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The control of the Covid-19 epidemic spread is highly complicated by the long gap intercurring 
between the time of infection and the time when symptoms become observable, and also by 

the significant percentage of asymptomatic infectious individuals in the population. These specific 
features of Covid-19 clearly complicate the application of Susceptible-Infectious-Recovered 
(SIR) epidemiological models, since observed data inevitably refer only to a portion of the whole 
set of individuals actually involved into the epidemic. 
To overcome this complexity, a robust machine learning approach based on particle swarm 
optimization has been proposed by the present author [1,2] to identify the time-dependent 
parameters of an enhanced Susceptible-Infectious-Recovered (SIR) epidemiological model 
accounting for asymptomatic (infected and recovered) and dead compartments based on the 
available observed data on infectious, recovered and dead compartments published on open 
databases. The initial number of susceptible individuals was also considered as a parameter to 
be identified. 
The application of this computational approach to the Italian regions of Lombardy, Reggio Emilia, 
Valle d’Aosta, and Veneto during the so-called Italian lockdown shows that it is feasible to predict 
the numerosity of the individuals belonging to all the compartments, also those that cannot be 
accurately assessed over time by sampling the population using a finite extent of medical swabs. 
Results highlight that, at the end of the Italian lockdown, the number of susceptible individuals 
involved in the epidemic was expected to be around 10% of the population for Lombardy, 16% for 
Reggio Emilia, 18% for Veneto, and 40% for Valle d’Aosta. Such percentages implied significant 
risks after releasing lockdown measures, as happened in Autumn 2020.
At present, the exploitation of the proposed methodology is still timely, since it would support 
strategic decisions for the plan and allocation of intensive care hospital units. 
Keywords: Covid-19 epidemic, assessing asymptomatic infected individuals, machine learning, 
SIR compartments, data analysis. 

10.51219/virologyforum.2020.23.MarcoPaggi



International E-Conference on

December 07-08, 2020 | Virtual Event

VIROLOGY, 
INFECTIOUS DISEASES AND COVID-19

Page 24ISBN: 978-1-8382915-5-6

References 
1. Paggi, M. An Analysis of the Italian Lockdown in Retrospective Using Particle Swarm 

Optimization in Machine Learning Applied to an Epidemiological Model, Physics, 2020, 2, 
368-382, doi:10.3390/physics2030020 

2. Paggi, M. Simulation of Covid-19 epidemic evolution: are compartmental models really 
predictive?, arXiv, 2020, 2004.08207, q-bio.PE, https://arxiv.org/abs/2004.08207

Biography:
Marco Paggi is Full Professor of Computational Mechanics at IMT School for Advanced Studies Lucca, Italy. His research 
interests focus on modelling and simulation of complex systems and on the development of numerical methods for the solution 
of coupled problems, with special regard to reaction-diffusion systems. He is Fellow of the Young Academy of Europe since 2014, 
Alexander von Humboldt Alumno since 2011, and he has been recipient of two research grants from the European Research 
Council (ERC Starting Grant “CA2PVM” and ERC Proof of Concept “PHYSIC”).


