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Abstract: The present paper describes a particle swarm optimization (PSO) method used to estimate parameters of a Susceptible-

Exposed-Infected-Recovered-Dead (SEIRD) model applied to predict SARS-CoV-2 transmission in Germany, based on data from

February 15th to April 25th, 2020, considering that the lockdown in the country started on March 23rd. The model estimated patients’

mortality (4.92%) and recovery rates (95.08%), virus incubation (8.54 days), infection periods (18.65 days), as well as the basic virus

reproduction number before (R0 = 11.60) and after (R0 = 0.39) lockdown. The predicted values were accurate until the 70th day. The

performances achieved by the model were 0.98 for infected, 0.97 for the recovered and 0.97 for the dead, asserting the model’s great

performance (> 0.75). The model also suggests that on February 15th, 2020, there were 67 infected individuals in the incubation period.

We believe that this model can help other studies to better understand and accurately predict epidemic curves, mainly in countries where

the new coronavirus has recently started to spread. It also may guide public health policies that aim to control the disease.
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1 Introduction

SARS-CoV-2 is the novel coronavirus, which is
responsible for a worldwide pandemic that currently
accounts for almost 6 million infected people and
approximately 360 thousand deaths in more than 200
countries and territories [1]. Infection occurs through
respiratory droplets and contact routes during the
incubation period, which enables its rapid geographic
spread and makes it difficult to estimate and control the
disease [2,3]. Although the disease (COVID-19) is
asymptomatic in approximately 25% of individuals, most
of the infected population presents mild-to-moderate
unspecific symptoms that could be misdiagnosed as other
diseases and hinder COVID-19 diagnosis [4,5,6].

Severely- and critically-ill patients represent the
minority of positive cases. However, they require
hospitalization for several weeks; approximately 10% of
infected individuals require Intensive Care Unit (ICU)
treatment in some countries [7]. Given the limited number
of hospital beds, mainly of ICU beds, many countries
have adopted early control measures to reduce viral

transmission and to avoid healthcare system overload due
to prolonged hospitalizations [8,9].

Preventing the spread of infectious diseases is a
difficult task, especially in the present globalized world.
Factors such as socio-economic conditions, access to
healthcare services, social behavior, personal hygiene
habits, environmental conditions, among others, can
influence epidemic outbreaks [10]. It is essential to isolate
the infected individuals and conduct mass diagnostic tests
to determine the real number of infected people and death
rate to better control the pandemic [11].

Predicting SARS-CoV-2 transmission is a current
challenge for public health policy planning. Thus, the
application of predictive mathematical models to
infectious disease epidemiological dynamics can help
better understand pathogen transmission and propagation
in different countries and regions [12,13].

The present paper aims to use the Particle Swarm
Optimization method (PSO) to estimate parameters of a
SEIRD (Susceptible-Exposed-Infected- Recovered-Dead)
model [14] to predict the number of infected, recovered
and dead people throughtout SARS-CoV-2 transmission.
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To achieve the research objective, we used epidemic data
from Germany because the country adopted lockdown
and mass testing procedures, which provided numerical
data close to the real context.

2 Methods

Real data about the number of SARSCoV-2-infected,
recovered and dead individuals, as well as about the total
population of Germany in 2020, were provided by the
World of Meters [15] and corroborated by data released
by Johns Hopkins University [16].

The SEIRD model was used to check and model
SARS-CoV-2 transmission among the German population

from February 15th to April 25th (70 days) based on five
infection stages: susceptible (S), exposed (E), infected (I),
recovered (R) and dead (D), as shown in Fig. 1.

Fig. 1: SEIRD compartimental model flowchart

Overall, the SEIRD model enables a system
comprising five differential equations (1-5), which rule
the disease transmission dynamics. The model application
considers that Germany has implemented lockdown

system on March 23rd, 2020 [17], which is indicated by
functions f (change in α parameter after the incubation
period) and g (reduction by 70% in the number of
susceptible individuals [18]) in the differential equation
system below:

dS

dt
(t) = − f (t) ·S(t) · I(t) ·N−1+ g(t), (1)

dE

dt
(t) = f (t) ·S(t) · I(t) ·N−1−β ·E(t), (2)

dI

dt
(t) = β ·E(t)− γ · I(t), (3)

dR

dt
(t) = γ · (1− δ ) · I(t), (4)

dD

dt
(t) = γ ·δ · I(t). (5)

Where

f (t) =







α1, 0 ≤ t ≤ 39+
1

β
α2, otherwise

, (6)

g(t) =

{

−
N

1.4
, 38 ≤ t ≤ 39

0, otherwise
, (7)

•N = 8.3 ·107 is the Germany total population;
•α1 and α2 are the transmission rates;
•β is the inverse of the incubation period [days−1];
•γ is the inverse of the infection period [days−1];
•100 ·δ is the mortality rate [%].

The PSO method, implemented on Maple 19 [19], can
be divided into two big stages: initialization and iteration.
First, we established the domain to estimate the six
parameters : α1 ∈ [0,1], α2 ∈ [0,1], β ∈ [0,1], γ ∈ [0,1],
δ ∈ [0,1] and K ∈ [0,1000], where K is the number of
infected at t = 1. Then, each particle k at iteration 1 was
defined by a six-component vector, each of which was a
random number from its respective domain represented
by:

X k
1 = (αk

1,1,α
k
2,1,β

k
1 ,γ

k
1 ,δ

k
1 ,K

k
1). (8)

The system of equations (1-7) was solved based on
the Fehlberg fourth-fifth order Runge-Kutta method of
Maple 19. We defined the fitness-function F as the sum of
the absolute error among I(t), R(t), D(t) and the number
of infected, recovered, dead individuals, respectively, for t

ranging from 1 to 70, which was calculated based on
parameters of each particle X k

i .

After the test, we defined the constants of the PSO
method presented by [20] as: number of iterations = 200,
number of particles = 200, c1 = 0.5, c2 = 0.5, ω0 = 0.9,
ω200 = 0.4, vk

0 = 0. The random constants c1 and c2

represent the weight of individual and collective learning
respectively, the constants w0 and w200 represent the
initial and final control of the velocity of the particles and
vk

0 represents the initial velocity of the particle k.

The algorithm was performed 200 times - with mean
and standard deviation of 115.52 ± 14.79 iterations until
the standard deviation of each parameter was half of its
mean – among all particles. This criterion was adopted to
assure that particles were close to each other to avoid
generating significant difference in the results.

Mann-Whitney U-test was applied to check whether
there were differences in the distribution between
observed and predicted data. Linear regressions were
performed between the observed and predicted data, and
the dr index, presented by Willmott [21], was used to
validate the model and to analyze its performance, based
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on:
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∑
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∑
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|Pi −Oi|

−1, otherwise

(9)

Where

•Pi is the i-th predicted data;
•Oi is the i-th observed data;
•O is the mean of the observed data;
•n = 70 for this study.

Then, the performance coefficient [22] is given by:

PI = r ·dr (10)

Where r is the Pearson correlation coefficient.

3 Results and Discussion

Parameters determined by the PSO method in equations
(1-7) and their respective standard deviations were: α1 =
0.6223 ± 0.0155, α2 = 0.0198 ± 0.0120, β = 0.1171 ±
0.0035, γ = 0.0536 ± 0.0010, δ = 0.0492 ± 0.0023 and
K = 67.5633 ± 12.4460.

Based on these values, it was possible to use the model
to estimate significant SARS-CoV-2-related numbers with
their respective standard deviations: mortality rate (100 ·
δ ) reached 4.92 ± 0.27, recovery rate (100 · (1− δ )) was
95.08 ± 0.27, incubation period (β−1) comprised 8.54 ±
0.03 days, the infectious period (γ−1) encompassed 18.65
± 0.04 days, basic reproduction number before lockdown

(R
(1)
0 = α1 ·γ

−1) was 11.60 ± 0.26 and basic reproduction

number after lockdown (R
(2)
0 = α2 ·γ

−1) was 0.37 ± 0.03.

The model also suggests that on February 15th, 2020 there
were 67 ±12 infected individuals in the incubation period.
For those parameters, the SEIRD model was adopted and
graphics of functions I(t), R(t) and D(t) are shown in Fig.
2.

Similar and linear (Fig. 4) distribution of real and
predicted data about infected, recovered and dead
individuals (U = 2309, p = 0.5582, r = 0.9964; U =
1998, p = 0.0599, r = 0.9960;
U = 2003, p = 0.0622, r = 0.9956, respectively)
throughout the 70 days was used to estimate the evaluated
parameters. Dispersion measures of estimated data are
available in Table 1. Results of Willmott index and
performance coefficient (dr = 0.9892, PI = 0.9856;
dr = 0.9815, PI = 0.9776; dr = 0.9806, PI = 0.9762 for
the infected, recovered and dead, respectively) have
asserted the model’s great performance (PI > 0.75, [22]).

Fig. 2: Predicted and Real data about the number of infected,

recovered and dead individuals for 70 days

Estimated parameters were used to predict the
following 30 days (Fig. 3); the distribution of predicted
and real data throughout 100 days was also similar and
linear (Fig. 5) among infected, recovered and dead
individuals
(U = 4785, p = 0.6002, r = 0.9965; U = 4859, p =
0.7314, r = 0.9960; U = 4902, p = 0.8116, r = 0.9955)
respectively. The model has also shown great
performance in this case (dr = 0.9816, PI = 0.9780;
dr = 0.9636, PI = 0.9598; dr = 0.9588, PI = 0.9545 for
the infected, recovered and dead individuals,
respectively).

Fig. 3: Predicted and Real data about the number of infected,

recovered and dead individuals for 100 days

Our model has accurately estimated data about
SARS-CoV-2 infected, dead and recovered individuals in
Germany. The distribution of the estimated data was
similar to that of the real data and presented high
validation rate. The herein estimated parameters were
compatible to data provided by the World Health
Organization, as well as by other studies on the novel
coronavirus (Table 1).

On April 19th [25], the German Government started a
mass testing to enable finding the exact number of
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Table 1: Information about recent studies using modeling for SARS-CoV-2 in the literature

Local Incubation Period Infectious period Lethality rate Method

Germany [this study] 8.54 days 18.54 days 4.92% SEIRD + PSO

China/WHO(1) [23] 1-14 days 14-42 days 3.80% Observed data

U.S. [14] 2.56 days 17.82 days 0.56% SEIRD

Italy [24] 3.77 days 0.5−58.82 days 3.80% SEIR+PSO

Spain [24] 1.06 days 6.41−22.73 days 4.60% SEIR+PSO

South Korea [24] 0.50 days 20 days 7.80% SEIR+PSO

(1) Data from China considered the current refence by WHO.

Fig. 4: Regression line between observed and predicted data for Infected (a), Recovered (b) and Death (c) for 70 days

Fig. 5: Regression line between observed and predicted data for Infected (a), Recovered (b) and Death (c) for 100 days

asymptomatic individuals. This approach increased the
number of recovered patients from that date on; these
patients did not join the group of infected individuals and
made the predicted number of recovered individuals
relatively smaller than the actual number. There was also
difference in the number of deaths due to the speed at
which the tests were carried out.

Recent studies have used the data available in the
global literature on the novel coronavirus in different
modelling approaches to help better understand the viral

dissemination and its consequences in several countries.
However, no SEIRD-PSO method had yet been applied in
Germany [26,27,28,29,30] to predict the evolution of the
novel coronavirus epidemic curve.

In this paper, the SEIRD model based on the use of
the PSO method as parameter estimator was effective in
predicting the number of infected and dead individuals, as
well as in indicating important features of the epidemic
behavior of the novel coronavirus on a specific
population. The relative simplicity of the SEIRD model -
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when it comes to the need of preliminary data such as
number of infected, recovered and dead individuals, and
to determining its parameters - turns it into a good
modelling option to follow the evolution of the disease
outbreak in a shorter period-of-time due to its significant
accuracy. This simplicity in association with the low
computational cost of the PSO method and its
effectiveness (evidenced in the current study) makes the
herein presented model highly recommended.

Table 2: Nomenclature

Symbol

α transmission rate

β−1 incubation period (days)

γ−1 inverse of the infection period (days)

δ mortality rate

K number of infected at February 15th, 2020

N total population of Germany

S number of susceptibles

E number of exposed

I number of infected

R number of recovered

D number of deaths

f change in α parameter after the incubation period

g reduction by 70% in the number of susceptible individuals

dr Willmott index

Pi i-th predicted data

Oi i-th observed data

O mean of observed data

n data size
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