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1. INTRODUCTION 

The World Health Organization (WHO) received its first 

report on December 31, 2019, regarding a cluster of 

cases that resembled viral pneumonia in Wuhan, China. 

COVID-19 is a disease caused by the SARS-CoV-2 

virus. As the illness spread rapidly throughout China and 

the rest of the world, it became a serious global issue. 

COVID-19 was declared as a pandemic by the World 

Health Organization (WHO) on March 11, 2020 it also 

published the preliminary guidelines to be followed to 

control the pandemic in countries affected.
[1]

 Individuals 

can contract the virus directly from infected surfaces or 

through direct touch. Common symptoms include fevers 

and sore throats, but it may additionally trigger less 

common symptoms like exhaustion, muscle aches, and 

respiratory issues
[2]

 Numerous infectious case reports and 

fatalities were made. Human progress persists even in the 

face of devastating calamities. Throughout history, a 

great deal of serious infectious diseases has claimed a 

great deal of lives, significantly more than have been 

claimed by global conflicts. In relation to control and 

prediction about the dynamics of various 

diseases
[3,4,5,6,7,8,9]

 mathematical modelling in 

epidemiology is a useful tool.
[10]

 Many countries are 

affected due to this pandemic and mathematical 

modelling helps in understanding the pandemic better in 

various Communities.
[11,12] 

 

Researchers from all over the world are actively 

investigating several epidemic models that have been 

applied to the propagation of COVID-19. Ian et al
[13]

 

devised a susceptible-infected-removed (SIR) model, 

offering a theoretical framework for studying the 

temporal progression of diverse populations and 

monitoring key crucial parameters for the COVID-19 

disease's spread in different communities. Additionally, 

the SARS-COV-2 virus is characterized by a prolonged 

incubation period, referring to the period between virus 

exposure and development of symptoms. There are 

documented ranges of 2 to 27 days during the incubation 

phase, with an average duration of 6 days.
[14]

 Many 

earlier scholars suggested expanding the classic SIR 

model by including a new compartment for the 

population who are exposed. Shaobo et al.
[15]

 applied 

SLIR model for the analysis of COVID-19 epidemic 

outbreak in Hubei Province. Furthermore, a multitude of 

mathematical models have been developed to examine 

the COVID-19 epidemic across different 

countries.
[16,17,18,19] 

 

Early identification methods, medical treatment to 

decrease the count of infected individuals and social 

distancing
[20]

 to reduce personal contact are just a few of 

the stringent and sufficient measures implemented 

globally for the prevention and control of the spread of 

COVID-19
[21,22]

 The management of COVID-19 involves 
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the use of immunization and isolation.
[23,24]

 One 

important strategy in the fight against several long-

standing diseases is the use of vaccinations. Authors 

in
[25]

 have developed a SLIR model incorporating 

isolation and vaccination as model parameters
[26]

 

Amouch et al introduced a new epidemiology 

mathematical model to comprehend the transmission 

dynamics of COVID-19,
[27]

 it focus on the transmission 

dynamics of individuals exhibiting severe, mild, and 

asymptomatic symptoms as well as accounting for 

certain susceptible individuals' vaccination history. A 

recent study looked at an epidemic model of the COVID-

19 vaccination.
[28]

 In this work, we further investigate the 

vaccination effects by examining the influence of 

quarantine on the SLIVR COVID-19 epidemic model 

from
[28]

 Consequently, the second portion of the SLIVR 

COVID-19 pandemic model is constructed as follows. 

 

The structure of this work is as follows: In section 2, 

mathematical model is created for the susceptible-

exposed-infected-vaccinated-recovered population. In 

section 3 dynamical behaviour of the system with noise 

is given. Section 4 contains the numerical simulations 

and the graphs to show the steadiness of the system. 

Section 5 contains the observations about the model. 

Section 6 is the conclusion section. 

 

2. Noise Formulation of Covid-19 Disease 

Transmission on S-L-I-V-R Model 
This SLIVR epidemic model was created using the 

following components: susceptible individuals (S), the 

population that can become infected, Individuals who 

have been exposed (L), and the population segment that 

has encountered the virus but remains asymptomatic with 

coronavirus symptoms in complete development, or the 

infectious individuals (I). Both the vaccinated (V) and, 

eventually, the recovered(R) individuals. 

 

The dynamics of the suggested model are represented by 

the system of nonlinear differential equations with noise 

that follows. Details about the configuration of the 

system are given in Table 1. 

 

 (2.1) 

 

Table 1 

Parameter Description of the parameters Value 

 
Population recruitment rate 25 

 
Effective contact rate 0.15 

 
Relative transmissibility rate 0.05 

 
The effective of quarantine in decreasing the 

number of people with latent or active infections 
0.1 

 
Vaccination rate 0.01 

 
Vaccine waning rate 0.02 

 
Loss of disease acquired immunity 0.03 

 
Rate of infection development with symptoms 0.04 

 Rate of recovery from infection 0.05 

 Natural mortality 0.3 

 Death rate due to infection 0.2 

 Population rate 100 

 

The parameter signifies the effectiveness of quarantine in 

decreasing the number of individuals who are carrying 

the virus but not yet showing symptoms, as well as those 

who are already infected. The diagram outlining our 

model is depicted hereafter are already infected.  
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Fig. 1: The flow chart of the Covid-19 disease transmission. 

 

3. Analysis of White Noise on Covid-19 Disease 

Transmission 

Climate and natural disturbances are two examples of the 

many forces that give ecological systems distinctive 

characteristics. These forces are not consistent across 

time. Given the unpredictability of climatic variations, 

weather patterns, and sporadic disruptions like fires, 

landslides, and earthquakes, Aside from processes driven 

by deterministic oscillations, a large amount of 

environmental variability is random, such as insect 

outbreaks and so forth. It is motivated to investigate how 

a stochastic setting could modify and characterize the 

behaviour of natural systems because random drivers are 

present in bio-geophysical processes.
[29]

 We will now 

examine the stochastic models to demonstrate how 

random environmental variables affect stability (2.1). 

Because of random fluctuations, the model's parameters 

fluctuate around their average values. We examine the 

randomness of additive white noises. We take into 

account the model's randomness (2.1). The perturbation 

of white noise will alter any parameter in the model a 

where denotes a Gaussian white noise 

occurring at a particular time instance t and  is the 

noise amplitude. In contrast, the equilibrium states of the 

deterministic and stochastic models are the same and will 

now fluctuate about their mean states. 

 

We analyse model dynamics (1) around the interior equilibrium point .Let 

S(t)= ;L(t)= ;I(t)= ;V(t)= ;R (3.1) 

 (3.2)  

and by concentrating just on the consequences of stochastic linear perturbations. Using (3.1) and (3.2); 

(3.2) 

+  (3.3) 

 (3.4) 

 (3.5) 

 (3.6) 

 (3.7) 

Model (2.1) is therefore condensed to the simple linear arrangement illustrated below. 

[ ] +  (3.8) 

[ ] +  (3.9) 

 (3.10) 

 (3.11) 

 (3.12) 

Taking Fourier transform for (3.6)-(3.10) we get, 

[ ] (3.13) 
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[ ]  (3.14) 

  (3.15) 

 (3.16) 

  (3.17) 

The matrix form of the equations (3.13)-(3.17) as 

P( )  (3.18) 

Where P (  =   

  

= [ ; 

; ;

 

 

 

 =  

|P ( )|=  

|P ( )|= } 

adj[P(𝜔)]= 

 
As an alternative, equation (3.16) can be expressed as 

 P ( )  (3.19) 

 P ( )  (3.20) 

 Where  (3.21) 

Q=  

= ; = ; =  ; =0; =0; 
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=  ; = ; ; =0 ; =0; =0; =0; 

= ; =0; =0; =0; =0; =0; 

= ; =0; =0; =0; =0; =0; 

  =  

The variations in the intensity of the variable, denoted as hi where i ranges from 1 to 5, are provided. 

; i =1, 2,3,4,5 

Variance of hi , i =1,2,3,4,5 are calculated as 

 (3.22) 

 (3.23)  

  

 (3.24) 

 (3.25) 
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 (3.26) 

From (3.20)-(3.24) we get, 

 (3.27) 

 (3.28) 

 (3.29) 

 (3.30) 

 (3.31) 

The system dynamics of (3.6)-(3.10) with either =0 (or) =0 (or) =0 (or) =0 (or) =0, then population 

variance are: 

If = = = =0, then  

 (3.32) 

If = = = =0, then   

 (3.33) 

If = = = =0, then  

 (3.34) 

 (3.35) 

 (3.36) 

If = = = =0, then  
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 (3.37) 

 (3.38) 

If = = =0, then  

 (3.39) 

 (3.40) 

This shows the unsteadiness of the population when the population variance is large. 

 

4. Numerical simulations 

In this section, we are analysing the steadiness of the system (2.1) in terms of graphs using MATLAB 

 
Fig. 1 

Fig. 1: The assessment of population fluctuations over time, illustrating the attribute values outlined in Table 

1 and the initial values are 300; 200; 110; 80; 30. 

 

 
Fig. 2 

Fig. 2: The assessment of population fluctuations over time, illustrating the attribute values outlined in Table 1 

with =2 and the initial values are 200; 160; 120; 80; 40. 
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Fig. 3 

Fig. 3: The assessment of population fluctuations over time, illustrating the attribute values outlined in Table 

1with A=25; =2 and the initial values are 300; 200; 110; 80; 30. 

 

 
Fig. 4 

Fig. 4: Projects the impact of noise intensities on populace classes (Susceptible, Exposed, Infected, Vaccinated, 

Recovered) at noise values – [15; 12; 15; 12; 10]. 

 

 
Fig. 5 

Fig. 5: Projects the impact of noise intensities on populace classes (Susceptible, Exposed, Infected, Vaccinated, 

Recovered) at noise values – [50; 45; 45; 40; 35]. 

 



Srinivas et al.                                                                  European Journal of Biomedical and Pharmaceutical Sciences 

  

 

 

www.ejbps.com        │        Vol 11, Issue 8, 2024.         │          ISO 9001:2015 Certified Journal        │ 
 

 

146 

 
Fig. 6 

Fig. 6: Projects the impact of noise intensities on populace classes (Susceptible, exposed, Infected, Vaccinated, 

Recovered) at noise values – [75; 70; 75; 70; 65] 

 

 
Fig. 7 

Fig. 7: Projects the impact of noise intensities on populace classes (susceptible, exposed, Infected, Vaccinated, 

Recovered) at noise values – [125; 110; 125; 110; 100]. 

 

 
Fig. 8 

Fig. 8: Projects the impact of noise intensities on populace classes (Susceptible, exposed, Infected, Vaccinated, 

Recovered) at noise values – [175; 160; 175; 160; 150]. 
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Fig. 9 

Fig. 9: Represents a phase portrait of the populations Susceptible-Exposed-Infected with the parameters 

outlined in Table 1 using initial values 400;350;250;200;100. 

 

 
Fig. 10 

Fig. 10: Represents a phase portrait of the populations Exposed-Infected-Vaccinated with the parameters of 

Table 1 using initial values 400;350;250;200;100. 

 

 
Fig. 11 

Fig. 11: Represents a phase portrait of the populations Infected-Vaccinated-Recovered with the parameters of 

Table 1 using initial values 400;350;250;200;100. 
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Fig. 12 

Fig. 12: Represents a phase portrait of the populations Vaccinated-Recovered-Susceptible with the parameters 

of Table 1 using initial values 400;350;250;200;100. 

 

 
Fig. 13 

Fig. 13: Represents a phase portrait of the populations Recovered-Susceptible-Exposed with the parameters of 

Table 1 using initial values 400;350;250;200;100. 

 

We have modelled a SLIVR system with noise to 

determine the stability of the population and supported it 

with the help of graph generated using MATLAB. The 

observation on the work is given below: 

From numerical calculation it is observed that increases 

in variance leads to instability of the population. In 

numerical simulations, Fig.1, Fig.2, Fig.3 represent the 

time population relation without noise. From Fig.2 it is 

observed that the effect on population recruitment rate(A) 

affects the stability. Increased recruitment rate with a 

stable population may lead to the collapse of population 

stability. From Fig.3 it is noted that as the number of 

vaccinated people is increased, the exposed population is 

decreased and the rate of recovery is increased, and the 

population gets stable. From the analysis, it is also 

observed that as the effective contact rate and relative 

transmissibility rate increases, the steadiness of the 

population is disturbed, and it becomes unstable. 

 

In Fig 4-8, the effects of white noise on the stability of 

the SLIVR system is visualised. From the graph it is 

analysed that there is large variation of oscillation about 

the equilibrium point, which represents that our system is 

periodic. The amplitude of oscillation is magnified as the 

intensity of noise is increased. This concludes the role of 

environmental fluctuation in the stability of our SLIVR 

model. 

5. CONCLUDING REMARKS AND 

OBSERVATIONS 
This paper delves into the SLIVR mathematical 

framework applied to COVID-19, incorporating white 

noise as a factor in the analysis. A system where the 

interaction between susceptible-exposed-infected-

vaccinated-recovered populations is created and solved 

to understand the stability and the role of quarantine 

measures like isolation and vaccination in the control of 

pandemic. Both numerical and analytical results 

emphasize the importance of population variances in 

understanding system stability. From the model it is 

observed that as the population exposed increases the 

larger population gets infected and the population 

stability is disturbed. It is important to maintain contact 

rate and transmissibility rate low. The better way to 

achieve this is isolation. The recruitment rate is one of 

the main factor that affects the stability of the population. 

Indeed, vaccination measures play a crucial role in 

controlling the COVID-19 pandemic. 

 

In the presence of noise, the system displays significant 

oscillations around equilibrium, indicating periodic 

behaviour. Numerical simulations demonstrate varying 

trajectories with oscillations of different amplitudes, 

initially increasing in noise intensity before stabilizing. 

The study concludes that stochastic perturbations induce 
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notable changes in the system dynamics, leading to 

significant environmental fluctuations due to parameter 

adjustments. 
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