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ABSTRACT 

The Corona Virus disease is a worldwide health care 

issue, and international efforts to manage it have been 

suggested and discussed. Despite the fact that 

numerous studies have been done using clinical data 

and documented infected cases, there is always need 

for more study since a lot of complex factors are 

involved in future prediction. As a result, 

mathematical modeling is an essential tool for 

estimating critical transmission parameters and 

forecasting disease model dynamics. We analyze and 

offer various models for the Corona Virusin this study, 

which can answer significant concerns regarding 

global health care and provide crucial suggestions. 

Euler's method, Runge–Kutta method of order two 

(RK2) are two well-known numerical approaches for 

solving such problems. The results, which are based 

on the numerical approaches provide approximate 

solutions, provide critical answers to this worldwide 

challenge. The number of infected, recovered, and 

quarantined persons in the future can be estimated 

using numerical findings. The findings might also 

support worldwide efforts to develop more 

preventions and enhance intermediation programs. 

The proposed model can be refereed to be a realistic 

description of this pandemic. 

Key words: Corona Virus disease, Mathematical 

modeling, Euler Method and Runge-Kutta Method. 

1. INTRODUCTION 

The Corona Virus was initially diagnosed as a case of 

pneumonia with unknown origin, which first emerged 

 

 

 

 

 

 

 

 

 

 

 

in the Chinese city of Wuhan at the end of December 

2019 and quickly spread across the country and around 

the world [1]. The Centre for Disease Control (CDC) 

of the PRC (People's Republic of China) examined the 

respiratory samples and determined that the 

pneumonia was caused by a new corona virus, dubbed 

Novel Corona VirusPneumonia (NCP) [2]. The corona 

virus is one of the most common viruses that attack the 

human respiratory system [3]. The virus was given the 

name 2019-nCoV by Chinese researchers [4]. The new 

corona virus was later designated Severe Acute 

Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 

by the International Committee on Virus Taxonomy 

[5]. The World Health Organization (WHO) named 

Pneumonia as Corona virus disease-19 (COVID-19) 

on the same day, February 11, 2020 [6]. On January 

30, 2020, the World Health Organization (WHO) 

classified the Corona Virus outbreak a sixth public 

health emergency situation (SPHEC) [7]. This was not 

the first time the Corona Virus has spread. The Severe 

Acute Respiratory Syndrome Corona virus (SARS-

CoV) and the Middle East Respiratory Syndrome 

Corona Virus(MERS-CoV) outbreak are two past 

Corona Virus outbreaks [8]. The Corona Virus is 

believed to be the third corona virus outbreak, 

affecting more than 209 nations, including Pakistan. 

The World Health Organization (WHO) reports a total 

of 1,093,349 confirmed cases with 58,620 deaths. To 

far, the United States has had the most positive cases, 

followed by Italy and Spain [9]. Pakistan's 

neighboring nations, notably China, were particularly 

hard hit, with the Corona Virus occurring for the first 

time. Italy has the largest number of Corona Virus 

death rate in the west, whereas Iran has the highest 

number of Corona Virus deaths in the north [10]. On 

February 26, 2020, the Ministry of Health, 
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Government of Pakistan, confirmed the first case of 

Corona Virus in Karachi, Sindh province. On the same 

day, the Pakistan Federal Ministry of Health in 

Islamabad confirmed another case [11,12]. Within 

fifteen days, there were twenty (20) confirmed cases 

out of 471 suspected cases, with the Sindh province 

having the greatest number, followed by Gilgit 

Baltistan. All of the confirmed patients had been to 

Iran, Syria, or London recently. And these cases are 

presently increasing at a rapid rate, putting the 

situation in jeopardy [13]. With the continual rise in 

the number of CVOID-19 positive cases, Pakistan's 

geographical position necessitates a high degree of 

action, planning, and management. The Ministry of 

National Health Services, Regulation & Coordination 

Pakistan presented a plan titled "National Action Plan 

for Preparedness and Response to Corona Virus 

Disease (Covid- 19) Pakistan" on February 12th. The 

plan aims to control the spread of the virus and 

strengthen country and community emergency 

awareness to ensure a timely, efficient, and effective 

response to potential events. Local, regional, and 

national waves can have a significant influence on 

Pakistan's people and society [14]. The Pakistani 

government has taken a number of measures to combat 

the Corona Virus outbreak to date.  

2. LITERATURE REVIEW 

There have been a few recent publications on the 

Corona Virus pandemic. One of the most recent 

research looked at the prediction and control of 

Corona Virus, and found that some models based on 

dynamics were utilized to minimize disease 

transmission in three Indian states [15]. Also, given 

the lack of vaccinations or effective treatments around 

the world, several governments, such as South Korea, 

Italy, and Brazil, have implemented measures such as 

social isolation, city lock-downs, and border control to 

alleviate public fears [16]. Aside from that, important 

futures for the Corona Virus outbreak in Canada have 

been assessed using deep learning (DL) models to 

anticipate the trends and probable stopping time of the 

unique Corona Virus pandemic throughout the world. 

Long short-term memory (LSTM) networks have been 

described before [17]. The mathematical modelling of 

fourteen nonlinear FDEs was given in another work 

[18], which dealt with how the transmission dynamics 

of infection occurred in society. In addition, a short-

term prediction of Corona Virus has been anticipated 

in Brazil in another study. As long as creating short-

term forecasting models allows for the prediction of 

future case numbers [19]. To return to the topic of 

prediction, it has been suggested that the scientific 

community work together to develop new and better 

methodologies, strategies, forecasting tools, and 

models in order to better understand and mitigate the 

effects of this and future pandemics [20]. An optimum 

regression tree technique was used in a different study 

at the time to find the key causative factors that 

significantly affect case fatality rates for different 

nations such as Canada, France, India, South Korea, 

and the United Kingdom [21]. Corona Virus 

mathematical modelling is working behind the scenes 

to understand and forecast how diseases spread. 

Mathematical models are used to construct a 

simplified representation of infection transmission in 

a population and to comprehend how a disease could 

develop in the future. These forecasts might help us 

make better use of public health resources including 

vaccinations, treatments, preventions, and 

interventions. Clinicians and administrators are 

adopting modelling results without recognizing that 

the data is simulated. The calculation of sample size 

requirements is a novel application for mathematical 

modelling. Estimates of population parameters can be 

used to guide a simulation that adds one patient at a 

time until a statistically significant difference between 

the experimental groups is found.  A series of these 

simulations can provide investigators with a sample 

size range and midpoint that will satisfy the test of 

their hypothesis [22]. Because Corona Virus is new 

and only came out towards the end of 2019, there aren't 

many imperial research on Corona Virus. Although 

some research have been proposed in this field, they 

are insufficient. For instance, in[23], BiaoTang,et al. 

performed a research. They proposed a deterministic 

compartmental model based on the disease's clinical 

progression, individual epidemiological status, and 

therapeutic methods. Estimates based on probability 

and model analysis suggest that the control 

reproduction number might be as high as 6.47, 

according to their research. Simultaneously, Sha He1, 

et al. created a model that categorizes the influence of 

working hours on disease transmission based on the 

strength of prevention and control measures [24]. 

Altaf Khan and Atangana, on the other hand, presented 

a model based on the premise that the seafood industry 

contains enough sources of disease to infect 

individuals [25]. More enhancements for the Corona 

Virus models may be found in [26–27]. Although 

various mathematical models have been presented for 

the prediction of novel Corona Virus diseases, some of 

them can yet be improved. Numerical techniques 

might be used to generate some approximate solutions 

for this virus, which could help to enhance forecasts 
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and estimates. Runge-Kutta techniques for Corona 

Virus are an issue that has yet to be investigated. It's 

critical to find some numerical findings more precisely 

and broadly in a complex corona virus model. This 

study makes a contribution by analyzing the Corona 

Virus model equations and finding the essential model 

elements using Euler's technique and Runge-Kutta 

methods. 

3. CURRENT SITUATION IN PAKISTAN 

The current situation of Pakistan is described in the 

Table: 1 given below: 

Country Pakistan 

Total Cases 966,007 

Infected 1,157 

Deaths 22,469 

Vaccinated 3,363,490 

New Infections 1,156 

 

 

4. METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. MATHEMATICAL MODELS 

Chemical reactions, ecological interactions, and 

biological processes are just a few examples of 

scientific and technological issues that may be 

theoretically described using systems of ordinary 

differential equations. There are no accurate analytic 

solutions to most real-world ordinary differential 

equations. Numerical methods and computational 

tools provides support in the development of model 

solutions [28]. There are a variety of useful numerical 

approaches for solving initial value problems (IVP) in 

ordinary differential equations that generate numerical 

approximations. Historically, Leonhard Euler 

invented the first numerical technique in 1768, while 

Carl Runge and Martin Kutta described the Runge-

Kutta method in 1895 and 1905, respectively. Euler's 

technique and the Runge–Kutta method of order two 

(RK2) may be used to solve nonlinear infectious 

disease models with starting populations. [29–30] has 

further information and examples of numerical 

techniques with application examples.  

5.1 Euler’s Method 

The fundamental explicit technique for solving 

systems of ordinary differential equations with 

beginning conditions is Euler's method [31] has further 

information and examples of this approach. The basic 

formula for Euler's technique is as follows: 

du1 = f1 (t, u1,u2... um),  

dt 

du2 = f2 (t, u1, u2...um),  

dt 

du3 =f3(t, u1,u2... um), 

dt 

. 

. 

. 

dum =fm(t,u1,u2,...,um), (5.1) 

dt 

With the initial conditions 

Ui (a) = αi, for i = 1,2,...,m. (5.2) 

Updatingthefunctionu1 by f1,u2 by f2 ,...,um by fm 

and using the step size h = b−a/n ,formula(5.1) takes 

the form uj(i+1) = uj(i) +hfj(t(i),u1(i),u2(i),...,um(i)), 

(5.3) where i = 0,1,...,n−1 and j = 1,2,...,m. 
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Table: 1 Current Situation in Pakistan 

Figure: 1 Methodology 
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5.2 Runge Kutta Method 

As it is highly precise, stable, and easy to program, the 

Runge Kutta technique is the most used numerical 

methodology. This method is the most commonly used 

since it provides beginning values and is especially 

useful for constructing higher derivatives [31].  

The fundamental RK formulae and the corresponding 

right-hand-side function, f1 or f2 or f3...or fm, are used 

to update each unknown functionu1, u2, u3,..., and um, 

using the Runge-Kutta (RK) technique, which is 

similar to Euler's approach. The two-stage RK 

technique (also known as the "midpoint method") is 

currently considered [32]. If we represent the two 

update parameters as k1 and K2 for the midpoint 

technique, the fundamental second-order Runge-Kutta 

formulae are as follows: 

k1 =hf(ti,ui),   

k2 =hf(ti +0.5h, ui +0.5k1),  

Ui+1 =ui +K2. 

To apply these formulas to the system (5.2), the 

parameters k1 and K2 for each unknown function 

should be computed. Consider an integer n > 0 and h 

= b−a n when a ≤ t ≤ b, and ui(a) = αi for eachi = 

1,2,...,m. The values of the parameter k1 for the 

unknown functions u1,u2... um−1, and um are  

k1,j = hfj(t(i),u1(i),u2(i),...,um(i)), for j = 1,2,...,m. 

(5.5) 

 Similarly, the values of K2 are  

k2,j = hfj(t(i) +0.5h,u1(i) +0.5k1,1,u2(i) 

+0.5k1,2,...,um(i) +0.5k1,m), (5.6)  

For j = 1,2,...,m. Finally, the values of the unknown 

functions at the next grid point are given:  

uj(i+1) = uj(i) +k2,j, for i = 0,1,...,n−1 (5.7)  

It can be noticed that all the values k1,1,k1,2,...,k1,m 

should be computed before identifying the values k2,j, 

for j = 1,2,...,m. 

6. MATHEMATICAL MODEL FOR CORONA  

VIRUS 

The present corona virus outbreak has turned into a 

worldwide health-care issue. Some measures for 

managing the virus have been disclosed, such as 

limiting contacts as much as possible and advising 

individuals to stay at home. Mathematical models for 

this virus are useful in demonstrating model dynamics 

and forecasting the number of affected people in the 

future. A mathematical approach for displaying 

individual interactions and determining the model 

production number was recently proposed. Clinical 

progression, epidemiological individuals, and 

therapeutic strategies are used to create the model. As 

a result, the model included therapy, isolation 

(hospitalization), and quarantine as intervention 

compartments [23]. The model has recently been 

modified to include a time-dependent dynamic system 

[33]. In Figure 2, we build the model diagram as well 

as the interaction individual components and their 

interaction rates. Eight groups (individuals) are 

represented in the model: susceptible S, exposed E, 

symptomatic I, pre-symptomatic A, quarantine 

susceptible Sq, quarantine exposed Eq, hospitalised H, 

and recovered R. Table 2 lists all parameter values as 

well as the initial populations. [23] defined the 

estimated values, which were subsequently updated in 

[33]. In our computer simulations, we mostly followed 

reference [33], and we utilized such values. They 

employed the Markov Chain Monte Carlo (MCMC) 

approach to fit the model to the data, and the MCMC 

procedure was carried out using an adaptive 

Metropolis-Hastings (M-H) algorithm. [35] 
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Figure: 2 Mathematical Model 
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MATLAB is used to construct numerical 

approximation solutions of the model for various 

parameters and initial populations (see Figures 3 and 

4). As a result, it may be concluded that the population 

model states have a different model dynamic. The 

model variables are numerically simulated on two-

dimensional planes utilizing parameters and starting 

populations.  

 

 

 

 

 

 

More interestingly, all numerical approximation 

answers based on the two presented numerical 

techniques are in good agreement. The findings of this 

study, which are based on computational simulations, 

are a significant step forward in forecasting future 

model dynamics for development programs, 

treatments, and health-care methods. 

 

 

Parameter 

 

Definition Value 

S(O) Initial susceptible individuals  11081000 

E(O) Initial exposed individuals  105.1 

A(O) Initial pre-symptomatic individuals  53.839 

I(O) Initial symptomatic individuals  27.679 

Sq Initial quarantine susceptible individuals  739 

Eq Initial quarantine exposed individuals  1.1642 

H(O) Initial hospitalized individuals  1 

R(O) Initial recovered individuals  2 

K1 Transmission per contact  2.1011×10−8 

K2 Quarantined exposed rate  1.2858×10−5 

K3 Transition rate between exposed and infected classes 1 

7 

K4 The multiple of the transmissibility of A to I  0.3 

K5 Quarantined uninfected contact rate  1  

14 

K6 Probability of symptomatic among infected people  0.86834 

K7 Transition rate between quarantined exposed quarantined infected 

classes 

 

0.1259 

K8 Recovery rate from symptomatic infected  0.33029 

K9 Recovery rate from asymptomatic infected  0.13978 

K10 Recovery rate from quarantined infected  0.11624 

K11 Infected death rate  1.7826×10−5 

a Initial contact rate  14.781 

b Minimum contact rate  2.9253 

d Initial transition rate between symptomatic infected and 

quarantined infected class 

 

0.13266 

Table:2 Description of Mathematical Model 
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Figure: 3 Numerical approximate solutions for the corona virus disease model using Euler method and Runge-Kutta method 

for order two (RK2) (a): the number of susceptible populations S, (b): the number of exposed populations E, (c): the number 

of symptomatic populations I, (d): the number of pre-symptomatic populations A. 
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Figure: 4 Numerical approximate solutions for the corona virus disease model using Euler method and Runge-Kutta method for order 

two (RK2) (a): the number of quarantine susceptible populations Sq, (b): the number of quarantine exposed populations Eq, (c): the 

number of hospitalized populations H, (d): the number of recovered populations R. 

 

7. RESULTS 

The function applies a logistic model for estimation of final pandemic size from daily estimations [34]. The model is 

data driven, so its forecast is as good as data are. Additionally, it is supposed that the model is a conceivable definition 

of the one-stage pandemic In this section, we investigate the results of the Pakistan by the proposed model. For 

Pakistan, we provided data from December 31 to July 31, 2021. The Results are illustrated in Figure: 5 

 

Dec 31 July 31 Dec 31 July 31 

Figure: 5 The Predicted Rates in Pakistan 
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8. CONCLUSION 

Global efforts are focusing on and discussing a variety 

of health-care measures for preventing the spread of 

the novel Corona Virus in the community. As can be 

seen, this virus has the potential to become a public 

health problem, spreading quickly among humans. 

The model of coronavirus disease is complex, and it 

necessitates the use of mathematical techniques in 

order to enhance treatments and healthcare programs. 

The model equations are nonlinear differential 

equations with numerical solutions that need 

numerical methods. Based on the stated examples, we 

used the Euler and Runge–Kutta techniques to derive 

some approximate solutions for each model state. 

These are a significant step forward in terms of 

identifying essential model features and future model 

enhancement. Computational discoveries might help 

worldwide efforts to limit the number of people 

infected with the virus and to prevent it from spreading 

across the population. As a result, certain findings and 

computational results are based on the Corona Virus 

model's proposed techniques. To begin, all sections 

model dynamics are calculated using two different 

numerical approaches. The findings of investigating 

the dynamics of the fall section represent a significant 

step forward in predicting and analyzing the 

population of Pakistan. Matlab was used to do the 

computations and simulations. The findings of this 

study recommended that health-care programs should 

focus more on the main model parameters. This might 

supports community-based initiatives aimed at 

reducing the effects of coronavirus disease. The 

number of infected individuals, vulnerable persons, 

and recovered individuals may all be estimated and 

predicted using computational findings. The proposed 

model can be refereed to be a realistic description of 

this pandemic disease. Surprisingly, the procedures 

described here may be further improved and used to a 

wide range of coronavirus models for various 

instances all over the world. They might beconvenient 

for future model upgrades, interventions, and 

vaccination campaigns. 
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