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Abstract





In this paper, a mathematical model for the transmission dynamics and control of Onchocerciasis was developed incorporating the infectious but not blind and the infectious blind compartments. The model consisting of systems of coupled nonlinear ordinary differential equation are used to describe this spread. We obtain the effective reproductive number , and its values computed using 5 different control strategies were carried out and result shows that although, a 60% treatment coverage rate of infectious but not blind  and infectious blind individuals only is better than 80% treatment coverage rate of infectious but not blind individuals only. A 40% coverage rate of fumigation and treatment of infectious but not blind is better than a 40% coverage rate of fumigation only. Further analysis revealed that a 30% coverage rate of fumigation and treatment of infectious blind is better than 80% coverage rate of fumigation only or fumigation and treatment of infectious but not blind only. Also, sensitivity analysis was carried out with respect to the model parameter values to determine the relative importance of each model parameter on the transmission and control of onchocerciasis. From the result, effective fumigation rate  has the highest sensitivity index followed by the effective contact rate    while the negative sensitivity index is  .

Keywords: Onchocerciasis, Stability, Effective reproductive number, Mathematical model,
       Equilibrium state.                

1. INTRODUCTION
Onchocerciasis (i.e River blindness), is a disease that causes visual deficiency (blindness) and it is the second largest cause of blindness after trachoma. It primarily affects the eyes and the skin. It is transferred from one person to another through the Onchocerca volvulus parasite as a result of a bite from a blackfly that has ingested microfilaria of the class Simulium damnosum sensulato Onchocerciasis is often referred to as River Blindness because the blackfly lay its eggs attached to rocks and vegetation submerged in fast flowing, highly oxygenated rivers and streams where larva and pupa stages develop before transformation to the adult.

Onchocerciasis starts with Pruritus, which is often the first indication of Onchocerca infection. It may occur on its own or in association with Onchocerca skin disease. Troublesome itching, of the body caused by movement of the tiny worms that moves under the skin, change in skin colour, development of white patches on the legs, (leopard skin). In the absence of any other pruritic skin condition, patients could be observed using wooden sticks to scratch their skin in an attempt to obtain relief (Abdon, 2015). Depigmentation (Leopard Skin) this is associated with the skins, calf of the leg, inguinal regions, external genitalia and auxiliary folds in older residents of endemic areas. The early age of depigmentation consists of small yellow brown macules resulting in a rather mottled appearance. Others include fever and constant headache, (Hugo, 2014).
During the last decade, Jimmy and Horst (2003), Basáñez and Ricardez –Esquinca  (2001), Jibrin and Ibrahim (2011), Ikechukwu and Thomas (2014), Shaib et al (2015), Abdon and Rubayyi (2015) and Hugo (2013)have designed mathematical models on Onchocerciasis (river blindness). Considering the works of the afore mention authors, the study at hand is an improvement on the cited models above in that it includes;

1.  The latent, the infectious blind and recovered classes 
1. The treatment of actively infected individuals and blind as control parameters
1. Incorporating the fumigation parameter 
1. Loss of immunity after recovered.
2.0	MATERIAL AND METHODS
2.1	Model Variables and Parameters
 The model describes the dynamics of two populations, which is compartmentalized into seven (7) classes interacting with each other namely: the human and vector population. 
Figure 1 is a schematic representation of the model.
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 The model applied has the following variables and parameters:


	Susceptible individuals at time 


	Latently infected individuals at time 


	Infectious but not blind individuals at time 


	Infectious blind individuals at time 


	Removed individuals due to recovery from infection at time 


	Non-carrier vectors at time 


	Carriers vectors at time 

	Recruitment rate of human through birth

	Effective contact Rate of Onchocerciasis

	Effective Fumigation Rate



	Rate of Infection from to  individuals


	Treatment rate of  individuals


	Treatment rate of  individuals

	Mortality rate due to Onchocerciasis

	Waning Rate due of Temporal Immunity of Recovered individuals

	Natural death rate of humans

	Progression Rate of infection in the vector

	Natural death rate of vectors

	Recruitment rate of blackfly through birth
2.2	 Model Development
The following assumptions are taken into consideration in construction of the model:
1. People are born into the system as susceptible and they die as a result of non-recovery or natural death as the case may be.
1. There is a constant recruitment to the susceptible human population as well as susceptible black fly population.
1. Transmission take place from infectious human to susceptible blackflies and from infectious blackfly to susceptible human.
1. Infected blackfly does not live long to recover from infection
1. All birth into the human population are into the susceptible compartment indirectly no mother to child transmission (i.e no vertical transmission of the disease).
1. There is no inherited immunity.	







The Susceptible human population  is generated at a constant rate via recruitment of humans by birth and immigration into the population. It is further increased by recovered individuals losing immunity at the rate .  It is decreased by infection acquired via contact with carrier vectors at a rate  where  is the effective fumigation rate. It is further decreased by natural death at the rate . All the newly infected susceptible individuals moved to the latently infected compartment. 





The Latent compartment  is decreased by progression of the disease to infectious but not blind class  and natural death at the rates  and  respectively. It is further decrease due to following interaction with the non carrier vector  .





The infectious but not blind  population is increased by progression of latently infected individuals at the rate  and decreases by complications of the infection resulting into blindness at the rate, it further decreases by recovery due to treatment to the recovered class at the rate  and natural death also occurs at the rate . 





The infectious blind compartment  is increased at the ratedue to progression of infection from  class and diminished by recovery due to treatment from Onchocerca volvulus  (not the blindness) and natural death at the rate  and  respectively.







 The recovered compartment  is generated from recovered individuals from the  and  classes at the rates  and  respectively. It diminishes by losing immunity and natural death at the rates  and  respectively.







The Non- carrier vectors, are generated via birth or immigration of vectors into the population at the rate . It decreases by infection acquired when the Non-carrier vectors feed from the blood of the  or the  individuals at the rate . The vectors sub-population diminishes by natural death or larvicides at the rates  and  respectively.




 The Carrier vectors  are generated from the Non-carrier vectors  that feed on infectious blood meals and similarly diminishes at the rates  and  respectively. Mathematical representation of the Schematic diagram is given by the following ordinary differential equations.
The corresponding mathematical model equations are described by a system of Ordinary Differential Equations (ODEs) given below:			

						          (1)					
where 

	                                   			   (2)		

                                                                      			    (3)

			          		(4)      	
Thus a disease-free equilibrium state of the model exists at the point

						(5)
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