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Abstract 

The COVID-19 pandemic has had a huge impact on people's health, and countries' 

infrastructures around the globe. Iran was one of the first countries that experienced the vast 

prevalence of the coronavirus outbreak. Iranian government applied various 

nonpharmaceutical interventions to eradicate the epidemic in different periods. To evaluate the 

effectiveness of applied policies, the number of cases and death before and after the 

interventions studied and the effective reproduction number of the infection was analyzed 

under various scenarios. The SEIR generic model was applied to capture the dynamic of the 

pandemic in Iran. It is assumed that changes in reproduction number are responses to 

interventions. Depending on how responsive people to the government interventions, the 

effectiveness of each intervention has been investigated. Based on the model results, the peak 

of the total number of infected individuals will occur around the end of May and the start of 

June 2021. It is revealed that the outbreak had been able to be smoothed if the government had 

continued the full lockdown and strict quarantine. The result will allow for the assessment of 

the effects of different government interventions in new outbreaks. 

 

Keywords: COVID-19, pandemic modeling, SEIR model, nonpharmaceutical interventions, 

nonlinear dynamics 



1. Introduction 

Epidemic diseases have always been a threat to human life. Some of them are prevalent 

throughout various continents and countries and become pandemic. Black Death and 1918 

influenza pandemic are among the deadliest pandemics in human life and caused millions of 

death in past centuries [1]. Except for its influence on humans' fatality, the epidemic can have 

irreparable losses in nations' economics and industries. Among recent epidemic illnesses such 

as Ebola, yellow fever and Zika the novel coronavirus has attracted a lot of attention due to its 

infections and death numbers. The novel Coronavirus (COVID-19) is a new type of 

coronaviruses family that can cause different diseases, which are frequently respiratory 

infections. The severity of illnesses can vary from common cold to the Middle East respiratory 

syndrome (MERS) and, severe acute respiratory syndrome (SARS)[2]. This virus first appeared 

in Wuhan, Hubei province of China on December 29th, 2019 and then spread rapidly across 

the world. On March 11th, 2020, the World Health Organization (WHO) characterized this 

illness as a pandemic [3].  

The COVID-19 epidemic has had a huge impact on people's health, economics and countries' 

infrastructures such as communication, transportation, energy, and public health and due to 

that the government have applied rigid health interventions to reduce its impacts. Health 

interventions refer to those activities and actions, which protect human health and mitigate the 

disease prevalence, by decreasing disease duration and severity, and function lost [4]. One of 

the classifications for health interventions is to divide them into two classes of pharmaceutical 

and non-pharmaceutical interventions. The first class contains vaccines and antiviral drugs [5] 

and the second one includes government interventions like postpone and cancel the events, 

social distancing, travel restrictions, and, home quarantine [6]. 

Lockdown is among the non-pharmaceutical interventions used vastly in most of the countries 

in different periods of times to control the virus spread. The main goal of this strategy is to 

decrease the number of infected individuals so the hospital overcapacity that causes more 

deaths would be prevented. Merriam-Webster dictionary defines lockdown as a situation that 

is not permanent and apply by governmental authorities in time of epidemic to make people 

stay home and limit the outside activities [7]. Full and partial lockdown are two common 

lockdown strategies imposed by government on communities around the world to reduce the 

effect of the pandemic. During the COVID-19 outbreak, several countries such as China, Italy, 

Spain, and France applied strict complete lockdown while Singapore, Russia, and Morocco 

used partial lockdown in which some of the social and economic activities were allowed [8]. 



Analysis and predict the behavior of viruses in a community is a vital issue to provide a 

comprehensive view for policymakers and assist them in making decisions for interventions 

such as lockdown and vaccine. Mathematical compartmental modeling is a quantitative 

approach that is based on the system of differential equations that capture the dynamic of 

epidemic transmission [9]. SIR (susceptible-infective-recovered) model is one of the most used 

epidemic compartmental models [10] especially to study the COVID-19 prevalence [11]. By 

presenting two parameters, this model proposes a more clear and understandable tool in 

comparison to its more complex derivatives[12]. Mathematical SIR models have been used in 

many articles so far to make predictions about the novel Coronavirus and evaluate authorities' 

interventions. Malavika et.al [13] applied this model to estimate the number of infected cases 

and predict the time of pick in India. They couldn't find any evidence that proves the 

relationship between reducing the number of infected persons and applying lockdown. [14] 

Used SIR and machine learning modeling to forecast the pandemic behavior in the next 700 

days under three scenarios: no actions, lockdown, and new medicines in KSA. The results 

indicated that containment strategies such as lockdown and quarantine alone are inadequate to 

eradicate the pandemic. 

To predict the number of cases and the second wave of epidemic in Iran Ghanbari [15] 

developed a SIR model with two compartments for infected people : 𝐼1(𝑡) ( infected individuals 

with strong immunity system), and 𝐼2(𝑡) (infected individuals with weak immunity system). 

The results revealed that the second wave in Iran would be more intense than the previous one. 

Tutsoy et.al [16] extended a new model from SIR called SpID to forecast fatality in Turkey. 

[17] Used a modified SIR model with global pandemic data to predict the virus spread globally 

with considering environmental factors like temperature and humidity. To predict the epidemic 

trend in Italy Wangping et.al [18] applied an extended SIR model to the time series data. [19] 

Estimated the basic reproduction number (𝑅0) by using the compartmental SIR model in India. 

To evaluate the amount of infected population and deaths in Sweden Qi et.al [20] applied SI, 

SIR, and SID epidemic models. 

Among SIR extensions the classical SEIR is one of the most traditional epidemic model which 

indicates the progression of virus in population by four states: Susceptible(s), Exposed (E), 

Infectious (I), and Recovered (R)[21]. This model has been used in several articles to predict 

and evaluate the spread of novel coronavirus pandemic. Kwuimy et.al. [22] used a nonlinear 

SEIR model to analyze the dynamic behavior of the COVID-19 pandemic in South Korea. The 

genetic algorithm were applied to approximate the model parameters. [21] Studied the 



management strategies such as lockdown with adaption of SEIR model in the US. To forecast 

the COVID-19 evaluation in Hubei province [23] applied an extended SEIR model with 

quarantine and hospitalized compartments under different scenarios and the particle swarm 

optimization (PSO) algorithm to estimate the model parameters. [24] proposed a new SEIR 

model with two more components: quarantined and insusceptible. Their improved model 

captured the prevalence of the virus in the US and forecasted the future trend. Jayrold et al. 

[25] Used the extension of SEIR to estimate the effective reproduction number for several 

countries.  [26] Developed a SEIR model with the effect of time delay for India. Arghya et al. 

[27] applied SEIR epidemiological model to predict the peak of infected cases and explore the 

impact of social distancing and testing-quarantining on virus propagation.   

Iran was one of the first countries which experienced the vast spread of this virus. The first 

confirmed cases in Iran were reported on February 19, 2020 in city of Qom [28]. Since then, 

the Iranian government have used several policies and strategies based on a number of 

confirmed cases and death in provinces. According to the confirmed cases statistics, each city 

is categorized in one of the blue, yellow, orange, and red categories which sequence 

demonstrates the severity of the pandemic from low to high. Based on literature, no article has 

evaluated the effectiveness of government interventions on COVID-19 prevalence in Iran.  

In the following first the epidemic SEIR model will be described, then the impact of lockdown 

on number of infected individuals, and deaths will be evaluated. Then, based on the official 

reported data the parameters will be estimated and the model will forecast the next peak of out-

break in Iran. Finally, the conclusion will be presented.      

2. Epidemic Modeling 

The advent and outbreak of epidemic has always been a noticeable issue in mathematical 

modeling in order to predict the virus spread and evaluate the impact of policies and 

interventions. Mathematical epidemic models are vigorous tools that let healthcare policy 

makers anticipate various changes that occur by virus mutation, vaccination, quarantine and 

lockdown in the number of infected individuals and mortality moreover, make efficient 

decisions. The first epidemic model was proposed by Daniel Bernoulli (1700–1782) to oppose 

smallpox, which was one of the fatal diseases in that era. Soon after that different people start 

to develop epidemic models and finally Kermack and McKendrick presented their 

compartmental model, which divided the population into three categories: S, I, R [29].  



Compartmental models simulate the spread of pathogens and investigate the transmission 

dynamics of contagious disease in a host population[30]. They place population into distinctive 

classes and people move among them with diverse rates. The model that had been presented 

by [31] is considered as the basic model in epidemic which later various compartments such as 

exposed, deceased, and asymptotic were added to it.  

2.1. The SEIR Model 

In the basic model which was introduced by Kermack and McKendrick [31] the host population 

divided into three classes: susceptible, infected, and recovered that are called S, I, and R in 

contractions. As shown in Figure 1, the SEIR model adds another component to SIR, which is 

E and refers to the exposed population. Susceptible are those who have not had the disease 

before but are likely to get it and are transmitted to E as soon as they are infected. Exposed 

individuals are who have contracted the virus but are not yet infectious and can transmit it to 

susceptible. Infected are people who have the disease and the same as the exposed can transmit 

it to susceptible. The time period that people are in infected class is assumed as the infectious 

period. Recovered are those who got the disease and got well and have immunity to the virus 

or died. Eq. (1) denotes the total population and its compartments at time t.  𝑁 =  𝑆 (𝑡)  +  𝐸 (𝑡)  +  𝐼 (𝑡)  +  𝑅 (𝑡)         (1) 

  

Figure 1: The generic SEIR model. 

The SEIR model by applying a system of ordinary differential equations (ODE), presents a 

constant model with continuous time that has three rates: 𝛽, 𝜎 and 𝛾. The assumption of 

constant population and model ODEs are shown in Eq. (2) and Eq. (3) respectively. 𝛽 is the 

transmission rate from susceptible to exposed and called the infection rate. The incubation rate, 

ϭ is the rate of latent individuals becoming infectious and 𝛾 is the transition rate from infected 

to recovered and called recovery rate. All of these parameters are constant.   𝑑𝑁𝑑𝑡 = 𝑑𝑆𝑑𝑡 + 𝑑𝐸𝑑𝑡 + 𝑑𝐼𝑑𝑡 + 𝑑𝑅𝑑𝑡 ≡ 0 
(2) 

 

S E R I 
𝛽 𝜎 𝛾 



{  
  
  𝑑𝑆𝑑𝑡 = −𝛽𝐼𝑆𝑁𝑑𝐸𝑑𝑡 =  𝛽𝐼𝑆𝑁 − 𝜎𝐸𝑑𝐼𝑑𝑡 = 𝜎𝐸 − 𝛾𝐼𝑑𝑅𝑑𝑡 = 𝛾𝐼

 (3) 

 

2.2. The basic reproduction number 𝑅0 is the basic reproduction number which is defined as the expected number of secondary 

cases produced by a single (typical) infection in a completely susceptible population, Eq. (4). 

It is important to note that 𝑅0 is a dimensionless number and not a rate, which would have units 

of time-1. The most important uses of 𝑅0 are determining if an emerging infectious disease can 

spread in a population and determining what proportion of the population should be immunized 

through vaccination to eradicate a disease. In mathematical infection models, when 𝑅0>1 the 

infection will spread among the population, but not if 𝑅0<1. Generally, the larger the value 

of 𝑅0, the harder it is to control the epidemic. 𝑅0 = 𝛽𝛾 (4) 

3. Model fitting and parameter estimation 

To make proper estimation of parameters of describing the ODE system the residual sum of 

squares (RSS) method has been used, as defined in Eq. (5). The residual sum of squares 

measures the discrepancy between the actual data and the predicted value. Smaller the 

discrepancy, represents the better parameter estimation.  𝑅𝑆𝑆(β, γ) =∑(𝐼(𝑡) − 𝐼𝑡 (𝑡))^2 
(5) 

Where Ĩ denotes the reported values of infected cases and 𝐼 is the calculated values of these 

parameters applying ODE [32]. Figure 2 demonstrates the fitted model against actuals data. To 

fit the model, the official reported data were applied from "coronavirus" package in R which 

uses the raw data pulled from the Johns Hopkins University [33]. 



 

Figure 2 fitted model 

3.1. Prediction the peak of infected individuals  

As it is illustrated in Figure 3, Iran has passed three waves of the outbreak which happened in 

April, mid-July to mid-September, and December 2020. The speed and severity of the waves 

have been increasing as the days passed. As shown in Figure 3, and compared to the interval 

between the first and the second waves, the time interval between the second and the third 

waves has been reduced.  

In this section, the SEIR model is applied to predict the peak of the total number of infected 

individuals in Iran. The available data from August to January 2020 used to predict the next 6 

months.  

 

Figure 3: Daily COVID-19 cases and death of Iran 

 

Figure 4 illustrates the number of cumulative predicted infected population according to the 

reported statistics. Based on the model prediction the peak of the total number of infected 

population will occur around the end of May and start of June 2021, which the number of cases 

will gradually grow. To make the curve flatten, government could use interventions to reduce 

the number of cases and make it close to the threshold of hospital beds. By doing this, hospital 



over-admission could be avoided resulting in a decrease in the health staff workload. Despite 

of the other countries, Iran has not declared any specific program to vaccinate the population, 

so it is vital to make proper prediction of the total number of infected people and make effective 

decisions to fight against the pandemic.      

 

 

 

Figure 4: Prediction the next peak 

 

4. Analysis and results 

The results and analysis of the model will be presented in the following section. First, the 

effectiveness of lockdown and its impact based on the official reported statistics will be 

described, then the evolution of the epidemic will be discussed. 

4.1 Impact of lockdown 

Nowruz holiday lockdown was the first intervention to fight against pandemic in Iran. This 

intervention, which applied on March 20th 2020, included travel restrictions and closing welfare 

and recreational services for 14 days. Figure 5 illustrates the impact of this policy on the 

number of infected and mortality. It is assumed that the result of interventions appears about 

two weeks later so 14 days before and after each intervention is considered to observe and 

evaluate the result more efficiently. The lockdown applied from day 59 until the end of day 73. 



As it is shown in Figure 5 the number of confirmed individuals reached their peak on day 69 

which was 3186 and after that, the effect of lockdown appeared and it started to decrease. The 

amount of mortality follows the same pattern. After this wave government offices, markets and 

stores were opened. On July the 5th, the COVID-19 policy initiative committee made the use 

of masks mandatory in offices, businesses, and crowded places. 

The second lockdown was announce on October 3rd for one week in seven provinces in red 

condition. Figure 6 demonstrates the changes before, after and during this policy. According 

to the number of cases and deaths, this intervention has not made any significant difference 

and just kept the growth rate constant and after about 10 days the number of daily confirmed 

cases started to grow. About 17 days later on October 26th, the third intervention were applied 

to red cities from day 279 to day 286 for one week and the activities of the three business 

categories and occupational groups were limited. As it is shown in Figure 7 this strategy could 

not reduce the infectious and death rate and the number of cases increased rapidly and passed 

13000 in one day and for deaths reached 480. 

 

Figure 5 Nowruz holiday lockdown 

 

Figure 6 October 3rd Lockdown 

Since the previous interventions were not effective and the number of hospitalization were 

increasing speedily the authorities decided to use stricter interventions. From the start of 

November 21st, travel to and from red cities were banned and vehicles were not allowed to pass 

after 9 p.m. Figure 8 illustrates the impact of this strategy. After two weeks, the intervention 

showed its effectiveness and the number of cases and deaths started to decline steadily. Based 

on all four figures Iran has passed three waves so far which the third one was the deadliest. 

According to the cases and death figures, Iran reported only the number of critical and 

hospitalized cases because the pick of deaths and cases is the same, but in theory, the pick of 

death should be one or two weeks after the pick of infected person.  



 

Figure 7 October 26th Lockdown 

 

Figure 8 November 21st Lockdown 

  4.2. Impact of interventions on R0 

The basic reproduction number (𝑅0) denotes the number of individuals that can be infected by 

an infected person. 𝑅0  is not affected only by viral characteristics but also by environmental 

conditions or in the case of COVID-19 by people contact rate. This makes it an important factor 

in evaluating polices and government' interventions in dealing with the current pandemic 

situation. Intervention strategies such as lockdown have a direct impact on people contact rate 

which can reduce the number of infected cases. Figure 9 illustrates the estimated number of 

cases for Iran during the first 90 days of epidemic under various 𝑅0. As it is shown, the higher 

rates of 𝑅0 increase the number of cases exponentially. When the value of 𝑅0  becomes greater 

than three the number of infected people grows dramatically. 

 

Figure 9: estimated number of cases with different R0 

To estimate the impact of various intervention policies on the number of infected people in 

Iran, two scenarios have been considered. In the first one, it is assumed that the number of 

exposed people is ten times the number of infected people. In the second one the number of 

exposed people is set to be 20 times the number of cases.  



 

Figure 10: Impact of government interventions under the Low E assumption. 

Figure 10 demonstrates the number of infected population in the first scenario with low number 

of exposed and Figure 11 displays the number sick people with high number of exposed in the 

second scenario. The effect of government interventions on the number of cases from the 

beginning of the pandemic is shown with different 𝑅0 in Figure 10 and Figure 11. In the first 

scenario with high exposed rate, the number of infected people in the peak is more than 

1200000 while in the second scenario with the higher rate of exposed people, it reached to just 

under 2500000. The Nowruz holiday lockdown was the first hard intervention with 𝑅0 = 1.2. 

The line below the curves indicates the impact of this policy on the amount of infected people 

if government had decided to continue the policy. In reality, in spite of its great impact on the 

number of cases, this policy caused a lot of economic issues so policy makers decided to cancel 

it and limited their interventions to those cities which were in red condition. Because of an 

early release of all the restrictions, this intervention was not as effective as it was expected, 

resulting in a sharp increase on the number of people being infected. 

 

Figure 11: Impact of government interventions under the High E assumption. 



5. Conclusion 

In this paper the impact of non-pharmaceutical interventions on the number of death and 

infected people in Iran was evaluated. Since the beginning of the pandemic, Iranian government 

applied various policies to control the epidemic. The Nowruz lockdown intervention was one 

of the strictest interventions which lead to economic issues and after that government decided 

to limit their policy to cities with high rate of infection. This intervention approach increased 

the amount of cases and caused a high peak of the number of infected people and death. In 

addition, the basic reproduction number which is an important factor in evaluating the policies 

and controlling the spread of a virus was analyzed with low and high number of exposed 

individuals. To predict the peak of the number of infected people, the mathematical SEIR 

model was used. The official reported data applied to estimate the model parameters. The 

prediction revealed that the peak of infected population will occur around the end of May and 

start of June 2021, therefore, we suggest to the officials to consider proper policies to reduce 

this number and avoid hospital over-admissions. 
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Figures

Figure 1

The generic SEIR model.

Figure 2

�tted model



Figure 3

Daily COVID-19 cases and death of Iran

Figure 4



Prediction the next peak

Figure 5

Nowruz holiday lockdown
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October 3rd Lockdown
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October 26th Lockdown
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November 21st Lockdown

Figure 9

estimated number of cases with different R0



Figure 10

Impact of government interventions under the Low E assumption.



Figure 11

Impact of government interventions under the High E assumption.


