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ABSTRACT

In this paper we analyzed SIQR-B model with inaigerate in form ofl—SI ﬁfj[

quarantine which is used to separate and resthet tnovement of persons it is a 'state of enforseldtion'. It is

often used in connection to disease and illnessh sas those who may possibly have been exposed to a
communicable disease .By analyzing the correspgndiraracteristics equations, the local stabilityaoflisease-

free equilibrium and an endemic equilibrium is déditthed. The quarantine reproduction number is oizd.

Compartment Q represents

Keywords: Cholera transmission, Quarantine, Equilibrium poBtability, Basic reproduction number.

INTRODUCTION

Cholera s an infectious disease that causes sesesy diarrhea, which can lead to dehydration eweh death if
untreated. It is caused by eating food or drinkirader contaminated with a bacterium cal\grio cholerae The
bacterium produces an enterotoxin that causes i@umppainless, watery diarrhea that can quickidleo severe
dehydration and death if treatment is not prompilken. Vomiting also occurs in most patients. fieefs both
children and adults and can kill within hours. Berto-person transmission is not common. Among |eeao
develop symptoms, about 80-90% of episodes are omilthoderate severity and difficult to distinguigimically
from other types of acute diarrhea. Less than 209 persons develop acute watery diarrhea withderate or
severe dehydration. Cholera occurs in places witttlaof water treatment or sewage treatment, ciogydvar, and
famine. Common locations for cholera include, AdridAsia, Mexico, South and Central America. Choisran
ancient disease that continues to cause epiderdipamdemic infection despite ongoing efforts toitliits spread
[1,3,4,9,13,14,15,16,18]Many mathematical models have already been pempde investigate the complex
epidemic and endemic behavior of cholera [2,5,8331,17] . The effects of vaccination on the tmaission of
cholera are studied by some of the researche6 [2, 19].

In this paper, it is intended to study and anakyzeodel which incorporates effects of quaranting iacidence on
the spread of cholera disease.
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Figure 1: Model Formulation
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2. Model Formulation:

LetS, I, Q, andR refer to the susceptible individuals, infectedividlials, and quarantine individuals, and recovered
individuals, respectively. The pathogen populatatrtime t is given by f).The parametep, denotes the natural
human birth and death rate, denotes the rate of recovery from the diseasegpresents the rate of human
contribution to the growth of the pathogen, andepresents the death rate of the pathogen innvieoeament. The
coefficients ; and B, represent the contact rates for the human-enviemrand human-human interactions,
respectively. Constants,and @, adjust the appropriate form of the incidence whightermines the rate of new
infection, d,and d, are the disease related death rate constant ipardments/ and Q respectively. Using the
basic assumptions of [7], the interaction modgjdserned by the following mathematical model.

ds_  BSB  [,SI

dt 1+a,B  1+a,l ~HS

% ) 16125; ¥ 16208,:' = (d, + p, +a +9)I

Z—f= 81 — (e 4 py +dy) (2.1)
%:0’|+5‘Q—lulR

%:ﬂl -H,B
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The flow diagram of the model is depicted in Figur&ince the first three and last equations in)(21k
independent of the variablg it suffices to consider the following reduced rabd

dS_ _ BSB _ B
dt " 1+aB 1+a,l

di _ BSB , BSI _
dt 1+a,B 1+a,l

- 1S

(d+ g, +a+0)I (2.2)

dQ—5

E— I—(€+H1+d2)
dB

==l - u,B

at m-H,

3. Equilibrium Points:
In this section, we investigate the existence aildaia of system by solving equation to the right

ds_di _dQ_ds
dt dt dt dt

Then the system of equations becomes

_ B,SB _ B,SI - 4S=0
1+a,B 1+a,l

1

£,SB N B,SI _(
l+a,B 1+a,l

d,+u +a+d)1 =0 (3.1)
51—(S+M1+d2)=0

nl -p,B=0

At disease free equilibrium, we hakve= 0

Hence, the disease free equilibrium pdft(S, I, Q, B) = (1, 0, 0, 0)

In the following, we will discuss the existence amdqueness of the endemic equilibrium. The comptmef the
endemic equilibriunk*(S*, I*, Q*, B*) satisfy

_BSB _BSIT

- . S =0 3.2
T l+a B 1ol (822
BSB BSI .

= -—\d +y+a+9d)l =0 3.2b

raE Lia (d,+ +a+9) (3.20)

81" = (e + iy + d»)Q* = 0 (3.20)
. . ._n’

n -u,B =0 =B =— (3.2d)
H,
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Substituting the value in (3.2b)

By Lo IS (g, +a+u+8)1" =0 3
M +ayyl 1+a,l

Now adding (3.2a) and (3.2b), we get

S = :ul_(d1+lul+a+5) I
Hy

Now by (2.5)
{ Bn . B }ba—@u1a+a+ﬂl1,*_(

; ; d+a+u,+d)1" =0 3.4
tray’  l+a,l 1 4 +9) oo

After dropping the solution E 0, we obtain
o (I')=g.(")

Where
g,(1) = [:ul_(d1+lul+a+é)l]
Hy
o, ()= Gra+m+d)
{ Bn ., b }
a1+ a,l

Note thatg, (I) represents a straight line with a negative slomkavertical intercept

g1(0) = 1 .Meanwhile we have
g‘z(l): (dl+a+ﬂl+5) x { ﬂlal,]z + B, a,
{ Bn . B T (, +am )V  ([Q+a,l)

Hy+ayl 1+a,l

>0

We see thag, (1) is increasing for 0 and g, (0) = 1% L

is control reproduction number of infection.

WhereR — (182/'12 + ﬁl’])
‘ ,uz(d1+a+:ul+5)

When Rq > 1,g,(0) < g,(0). Hence there is one and only one intersection &etwheg, (I) andg,(I) : thatis

there unique solution to the equatiog, (I*) = g,(I*). Consequently'SV" and B are uniquely determined by |

4. Dynamical Behavior:
The variation matrix of the system (2.2) at theedie free equilibrium point is
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__/Jl _/82 0 _:81 ]

0 ﬁz_(d1+ﬂ1+a+5) 0 ,81
J (EO): 0 o _(€+ﬂ1+d2) 0
L 0 Ui 0 “H,

The characteristic equation of it can be written as

(,U1+/])(5+:u1+d2 +/]) [(k_/]) (:Uz +/])+ Bin ] =0

Clearly two eigen values are negative and otheraseagiven by the roots of the quadratic equation.
AZ + all + a2 = O
Where

a = +d+p+a+d-p)
a =[,U2(d +fu1+a+6)_(:u2ﬁ2 +ﬂ1’7)]

Hence, by the Routh-Hurwitz criteria the systedozally stable if a; a, > 0.
By looking at eigen values, one can easily seen ttiaease-free equilibriumE® is locally stable if

W,+d+p +a+3> B, andp, (d+p, +a+38)>p,u,+B,N.

i.e.R; < 1. Now we discuss local stability of the endemicitoium.

Let ‘]1 - ﬁlB . + ﬁZI .
1+a,B 1+a,l
J - ﬁZS*
2 «\2
(i+a,1’)
J - ﬁls*
3 * 2
(i+a,B)
For the endemic equilibrium poift (S*,I*, @, B*), the variation matrix will be
—di 4 —J; O —J;
J(E*)_ J; Jz_(d1+//1+a+5) O J3
) O o ~(e+u +d,) O
o 7 o ~H;

And its characteristic equation given by
(L +/])[_(‘J1 tH +/1) (k_/‘) (:uz +/])_‘]3’7 (‘Jl tH +/])+ JJ, (:Uz +/1) + J1J3’7] =0
Wherel = (e + 14 + d;)

Clearly one eigen value is negative= —L and others are given by the equation

N+a N +al+a =0
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Where
a, = 2#1 + #2+(d1 +a+ 5) +]1—]2

a, =JJs + Urett) (g tup +dy +a+ 8 —J5) — J3n
az = up(J; + u)(dy +py + @ +6) — py + otz +J3m)

Hence by the Routh-Hurwitz criteria the systemasally stable ifa;,a; >0 anda,a, > a;.However since
(d; + a + 6) > J,, the system is stable and it unstable otherwise.

CONCLUSION

In this paper, we proposed and analyzed the dyrsaafibuman infection from cholera. We present SIBRwodel
with incidence. A quarantine reproduction numiier has also introduced. We analyzed the steady stade
stability of equilibrium point. We find that if thquarantine reproduction numbgj < 1 then the disease free
steady stateE® will be locally asymptotically stable andRf, > 1 the endemic steady stat&™ is locally
asymptotically stable.
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