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ABSTRACT
We propose a mathematical model to study the transmission and control of scabby mouth disease in sheep, incorporating the vaccinated and quarantine classes.  The Disease-free equilibrium was obtained and the reproduction number was also computed. The local stability of DFE was analyzed for stability.  Sensitivity analysis of basic reproduction number with respect to some parameters of the model was carried out and the sensitive parameters with are presented graphically.  The local stability of DFE is stable if . The sensitivity analysis shows that the contact rate is the most sensitive parameter to increase the spread of the disease and vaccination rate  is the highest sensitive parameter to control the transmission of scabby.
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INTRODUCTION
Scabby mouth is a highly contagious viral disease of the skin of sheep and goats which usually affects lambs and kids.  The disease is caused by a pox virus which is normally present in scabs on affected animals. The virus can survive off the sheep for many years under the right conditions (Sunday et al, 2012). Once the disease is introduced to a property, the virus will remain in the environment for many years.   Sheep become infected through injuries or abrasions on the skin of the muzzle, the lips or coronet or other areas of bare skin.  Two to four days after infection the skin becomes reddened and may show some swelling.  The first signs of infection are usually seen near the corners of the lips. The next stage is the development of blisters which quickly develop into pustules. These pustules then rupture, excreting virus and forming scabs, giving the disease its typical appearance. The scabs lift in one to two weeks, leaving raw skin which quickly heals and returns to normal. In some lambs, the lesions spread along the lips and merge to form scabs which may involve the whole of the lips. In severe cases, the lesions may extend into the mouth, onto the tongue and into the nostrils. The lesions usually disappear within four to six weeks of the initial infection. Severely affected lambs may be unable to feed for several days, resulting in a loss of condition and an increased susceptibility to other diseases or death by starvation in young lambs. Scabby mouth alone does not cause deaths, but it will severely depress growth rates. Lesions on the teats and udders of ewes may predispose to mastitis.
No treatment will kill the virus and the disease normally runs its course in three to four weeks (seaman et al, 2016).  Spread may be reduced by moving affected mobs to paddocks where injury to the skin is less likely, such as paddocks with less thistle or burr. Severely affected animals may need treatment to overcome secondary infections. Sheep are best vaccinated as lambs at lamb marking. This involves scratching the live vaccine onto the skin on the inner thigh (CDC, 2007). The lamb will develop a skin infection at the site of vaccination within five to ten days and develop immunity in 14 days. Sheep should be checked five to ten days after vaccination to ensure that the vaccine has taken.  Successful vaccination produces pustules along the line of the scratches. These pustules progress to small scabs which normally disappear three to four weeks after vaccination.  People should avoid contact with the scabs and cover all cuts and abrasions before handling animals and wash hands and clothes thoroughly after handling. Once immunity has developed, vaccinated sheep are protected for 12 months (WHO, 2018).
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Table 1.1: Definition of Variables and Parameters.
	Variables and Parameters

	Description

	 
	Susceptible class

	 
	Infected Class

	 
	Vaccinated Class

	
	Quarantine Class

	
	Recovered Class

	
	Recruitment/Birth Rate

	
	infection rate

	
	Rate at which the infected class is quarantined

	
	death due to complication from infection

	
	Vaccination rate

	
	loss of immunity

	
	natural death rate

	
	recovery rate

	
	treatment rate



Let
                             (6)       
Equilibrium state of the model
At equilibrium state, 	
                                                                                  (7)
Let                                                                                                                      (8)
We have the following equations
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From equation (10)
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From 9
                                                                                                                          (16)
                                                                                                                             (17)  
From equation 12,
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comparing equation 17 and 18, we have 
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Substituting equation (20) into (18), we have
                                                                                                                       (21)
Substituting equation 15 into 11, we have
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substituting equations 15 and 21 into equation 13,
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Where                                                                                                                 (28)
  THE REPRODUCTION NUMBER 
The basic reproduction number is the average number of secondary infections produced when one infective is introduced into the host population where everyone is susceptible (Benyah, 2009).
When The infection will die out in the long run but if the infection will be able to spread in the population.  In this model the reproduction number is given as the largest eigen-value or spectral radius of .  Where is the rate of appearance of new infection in compartment , is the transfer of infection from one compartmentto another.
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At DFE
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Therefore, the reproduction number 
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LOCAL STABILITY OF THE DISEASE FREE EQUIIBRIUM (DFE)
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Substituting (24) into (39) we have that
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For the Disease-Free state to be achieved  and have to be negative.  For to be negative we have that
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Comparing (41) to (51)
which implies that the disease will die out
On the other hand,  implies that
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Discussion of result
Sensitivity Analysis
The approach of Somma and Akinwande (2020) was followed to carried out the sensitivity analysis. Table 2 is the sensitivity indices of low and transmission rate
Table 2: Sensitivity Indices
	parameters
	Low transmission
	High transmission

	
	1.0000
	1.0000

	
	-0.4892
	-0.5276

	
	-0.6098
	-0.5319

	
	-0.4092
	-0.4655

	
	0.4713
	0.4245



Table 2 shows that contact rate  is the most sensitive parameter follow by vaccination rate, recovery rate, quarantine rate  and loss of immunity rate. The positive values indicate the parameters that will increase the reproduction of the scabby disease and the negative values indicate the parameters that will reduce the reproduction of the scabby disease and eventually put it under control.

 Graphical Representation of Sensitive Parameters and Basic Reproduction Number
Figures 2 to 6 are the Graphical Representation of Sensitive Parameters and Basic Reproduction Number.
[image: ]
Figure 2: Graph of Basic Reproduction Number against different proportions of Contact rate
[image: ]
Figure 3: Graph of Basic Reproduction Number against different proportions of Recovery rate
[image: ]
Figure 4: Graph of Basic Reproduction Number against different proportions of Quarantine rate
[image: ]
Figure 5: Graph of Basic Reproduction Number against different proportions of Vaccination rate
[image: ]
Figure 6: Graph of Basic Reproduction Number against different proportions of Loss of Immunity rate
Figure 2 shows that as contact rate increases with time the basic reproduction number increases. This implies that the contact rate is a key parameter that will spread the scabby disease. In figure 3, 4 and 5, it is observed that as recovery, quarantine and vaccination rates increases with time the basic reproduction number decreases. These parameters are the sensitive parameters that will bring scabby under control.  Figure 6 revealed that as loss of immunity rate increase the basic reproduction number increases.

 CONCLUSION
The local stability and sensitivity analyses of the Mathematical modeling of Scabby diseases incorporating quarantine were carried out. Sensitive parameters were plotted graphically against basic reproduction number. The sensitivity analysis shows that recovery, quarantine and vaccination rates are the sensitive parameters that will bring scabby under control. Therefore, vaccination of susceptible individuals, quarantine and treatment of the infected individuals should be given priority. 
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