1‘7"Q%(‘21‘§ + az(l“G’)(N“‘ﬁt»w

L (SOLLOIOQ@RODO =(vee 3 49 SUH 4 (12

R . (Iﬂ et
: L4 Oy Jrmmtciiiins
,\ﬂg'\i:! =N \1\10) k“' 2)('{“*"#‘*'52)
Where Substituting (1.23) in (1.13) gives
n=r+v+w+x+y (.11 _ e
: (1~<§)r( 4+ 6
.( j “14“““2(1“‘@(#‘*5)*- —Rio |
Hence. equations (1.0) to (1.7) become rru etus 8,))jw=0
) -(@+u+é,-p)
aw (1792 ) _aye e i 0(1.12) : e

Bir+ wx)—-(—:;ﬂ‘———;*‘)“ =4 wed : SR T
or i o ; :

aw ‘45‘az(i"g)z)(l_é)r_(y+;l)\’=0 (1.13) y(]l.; T (“lg'*“a(l“f)(ﬂ*&a)) |

\n oon ' (;+ 2}; + ol "'_5 MES L

: M . (F+u+8,) o (1,28)
W@+ u+8)w=0 LD —(pru+s)mo ‘
(1.15) Substituting (1,24) in (1.22) gives

ow—(r+u+06,)x=0
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(1,169
B gy s ()
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(S IW A (a4 830X - -0
M= pa(r v 3y =0 (114

hiained by solving
Phe oquilibrium states ake then obtained BY
equations (110 o (L TH) .
1.1 Disease Free Equililiium e ] i
A the disease free oquilibrigtm atute Ig’ﬁ ‘-’:” ey
clion, ‘Thua the infected clanses

absence of inle antifle clis.
The whole population comprise of the susceptible

From (1.17) gives

0w [ M)A EIRT)
pw B OO "‘ VAR : ‘ (
From (1, 13) gives =
n(&l:n‘;).' (N“W‘Q“aa(l““c)z) (E' }
¥+ un
Substituting (1,19) in (1.20) gives
(1-&)r [(agw++a( -nw»w} 3
Ul L+ (8

From (1.15) gives

X =
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\f N :\ T B 028 Therefore the disease free equilibrium state is given by
Substitatiag (Lad) i ives M A
; B UAg n (L) gives B e lovomny ) { u\mm\n 13D
(1.29) From (1.0) ta (1.6) we o\m\imd the Jacobian matrix
Substituting (1.27) and (128) n (L18) gives wvea by
: \w{ . ’d) ) )
faw @ (l-g)z) s _aQ-Or a, (1=)A =T
s b . 2 0= 8 L.....'.; B 0 -— »
L R
e &il- ~)z \ « ,
1 | -«{;««m& ...,,L&.i\__w“_ &) -(y ‘”‘) Q"N“\f)?‘\ 1239 (1~§‘)U~§)r 0 i
1 v " ) n B ) n e
oy ($remd) 0 0 0
¢ O ¢ ~(r-u-&) O 8
Q o 0 0 t —H 0
\ 0 0 (urs)  (u+d) 0 =5
3.2 Local stability of Disease- -Free Equilibrium A matrix of (1.32). At disease free equilibrivm, "En is given .
We used the Jacobian stability technique of determining by % '
dre local stability of the system. Consider the Jacobian
7\5““) B _a‘(l—:)r 0 B _az(l"‘g)(l"f)"
Y IR T
Q ‘(?‘*‘.i!) a‘u\r : 2( H1?1 :
- 0 4 (¢ n-4) 0 0 0 =0 ()
0 0 é —(r—-nu- ) 0 0
0 0 0 T —H 0 .
0 o (urd)  (rd) O ¢ ]
sl i VeI Oy 2 ) SRR (T T B et e G
. i & i NE A % O J*-i‘i‘i&%if'lél‘.;f& ».':éi':t'\ N
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L pediead o echielon oo gives

‘ ‘ where,

1 e p (A U y i

‘g‘ ; ' el =& 1, (1= 5’)‘1 <G
L0 yenog 0 0 A b el A ME
g L T A gualizelt o =gl

0 0 @ <t 0 0 N ! N
Jolpgi=8). 1= e =p= ) polur ),

poe (g 8,)

Thuk the charscteristic equation of the row reduced
echelon Jacoblan matrix is given by

i
| o 0 0 % -p 0
L0 0 por 0 g

*

AR 4

‘ B=n P - 0 p =
0 == g 0 0, SR X
0 0 Ky rytip 0 0 A
i Y+ ¥ W
0 0 0 -1 0 et 5 S
AR
q 0 0 0 0 tod
f, W e
gy +v/ +/n)
| iylc—yhip=yhro +y/lg+/Ins
Q \ 0 0 0 £
1 I(gy+1/+iK)
Thus the cigen values are! For ﬂgto be negative. ¥+ Jjy + ju must be negative
g " and so from
L ERT M < 1.35 ; ;
(1.35) Ay = BYYIVTIH o we must have
:‘,‘ ¥ 31(0 (1.36) , ?’—i';l
gy+jy+ju<0
@y \‘;’g»u;‘ ju Also for
v+ U (1.37) lﬁzgﬂgwhlp—mrﬁﬂﬁ JLHS 540 be
| , gy + jy + jH)
Ay = ~r-u-0, ) <0 (1.38) negative

g —hilp — gyhr + ylg + jlug <0

from gH¢ — vhlp — gyhr + ylg + jluc <0

Ay =—p <0 (1.39)

_ eylg=—yhlp=gyhr+ y NSt JUE <o

ley+ jy+ i) .
(gr+Jr+it (1.40) ‘l='(1~;1—82)<0 implies that 7> g+ 8,
IV. RESULT LA V. DISCUSSION OF RESULT

The condition for stability is that
must be negative.

Ps Ay Ay s Ay g 7> ji+ 5, implies that the inequality (1.40) will hold

’ and 0.4 is negative and so we take the condition for the

Therefore A, is negative if p<u stability of the disease free equilibrium state, to be locally
=y =< 0 R asymptotically stable.

g Meaning that 7 treatment rate must be greater than both

44 natural death rate and &, discase induced death rafc,

A, is negative since Ay
A isnegative if 7> M 0,
L, is negative since A5 = —H <0
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AN wptotically stabile and so the disease will die (12)  Lekone PE, Finkenstidt BF. Sttistical inference in a stochastic
W »(hm’\\'i\\‘ r< i+ St , ' le out. Cl)ldcmic? SEIR model with control intervention: Ebola as a case
Ly $ 4+ Oy that is T treatment rate is less  (13) study. Biometrics. 2006 Deci62(4): 11707,

Nishiura 11, Chowell G. Earl ission d i f Ebola
an b sth ¢ the natural de . I . Al s ¢ll G. Early transmission ynamics O

yhan both & A al death rate and 52 disease induced virus disease (EVD), West Aftica, March to August 2014- Euro

Jeath rale, the disease free equilibrium ste ) Surveill,  2014:19(36):pii=20894. Available _online: httpl!
table and this could result | m state will be WWW-Cur()survc'lllancc.org/\/iewArticlc_aspx?AniCle‘d=20894

pastable and this could result in an outbreak of epi ; (14]  Jaime Astaci e : ‘ et

ak of epidemics. aime Astacio, DelMar Briese, &Milton Guillen, Mathematica

\ ) I[\J:ibodels {0 Study the Outbreaks of Ebola. Ebola Virus Disease (

VI. Co A ‘ ) ola Hemorrhagic Fever), Research, Viral Diseases, Infectious
CONCLUSION Discases, Zaire, Africa, 1996, R »

The current epidemic of Ebola Fever disease has shown
1o the world that in absence of a strong public health care
delivery syStem even a rare disease can risk the lives of Mos. Roseline Toyin Abah
millions of people. The crux of this epidemic is that a Assistant Lecturer, ' ’
large scale and coordinated international response is the Department of Mathermatics,
" the annart af . . Universit, j ja, Nigeri
‘.Md \jt\ QK hou; to support affected and at-risk nations in EmZil-rsrlo)s{eixiﬁ\r%;:xtf;%u&nlj e
itensitying their response activities and strengthening of - - 108 ahoo.
national capacities. '
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