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Abstract 
In this paper, the model of cholera disease spread with quarantine is discussed. It is assumed that the spread of cholera 
not only through direct contact between susceptible human populations with bacteria but also through direct contact 
between susceptible human populations with infected human populations and reduced bacterial populations not only 
die naturally but can also be done by means of extermination bacteria. Determination of equilibrium points, existence 
and local stability of equilibrium points are investigated. Numerical simulations are performed to illustrate the results of 
the analysis. 
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INTRODUCTION 
Cholera disease is a disease caused by 

drinking water contaminated by poor sanitation 
or food contaminated by Vibrio cholera bacteria. 
Some symptoms of cholera are watery diarrhea, 
vomiting and leg cramps. Cholera diseases can be 
transmitted by direct contact between 
susceptible populations and the bacterial 
populations present in the environment [1]. In 
addition cholera disease can also be transmitted 
through direct contact between susceptible 
populations with infected individuals [2]. 

Cholera disease has spread globally in 1883. 
Outbreaks of cholera disease in Indonesia 
occurred since 1992. In 2008-2009 recorded 
98,585 people infected with cholera and 4,287 
deaths occurred [3]. Based on WHO (World 
Health Organization) data estimated at 
3,000,000-5,000,000 people infected with 
cholera diseases annually and recorded about 
100,000-120,000 cases of cholera suffering death 
annually [4]. The phenomenon shows that 
cholera disease poses a global threat to the 
world, especially in the areas of health, social and 
economic dynamics. 

Based on the history of cholera disease, it is 
necessary to study the spread of cholera disease. 
The method used to determine the spread of 
disease is by using mathematical model of 
disease epidemic. The epidemic model known 
since 1927 is often referred to as the SIR type 
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model proposed by Kermack and McKendrick [5]. 
The SIR model is divided into three 
compartments, namely S (Susceptible) which 
states the population is susceptible to disease, I 
(Infected) which states the population is infected 
with the disease, and R (Recovered) which states 
the population is cured of the disease. 
Furthermore, the model used to determine the 
spread of cholera disease is the SIRB model 
(Susceptible-Infected- Recovered -Bacterial) 
[2,6,7,8]. In the SIRB model [2], it modifies from 
the SIRB model [8] by adding vaccinations and 
bacterial eradication. The SIRB model was 
developed into the SIQRB model (Susceptible, 
Infected, Quarantine, Recovered, Bacteria) by 
adding class Q (Quarantine) [1]. 

In this paper, the cholera disease distribution 
model will be discussed using the SIQRB type 
model by modifying from model [1] by adding 
direct contact of susceptible and infected human 
populations and bacterial eradication in model 
[2]. Direct contact between susceptible human 
populations with infected human populations are 
added  to know that transmission of cholera is 
not only transmitted through bacteria alone but 
can be transmitted through infected human 
populations. Meanwhile, the reduction of 
bacterial populations can affect the increase of 
very sharp bacteria. In the modified model, 
dynamic analysis is done by determining 
equilibrium point and existence condition, 
equilibrium point analysis on result of discussion. 
At the end, a numerical simulation is performed 
to illustrate the results of the analysis with 
Runge-Kutta Method 4th order. 
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MATERIALS AND METHODS 
Model Formulation 

In this research, we modified the SIQRB 
model (Susceptible, Infected, Quarantine, 
Recovered, Bacteria) [1] by adding direct contact 
of susceptible human populations to infected 
human populations and bacterial eradication in 
the SIRB model [2]. 

Determination of the Equilibrium Point 
A dynamical system is a system whose 

condition in the future will be known if given 
conditions in the present or past [9]. In 
completing the dynamic analysis, the first step is 
to determine the equilibrium point in the 
mathematical model. The equilibrium point is 
obtained from equilibrium equations of the 
system of equations, that is when the population 
growth rate of SIQRB is zero or equal to zero 
[10]. From the completion of the equilibrium 
point that has been obtained it will get the 
existence of conditions from the point of 
equilibrium. 

Stability of the Equilibrium Point 
In this paper, a local equilibrium stability 

analysis is performed. The determination of local 
stability begins with a linearization model to be 
formed Jacobian matrix. From the Jacobian 
matrix, the roots of characteristic equations or 
eigen values in the linear system are determined. 
The stability point is stable locally if the real part 
of the characteristic roots is negative or equal to 
zero. 

Numerical Simulation 
Numerical simulation is done with MATLAB 

software by applying Runge-Kutta method 4th 
order. The initial steps taken by determining the 
value of parameters that fit the terms of 
existence and the stability requirements of the 
equilibrium point. Furthermore, in the last step is 
interpreting the results of numerical simulation 
in the form of phase portrait graph and the 
solution curve with time. 

RESULT AND DISCUSSION 
Model Formulation 

In this model, the modifications [1] are made 
by adding direct contact of susceptible human 
populations and infected human populations as 
well as the eradication of bacteria in the model 
[2]. In the SIRB model and SIQRB model can be 
written as follows 

SIRB Model Formulation [4] 
 

 

 

 

 
 

 

 

 

 

 
SIQRB Model Formulation [3] 
 

 

 

 

 

 
 

 
 

 
 

 

Modified models of equations (1) and (2) become 
as follows 
 

 

 

 

 

 

 

 

 

 

 

 

Diagram of compartment model epidemic 
cholera of equation (3) can be seen in Figure 1. 
Description of model parameter of cholera 
disease can be seen in Table 1 as follows. 
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Figure 1. SIQRB Model Compartment Diagram 

 
 
Table 1.  Parameter values and initial conditions for the 

SIQRB 

Parameter Description 

 
Susceptible individuals at  

 
Infected individuals at  

 
Quarantined individuals at  

 
Recovered individuals at  

 
Bacterial individuals at  

 
Recruitment rate (birth and 
migration) 

 
Natural death rate 

 
Environment-to-human 
transmission rate 

 
Human-to-human transmission 
rate 

 
Half saturation constant 

 
Immunity waning rate 

 
Quarantine rate 

 
Recovery rate 

 
Death rate (infected) 

 
Death rate (quarantined) 

 
Shedding rate (infected) 

 
Bacteria death rate 

 
Disinfection rate 

 

Stability of Equilibrium Points 
The equilibrium point of model (3) is obtained 

when 

, that is, 

 

 
 
where 

  

 

 

 

 

 

 
 

 
 

 

So that is obtained the value of endemic 
equilibrium point as follows. 

 

 

 

 

 

 
 

The local stability analysis of the system 
equilibrium point (3) is determined by 
linearization. Jacobian matrix on model (3) is 
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where  
 

 

 
Theorem 1. The disease free equilibrium point  
 on system (3) is as follow. 

 
Proof. The Jacobian matrix at point   is 
obtained by substituting the equilibrium point  
in the matrix  is obtained. 
 

 
 
where  
 

  

 

The eigen value of  is obtained by 
solving. The characteristic equation 

 

 

 
 

Then generated three roots equation of 
negative characteristic is  
and  while the other eigen value is the 
eigen values of the matrix 

 

 
 
It is seen that the matrix X has a value  

 

and  

Based on [9], the equilibrium point  is 
asymptotically stable when the value  

 
 and  Stability 

require-ments  causing existence condition  
is not fulfilled

 
 
Theorem 2. The endemic Equilibrium point  on 
system  is as follow. 
 
Proof.  The Jacobi matrix at point   is obtained 
by substituting the equilibrium point  in matrix 

 is obtained  
                             

 

 
 

where 

 

 

The eigen value of  is obtained by 
solving , that is 

 

 
 

where 
 

  

 

 

 
 

 

 
 

 

  

The values of the characteristic equations are 
solved using the Routh-Hurwitz criterion [11]. 
The root of the characteristic equation has a 
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negative real part if it qualifies several of the 
following criteria : 
1. Requirements for  
2. Requirements for  
3. Terms  for  

4. Terms  for  
5. Terms for 

 

Numerical Method and Simulations 
The numerical method of epidemic model of 

spreading cholera disease of SIQRB is solved 
using MATLAB R 2010a software with Runge-
Kutta method of order 4. The simulation is done 
in order to illustrated the result of analysis result 
so that the behavior of system solution (3) can be 
depicted graphically. There are two simulated 
cases that are numerical simulations showing the 

stability of the equilibrium point  

and numerical simulations showing the stability 
of the equilibrium point   

The first parameter is chosen to simulate the 
first equilibrium point is 
 

 
The condition is indicated by modifying 

various initial values 

 

and   

as shown in Figure 1 and Figure 2. Figure 2 illus-
trates the subpopulation change between by 
using 4 initial values. It appears that the number 
of susceptible human populations can survive 
while the human population is infected, the hu-
man population is quarantined, the human popu-
lation recovered. While the bacterial population   
is extinct. This condition can be said that the 
bacteria of V. cholera and infected population did 
not successfully infect the vulnerable population. 

Based on the parameter values, the stability 
condition of the equilibrium point  is 

  and 
 

then the number of each subpopulation will go to 
equilibrium-free equilibrium point 

. Therefore  is stable as-
ymptotically local. 
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(a) Point phase SIQ 
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(b) Point phase SIR 
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(c) Point phase SIB 

Figure 1. Stability the disease free equilibrium  
for  and  
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Figure 2. The solution curve of endemic equilibrium point  

to time  

Select the parameter value endemic by 

changing the parameter value  while 

the other parameter values are the same as the 

first parameter value, then the stability condition 

of equilibrium point   is not fulfilled. While the 

conditions of existence and stability   are 

qualify that is the local asymptotic stable. The 
condition is shown by using various initial values 

and  As  shown on figure 
3 and figure 4.  
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(b) Point phase SIR 
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(c) Point phase SIB 

Figure 3. Stability the endemic equilibrium  for 

 and  
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Figure 4.  The solution curve of endemic equilibrium 

point  to time  

 

Figure 4 illustrates the subpopulation change 
between  by using 4 initial values. 

It appears that the human population is 
susceptible , the human population is infected 

 the human population is quarantined  
the human population recovered   and the 
bacterial population  can survive. This 
condition can be said that the bacteria vibrio 
cholera and infected population have been 
infected the vulnerable population. 

Based on the parameter values, the stability 
condition of the equilibrium point  is 

  

 
then the number of each subpopulation will go to 
the equilibrium point of endemic disease 
 

 
Therefore  is the local asymptotic stable.  
 
CONCLUSION 

The SIQRB model is a modification of the 
model [1] by adding direct contact of susceptible 
human populations to infected human 
population and bacterial eradication in model [2]. 
SIQRB model obtained 2 equilibrium point value 
that is equilibrium point of disease  and 
endemic point of disease . Equilibrium points 

 and  are asymptotically stable locally on 
terms already discussed in the previous 
discussion. The equilibrium point results are 
investigated using numerical simulations 
according to the analysis. 
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