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Abstract: 

In this paper we have considered the mathematical time delay SEIR (Susceptible-Exposed-Infectious-

Recovered) model. We simulated our results by using MATLAB software and forecasted the number of 

infected cases and compared the actual data and forecasted results.  
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Introduction: 

The famous SIR mathematical model first developed by  Kermack-McKendrick  (1927). Since then, many 

researchers modified and improved the SIR model. In this article we used SEIR model with time delay and 

by using MATLAB we simulated the infection situation in PUNE city. 

We have considered the following SEIR model 

�̇�(𝑡) = −𝜆
𝑆(𝑡)𝐼(𝑡)

𝑁(𝑡)
+ 𝛾𝐼(𝑡 − 𝜏) 

�̇�(𝑡) = 𝜆
𝑆(𝑡)𝐼(𝑡)

𝑁(𝑡)
− 𝜆

𝑆(𝑡 − 𝜔)𝐼(𝑡 − 𝜔)

𝑁(𝑡 − 𝜔)
 

𝐼̇(𝑡) = 𝜆
𝑆(𝑡 − 𝜔)𝐼(𝑡 − 𝜔)

𝑁(𝑡 − 𝜔)
− (𝛾 + 𝜖)𝐼(𝑡) 

�̇�(𝑡) = 𝛾𝐼(𝑡) − 𝛾𝐼(𝑡 − 𝜏) 

The above simultaneous nonlinear normal differential equation system represents the SEIR model. 

Where, t: hours (days) 

Top dots:  fractions of time t 

𝑆(𝑡): Sensitive population at time t (number of uninfected people) 

𝐸(𝑡): Population exposed to the virus but not infected at time t 

𝐼(𝑡): Infected population at time t 

𝑅(𝑡) : Recovery population at time t (population recovered from disease after infection) 

𝑁(𝑡): Total population at time t , 𝑁(𝑡) = 𝑆(𝑡) + 𝐸(𝑡) + 𝐼(𝑡) + 𝑅(𝑡) 

𝜆 ≥ 0：Infection, 𝛾 ≥ 0：Recovery rate, 𝜀 ≥ 0：Viral mortality, 𝜏：Time to gain immunity (days),  𝜔：

Delay time (days) before developing the disease 
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In this model, the total population will continue to decrease unless the infected population becomes zero. In 

other terms, the death toll D(t) is N(0) as the initial population at t=0.   

�̇�(𝑡) = −𝜖𝐼(𝑡) 

 𝐷(𝑡) = 𝑁(0) − 𝑁(𝑡) = 𝑁(0) − (𝑆(𝑡) + 𝐸(𝑡) + 𝐼(𝑡) + 𝑅(𝑡)) 

Prerequisite for calculation: 

We have not considered the natural mortality rate natural fertility rate because it is a relatively short 

simulation (about one year). 

The same virus does not contract twice (after τ days it acquires immunity and does not suffer again). 

In this model we have taken the important number of the mathematical engineering of infectious diseases 

as 𝑅0 =
𝜆

𝛾+𝜖
 

If 𝑅0>1 then situation becomes it becomes a pandemic otherwise it is endemic  

Literature Review 

Deguen and et.al. (2000)  Syafruddin (2012) provided the prediction of the Dengue cases in Selangor 

Malaysia by using SEIR model. Zhang and et.al. (2006) Rachah    (2018) studied the EBOLA pandemic in 

Liberia by using SEIR model. Yan and et.al.  (2006)   studied the special case of the SIER model with zero 

latent period, and concluded that  R0 > 1 leads to the global stability of the endemic equilibrium, which 

provided the  answers  to the conjecture proposed by Diekmann and Heesterbeek. Lekone and Finkenstädt 

(2006)studied an outbreak of Ebola in the Democratic Republic of Congo in 1995 by using SIER model. Gao 

(2008)   determined that the large vaccination rate or short pulse of vaccination or long latent period is 

adequate condition for the extinction of the disease. Dukic  and et.al. (2012)    studied the Google Flu Trends 

in United States of America during 2003-2009. Dubey and et.al.  (2013)     proposed SEIR epidemic model 

for treatment of infectives considering the development of acquired immunity in recovered individuals and 

concluded that the existence of unique endemic equilibrium depends on the basic reproductive number R0 and 

on treatment rate. Saito and et.al.  (2013)  analysed varicella epidemics in France by using SEIR model. Shah 

and Gupta (2013) used SIER models to analysed the vector borne diseases.  Gao  and et.al. (2013)shown 

that the accuracy of the prediction of number of cases in Bangladesh in the integrated model is more than the 

general SEIR model. Mojeeb and et.al. (2017) provided the simple and continuous-time linear vaccination-

based control strategy for a SEIR disease propagation model. 

A modified, deterministic SEIR model used by Diaz and et.al.  (2018) to study 2014 pandemic of EBOLA in 

south Africa. Getz and et.al.   (2019)   considered the time dependent SIER model to study Ebola pandemic 

in West Africa of 2014–2015. Teles (2020) converted the four dimensional  the SIER model into three 

dimensional SIER model with limit condition by using the change of variable. Lacitignola and et.al. 

(2021)studied Z-controlled approach and studied the pandemic of Italy and New Zealand. Piovella and et.al. 

(2020) studied the covid 19 pandemic by using seir model in python. Peiliang  and et.al. (2020),  Kounchev 

(2020),  presented  a spline-based SEIR model with Time-varying Beta and Gamma parameters, (TVBG-

SEIR) model, estimated the practical implications of the public health interventions and measures.  Zha and 

et.al.   (2020) explored the optimal prevention and control measures for varicella pandemic in a school of 

https://scholar.google.com/citations?user=pImyvUIAAAAJ&hl=en&scioq=seir+models&oi=sra
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China by using dynamic model. Youssef and et.al.    (2020) used SEIR model to predict the number of cases 

in South East Asia. Hui and et.al.  (2020)  used SEIR model for the short-term prediction of the covid 19 

cases in China. Yang and et.al.  (2020)  predicted pandemic by using SEIR model and Artificial Intelligence 

in China. Tang and et.al.  (2020)   predicted and analyzed the trend of the epidemic situation and estimated 

the parameters involved in the infection dynamics model (SIER), and then simulated the established dynamic 

equations based on public data by using MATLAB. Rǎdulescu  and et.al.   (2020)    made predictions, and 

assess the efficiency of control measures like lockdown and social distancing etc. , in a sustainability context 

in New York City. Intissar  and et.al.  (2020)    concluded the disease-free equilibrium point is locally as well 

as globally asymptotically stable by using SEIR model.  Putra and et.al. (2020), Annas (2020)    studied 

Stability Analysis and numerical simulation of the SEIR model and predicted the number of COVID-19 in 

Indonesia.  

Bhapkar and et.al.  (2020) used graph theory approach and forecasted the number of covid-19 infected 

persons in the all sates. They considered the growth type of graph with three variations namely 1-1,1-p and 

1-all. Yadav and et.al. (2020)  studied the current status of the pandemic with the global data by using SIER 

model and R-software. Bajaj and et.al. (2020) used the supervise machine learning algorithm and time series 

analysis of the Mira-Bhayander and Akola Municipal corporations. Saxena studied the pandemic conditions 

by using random theory / mathematical models and data science / machine learning techniques. Sahoo and 

et.al. (2020) used a data driven epidemic model to forecast the cases of infected, recovered and death due to 

covid-19 in India. Prasad (2020) used data first approach and time dependent SIR model to forecast the total 

number of infected people in  different countries. Shaikh and et.al.(2020) estimated the future outbreak of 

covid-19 and potential control strategies using Fractional differential mathematical model in some states  of 

India. Darapaneni and et.al. (2020) predicted and analysed the number of covid-19 cases in Maharashtra and 

Delhi by using ARIMA and SEIRD model. Sahasranaman and et.al. (2021) studied the spread of COVID-19 

across metropolitan cities   in Asia and Africa. Wagh and et.al.   (2020)  used SEIR model to forecast the he 

number of deaths due to covid-19 in india. Rajesh and et.al.  (2020) used SIR(D) model to predict the future 

of the epidemic in India and also studied the effect of lock-down/social isolation on the model. Pujari and 

et.al.   (2020) used SIR model to study the epidemic situation of India. Mahalle and et.al.    (2020) presented 

different predictive analytics techniques available for trend analysis, different models and algorithms, and 

their comparison and predicted the number of covid-19 cases by using Prophet algorithm. Welling and et.al.  

(2021) used MIMANSA (Multilevel Integrated Model with a Novel Systems Approach) to study the effect 

of vaccination on the number of COVID cases in the USA. Dixit (2021) proposed a new Advanced SIER 

model which has greater accuracy of the reproduction number. Atkeson (2021)  forecasted  the evolution of 

the epidemic for the next two years with continuing seasonality, pandemic fatigue, and spread of the new 

variant in United States and the United Kingdom by using SIER model. López and et.al. (2021)    used 

modified SEIR compartmental model for the prediction of covid 19 cases.  Efimov (2021)analysed the 

pandemic situations in 8 countries by using SIER model. Rapolu and et.al. (2022) used a data-driven model 

SEIRD predicted infected, recovered, and deceased rates of COVID-19 for the 21 days.  
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Objective 

1. To study the COVID-19 pandemic in Pune City. 

2. To calculate the number of reproductions. 

Research Methodology : 

We have considered the initial time is as of 30th June, 2020 (t=0), 8th October, 2020 (t = 100, Day 100 from 

the initial time), 16th January, 2021(t=200), and 26th April, 2021 (t=300). 

Basic data on the infected population of 10305 people, 752 deaths (Pune)  

Other parameters were set as follows.  

          𝑆(0) =  740 × 104 ：Number of uninfected infected people as of 30th June, 2020 

   𝐸(0)  =  104  ：Number of people exposed but uninfected as of 30th June, 2020 

   𝐼(0)  =  10305：Number of infected people as of 30th June, 2020 

   𝑅(0)  =  11270 ：Number of recoverees as of 30th June, 2020 

   𝑁(0)  =  7,411,100 ：The population of Pune is approximately  7.4 million  

   𝜆 =
80

100
：Infection rate 

   𝛾 =
505

1000
:  Recovery rate 

   𝜀 =
34

1000
：Virus death rate 

   𝜏 =  30 ：30 days to gain immunity (about 1 month required) 

   𝜔 =  14 ：A delay of 14 days before the disease develops (about 2 weeks of incubation period)  

 The time is t=0 indicates 30th June, 2020 (t=0), 8th October, 2020 (t = 100, Day 100 from the initial time), 

16th January, 2021(t=200), and 26th April, 2021 (t=300). 

The contrast table between t and month day is as follows.   

x-axis 0 100 200 300 

day/month 30th June, 2020 8th October, 2020 16th January, 2021 26th April, 2021 

Findings and Discussion : 

The number of reproductions in the case of Pune is R0= 1.4842 (WHO is 1.4≤R0≤2.5 ). 

 

                                 Figure 1                                                                          Figure 2 
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The main concern of the simulation is the transition of the number of infected people (I) and deaths (D), by 

expanding the vertical scale of Figure 1, Figure 2 makes them easier to see. The number of infected people 

is shown by the red solid line and the number of deaths is shown by the black solid line. In addition, the, ○ 

mark is the actual data, and it is well matched to the simulation at the initial state. The actual data was 

collected from the public website of Pune City.  

 

Figure 3 

Figure 3: Phase diagram of sensitive population (S) and infected population (I) 

This simulation is a calculation result of estimating each parameter of the model equation based on the 

number of infected people  

Conclusion:  

As the number of reproductions R0= 1.4842 is greater than 1 that means pandemic is not over yet. Also, the 

number of cases of covid-19 infections is also increasing. The death curve is not well fitted because the 

effect of vaccinations. After vaccination the death rate is decreased. 
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