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Abstract: Schistosomiasis remains one of the major health problems in tropical and subtropical countries with 

school aged children usually the most affected. Urinary schistosomiasis is endemic in Wasai, a town located near 

Wasai dam in Minjibir Local Government area of Kano state. Different types of water contact activities takes 

place in the water body which have different snail intermediate hosts attached to water hyacinth. A nonlinear 

model that analyzed the pattern of transmission of urinary schistosomiasis for children from Wasai and Dingim 

towns and snails in Jakara dam with a single dose treatment with Praziquantel was designed. Picard Lindelof 

theorem was used to show the existence of a unique solution to the system. The disease free equilibrium was found 

to be locally asymptotically stable and due to the nonautonomous nature of the system, Floquet theory was applied 

to obtain the basic reproduction number. These results have been illustrated by numerically simulating the model 

with estimated parameter values, and sensitivity analysis was carried out. 

Keywords: Asymptotic, Basic reproduction number, Mathematical modeling, Re-infection, Schistosomiasis, 

Treatment. 

I.    INTRODUCTION 

Schistosomiasis is a parasitic disease that affects people in tropical and subtropical countries particularly children who 

acquire the disease during recreational activities in snail infested water. Coming in contact directly  with open freshwater 

bodies through bathing, swimming, and wading has been reported to be a risk factor of schistosomiasis [1,2,3,4]. An 

estimated 779 million individuals are at risk of acquiring schistosomiasis and more than 200 millions were infected in 

mid- 2003 [5]. Observations for both visible and non visible blood (macrohaematuria) and (microhaematuria) in urine 

were found to be associated with the presence of S. haematobium eggs in urine. It has also been demonstrated as a good 

indicator of S. haematobium infection [6,7,8]. Although not all haematuria are related to S. haematobium infection, 

presence of blood in urine gives an early indication of infection. The presence of blood in urine is caused by 

granulomatous inflammation resulting from the lodging of S. Haematobium eggs in the bladder and urogenital system [9], 

and is increasingly becoming an important criterion for assessing S. haematobium infection in studies. Self reported blood 

in urine is even used to identify potential S. haematobium infection in people living in endemic areas [10,8].  Praziquantel 

(PZQ) remains the only drug for clinical management and community-based control of schistosomiasis [11, 12, 13, 

14,15]. [16] described a mathematical model for the control of schistosomiasis in Hubei china. [17] presented a 

mathematical model that was used to study the transmission dynamics, control and vaccination of schistosomiasis with a 

variable population size. [18] formed a model of Schistosomiasis under flood in Anhui Province. [19] designed a 

mathematical model and Analyses the transmission Dynamics and Control of Schistosomiasis. Most of the models in the 

literature considered a more optimistic situation, where reinfection parameters are neglected. Schistosomiasis disease is 

endemic and can resurface at anytime as long as people revisit the dams. Even vaccination programs might fail 

completely or partially especially in developing countries since finances play a major role in the number of people who 

receive the vaccines. 
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2.   MATERIALS AND METHODS 

Table 1: Parameter description of the model 

Variable Description 

S Population of susceptible individuals 

I Population of infected individuals 

TF Population of treated individuals who failed treatment 

T Population of treated individuals 

R Population of recovered individuals 

Table 2: Parameter description of themodel 

Parameter Description 

Π Recruitment rate of individuals 

δ(t) Time varying contact rate of schistosomiasis 

Ξ Reinfection rate 

Γ Treatment dose rate 

µ Natural death rate of humans 

Σ Recovery rate of individuals who failed treatment 

Α Recovery rate of treated individuals 

δ0 Baseline contact rate 

δ1 Fluctuating contact rate amplitude 

2.1 Model Formulation 

 

Figure 1: Schematic diagram of the model 

In order to formulate the model equations the total population N is divided into five classes. The fully susceptible class 

(S), the infected class (I), treated individuals (T), treated individuals who failed treatment TF , and recovered individuals 

(R). The class S of susceptible is increased either by birth, immigration at the rate Π or by reinfection at the rate ξ. It is 

decreased by a time varying infection rate δ(t), and by death at the rate µ. The class I of infected individuals is derived 

through infection of fully susceptible, this class is decreased either by death at the rate µ, treatment dose γ, or by recovery 

at the rate τ . The class of treated individuals T is generated a perfect treatment dose γ and decreased by death at the rate µ 

or by recovery at the rate α it is also decreased at a lower rate β which happens when the treatment dose fails. The class of 

individuals who failed treatment TF is obtained when the treatment dose fails at the rate β and is decreased by death and 

by natural recovery at the rate σ. The class of recovered individuals is increased when the treatment dose works at the α or 

by natural recovery at the rate τ . The class is diminished by reinfection and natural death, at the rates ξ and µ 

respectively. 
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Model Assumptions  

1. Based on the fact that children in Wasai and Digim swim more during dry season, the contact rate is assumed to be time 

varying. 

2. Children who failed treatment and those who did not receive any treatment can still recover from disease at a lower 

rate. 

3. The model also assumes that the recovered class is not protected, that is children can be infected again and again. The 

transitions  between model classes is expressed by the following differential equations. 

𝑑𝑆

𝑑𝑡
=−𝛿(𝑡)𝑆𝐼 − 𝜇𝑆 + 𝜁𝑅 + 𝛱                       (0.2.1)                           

𝑑𝐼

𝑑𝑡
=𝛿(𝑡)𝑆𝐼-(𝛾 + 𝜇 + 𝜏)I                               (0.2.2) 

𝑑𝑇

𝑑𝑡
=γI-(μ+α+β)T                                         (0.2.3) 

𝑑𝑇𝐹

𝑑𝑡
= 𝛿𝑇 − (𝜇 + 𝜎)𝑇𝐹                                  (0.2.4) 

𝑑𝑅

𝑑𝑡
=𝜏I + αT + σ𝑇𝐹 − (𝜇 + 𝜁)𝐼                       (0.2.5) 

Existence and Uniqueness of Solution  

The equations 0.2.1 to 0.2.5 can be written as: 

𝐹(𝑥) = 𝐴𝑥 + 𝑔(𝑡, 𝑥) + 𝑏(0.3.1) 

𝑨 =  

[
 
 
 
 
−𝝁 𝟎 𝟎 𝟎 𝝃
𝟎 −(𝝁 + 𝜸 + 𝝉) 𝟎 𝟎 𝟎

𝟎 𝜸 −(𝝁 + 𝜷 + 𝜶) 𝟎 𝟎
𝟎 𝜷 𝟎 −(𝝁 + 𝝈) 𝟎

𝟎 𝝉 𝜶 𝝈 −(𝝁 + 𝝃)]
 
 
 
 

 

 

𝑔(𝑡, 𝑥) =

[
 
 
 
 
−𝛿(𝑡)𝑆𝐼
𝛿(𝑡)𝑆𝐼

0
0
0 ]

 
 
 
 

 

𝑏 =

[
 
 
 
 
𝛱
0
0
0
0]
 
 
 
 

 

Theorem 0.3.1 :The system 0.3.1 satisfies Lipschitz conditions. 

 Proof: 

‖𝑓(𝑥) − 𝑓(��∗)‖ = ‖𝐴(𝑥 − 𝑥∗) + 𝑔(𝑥) − 𝑔(𝑥∗)‖                                   (0.3.5) 

≤ (‖𝐴‖ + 𝑘̃)(𝑥 − 𝑥∗),                                                                                      (0.3.6) 

‖𝐴‖ = 𝑚𝑎𝑥{𝜇 + 𝛽 + 𝛼, 𝛼 + 𝜎 + 𝜇 + 𝜁 + 𝜏}, 

𝑘̃ = 5𝑚𝑎𝑥{𝛿𝐼 + 𝜇 + 𝜏 + 𝛾, 𝛿𝑆∗, 𝜁} 

0.3.2 Boundedness and Positivity of Solution 

 Since the model describes human population , it is necessary to show that all the state variables S, I, TF , T and R are non 

negative for all t ≥ 0, solutions with non-negative initial data remains non-negative for all t ≥ 0 and are bounded. Let N 

represent the total population, that is: 

N = S + I + T + TF + R                      (0.3.7) 
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From  0.3.7  N → 
𝛱

𝜇
 as t→∞ 

This  shows that the feasible region  

𝐷 = {(𝑆, 𝐼, 𝑇, 𝑇𝐹  , 𝑅): 𝑆, 𝐼, 𝑇, 𝑇𝐹  , �� ≥ 0, 𝑆 + 𝐼 + 𝑇 + 𝑇𝐹 + 𝑅 =
𝛱

𝜇
}               (0.3.8) 

Is positively invariant set for the model. 

0.3.3 Stability Analysis of DFE 

In the absence of infection, the model has a unique disease free equilibrium 

𝐸0 = (𝑆0, 𝐼0, 𝑇0, 𝑇𝐹
0, 𝑅0) = (

𝛱

𝜇
, 0,0,0,0). To analyze the disease free equilibrium, the model 0.2.1 – 0.2.5 is linearized 

about 𝐸0 by setting: 

𝑆(𝑡) = �〱(𝑡) + 𝑆0, 𝐼(𝑡) = 𝑖, 𝑇(𝑡) = 𝑡̌(𝑡), 𝑇𝐹 = 𝑡𝐹(𝑡), 𝑅(𝑡) = 𝑟(𝑡), then we have the Jacobian matrix, 
 

𝑱 =  

[
 
 
 
 
 
 
 −𝝁

−𝜹(𝒕)𝚷

𝝁
𝟎 𝟎 𝝃

𝟎
𝜹(𝒕)𝚷

𝝁
− (𝝁 + 𝜸 + 𝝉) 𝟎 𝟎 𝟎

𝟎 𝜸 −(𝝁 + 𝜷 + 𝜶) 𝟎 𝟎

𝟎 𝜷 𝟎 −(𝝁 + 𝝈) 𝟎

𝟎 𝝉 𝜶 𝝈 −(𝝁 + 𝝃)]
 
 
 
 
 
 
 

 

Since the Jacobian matrix J is a non constant matrix, we shall apply Floquet theory (20) to find its eigen values. 

𝜆1 = exp[−𝜇𝑇] , 𝜆2 = exp {∫
Πδ(s)

μ
− (μ + γ + τ)ds

T

0
},𝜆3 = exp[−(𝜇 + 𝛼)𝑇] , 𝜆4 = exp[−(𝜇 + 𝜎)𝑇] , 𝜆5 =

exp[−(𝜇 + 𝜁)𝑇] 

It is easy to see that 0 < 𝜆1, 𝜆3, 𝜆4 , 𝜆5 < 1, which means that DFE is locally asymptotically stable if 𝜆2 = 1. We can see 

that 𝜆2 < 1  if and only if: 

1

𝑇
∫ 𝛿(𝑠)𝑑𝑠 <

𝜇+𝛾+𝜏

𝛱

𝑇

0
                                                                                                       (0.3.10)    

Since (𝑡) = 𝛿0[1 + 𝛿1sin (2𝜋)] , the inequality  (0.3.10)   can be expressed  as 𝑅0 < 1, where                    

𝑅0 =
𝛿0𝛱

(𝜇+𝛾+𝜏)
                                                (0.3.11) 

0.2 Numerical Simulation 

 

Figure 2: 
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3.   DISCUSSION OF RESULTS 

The figures 4,5,6  represents the profile of infected population with different rates of reinfection and treatment dose.. 

Table 3: Parameter description of the model 

Parameter Values References 

Ξ 0,0.5,0.8 Assumed 

Γ 0.67 (21) 

µ 0.1 Assumed 

Σ 0.15 Assumed 

Α 0.79 (21) 

Τ 0.25 Assumed 

Β 0.35 Assumed 

δ0 0.3 Assumed 

δ1 0.4 Assumed 
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Figure 4 assumes no treatment dose is given that is γ = 0 and rate of reinfection is taken to be ξ = 0.8. The figure shows 

how the infected population increasing towards its limit. 

In figure 5 treatment dose is given at a very high rate γ = 0.8 and ξ = 0.2, which makes the infected population decrease 

and approach zero. 

Figure 6 assumes reinfection rate is as good as the given dose and we can see the infected population almost vanishing.  

4.   CONCLUSION 

This result shows how sensitive the reinfection parameter could be. Treatment doses alone are not sufficient when it come 

to eradication of schistosomiasis. Vaccination and sensitization programs must be adopted. 
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