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ABSTRACT: Acute bacterial infection of the intestine is caused by ingestion of food or water containing vibrio 

cholera. The symptoms include acute water diarrhea and vomiting which can result in severe dehydration or water 

loss. Sanitary conditions in the environment play an important role. Hence, the objective of this paper as to evaluate 

the effects of poor sanitation and public awareness in modeling bacterial infection amongst the students of a tertiary 

institution in Kaura Namoda, Zamfara State, Nigeria. We incorporated effectiveness of drug and awareness for 

proper hygiene and sanitation into our model. The disease free and endemic equilibrium were determined. The 

effective reproduction number 𝑹𝒆 was showed. Numerical results of the dynamics system of the transmission of 

bacterial infection were presented and we found that as the effective contact rate increases, the effective reproduction 

number increases. Also as the effectiveness of compliance of good hygiene increases, the effective reproduction 

number decreases by varying the contact rate. More so, as production rate of acute diarrhea bacteria increases, it 

increases the secondary cases of the infected individuals. 
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Bacterial infection is one of the most common reported 

illnesses in developing Country, according to World 

Health Organization (WHO), an acute bacterial 

infection of the intestine caused by ingestion of food 
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or water containing vibrio cholera (Blanca and 

Christina, 2002). The symptoms include acute water 

diarrhoea and vomiting which can result in severe 

dehydration or water loss. More so, sanitary conditions 

in the environment play an important role (Codecco, 

2001). Bacteria are living organisms that have only 

one cell and under a microscope, they look like balls, 

rods, or spirals. They are so small that 1,000 lines can 

fit on a pencil eraser (Codecco, 2001). Most types do 

not make person sick and many types are very useful 

(Blanca and Christina, 2002). Some of them help 

digest food, destroy disease-causing cells and provide 

the body with the necessary vitamins. Bacteria are also 

used to make healthy foods like yogurt and cheese 

(Tien and Earn, 2010).  

 

But infectious bacteria can make someone sick and 

reproduced rapidly in body (Blanca and Christina, 

2002). Many of the chemicals released are called 

toxins, which can damage tissue and make person sick 

(Pascual, Bouma and Dobson, 2002). The most deadly 

bacterial infections are Tuberculosis, Cholera, 

Botulism, MRSA Infection, Meningitis, Gonorrhea, 

Bubonic Plague, Syphilis (Bertoletti, Maini, and 

Williams, 2003) and Antibiotics are the usual 

treatment (Mabel, Juliet and James, 2022). Nonliving 

reservoirs Air can become contaminated by dust or 

human respiratory secretions containing pathogenic 

bacteria.  

 

Bacteria do not multiply in the air itself, but may be 

transported by air currents to areas more conducive to 

their growth. Infections acquired through the air are 

characterized as airborne. The classic airborne 

bacterial infection is tuberculosis (Codecco, 2001). 

 

Mathematical models have played an important role to 

the dynamics of both transmission and infectious of 

individuals (Lasisi, Akinwande and Olayiwola et al., 

2018). Among the common are Ebola virus (Lasisi, 

Akinwande and Olayiwola et al., 2018). Hepatitis B 

virus (Bertoletti, Maini and Williams, 2003). The 

HumanImmunodeficiency virus (HIV) (Abdulrahman, 

Akinwande, Awojoyogbe and Abubakar, 2013; 

Akinwande, 2006). These models have been useful to 

study the control of the both transmission and virus 

kinetics in order to provide a quantitative 

understanding and create public awareness of the 

infection, while Codecco (2001); Pascual, Bouma and 

Dobson (2002); Jensen, Faruque, Mekalanos and 

Levin (2006); Tien and Earn (2010); Misra and Singh 

(2012); Lasisi, Akinwande and Oguntolu, (2020) have 

designed mathematical models to explored the 

transmission dynamics and control of the infection.  

 

Model Formulation: The model equations are 

formulated using ordinary differential equations with 

nonlinear incidence rate called force of infection. We 

incorporated vaccination class, effectiveness of drug 

and awareness for proper hygiene and sanitation into 

our model. The population is divided into five classes: 

susceptible class (S): this class includes the individuals 

at risk for acute diarrheal infection after infected it 

then move to Infected class with thick arrow line. 

Infected class (I): this includes an individuals who 

have been infected and shows symptom of the 

infection, after treatment it then move to recovery 

class, without treatment it contribute to bacteria 

population with thick arrow directed to Bacteria class.  

 

Vaccination (V): this is individual who vaccinated 

against the infection. Recovery class (R): this class 

includes all individuals that have recovered from the 

infection and move back to susceptible and 

Concentration of Bacteria is KB, as shown in Figure 1, 

KB  is interact with population S as it shown with dash 

arrow and become infected I with tick line, I recovered 

and move to Recovery class R, meanwhile, R have 

only temporary recovery, it then move back to S, while 

S is vaccinated and move to vaccination class and 

vaccination individuals become susceptible (S) after 

loss of immunity. 
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Fig 1: Schematic representation for the Bacterial transmission model 

 

The transfer rates between the sub-classes are 

collection of several epidemiological parameters. The 

susceptible human population )(S  is increase by 

recruitment rate , the rate at which individuals is 

vaccinated is 2 and f is the proportion of individuals 

who are vaccinated. The proportion of unvaccinated 

individuals is (1-f) and 1  
is the rate of losing 

immunity from vaccination individuals. Also 
 
is the 

natural death rate which is applicable to all the classes. 

Bacteria )( BK  interact with S and become infected 

with force of infection )/( BB KCK  , it then move 

to infected class (I), where   is the effective contact 

rate, also, K is the concentration of the bacteria in 

contaminated environment, and     )/( BB KCK   is 

the probability of individuals in consuming foods or 

drinks contaminated caused by bacteria, the rate at 

which infected individuals die as a result of disease is 

1  and   is the effectiveness of compliance of good 

hygiene and 𝜙 is the effectiveness of drug. Meanwhile, 

The rate at which individuals recovered from I class as 

a result of treatment from infection is  , there is no 

permanent recovery from the infection, recovery (R) 

individuals move back to susceptible class at the rate 

of  . Population of Bacteria )( BK  increase at the 

rate of  ,  the mortality rate of bacteria is 
B  and 

the rate of sanitation which lead to death of bacteria is 

2 . The model flow diagram is shown in figure 1. The 

dash line from Bacteria class )( BK  to susceptible 

class )(S  shows that susceptible individuals get the 

infection from Bacteria. The tick lines show the 

movement of one class to another class.  

 

Based on the above schematic representation and 

assumptions of the models, the equations governing 

the dynamics of the Acute diarrhea infection are given 
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as:   

SSSRVf
dt

dS
  21 )1()1(   (1) 

IIS
dt

dI
)()1( 1 

     

             (2) 

 VVSf
dt

dV
  12

                        (3) 

RRI
dt

dR
 

  

                                        (4)  

BBB
B KKI

dt

dK
2)1(                                 

(5) 

 Where, RVISN 
         

 

 And 𝜆 =
𝛽𝐾𝐵

𝐶+𝐾𝐵
                                      

(6)
 

 

The Model Analysis 

Invariant Region. To obtain the invariant region, we 

considered the total human population (N), where

RVISN  . Then, the differentiation of N 

with respect to time leading to: 

dt

dR

dt

dV

dt

dI

dt

dS

dt

dN
                           (7)  

Then we have: 

te
N

N 











 }{ 0

                               (8) 

As t in (8), the population size 



N  

which means that, 





0 . Thus, the feasible 

solution set of the system equations of the model 

enters and remains in the region: 

}:),,,{( 4




 NRVIS  

Therefore, the model system is well posed 

mathematically and epidemiologically. Hence, it is 

sufficient to study the dynamics of the basic model in 

region .

  

The Disease Free Equilibrium (DFE). To find the 

disease free equilibrium, we set the equations (1)-(6) 

to zero (0) and solve simultaneously, we make KB in 

(5) subject of the expression and substitute into (2), we 

have 
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(9)

 

Since 

0I , then it implies 0,0  RKB .Therefore, 

the disease free equilibrium
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2121
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


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


fff
EDFE

    (10) 

The Effective Reproduction Number )( eR . The 

effective reproduction number ( eR ) is the secondary 

infection cases infected on average per person, to 

obtain the basic reproduction number, we used the next 

generation matrix which is the approach adopted by 

Lasisi, Akinwande and Olayiwola et al. (2018).  Both 

)(xF  and )(xV  are obtained from the model 

equations (2) and (5), we get  

II
KC

SK
I

B

BI )(
)1(










 

BBBB KKIK 2

1 )1(        

Therefore, )(xF is the inflow of the infected class 
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while )(xV  is the outflow of the infected class, we 

have the following: 



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The Jacobian matrix of f and v evaluated at DFE are 

given by F and V, we get: 

And 
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The characteristics equation of 
1FV  is obtained with 

the inverse of V as: 

0
)1(

)(
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1

0
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The dominant eigenvalues of 
1FV  which is the 

spectral radius give:   

0

21 )(

)1(

)(

)1(
S

C B 















             (12) 

Therefore, the basic reproduction number ( 0R ) after 

substitution of 
0S  is given as: 

}))(){(()(
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212121
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B

e
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ff
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 (13) 

 

Global Stability of DFE 

Theorem 1: The disease free equilibrium is globally 

asymptotically stable if 10 R  

Proof: To show this theorem, we construct suitable 

Lyapunov function is given by: 

BKIL )( 1 
                                

(14) 

We differentiate (14) with respect to t and substitute 

(1) - (5) into the differentiation, we get:  

})(){(})(
)1(

{)1( 211 B

B

B KII
KC

SK

dt

dL



 




 B

    (15) 

From (15) yields:

 
}

)(
{

))(( 221

C

KC
R

KC

CK

dt

dL B

e

B

BB 









(16) 

So if 1eR  then 1
dt

dL
 or if 

00 
dt

dL
K B . Hence, L is Lyapunov 

function on   and largest compact invariant set in 

}0,),,,,{( 
dt

dLKRVIS B  is the singleton

)0,0,,0,( VS .  Therefore, by Lasalle’s invariance 

principle (16),that all the solution of the model 

equations (1) - (6) with initial condition in the region 

which approach the DFE at time tends to infinity when 

1eR , hence, DFE is globally asymptotically stable 

in the feasible region   if 1eR  

 

The Endemic Equilibrium: The endemic equilibrium 

state is denoted by ),,,,(
******

BKRVISE  and 

this occurs when the infection is persistence in the 

population. To obtain this, we equate the system of 

equations (1) - (6) to zero and we have the following: 

 𝐸∗ = {
(𝛾+𝜇+𝛿1){(𝜇𝐵+𝛿2)𝐶+𝜔𝐼

∗}

𝛽(1−∅)𝜔
, 𝐼∗ > 0,

𝑓⋀𝛽(1−𝜀)(1−∅)+𝜑2(𝛾+𝜇+𝛿1){(𝜇𝐵+𝛿2)𝐶+(1−𝜀)𝜔𝐼
∗}

𝛽(1−𝜀)𝜔(1−∅)(𝜑1+𝜇)
,

𝛾𝐼∗

(𝜎+𝜇)
,
(1−𝜀)𝜔𝐼∗

(𝜇𝐵+𝛿2)
}           (17) 
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Numerical Results and Discussion: The model is simulated using the parameter values in Table 1, to assess the 

effect of different strategies considered in this study, which are educational awareness, environmental sanitations 

and hygiene, and treatment of individuals.  

 

Table 1. Symbols, Parameters definition and Values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Mabel et al., 2022) 

 

The data for numerical simulations with respect to each of the epidemiological parameters are given in Table 1 

and Using Maple 17 Software for the graphical representation of effective reproduction numbers and model 

simulations with parameter values of the model equations are shown below, 

 

Fig 2. Varying the rate of exposure to contaminated foods and waters (  ) on reproduction number 

Symbols

 

Definition of Parameters of the Model    

 

   Values 

  Human Populations rate    100/day  

1  Rate of losing immunity from vaccination individuals     0.55/day 

  Rate of recovered humans to become Susceptible       0.003/day 

2  Rate at which individuals are vaccinated     0.45/day 

  Exposure to contaminated food and water(Effective contact rate)     0.9/day 

  Compliance rate of waters & foods Hygiene        0.6/day 

  Recovery rate of infected humans     0.002/day 

  Production of Bacteria infection from infected humans     Assumed 

  Natural human mortality     0.0247/day 

1  Disease induced dearth rate     0.052/day 

 f  Proportion of unvaccinated individuals     0.075/day 

  C Concentration of the bacteria in contaminated water     50,000Lit/day 

 B  Mortality rate for bacteria     0.001/day 

 2  

 
  

Water Sanitation lead to dearth of Bacteria 

Compliance of good hygiene 

    0.05/day 

     (0, 1) 
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Fig 3. Production rate of Bacteria infection on reproduction number 

 

 

Fig 4. Effect of recruitment rate ( ) on the basic reproduction number 

 

Figure 3 shows the effect of compliance of good 

hygiene on effective reproduction number eR , it is 

observed from figure 2 that, as compliance rate of 

good hygiene ( ) increases, the effective 

reproduction number decreases ( eR ). Varying the rate 

of effective contact rate (  ), we observed that as 

effective contact rate decreases, it also decreases the 

effective reproduction number.  It is observed from 

figure 3 that as production rate of Bacteria infection 

)( from infected human increases, it increases the 

effective reproduction number eR , varying the 

recovery rate ( ), it was discovered that as recovery 

parameter increases, it decreases the effective 

reproduction number. Meanwhile, figure 4 shows the 

effect of recruitment rate ( ) on the effective 

reproduction number eR , it is observed that as 

recruitment rate ( ) increases, it increases the 

effective reproduction number eR .    

 

Conclusion: In this study, we presented an improved 

model for the transmission of Bacterial transmission 

disease; we incorporated the effectiveness of 

compliance of good hygiene. From the analysis, it was 
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found that, the Disease Free Equilibrium is globally 

asymptotically stable if 0eR and Endemic 

equilibrium state was obtained. Graphically, we found 

that as compliance rate of good hygiene ( ) increases, 

the effective reproduction number decreases ( eR ) and 

we observed that as effective contact rate decreases, it 

also decreases the effective reproduction number. 

Meanwhile, we observed the effect of recruitment rate 

( ) on the effective reproduction number eR , it is 

observed that as recruitment rate ( ) increases, it 

increases the effective reproduction number eR . 

Therefore, the treatment regime against bacterial 

infection in a population would be a good approach to 

effectively control or eradicate the acute diarrhea 

infection.  
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