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Spread of COVID-19: the new challenge
The importance of quantifying the emergence of new cases

One of the major difficulties is the early detection
of cases.
Crucial feature: an asymptomatic phase, where
the individual is infectious but presents mild or no
symptoms.

This phase can last up to 14 days!

How to predict local contagion?

Motivation:

Markovian framework that includes real data:
spatial distribution of populations
commuting mobility patterns

Both data can be compiled from census data.
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Motivation
Nature Phys. 14, 391–395 (2018)

Metapopulation substrate

i = 1, . . . , N patches populated by ni
individuals.

Each individual i is associated to its
residence i.

With probability pd, it moves from i to
some patch j.

The patch j is chosen proportionally to

Rij =

weight︷︸︸︷
Wij

∑l Wil
.

And then they go back to their homes.

SIR/S dynamics with recurrent mobility

ρi is the fraction of infected individuals that live in i.

The time evolution is given by Markovian equations:

ρi(t + 1) =

does not recover︷ ︸︸ ︷
(1− µ) ρi(t) + [1− ρi(t)]︸ ︷︷ ︸

susceptibles

prob. of
being infected︷ ︸︸ ︷

Πi(t) ,

where
Πi(t) = (1− pd)Pi(t) + pd ∑

j
RijPj(t)

and

Pi(t) = 1−
N

∏
j=1

[
1− λρj(t)

]nj→i
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Motivation

LETTERS NATURE PHYSICS
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J. Gómez-Gardeñes, D. Soriano-Paños and A. Arenas. Nature Phys. 14, 391–395 (2018)
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Map of propagation risk of COVID-19 by local
contact in Spain

https://covid-19-risk.github.io/map

https://covid-19-risk.github.io/map
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The SEAIR model with human mobility
Susceptible-Exposed-Asymptomatic-Infected-Recovered

SARS-COV-2 data: ∗

β: infection probability of A and I agents

η + α: (Latent period)−1 + (Asymptomatic
period)−1

α: symptoms onset probability

γ: hospitalization probability

µ: recovery probability

Demographic and human behavior data:

p: degree of mobility

〈k〉: average number of contacts
PLoS Medicine 5, 0381 (2008)

Rij: recurrent mobility rate between municipalities
i and j

ni: population of municipality i

si: surface area of municipality i

Nat. Phys. 14 391, (2018)

∗– M. Chinazzi, et al., medRxiv p. 2020.02.09.20021261 (2020).
– V. E. Pitzer, G. M. Leung, and M. Lipsitch, American Journal of Epidemiology 166, 355 (2007), ISSN 0002-9262
– Q. Li, et al., New England Journal of Medicine (2020), ISSN 0028-4793
– L. Danon, E. Brooks-Pollock, M. Bailey, and M. J. Keeling, medRxiv p. 2020.02.12.20022566 (2020).
– J. M. Read, J. R. Bridgen, D. A. Cummings, A. Ho, and C. P. Jewell, medRxiv p. 2020.01.23.20018549 (2020).
– J. Mossong, et al., PLoS Medicine 5, 0381 (2008), ISSN 15491277.
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The SEAIR model with human mobility

Markovian formalism for the model

By having the reported cases for each municipality as seeds, the model is evolved.

For each municipality: fraction of the population estimated to have been infected by local contact.

The number of contacts is tuned to take into account the density of individuals living in a given
municipality.∗

https://covid-19-risk.github.io/map

∗H. Hu, K. Nigmatulina, and P. Eckhoff, Mathematical Biosciences 244, 125 (2013), ISSN 0025-5564
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https://covid-19-risk.github.io/map
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http://bit.ly/coronaLa1
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Also for Brazil and Portugal!

https://covid-19-risk.github.io/map
with Silvio C. Ferreira (UFV), Nuno Araújo (U Lisboa), Hygor P. Melo (U Lisboa)
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Testing different epidemic containment
scenarios
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Urban demography + age strata + age-structured contact patterns + daily recurrent
mobility flows

Sg Eg

Susceptible
Healthy, can get infected

Exposed
Infected but not 

yet infectious

Ag

Asymptomatic
Infected and infectious

but displaying no 
or mild symptoms

Ig

Infected
Infected and infectious,
displaying symptoms

Rg

Hg

Hospitalized
Requires ICU hospitalization

Dg

Recovered
No longer infectious, 

develops immunity

�A, �I
�g

μg�g

μg(1-�g)

(1-�g)�g

�g�g

�g

Deceased

Cgh{Ah, Ih}
A Susceptible individual becomes 

Exposed upon contact with Asymptomatic 
or Infected agents, according to the 

contact matrix C.
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The model
medRxiv 2020.04.06.20054320 | medRxiv 2020.03.21.20040022
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The model
medRxiv 2020.04.06.20054320 | medRxiv 2020.03.21.20040022
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The results
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The results

Overall, the total number of infectious seeds is 47 individuals which represents 0.2% of the number of cases
reported by March 20, 2020.
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Imposing mobility restrictions

We isolate a fraction κ0 of the adult population.

κ0 = 1 reflects a total lockdown.

That way, the average numbers of contacts are:

〈kY
c 〉 = 〈kO

c 〉 = σ− 1 ,

〈kM
c 〉 = κ0 (σ− 1) + (1− κ0)〈kM〉 ,

where σ is the average household size.

Applying the containment at time tc, we have

〈kg〉(t) = [1−Θ(t− tc)] 〈kg〉+ Θ(t− tc) 〈kg
c 〉,

and
pg(t) = [1− κ0 Θ(t− tc)] pg

Young and elderly people stay at home

We also introduce a permeability factor φ.

Some of the original equations are modified:

ρ
S,g
i (t + 1) = ρ

S,g
i (t)

[
1− δt,tc (1− φ) κ0 CH i(tc)

] [
1−Πg

i (t)
]

,

ρ
E,g
i (t + 1) = ρ

S,g
i (t)

[
1− δt,tc (1− φ) κ0 CH i(tc)

]
Πg

i (t) + (1− ηg) ρ
E,g
i (t) ,

ρ
CH ,g
i (t) = ρ

S,g
i (tc) (1− φ) κ0 CH i(tc)Θ(t− tc)

A new compartment CH quantifies the probability of one
individual living in a household without any infected one:

CH i(tc) =

{
1
ni

NG

∑
g=1

[
ρ

S,g
i (tc) + ρ

R,g
i (tc)

]
ng

i

}σ

.

The contacts will also be time-dependent.

Pg
i (t) = 1−

NG

∏
h=1

NP

∏
j=1

(1− βA)
zg(t) 〈kg〉(t) f

(
ñi(t)

si

)
Cgh

nA,h
j→i(t)

ñh
i (t) (1− βI)

zg(t) 〈kg〉(t) f
(

ñi(t)
si

)
Cgh

ν nI,h
j→i(t)

ñh
i (t) ,

where ν is a isolation factor that reduces the infectiousness of symptomatic agents
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Number of cases and ICU occupation in Spain
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Left: H+R+D versus real cases reported. Right: number of patients predicted in compartment H and real ICU
occupation.

κ0 ∈ [0.6, 0.8], φ ∈ [0.2, 0.4].
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Effective reproduction number R: from bending the curve to flattening it

By using this formalism, we can analytically relate the reduction of mobility and confinement measures
with the reproductive ratio R.

Definition: R(t) is the number of secondary cases that an individual, becoming infectious at time t, will
produce over time.

The result takes into account the epidemiological characteristics of the disease along with the social,
demographic and mobility patterns.
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Spatial distribution of the effective reproduction number of adult population

(κ0, φ) = (0.70, 0.20)
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Stochastic version of the model: Brazil
with Silvio C. Ferreira (UFV) and Guilherme H. Costa (UFV)
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Brazil: a huge country

Brazil is not well represented by a single patch.

IBGE + ANAC data
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Applying the model

We can study the effect of changing the mobility by M, and the contacts by K (social distance).

As expected, the social distancing is the most effective measure against the spreading.

Of course, we have a problem with under reporting of the cases.
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The spreading from big cities to the smaller ones

The spreading behaves differently across different cities!

While the “peak” happens first at the capital cities, we can have dramatically different behaviors in other
cities.
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Resources:

Brazil data and COVID-19 APS Collection
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Collecting and sharing the data at level of municipalities - Brazil
Open access data with time and municipality resolution: https://github.com/wcota/covid19br

It is difficult to have data at municipality level in Brazil.

The official platform only gives reports by states.

Solution: read the states reports!

https://covid19br.wcota.me
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Coronavirus (COVID-19) Collection - American Physical Society (APS)

https://journals.aps.org/collections/covid19
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Coronavirus (COVID-19) Collection - American Physical Society (APS)

https://journals.aps.org/collections/covid19
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Thanks!
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