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Abstract: This paper describes a mathematical model of COVID-19 transmission dynamics and control strategies. The result reveal that the 

disease free equilibrium point exists and it is locally and globally asymptotically stable when the reproduction number is less than one unit  and 

otherwise unstable when is greater than one unit. Simulation and discussions of a different variable of the model has been performed and we 

have compute sensitivity index of each parameter through sensitivity analysis of different embedded parameters. MATLAB of ode45 was 
employed perform numerical simulation analysis and the results show that there is importance of isolating infectious individual in an epidemic 

disease within the population.  
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I. INTRO DUCTIO N  

The COVID- 19 pandemic is considered as the biggest 

global threat worldwide because of thousands of confirmed  

infections, accompanied by thousands deaths over the world. 

Notice, by July 8, 2020, report 11669259 confirmed  

cumulat ive cases with 539906 deaths; this is according to 

the report of World Health Organization (WHO)[19][5]. 

COVID-19 is an infectious disease caused by severe acute 

respiratory syndrome corona virus in fection that can be 

found around the world. Even though no vaccine is 

available, COVID-19 continues to occur even in developed 

countries. The main symptoms of COVID-19 are Fever or 

chills, Cough, Shortness of breath or difficulty breathing, 

Fatigue, Muscle or body aches, Headache, New loss of taste 

or smell, Sore throat, Congestion or runny nose, Nausea or 

vomit ing and Diarrhea[10]. Emergency warn ing sign for 

COVID-19 are Trouble breathing, Persistent pain or 

pressure in the chest, new confusion, Inability to wake or 

stay awake, Bluish lips or face[5][19]. 

COVID-19 virus is primarily  transmitted between people 

through respiratory droplets and contact routes (objects or  

 

surfaces). Transmission occurs when a person will be close 

contact with infected person [15]. Therefore, transmission of 

the novel corona virus can occur by direct contact with 

infected people and indirect  contact with surfaces in  the 

immediate [16][5].  The disease has continued causing both 

economic and health problems to large population 

worldwide mostly affect ing elders [1]. Due to these impacts, 

this study aims to develop a mathematical model of COVID-

19 transmission dynamics and control strategies. The 

manuscript is organized by Description of variable, 

compartmental mathemat ical model of COVID-19, 

Existence of disease free equilibrium (DFE) point, the basic 

reproduction number (Ro), simulation of the mathemat ical 

model, and sensitivity analysis of each parameter involved 

in the model, conclusion and recommendation. 

II. PRO PO SED CO MPARTMENTAL DIAGRAM 

The following is proposed compartmental diagram of 

COVID-19 transmission dynamics .  

 

Figure 1 above the model consists of five sub populations Susceptible (S), Exposed (E), Infected (I), Recovered (R) and Isola tion 

(H) individuals in a population of  individuals. 
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Based on the proposed compartmental mathematical model to 

describe the transmission dynamics of COVID-19. By taking 

into the account the localized well mixed population, there is 

demography, individual will become infected through direct 

contact with an infected indiv idual and recovery individual 

will become infected again by corona virus [2]. The total 

population (N) is subdivided into five classes, these are, 

Susceptible (S), Exposed (E), In fected (I), Recovered (R) and 

Isolation (H). A lso  Death due to disease is represented by ( ), 

contact rate (λ) , Natural mortality rate (μ) , Probability of one 

infected individual (β) , Rate at which infected individual 

become isolated (  ), Rate at which insolated(H) indiv idual 

become  recovered (ε), The progression rate from exposed to 

infected ( δ), Rate at which in fectious(I) indiv idual become  

recovered (  ) and  rate at which recovery individual  

become Susceptible.                                                                                              

From compartmental diagram in Fig.1 above, the model take 

the following form of differential equations. 

 

{
 
 
 
 

 
 
 
  S)

S



 

Whereby  is the force infection given by      

  ci   

The fraction of each compartment is given by 

 

 

III. POSITIVITY SOLUTION OF THE SYSTEM. 

Consider the system of Eq. [01] above represents human 

population where by each equation has positive state of 

variables for all time. 

Theorem: Let W be a positive region in ; 
( ) ( ) ( ) ( ) ( ) ; 

Then the solution of ( ) of non linear 

differential equation system in [01] above are positive for all 

. 

Proof. 

Consider the system in Eq. [01] above. 

By using the integrating factor, without loss of generality we 

get 
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Therefore, the system of differential equation is positive since 

the condition is hold.
 

IV. BOUNDED SOLUTION OF THE SYSTEM. 

Theorem: The solution  of the system in 

the Eq. [01] above are bounded in the subset. 

Proof. 

We need to show all feasible region are bounded in the subset 

 

( )  

But   

 

 

By using integrating factor, 

( ) ∫ ( )  

 

( )
( )

( ( )
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)  

As t approaches to infinity 

( )
( )

 

Therefore all solutions of the system are bounded, then 

mathematically and epidemiologically useful. 

V. EXISTENCE O F DISEASE FREE EQ UILIBRIUM PO INT 

(DFE) 

 Disease free equilibrium points are steady state solution 

whereby there is no disease. At this state; an individual has no 

virus in the body. 

The disease free equilibrium of the model system of 

differential equation [01] above is calculated by setting the 

system [01] equal to zero. 

 

In case there is no disease that means that   and 

 and the point ( ) exist then, the 

disease free equilibrium point is given by  
( )  

VI. THE BASIC REPRO DUCTIO N NUMBER 

The basic reproduction number has been widely used in 

infection models and is defined as the average number of 

secondary cases arising from a single primary case in a very 

large population of susceptible [17]. In this paper the basic 

reproduction number is computed by using a next-generation 

matrix. To calculate the next generation matrix for the SEIHR 

model, we need to consider new infections can arise and the 
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number of ways that individuals can move between 

compartments. In our model we have three infected 

compartments (E, I and H)  

The jacobian matrices associated to the rate of new infectious 

and the net rate out the corresponding compartment is given 

by   

=[ ] and =[ ] 

[ ] 

The basic reproduction number is obtained as absolute value 

of spectral radius which is given by.   

 

Therefore the basic reproduction number Ro is given by 

 

For the parameter used in  our model we compute the basic 

reproduction number we obtain  this implies 

that the epidemic disease outbreak can be easily  identified  and 

control measures effectively designed by any Government 

Authorities, since R0 < 1, the disease will die out of the 

population as the Disease Free Equilibrium (DFE) is stable. 

VII. NUMERICAL SIMULATION AND SENSITIVITY 

ANALYSIS 

A. Numerical Simulation 

Numerical simulat ion of the system of differential equation 

[01] were carried out by sing MATLAB inbuilt function 

ode45. We perform numerical simulation of mathemat ical 

model of COVID-19 transmission dynamics and control 

strategies where by the aim is to assess the response of model 

parameters on the transmission dynamics  of the disease and 

analytical results are shown by using graphical representation. 

Most of the numerical values of parameters are estimated and 

other numerical values are obtained from other sources. 

The following table describes the parameters used in our model.

Table 1: Parameter used in our model. 

Parameters Description Numerical Value        SOURCE 

 Death due to disease                                                     0.125        per year               [4] 

c Per capita contact rate                                                  0.09091    per year           [15] 

δ The progression rate from exposed to infected                 0.25          per year               [3] 

μ Natural mortality rate                                    0.00875    per year           [15] 

β Probability of one infected individual                          0.08-0.8    per year                       [10] 

λ Force of infection                                                                      0.01          per year                 [9] 

 Rate at which infected individual become  isolated                                                    0.94          per year                        Estimated 

ε Rate at which insolated individual become  

recovered             

0.27          per year                   Estimated 

Below is the graph which show the variation of all compartments  

 

 
Fig. 2 above is our SEIHR model which show the graph of variation  of all Compartments  (Susceptible (S), Exposed (E), Infected 

(I), Recovered (R) and Isolation (H)) against time (years). 
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From the Fig.2 above show that COVID-19   model provides 

the illustration for control strategies and min imization of the 

transmission dynamics of COVID-19. We can observe that 

recovered individuals can be increased by increasing provision 

of Isolation for infected indiv idual with ep idemic disease and 

this reduce the susceptible and infectious individuals in the 

population. 

 

B. Sensitivity Analysis 

We computed sensitivity analysis on R0 with respect to 

parameters in order to know the importance of d ifferent 

parameters on  disease transmission. Sensitivity analysis is 

extremely important for mathematical models. Sensitiv ity 

analysis studies the variation of the outputs of a model caus ed 

by variations in the inputs. Sensitivity analysis help to check 

which parameter has high effect  or impact  on the reproduction 

number R0.[12][14]  

The sensitivity is computed by finding the derivatives of each 

variable with respect to each parameter at any time t. The 

sensitive number was calcu lated using the formula of the 

normalized forward sensitivity index below, 

 

 

Where by H are the parameters  in the reproduction number.

                                                Table 2: Sensitivity Index of R0 evaluated for the parameter values  

Parameter Sensitivity Index 

 0.00338175 

 +1 

 +1 

 -0.00875029 

 -0.008755 

 -0.0198 

 

From the table 2 above =  this implies that an 

increase (decrease) in  will cause increase (decrease) of 

the same proportion in . Therefore  they are d irect ly 

proportional to . Therefore, to eradicate COVID-19 

transmission in a population, this study recommends that 

Isolation should be implemented so as to reduce the rate of an 

individual to be infected hence will reduce transmission of 

COVID-19.   

VIII. CONCLUSION  

Our model SEIHR indicated the d iminishing of the spread of  

COVID-19 virus disease this is due to the fact that the basic 

reproduction number is less that 1 that is (R0 < 1).The basic 

reproduction number was computed by using next  generation 

matrix and stability analysis was performed and the results 

reveal that the disease free equilibrium is locally and globally  

stable. Also our results from simulat ion reveal that large 

number of infectious depends on the contact rates ( ) 

with infected individuals. Also large numbers of infected and 

exposed are transferred into recovered and also infected 

individual with in the population (N) are decreasing steadily 

due to self isolation.  

Eradication of COVID-19 has remained one of the biggest 

challenges facing world. Therefore there is an urgently need 

for any scientist to come up with another new control 

strategies and more efficient ones to fight the spread of the 

disease in the world. Since our model SEIHR shows that the 

spread of the disease largely depend on the contact rate, 

therefore effort should be made to minimize unnecessary 

contact with COVID-19 in fected indiv iduals, this will reduce 

an outbreak. If there is neither medicine nor vaccination 

available, it’s only possible to reduce the infect ion rate by 

appropriate measures such as social distancing and isolation. 

This will reduce contact rate that will min imize the infection 

of indiv iduals within the population. Finally, we suggest new 

directions for further research:- the transmissibility from 

asymptomatic indiv iduals, compare, in the near future, our 

results with other models, integrate into the model by using 

Impulsive and fuzzy d ifferential equations, these and other 

current investigation and will be addressed elsewhere 
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