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Abstract: In this paper, COVID-19 virus model with effect the carrier to outbreak of 
epidemic is investigated. The outbreak of Covid-19 virus, is described by a 
mathematical model divided the population into four classes. The first class describes 
the susceptible unaware to disease, the second class the susceptible with has aware to 
disease by media coverage, the third class the carrier individuals and the last class is 
infected individuals. The existence, uniqueness and bounded-ness of the solutions of 
the model are discussed. All possible equilibrium points are determined. The locally 
asymptotically stable of the model is studied. Suitable Lyapunov functions are used to 
investigate the globally asymptotical stability of the model. Finally, numerical 
simulation is carried out to confirm the analytical results and understand the effect of 
varying the parameters on spread of disease.  
 
Keywords: Coronavirus, Covid-19, Stability, Awareness, Media programs, Carrier of 
disease. 
  
1. Introduction:  
In 14th century Europe, some 25 million people out of a total population of about 100 
million died from the Black Death [1]. In 1817 the first cholera pandemic, also known 
as the first Asiatic cholera pandemic or Asiatic cholera, began near the city of 
Calcutta and spread throughout Southeast Asia to the Middle East, eastern Africa and 
the Mediterranean coast see [2,3]. While cholera had spread across India many times 
previously, this outbreak went further, it reached as far as China and the 
Mediterranean Sea before subsiding. Hundreds of thousands of people died as a result 
of this pandemic, including many British soldiers, which attracted European attention. 
This was the first of several cholera pandemics to sweep through Asia and Europe 
during the 19th and 20th centuries. This first pandemic spread over an unprecedented 
range of territory, affecting almost every country in Asia. In November, 2002, the 
severe acute respiratory syndrome coronavirus (SARS-CoV2) emerged in China 
causing global anxiety as the outbreak rapidly spread, and by July, 2003, had resulted 
in over 8000 cases in 26 countries. The SARS epidemic in 2003 reported 8098 cases 
with 774 deaths, and was eventually brought under control by July, 2003, in a matter 
of 8 months [4-7]. In December, 2019, a novel coronavirus, named SARS-CoV-2, 
emerged in Wuhan, China, and led to a rapidly spreading outbreak of coronavirus 
disease 2019 (COVID-19). By Jan 30, 2020, COVID-19 was declared a public health 
emergency of international concern. It caused more than 7,000 deaths out of 177,500 
cases in the world see [8-12]. In this work, we proposed and studied the effect of 
awareness by media coverage on COVID-19 pandemic mathematical model 
dynamics. Further, the effect of direct contact with carrier individuals at first 14 days 
on outbreak the Coronavirus in the population.  



   

 
Figure 1: Outbreak Coronavirus due to Carrier by contact 

 
As well, local as well as global stability analysis of the proposed model is also 
investigated. Finally, we want know the effect of all the parameters as (awareness 
rate, incidence rate, prevention rate of disease and carrier) by solve this model 
numerically. 
 
2. Model Formulation 
We formulate the coronavirus model with effect carrier class on outbreak disease. We 
can assume that the total population of human denoted by N subdividing into four 
compartments: unaware susceptible (ܵ௨) , aware but still susceptible (ܵ௔), carrier (ܥ), 
and infected but in quarantine. Thus, ܰ = ܵ௨ + ܵ௔ + ܥ +  be the	(ݒ) Let .ܫ
coronavirus with grows logistically. We have the following model describes COVID-
19 virus by nonlinear ordinary differential equations: S୳̇ = 	ψ − αS୳ − βS୳v − σS୳C − μS୳ Sୟ̇ = αS୳ − βଵ(1 − ϵ)Sୟv − σଵ(1 − ϵ)SୟC − μSୟ 														Ċ = βS୳v + βଵ(1 − ϵ)Sୟv + σS୳C + σଵ(1 − ϵ)SୟC − (μ + θ+ γ)C           (1) İ = 	γC − (μ + θ)I v̇ = rv ቀ1 −	vkቁ − μv 
Subject to initial conditions ܵ௨ > 0, ܵ௔ ≥ 0, ܥ ≥ 0, ܫ ≥ 0, ݒ ≥ 0 . in system (1) the 
birth rate of humans is given by Ψ > 0. The awareness rate is given by ߙ ≥ 0. The 
parameters ߚ ≥ 0, ଵߚ ≥ 0, ߪ > 0 and ߪଵ > 0 respectively measure the contacts rate 
between susceptible with carrier and covid-19 virus. The natural death rate in humans 
and covid-19 virus is by ߤ > ߠ .0 > 0, is the death due to the disease. After (14-20) 
days, symptoms of the disease begin to appear on the carrier is given by a rate ߛ > 0. 
Prevention of disease is given by a rate (0 ≤ ߳ ≤ 1). r and k are respectively, the 
intrinsic growth rate and carrying capacity of COVID-19 virus.  	
Theorem (1): All solutions of system (1) which initiate in ܴାହ  are uniformly bounded. 
Proof: Let  ݓ(ܶ) = ൫ܰ(ݐ), N(t)	൯ where(ݐ)ݒ = S୳(t) + ܵ௔(t) + 	C(t),+I(t);  



   

Then  ௗௐௗ௧ = ቀௗேௗ௧ 	 , ௗ௩ௗ௧ቁ = 		 ቀ߰ − S୳ߤ − ௔ܵߤ − ߤ) + ܥ(ߠ − ߤ) + ,ܫ(ߠ ݒݎ ቀ1 − ௩௄ቁ −   ቁݒߤ
We know that 		ௗேௗ௧ 	≤ 	߰ − ݍ   where	,ܰݍ = ,	ߤ}݊݅݉ ߤ +  {ߠ
Which implies that  

  lim௧→ஶ (ݐ)ܰ݌ݑݏ 	≤ 	ట௤  
While, the last equation of system (1) it follows that  	sup ቆݒݎ ቀ1 − ቁቇݒ݇ ≤	 4݇ݎ  

Hence ݀ݐ݀ݒ 	≤ 	 4݇ݎ −  ݒߤ
So that  lim௧→ஶ sup (ݐ)ݒ ≤ 	  ߤ4݇ݎ

This completes the proof of theorem                                                                   ■ 
 
3. Existence of equilibrium points  
It is easy that the infected population  I  is related with carrier population only . Hence 
for fixed value of  C, the value of  I  can be determined directly by solving the fourth 
equation in system (1). Then, we can calculate the value of I the following form 
ܫ  = ఊ஼∗ఓାఏ                  (2) 
Consequently, for simplifying, system (1) can be reduced to the following system, in 
which we can determine the value of I, by solving it,  S୳̇ = 	ψ − αS୳ − βS୳v − σS୳C − μS୳ Sୟ̇ = αS୳ − βଵ(1 − ϵ)Sୟv − σଵ(1 − ϵ)SୟC − μSୟ 													Ċ = βS୳v + βଵ(1 − ϵ)Sୟv + σS୳C + σଵ(1 − ϵ)SୟC − (μ + θ + γ)C									     (3) v̇ = rv ቀ1 −	vkቁ − μv 
Now, we can calculate the reproduction number of system (3) and denoted by ℛ°, 
such that 
 ℛ° = ఙௌೠబఓାఏାఊ + ௥ఓ                                                                                                (4) 
Therefore, system (3) has at most three biologically feasible points, namely, ܧ௜ =(ܵ௨௜ , ܵ௔௜ , ௜ܥ , ,(௜ݒ ݅ = 0, 1, 2. The existence conditions for each of these equilibrium 
points are discussed in following:  

 In the absence of COVID-19 virus, that is ܵ௔ = ܥ = ݒ = 0. Then, system (3) 
has a unique positive equilibrium point, namely COVID-19 free equilibrium 
point, which denoted by ܧ଴ = (ܵ௨଴, 0,0,0) where ܵ௨଴ =	நఓ		                (5a) 

provided that the following condition holds 
ߙ  = 0                           (5b) 
 In the absence of carrier (ܥ = 0). Hence, system (3) has an equilibrium point 

namely carrier free equilibrium point, which denoted by ܧଵ = (ܵ௨ଵ , ܵ௔ଵ, 0,   (ଵݒ
where: 
 



   

ܵ௨ଵ =	 நఈାఓ 	 ;						ܵ௔ଵ = ఈநఓ(ఈାఓ) 	 ଵݒ	; = 	 (௥ିఓ)௞௥ 		 	                         (6a) 

exists under the condition 
ݎ   > ߚ  and		ߤ = ଵߚ = 0                             (6b) 

 The endemic equilibrium point or COVID-19 equilibrium point, which 
denoted by  ܧଶ = (ܵ௨ଶ, ܵ௔ଶ, ,ଶܥ ܵ௨ଶ	  ଶ), whereݒ = 	 ௥ந௥ఈାఉ(௥ିఓ)௞ା௥ఓା௥ఙ஼ 	 ;												ܵ௔ଶ = ఈ௥మந஺భ	஼మା஺మ஼ା஺య 	 ଶݒ																									; =	 (௥ିఓ)௞௥ 																																									                             (7a) 

here  ܣଵ = (1	ଵߪ	 − ଶܣ																																																																																																		ߪଶݎ(߳ = ଵ(1ߚ − ݎ)(߳ − ߪݎ݇(ߤ + (1	ଵߪ − ߙݎ]ݎ(߳ + ݎ)ߚ − ݇(ߤ + [ߤݎ + ଷܣߪߤ	ଶݎ = ଵ(1ߚ] − ݎ)(߳ − ݇(ߤ + ߙݎ][ߤݎ + ݎ)ߚ − ݇(ߤ +  																																		[ߤݎ
exists under the condition 

ݎ   >  (7b)                              		ߤ
Now, substituting the equation (7a), in 3rd equation of system (3), and simplify that 
result we get ܦଵܥସ + ଷܥଶܦ ଶܥଷܦ+ ܥସܦ+ + ହܦ = 0                                                  (8a) 
Where ܦଵ ߛ)−	= + ߠ + ଵܣߪଶݎ(ߤ < ଶܦ 0 = ଵܣଶψݎߪ	 − ߛ) + ߠ + ߙଶݎ)(ߤ + ݎ)ߚ − ݎ݇(ߤ + ଵܣ(ߤଶݎ − ߛ) + ߠ + ଷܦ ଶܣߪଶݎ(ߤ = ݎ)ߚ − ଵܣψݎ݇(ߤ + ଶܣଶψݎߪ + ଵ(1ߪ − ߛ)−																																																							ߪସψݎߙ(߳ + ߠ + ߙ	ଶݎ)(ߤ + ݎ)ߚ − ݎ݇(ߤ + ଶܣ(ߤଶݎ − ߛ) + ߠ + ସܦ 		ଷܣߪଶݎ(ߤ = ݎ)ߚ − ଶܣψݎ݇(ߤ + ଵ(1ߚ − ݎ)(߳ − ߪଷψݎߙ݇(ߤ + ଵ(1ߪ+ଷܣଶψݎߪ − ߙݎ)ଷψݎߙ(߳ + ݎ)ߚ − ݎ݇(ߤ + ߛ)−															(ݎߤ	 + ߠ + ߙଶݎ)(ߤ + ݎ)ߚ − ݎ݇(ߤ + 																		(ߤଶݎ ହܦ  = ݎ)ߚ	 − ଷܣψݎ݇(ߤ + ଵ(1ߚ − ݎ)(߳ − ߙݎ)ଶψݎߙ݇(ߤ + ݎ)ߚ − ݇(ߤ + (ߤݎ > 0 
Obviously, the endemic equilibrium point exists unique if and only if the following 
condition holds  ܦଷ > 0	, ସܦ > 0                      (8b) 
OR ܦଶ < 0	, ଷܦ < 0         (8c) 

 
4. Local stability analysis 
In this section, the local stability analysis of the all equilibrium points  ܧ௜ , ݅ = 0,1,2 
of system (3) studied as shown in the following theorems. 
 
Theorem (2): The COVID-19 free equilibrium point ܧ଴ of the system (3) is locally 
asymptotically if the following condition is satisfied 
 
 	ℛ° < 1                                         (9) 
Proof: The Jacobian matrix of system (3) at ܧ଴  can be written as  



   

௨଴ܵ)ܬ , 0,0,0	) = 	൮−ߤ 0 ௨଴ܵߪ− ௨଴0ܵߚ− ߤ− 0 00 0 ௨଴ܵߪ − ߛ) + ߠ + (ߤ ௨଴0ܵߚ 0 0 ݎ − ߤ ൲ 

Thus, the eigenvalues of  ܬ(ܧ଴) are given by ߣଵ = ଶߣ	 = 	ߤ− < ଷߣ 0 = ௨଴ܵߪ − ߛ) + ߠ + ସߣ (ߤ = ݎ −  		ߤ
It is easy from above to verify that condition (9) guarantees that the eigenvalue ߣଷ and  ߣସ are negative. Then, ܧ଴	 is locally asymptotically stable. However, it is saddle point 
otherwise.                                                                                                             ■ 
 
Theorem (3): The carrier free equilibrium point ܧଵ of the system (3) is locally 
asymptotically if the following conditions are satisfied 	ܵߪ௨ଵ + ଵ(1ߪ − ߳)ܵ௔ଵ 	< (γ + θ + μ)                               (10a) ݇ݎ < ଵݒݎ2 +  (10b)                                  ߤ݇
Proof: The Jacobian matrix of system (3) at ܧଵ  can be written as  ܬ(ܵ௨ଵ , ܵ௔ଵ, 0, (ଵݒ =
																		⎝⎜

ߙ)−⎛ + (ߤ 0 ௨ଵܵߪ− ߙ0 ߤ− ଵ(1ߪ− − ߳)ܵ௔ଵ 00 0 ௨ଵܵߪ + ଵ(1ߪ − ߳)ܵ௔ଵ − ߛ) + ߠ + (ߤ 00 0 0 ିଶ௥஻భ௞ + ݎ) − ⎟⎠(ߤ
⎞

   

Thus the eigenvalues of  ܬ(ܧଵ) are written by  ߣଵ ߙ)−	= + (ߤ < ଶߣ;0 = ߤ−	 < 0;												 λଷ = ௨ଵܵߪ	 + ଵ(1ߪ − ߳)ܵ௔ଵ − (γ + θ + μ); ߣସ = ଵ݇ݒݎ2−	 + ݎ) −  (ߤ
It is easy from above to verify that conditions (10a) and (10b) guarantees that the 
eigenvalues ߣ௜ , ݅ = 3,4 are negative. Then, ܧଵ	 is locally asymptotically stable. 
However, it is saddle point otherwise. 
 
Theorem (4): The COVID-19 equilibrium point ܧଶ of the system (3) is locally 
asymptotically if the following conditions are hold  
௨ଶܵߪ2  + ଵ(1ߪ2 − ߳)ܵ௔ଶ < γ + θ + μ	                                                        (11a) ݇	(2ܵߚ௨ଶ + ଵ(1ߚ2 − ߳)ܵ௔ଶ + (ݎ < ଶݒݎ2 +  (11b)                                          ߤ݇

 
Proof: The Jacobian matrix of system (3) at ܧଶ  can be written as 
 

௨ଶܵ)ܬ , ܵ௔ଶ, ,ଶܥ (ଶݒ = ൮ܾଵଵ 0 ܾଵଷ ଵܾସܾଶଵ ܾଶଶ ܾଶଷ ܾଶସܾଷଵ ܾଷଶ ܾଷଷ ܾଷସ0 0 0 ܾସସ൲ 

Here 



   

 

ܾଵଵ = ߙ)− + ଶݒߚ + ଶܥߪ + 	;	(ߤ ଵܾଷ = ;	௨ଶܵߪ− 	ܾଵସ = ܾଶଵ																		;	௨ଶܵߚ− = ଶଶܾ	;	ߙ = ଵ(1ߚ)− − ଶݒ(߳ + ଵ(1ߪ − ଶܥ(߳ + ଶଷܾ																																		;	(ߤ = (1	ଵߪ− − ߳)ܵ௔ଶ; 	ܾଶସ = ଵ(1ߚ− − ߳)ܵ௔ଶ																																																		ܾଷଵ = ଶݒߚ + ;	ଶܥߪ 	ܾଷଶ = ଵ(1ߚ − ଶݒ(߳ + ଵ(1ߪ − ܾଷଷ																																;	ଶܥ(߳ = ௨ଶܵߪ + ଵ(1ߪ − ߳)ܵ௔ଶ − ߛ) + ߠ + ଷସܾ	;	(ߤ = ௨ଶܵߚ + ଵ(1ߚ − ߳)ܵ௔ଶܾସସ = ିଶ௥௩మ௞ + ݎ) − ଵଶܾ	;(ߤ = ܾସଵ = ܾସଶ = ܾସଷ = 0																																						
  

Now, according to Gersgorin theorem [13], if the following condition holds: | ௜ܾ௜| 	> 	෍หܾ௜௝หସ
௜ୀଵ௜ஷ௝ = ௜ܲ 

Then all eigenvalues of ܬ(ܧଶ) exists in the region: 

Ω =∪ ⎩⎨
ܥ	߳∗ܷ⎧ ∶ 	 |ܷ∗ − ܾ௜௜| < ෍หܾ௜௝หସ

௜ୀଵ௜ஷ௝ ⎭⎬
⎫

 

Then, all the eigenvalues of ܬ(ܧଶ)	exists in the disc centered at ܾ௜௜ with radius ௜ܲ. 
Thus if the diagonal elements are negative and the condition (11a) holds, all the 
eigenvalues will be exist in the left half plane and the ܧଶ of system (3) is locally 
asymptotically stabile. Clearly conditions (11a)-(11b) guarantee the existence of all 
eigenvalues in the left half plane and the proof follows.     ■ 
 
5. Global stability analysis 
The propose of this section is investigate the global stability of COVID-19 virus 
model given by equations in system (3) near COVID-19 free, carrier free and 
COVID-19 points respectively given by ܧ௜ , ݅ = 0,1,2. We obtain the result in the 
following theorems 
 
Theorem (5): If the ܧ଴ is locally asymptotically stable, then it is globally 
asymptotically stable provided that the following conditions hold: ܵ௨଴ 	< ݉݅݊ ቄఊାఏାఓఙ , ఓି௥ఉ ቅ	                             (12) 
Proof: Consider the following function 

଴ܸ(ܵ௨, ܵ௔, ,ܥ (ݒ = 	 ൬ܵ௨ − ܵ௨଴ − ܵ௨଴ ln ܵ௨ܵ௨଴൰ + ܵ௔ + ܥ +  ݒ

Clearly, ଴ܸ:	ܴାସ → ܴ is a continuously differentiable function such that ଴ܸ(ܵ௨଴, 0, 0,0) = 0	and ଴ܸ(ܵ௨, ܵ௔ , ,ܥ (ݒ > 0, ∀	(ܵ௨, ܵ௔, ,ܥ (ݒ ≠ (ܵ௨଴ , 0, 0,0)	. Further, 
we have ݀ ଴ܸ݀ݐ = 	 ൬ܵ௨ − ܵ௨଴ܵ௨ ൰ [ψ − ݒ௨ܵߚ − ܥ௨ܵߪ − [௨ܵߤ + ଵ(1ߚ−] − ߳)ܵ௔ݒ − ଵ(1ߪ − ߳)ܵ௔ܥ − ݒ௨ܵߚ]+		[௔ܵߤ + ଵ(1ߚ − ߳)ܵ௔ݒ + ܥ௨ܵߪ + ଵ(1ߪ − ߳)ܵ௔ܥ − ߛ) + ߠ + +																	[ܥ(ߤ ቂ(ݎ − ݒ(ߤ − ݎ݇ 																																																																																																								ଶቃݒ  

Now, by doing some algebraic manipulation and using the conditions (9a) and (12), 
we get 
 ݀ ଴ܸ݀ݐ ≤ ௨ܵߤ−	 (ܵ௨ − ܵ௨଴)ଶ − ௔ܵߤ − ߛ)] + ߠ + −(ߤ ܥ[௨଴ܵߪ − ݎ݇ ଶݒ − ߤ)] − (ݎ −  ݒ[௨଴ܵߚ

 



   

Obviously, ܸ̇଴ = 0 at ܧ଴ = (ܵ௨଴, 0,0,0), moreover ܸ̇଴ < 0 otherwise. Hence ܸ̇଴ is 
negative definite and then the solution starting from any initial point satisfy the 
conditions (9a) and (12), will approaches asymptotically to COVID-19 free 
equilibrium point. Hence the proof is complete.                   ■ 
 
Theorem (6): Assume that ܧଵ is locally asymptotically stable, then it is globally 
asymptotically stable provided that the following conditions hold: 	ܵߪ௨ଵ + ଵ(1ߪ − ߳)ܵ௔ଵ < ߛ + ߠ + ݎ݇	 (13a)                 ߤ < ݒଵݒݎ + ቀ (13b)                    ߤ݇ ఈௌೌቁଶ < 4ቀఈାఓௌೠ ቁ ቀఓௌೌ ቁ                  (13c) 
Proof: Consider  the  following  function 
 ଵܸ(ܵ௨, ܵ௔, ,ܥ (ݒ = ቀܵ௨ − ܵ௨ଵ − ܵ௨ଵ ln ௌೠௌೠభቁ + ቀܵ௔ − ܵ௔ଵ − ܵ௔ଵ ln ௌೌௌೌభቁ + ݒቀ+ܥ − ଵݒ − ଵݒ ln ௩௩భቁ																											   

 
Clearly, ଵܸ:	ܴାସ → ܴ is a continuously differentiable function such that ଵܸ(ܵ௨ଵ, ܵ௔ଵ, 0, (ଵݒ = 0	 and ଵܸ(ܵ௨, ܵ௔ , ,ܥ (ݒ > 0, ∀	(ܵ௨, ܵ௔, ,ܥ (ݒ ≠ (ܵ௨ଵ, ܵ௔ଵ, 0,  .(ଵݒ
further, we have 
 ௗ௏భௗ௧ = 	ቀௌೠିௌೠభௌೠ ቁ [ψ − ௨ܵߙ − ܥ௨ܵߪ − [௨ܵߤ + ቀௌೌିௌೌభௌೌ ቁ ௨ܵߙ] − ଵ(1ߪ − ߳)ܵ௔ܥ − ܥ௨ܵߪ]+					[௔ܵߤ + ଵ(1ߪ − ߳)ܵ௔ܥ − ߛ) + ߠ + [ܥ(ߤ + ቀ௩ି௩భ௩ ቁ ቂ(ݎ − ݒ(ߤ − ௥௞ ଶቃݒ
  
By using the above conditions (13a)-(13c), we obtained that  ݀ ଵܸ݀ݐ 	≤ 	− ቎ඨߙ + ௨ܵߤ (ܵ௨ − ܵ௨ଵ) − ඨ ௔ߤܵ (ܵ௔ − ܵ௔ଵ)቏ଶ																																																								

ߛ)]−	 + ߠ + (ߤ − ௨ଵܵߪ) + ଵ(1ߪ − ߳)ܵ௔ଵ)]ܥ − ݎ݇ ݒ)ݒ − −									ଵ)ଶݒ ቈ݇ݎ ଵݒ − ݎ) − ݒ(ߤ ቉ ݒ) − 																																																													ଵ)ଶݒ
 

Clearly, ܸ̇ଵ = 0 at ܧଵ = (ܵ௨ଵ , ܵ௔ଵ, 0, ଵ), moreover ܸ̇ଵݒ < 0 otherwise. Hence ܸ̇ଵ is 
negative definite and then the solution starting from any initial point satisfy the 
conditions (13a)-(13c), will approaches asymptotically to carrier free equilibrium 
point. Hence the proof is complete.                                                 ■ 
 
Theorem (7): Assume that		ܧଶ is locally asymptotically stable, then it is globally 
asymptotically stable provided that the following conditions hold: 
 

௨ଶܵߪ  + ଵ(1ߪ − ߳)ܵ௔ଶ < ߛ + ߠ +  (14a)                         ߤ
ݎ)݇              − (ߤ < ݒ)ݎ +                                             (14b)	ଶ)ݒ
ଶ(	ߙ)  	< ସଽ 	 ߙ) + ߤ + ݒߚ + ଵ(1ߚ)(ܥߪ − ݒ(߳ + ଵ(1ߪ − ܥ(߳ +  (14c)              (ߤ

 
௨ଶܵߪ) − ݒߚ − ଶ(ܥߪ 	< 	 ସଽ ߙ)	 + ߤ + ݒߚ + ×																																																																										(ܥߪ ߛ) + ߠ + ߤ − ௨ଶܵߪ) + ଵ(1ߪ − ߳)ܵ௔ଶ))             (14d) 



   

ଶ(		௨ଶܵߚ) 	< 	 ସଽ ߙ)	 + ߤ + ݒߚ + ቀ௥௞(ܥߪ ݒ) + (ଶݒ − ݎ) −    ቁ               (14e)(ߤ
ଵ(1ߪ)  − ߳)ܵ௔ଶ − ଵ(1ߚ − ݒ(߳ − ଵ(1ߪ − ଶ(ܥ(߳ 	< 	 ସଽ ଵ(1ߚ)	 − ݒ(߳ + ଵ(1ߪ − ܥ(߳ + ×																																																																																				(ߤ ߛ) + ߠ + ߤ − ௨ଶܵߪ) + ଵ(1ߪ − ߳)ܵ௔ଶ)) 

       
                         ……….(14f) 

 
ଵ(1ߚ) − ߳)ܵ௔ଶ)ଶ 	< 	ସଽ ଵ(1ߚ)	 − ݒ(߳ + ଵ(1ߪ − ܥ(߳ + ×																																																																													(ߤ ቀ௥௞ ݒ) + (ଶݒ − ݎ) − ቁ(ߤ                  (14g) 

 
௨ଶܵߚ) + ଵ(1ߚ − ߳)ܵ௔ଶ)ଶ 	< 	 ସଽ 	 ߛ) + ߠ + ߤ − ௨ଶܵߪ) + ଵ(1ߪ − ߳)ܵ௔ଶ))																																																																																		× ቀ௥௞ ݒ) + (ଶݒ − ݎ) − ቁ(ߤ  (14h) 

 
Proof: Consider  the  following  function 
 

ଶܸ(ܵ௨, ܵ௔, ,ܥ (ݒ = 	 (ܵ௨ − ܵ௨ଶ)ଶ2 + (ܵ௔ − ܵ௔ଶ)ଶ2 + ܥ) − ଶ)ଶ2ܥ + ݒ) − ଶ)ଶ2ݒ 	 
 

Clearly, ଶܸ:	ܴାସ → ܴ is a continuously differentiable function such that ଶܸ(ܵ௨ଶ, ܵ௔ଶ, ,ଶܥ (ଶݒ = 0	 and ଵܸ(ܵ௨, ܵ௔ , ,ܥ (ݒ > 0, ∀	(ܵ௨, ܵ௔ , ,ܥ (ݒ ≠ (ܵ௨ଶ, ܵ௔ଶ, ଶܥ ,   .	(ଶݒ
 	݀ ଶܸ݀ݐ = 	 (ܵ௨ − ܵ௨ଶ)[ψ − ௨ܵߙ − ݒ௨ܵߚ − ܥ௨ܵߪ − +(ܵ௔																																																																	௨]ܵߤ − ܵ௔ଶ)[ܵߙ௨ − ଵ(1ߚ − ߳)ܵ௔ݒ − ଵ(1ߪ − ߳)ܵ௔ܥ − ܥ)+																																													[௔ܵߤ − ݒ௨ܵߚ](ଶܥ + ଵ(1ߚ − ߳)ܵ௔ݒ + ܥ௨ܵߪ + ଵ(1ߪ − ߳)ܵ௔ܥ − ߛ) + ߠ + ݒ)+	[ܥ(ߤ − (ଶݒ ቂ(ݎ − ݒ(ߤ − ݎ݇ 																																																														ଶቃݒ  

  
Furthermore by taking the derivative with respect to the time and simplifying the 
resulting terms, we get that   
 ݀ ଶܸ݀ݐ = 	− ቂݍଵଵ3 (ܵ௨ − ܵ௨ଶ)ଶ − ଵଶ(ܵ௨ݍ − ܵ௨ଶ)(ܵ௔ − ܵ௔ଶ) + ଶଶ3ݍ (ܵ௔ − ܵ௔ଶ)ଶቃ											− ቂݍଵଵ3 (ܵ௨ − ܵ௨ଶ)ଶ + ଵଷ(ܵ௨ݍ − ܵ௨ଶ)(ܥ − (ଶܥ + ଷଷ3ݍ ܥ) − −												ଶ)ଶቃܥ ቂݍଵଵ3 (ܵ௨ − ܵ௨ଶ)ଶ + ଵସ(ܵ௨ݍ − ܵ௨ଶ)(ݒ − (ଶݒ + ସସ3ݍ ݒ) − −											ଶ)ଶቃݒ ቂݍଶଶ3 (ܵ௔ − ܵ௔ଶ)ଶ + ଶଷ(ܵ௔ݍ − ܵ௔ଶ)(ܥ − (ଶܥ + ଷଷ3ݍ ܥ) − −												ଶ)ଶቃܥ ቂݍଶଶ3 (ܵ௔ − ܵ௔ଶ)ଶ + ଶସ(ܵ௔ݍ − ܵ௔ଶ)(ݒ − (ଶݒ + ସସ3ݍ ݒ) − −										ଶ)ଶቃݒ ቂݍଷଷ3 ܥ) − ଶ)ଶܥ − ܥ)ଷସݍ − ݒ)(ଶܥ − (ଶݒ + ସସ3ݍ ݒ) − ଶ)ଶቃݒ

 

 
Consequently by using the above conditions we get that 



   

݀ ଶܸ݀ݐ 	≤ 	− ቈටݍଵଵ3 (ܵ௨ − ܵ௨ଶ) − ටݍଶଶ3 (ܵ௔ − ܵ௔ଶ)቉ଶ
														− ቈටݍଵଵ3 (ܵ௨ − ܵ௨ଶ) + ටݍଷଷ3 ܥ) − ଶ)቉ଶܥ

					
									− ቈටݍଵଵ3 (ܵ௨ − ܵ௨ଶ) + ටݍସସ3 ݒ) − ଶ)቉ଶݒ
									− ቈටݍଶଶ3 (ܵ௔ − ܵ௔ଶ) + ටݍଷଷ3 ܥ) − ଶ)቉ଶܥ
								− ቈටݍଶଶ3 (ܵ௔ − ܵ௔ଶ) + ටݍସସ3 ݒ) − ଶ)቉ଶݒ
								− ቈටݍଷଷ3 ܥ) − (ଶܥ − ටݍସସ3 ݒ) − ଶ)቉ଶݒ

 

Where 
ଵଵݍ  = ߙ + ߤ + ݒߚ + ଵଶݍ				,		ܥߪ = ,		ߙ	 ଶଶݍ = ଵ(1ߚ − ݒ(߳ + ଵ(1ߪ − ܥ(߳ +  ߤ

ଵଷݍ  = ௨ଶܵߪ − ݒߚ − ଷଷݍ												,	ܥߪ = ߛ	 + ߠ + ߤ − ௨ଶܵߪ) + ଵ(1ߪ − ߳)ܵ௔ଶ) 
ଵସݍ  = ,		௨ଶܵߚ ଶସݍ														 ଵ(1ߚ	= − ߳)ܵ௔ଶ,									ݍସସ = 	 ௥௞ ݒ) + (ଶݒ − ݎ) −     (ߤ
ଶଷݍ  = ଵ(1ߪ − ߳)ܵ௔ଶ − ଵ(1ߚ − ݒ(߳ − ଵ(1ߪ − ଷସݍ						,		ܥ(߳ = ௨ଶܵߚ + ଵ(1ߚ − ߳)ܵ௔ଶ 
 
Hence ܸ̇ଶ is negative definite and then the solution starting from any initial point 
satisfy the conditions (14a)-(14h), will approaches asymptotically to COVID-19 
equilibrium point. Hence the proof is complete.                                                    ■ 

6. Numerical Simulation 
In this section, we present the numerical simulation results and effect the parameters 
of the analytic results of system (1). Using MATLAB vergin15 and C++ software, we 
begin the simulation with a set of hypothetical values of parameters which are 
described in section 2, that we written in following 
 

 
Ψ = 3		; ߙ		 = 4		; ଵߚ		 = 0.01		; ߪ		 = 0.3		; ߤ		 = 0.1		; ߚ		 = ଵߪ	;	0.03 = ߛ			0.1 = 0.1			; ݎ				 = 2				; 	߳ = 0.01	, ߠ = 0.02				; 				݇ = 0.5	;	ℛ° = 818.1         (15) 

 
To know the impact the variation of awareness rate ߙ on behavior of system (3), with 
keeping other parameters fixed as given in equation (15). We obtain the trajectories of 
system (3) to COVID-19 equilibrium point when the value of ߙ = 0	, 4, which is 
shown in Fig. 2. 



   

 
Fig. 2 Time Series plot for varying the awareness rate. (a) without awareness ߙ = 0, 

(b) with awareness ߙ = 4. With initial condition (0.7,0.9,0.6,0.5,0.01). 
 
We summarize that the increase the awareness rate just isn't enough to reduce the 
epidemic. And we observe that the number of ܵ௔ are increasing. But the numbers of ܵ௨	,   .are decreasing ܫ and 	ܥ
 
Furthermore, the effect of prevention rate of disease  ߳ is not  most different on effect 
the awareness rate if we change value it only. with keeping other parameters fixed as 
given in equation (15), which is shown that in Fig. 3. 
 

 
Fig. 3 Time Series plot for varying the prevention rate of disease. (a) without 

prevention of disease ߳ = 0, (b) with prevention of disease ߳ = 0.8. With initial 
condition (0.7,0.9,0.6,0.5,0.01). 

 
Clearly, the prevention rate of disease increase, we observe that the number of ܵ௨ and ܵ௔ are increasing. But the numbers of 	ܥ	 and ܫ are decreasing. 
 
Now, we discuss effect the awareness rate and prevention rate of disease together, 
with reduce values of the contact rate on dynamical behavior of system (3). Hence, we 
can change in equation (15), became  
    

       
Ψ = 3		; ߙ		 = 4		; ߚ		 = ଵߚ = 0				; ߤ		 = 0.1		; ߚ		 = 0.03	; ߪ	 = ଵߪ = ߛ			0.01 = 0.1			; ݎ				 = 2				; 	߳ = 0.8	, ߠ = 0.02				; 				݇ = 0.5	;		ℛ° = 27.2 	      (16) 

 
We obtain the trajectories of system (3) to carrier free equilibrium, which is shown in 
Fig. 4. 



   

 
Fig. 4 Time Series of trajectories of system (3) to carrier disease point. (a) unaware 

susceptible, (b) aware susceptible, (c) carrier, (d) infected, (e) coronavirus. With 
initial condition (0.7,0.9,0.6,0.5,0.01). 

 
 We summarize that, if  the value of the awareness and prevention of disease rates 
increasing with reduce the contact rates. Then, we get the number of carrier and 
infected goes to zero and the trajectories of system (3) to ܧଵ = (1.4,28.5, 0, 0	,0.47).   
 
7. Discussions and conclusions 
In this manuscript, an COVID-19 epidemic model is proposed and discussed. This 
model has three feasible equilibrium points are COVID-19 free, Carrier free and 
COVID-19. The results of the proposed work may be used to shown and understand 
the effect of awareness rate, prevention rate of disease and contact rate with carrier. 
The stability (local and global) of the model has been analyzed at all equilibrium 
points.it has been obtained that COVID-19 free is locally asymptotically stable if the 
condition (9) is holds and it is global stable if the conditions (12) is holds. While, the 
Carrier free point is locally asymptotically stable if the conditions (10a)-(10b) are 
hold and if conditions (13a)-(13c) satisfied we get it is globally asymptotically stable. 
Similarly, for COVID-19 point it has been obtained under certain conditions for 
locally as well as globally asymptotically stable. To validate the analytical results, we 
have executed the numerical simulations for investigating the dynamics of COVID-19 
model. it has been obtained that the awareness factor only isn't enough to reduce the 
epidemic. Similarly result by prevention rate of disease. But we can reduce the 
epidemic dangerous by applied the all it together.   
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Figures

Figure 1

Outbreak Corona-virus due to Carrier by contact

Figure 2



Time Series plot for varying the awareness rate. (a) without awareness a = 0, (b) with awareness a = 4.
With initial condition (0.7,0.9,0.6,0.5,0.01).

Figure 3

Time Series plot for varying the prevention rate of disease. (a) without prevention of disease ฀e = 0, (b)
with prevention of disease ฀e = 0.8. With initial condition (0.7,0.9,0.6,0.5,0.01).

Figure 4

Time Series of trajectories of system (3) to carrier disease point. (a) unaware susceptible, (b) aware
susceptible, (c) carrier, (d) infected, (e) coronavirus. With initial condition (0.7,0.9,0.6,0.5,0.01).


