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Salvador Amigó. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

New solution for automatic and real time detection of railroad switch fail-
ures and diagnosis, by Jorge del Pozo, Laura Andrés, Rafael Femeńıa and Laura Rubio. . . . . . . . . .8
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(�) Instituto Universitario de Matemática Multidisciplinar,
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(�) Department of Anatomy and Human Embryology.
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1 Introduction
COVID-19, a disease caused by the novel coronavirus SARS-CoV-2, has become a global pan-
demic with huge incidence in public health. The first outbreak happened at the end of Decem-
ber in Wuhan, China. Since then, more than two hundred countries have been affected with
near four million cases worldwide [2]. The symptoms of the disease cover a broad number of
possibilities, from asymptomatic patients to multiple organ failure [1]. The high number of
asymptomatic patients, together with the novelty of the disease, have made possible the fast
expansion of the virus [3].

In this work, a mathematical model describing the transmission dynamics of COVID-19 is
presented. It is based on a modified SEIR model, with the aim at reproducing the evolution of
the hospitalization pressure. Also quarantine actions have been taken into account in order to
study the effect of the confinement in the spread of the disease.

Regarding to COVID-19, a person may be in different states described below and shown
graphically in Figure 1 and described mathematically by the equation system (1).

• Susceptible (S): when the person has not the disease and has not passed though it.

• Lockdown (Q): when the individual is in lockdown due to public health policies.

• Latent or exposed (L): when the person has the disease, but he/she is not capable of
infect other people.

• Infectious (I): when the person has the disease and he/she can infect other people with
SARS-CoV-2.

1e-mail: damarro3@upv.es
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• Recovered (R): when the person has passed through the disease and did not need
hospital treatment.

• Hospitalized (H): when the person is passing the disease and needs hospital treatment.

• Intensive care unit (U): when the person is passing the disease and needs intensive
care unit (ICU) treatment.

• Deceased (F): when the person dies because of SARS-CoV-2.

• After ICU (HU): when a person moves from ICU to other non-ICU department inside
the hospital once the disease has improved.

• Discharged (A): when the person is discharged from hospital.
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Figure 1: Diagram with the different states considered in the COVID-19 SEIR model. Arrows
describe the movement from one state to another.

S(t + 1) = S(t) + qs(t) − sq(t) − β(t)S(t) I(t)
PT

,

Q(t + 1) = Q(t) + sq(t) − qs(t),
L(t + 1) = L(t) + β(t)S(t) I(t)

PT
− liL(t),

I(t + 1) = I(t) + liL(t) − (ir(t) + ih(t) + iu(t))I(t),
H(t + 1) = H(t) + ih(t)I(t) − (hu(t) + hf (t) + ha(t))H(t),
U(t + 1) = U(t) + iu(t)I(t) + hu(t)H(t) − (uf (t) + uhu(t))U(t),
HU(t + 1) = HU(t) + uhu(t)U(t) − hua(t)HU(t),
A(t + 1) = A(t) + ha(t)H(t) + hua(t)HU(t),
F (t + 1) = F (t) + hf (t)H(t) + uf (t)U(t),
R(t + 1) = R(t) + ir(t)I(t).

(1)

2 Results and discussion
Once the model has been presented, it has been calibrated using NS algorithm [4] with data
obtained from the Hospital Universitario Virgen de las Nieves in Granada (Spain) [5]. The
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province of Granada has 921511 inhabitants, and we consider this value as constant during the
simulation time. Our simulations begins on 5 March 2020. The calibrated model and the data
used for calibration and validation are shown in Figure 2.

Figure 2: COVID-19 SEIR model calibration and validation for (A) Hospitalizations at ward,
(B) Intensive Care Unit and (C) Deceases. The red points on the left of the vertical line of the
graphics are used to calibrate the model and the red points on the right of the vertical line of
the graphics are used to validate the model.

Assuming that the behaviour of the disease in the future is similar to the behaviour of
the disease in the past, some scenarios are simulated in order to study different public health
policies that might reduce the infections in future outbreaks of COVID-19. For the simulation,
when required, we include that the exit of the quarantine is done gradually during 4 weeks on
which every week 25% of people return to normal life.

The β may be modified taking into account: (i) measures avoiding social contacts: home-
working, avoiding meetings, safe distancing, room ventilation, limiting the capacity of bars,
restaurants, hotels and public places, (ii) measures of protection (facemasks, hand washing),
response of the virus to the summer temperatures, the population immunity, etc.

Assuming an optimistic 10% viral β during 14 April – 2 September 2020, by the end of
summer the number of cases would be significantly reduced. However, SARS-CoV-2 β could
increase in autumn 2020 due to seasonality and other factors (schools reopening, etc.). On this
basis, we assessed the analysis considering 100%, 50% or 25% of β from autumn respect to the
rate registered before the quarantine.

The evolution of the pandemics depending on the β value are shown in Figure 3.
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Figure 3: COVID-19 SEIR model evolution depending on the β parameter. (A) Evolution with
100% of initial β, (B) evolution with 50% of initial β and (C) evolution with 25% of initial β.
Red arrows are used to point out the moment when more drastic public health measures must
be implemented.

3 Conclusions and future work
The modified SEIR model presented can be a useful tool for providing insight into the trans-
mission dynamics of SARS-CoV-2. We simulated mid-term scenarios varying the β after the
current quarantine. Those predictions would provide enough time to the health systems to
establish appropriate measures. The conclusions of this work suggest that social distancing,
together with measures that decrease the contagion will be needed in order to control the pan-
demics in the next autumn. It will be also important the monitoring of the evolution of the
disease in the health system in order to take more aggressive measures if the number of infected
people might collapse hospitals again.
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