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Abstract: Cholera is an infection of the small intestine of humans caused by a gram negative bacterium called 

Vibrio cholerae.It is spread through eating food or drinking water contaminated with faeces from an infected 

person. It causes rapid dehydration and general body imbalance, and can lead to death since untreated 

individuals suffer severely from diarrhoea and vomiting. In this paper we formulate amathematical model to 

assess the role of rehydration and antibiotic treatment onreduction of cholera mortality. All solutions in our 

model are positive and boundedhence well posed. The stability analysis of the model has been done. 

Numericalsimulation shows that rehydration and administration of antibiotics play a majorrole in reducing 

cholera deaths. 
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I. Introduction 
Cholera is an infection of small intestine caused by a gram-negative bacterium called Vibrio cholerae. 

The dynamics of cholera involve multiple interactions between the human host, the pathogen, and the 

environment, which contribute to both human to human and indirect environment to humans transmission 

pathways Mari et al[12]. The bacterium is generally present in the faeces of an infected person for 7 to 14 days, 

though with treatment, the symptoms do not last long. The bacterium is acquired by humans through eating food 

or drinking water contaminated by faeces from an infected person. The incubation period of the bacteria is 12 

hours to 5 days. During infection the bacteria attach themselves to the intestinal walls where they multiply and 

produce toxic proteins which cause the intestines to secrete large amounts of fluids. Signs and symptoms include 

stomach cramps, mild fever, vomiting and watery diarrhoea will lead to death due to dehydration Nelson et al 

[14]. 

Diagnosis is done through culture of the stool, agglutination tests are then done forconfirmation of the 

disease. Treatment is based on the severity of dehydration of the patient. Simple oral rehydration solutions 

containing salts and glucose are used to treat mild to moderate cases. For severe cases, treatment is based on 

antibiotics that can shorten the cause and diminish the severity of cholera, but it is important to replace the 

fluidsthat have been lost through diarrhoea. WHO[16]. The existence of acquired immunityagainst the cholera 

disease has been known since very ancient time. Patients recovering cholera are either protected against re-

infection with the same Vibrio cholerae, or thesubsequent episodes are less severe Lavine et al[10]. Prevention 

and control measures ofcholera include improved food safety,provision of safe drinking water, proper 

sanitation,and strengthening surveillance. Health education is also very important Aryda et al[1]. 

Several mathematical models of cholera transmission dynamics and protection measuressuch as 

vaccination, improved sanitation, water chlorination, and education have beenformulated but did not incorporate 

rehydration and antibiotic treatment, for Emmanuelet al. [6] formulated an SIR-C cholera model to study the 

dynamics of cholera with control strategy where C denotes the pathogen concentration. Based on their 

idea,choleradeaths can be reduced by good sanitation and water treatment. Other control strategieslike 

vaccination and curative treatment were not considered in the model.Aryda et al[1] developed and analyzed an 

SIR model to investigate cholera disease witheducation and chlorination. They concluded that with no 

chlorination, the disease freeequilibrium is shown to be globally stable and the sensitivity analysis of basic 

reproduction number shows that it is most sensitive to education, per capita birth and death rateof the bacteria. 

They also concluded that per capita birth and death rate of the bacteriacan be increased by chlorination. The 

model ignored factors such as environmental factorswhich may promote disease outbreak among poor 

communities. The model also ignoresthe role of rehydration and antibiotic treatment. 
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II. Model Description and Formulation 
2.1 The model 

The total human population N(t) is divided into classes of susceptible S(t) , infected I(t) 

and recovered R(t) , where I(t) = Ia + Ib, Ia represents individuals infected with thebacteria in the intestine only 

and Ib represents individuals infected with bacteria in boththe intestine and the bloodstream. 

The total population is given by; 

N(t) = S(t) + I(t) + R(t)    (1) 

 

The flow chart diagram for the dynamics of the transmission is given by the figurebelow. 

 
Figure 1: The model flow diagram 

 

The system of differential equations describing the dynamics of the model is as follows; 

 
 

In our model, there is a decrease in human population through natural death at a rate µ or as a result of 

the infection either in the intestine only γ1 or the infection both in theintestine and the bloodstream γ2. 

When rehydration is done the bacteria shed rate as a result of the infection in the intestine only reduces at the 

rate σ1 and the bacteria shed rate as a result of the infection inboth the intestine and the bloodstream is reduced 

at the rate σ2 due to rehydration andadministration of antibiotics. Recovery rate as a result of rehydration is δ1 

and recoveryrate due to rehydration and administration of antibiotics is δ2 , B is the concentration ofVibrio in the 

environment, K the carrying capacity of Vibrio where, K > 0. 

 

The effective contact rate of the bacteria given by σ and the probability of susceptible to catch Cholera defined 

by the term 
𝐵

𝐾+𝐵
.The model will take an assumption thatinfected individuals only acquire the bacteria from the 

environment. The pathogen population grows logistically and the bacteria enter the pathogen reservoir of Vibrio 

cholera at the rate 
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 CB(1- 
𝐵(𝑡)

𝐾
) , proportional to bacteria density in this class, where C > 0 isthe per capita growth rate for Vibrio 

cholerae, d1 is the bacteria shed rate due to rehydration only and d2 is the bacteria shed rate due to both 

rehydration and administrationof antibiotics such that 

 d1 = d2 and bacteria death rate is given by µb. 

 

Suppose that the initial condition for the System 2 takes the form: 

S(t0) = S(0); I(t0) = (Ia; Ib) = I(0) = 0;R(t0) = R(0); t0 = 0    (3) 

 

III. Model Analysis 
Since in our model we are studying human population, all solutions for the System ofEquation (2) are all 

positive and bounded hence well posed. 

 

3.1 The basic reproduction number, R0 

The basic reproduction number R0:-Is defined as the average number of secondary infections due to a single 

infectious individual introduced in a fully susceptible population. IfR0<1 it means the disease is contained in the 

population and R0>1 means the disease ispersistent in the population. 

The constant Ro determined by the method of Next Generation matrix approach Van 

[15] is; 

   
 

3.2 Existence of Disease Free Equilibrium (DFE) point 

Disease Free Equilibrium is defined as the state at which no cholera disease is present in the population. 

Therefore the  

 

 

 

3.3 Local Stability of the Disease Free Equilibrium (DFE) 

The stability of equilibrium point is related to the basic reproduction number R0 of the model. 
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