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Abstract: 

Since the outbreak of new coronavirus COVID-19, measures for ending the global pandemic 

such as social distancing and contact tracing have been proposed worldwide.  We propose a SEIRD 

model to predict the development of epidemic, which can contribute to effective planning to control 

it. Based on official statistical data for Belgium, we calculated the key parameters and forward them 

to the epidemiological model which will predict the number of infected, dead and recovered people. 

SEIRD model is a compartmental epidemiological model with included components - susceptible, 

exposed, infected (infected group is divided into three groups - mild, severe and critical), recovered, 

dead. Predicted (simulated) and official curves show a good match, meaning that the model is 

achieving promising results. A prognostic model could help us predict epidemic peaks. In that way, 

we could react in a timely manner by introducing new or tightening existing measures before the 

health system is overloaded. 
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1. Introduction 

The World Health Organization (WHO) announced the pandemic disease (COVID-19) caused 

by SARS-CoV-2 and brought measures to interrupt the virus spread worldwide. Modeling of 

infectious diseases is most conveniently performed by compartmental models. The choice of the 

compartments depends on the features of the disease and the purpose of the model. Lin et al. have 

developed the SEIR (susceptible, exposed, infected, recovered) model, considering risk assessment 

and the total number of cases [1]. Anastassopoulou et al. suggested a discrete SIR model with 

deceased individuals [2], Casella developed a control-oriented SIR model that highlights the 

consequences of delays and measures the results of various containment policies [3]. In this paper, 

we compile data on epidemics from sources at the state level and incorporate them into the model. 
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2. Methods and Results 

We developed SEIRD based model (Fig. 1), to describe the spread and clinical progression of 

COVID-19. It is essential to track the various clinical effects of infection because it can be separated 

at different rates - susceptible (𝑆) - �̇� = −(𝛽1𝐼1 − 𝛽2𝐼2 − 𝛽3𝐼3)𝑆, exposed (E) - �̇� =
−(𝛽1𝐼1 + 𝛽2𝐼2 + 𝛽3𝐼3)𝑆 − 𝑎𝐸, mild infection (𝐼1) - 𝐼1̇ = 𝑎𝐸 − (𝛾1+𝑝1)𝐼1, severe infection (𝐼2) -

𝐼2̇ = 𝑝1𝐼1 − (𝛾2+𝑝2)𝐼2, critical stage (𝐼3) - 𝐼3̇ = 𝑝2𝐼2 − (𝛾3 + 𝜇)𝐼3, recovered (𝑅)- �̇� = 𝛾1𝐼1 +
𝛾2𝐼2 + 𝛾3𝐼3 and deceased persons (𝐷) - �̇� = 𝜇𝐼3. The results for Belgium are presented in Fig. 1.  

 
Fig. 1: Simulation of COVID-19 spread in Belgium using the SEIRD model. 

 

After the initial peak in number of infected people, the numbers decrease, while the biggest 

number of people are infected mild, then severe, and the smallest percentage are critical. Table 1 

shows the comparison between values of affirmed sources and simulated curves. As it can be seen, 

tracking number of people with severe infection, critical infection, or deceased people show very 

good match. 
RMSE deceased mild infected severe infected critical infected 

Belgium 29.9259 305.6764 45.6822 2.22802 

Table 1. Root mean square error between simulated and real values for Belgium 

 

3. Conclusions 

This paper describes the modeling of COVID-19 spread using SEIRD model. SEIRD model is 

a compartmental epidemiological model with included components - susceptible, exposed, 

infected, recovered, deceased. Official statistical data for Belgium and simulated values show a 

good match, which means that the model is showing promising results and can be further upgraded 

to consider different underlying complex phenomena. 
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