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Immediate questions from epidemics

• How many cases should I expect?
• What’s the mortality rate?
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…not so much, but as fundamental

• What makes a disease “worst” than others?
• What is the role of agents’ interactions?
• Does it confers permanent, partial or no immunity at 

all?
• Does sociodemographics matter?
• What about mobility?
• Climate?
• …



Case example: SARS  x  Influenza

• Both are respiratory diseases
• Both transmitted by shared environment (airborne and 

direct contact with surface deposition)
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SARS
• Accumelated number of probable cases, from 2002-09-01 to 2003-07-31: 8096 worldwide

WHO, Global Alert and Response (GAR) - http://www.who.int/csr/sars/country/table2004_04_21/en/index.html

Influenza
• More than 20000 positive samples worldwide in the first week of 2015 alone

WHO, FluNet, GISRS. www.who.int/flunet

• More than 9500 positive samples during the year of 2016 in Brazil from SARI data alone.
SINAN, InfluenzaWeb, InfoGripe. info.gripe.fiocruz.br

http://www.who.int/flunet
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Outbreaks and the basic reproductive number, R0

R0: average number of secundary cases from a single 
infective in a fully susceptible population.
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R0: average number of secundary cases from a single 
infective in a fully susceptible population.

Outbreaks and the basic reproductive number, R0
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Example: Zika and Dengue outbreaks in Rio de Janeiro

R0 [95% CI]

Zika 2.33[1.97-2.97]

Dengue 2002 1.70 [1.50-2.02]

Dengue 2012 1.25[1.18-1.36]

Zika u/ DEN2002 2.45[1.57-3.65]

Zika u/ DEN2012 1.82[1.19-2.68]

Zika in Rio de Janeiro: Assessment of basic reproduction number and comparison with 
dengue outbreaks. Epidemiol. Infect., doi:10.1017/S0950268817000358



IX Encontro de Física e Astronomia da UFSC – marcelo.gomes@fiocruz.br

Compartimental models
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Compartimental models
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Mathematical representation

 

 

(Legrand, 2004)
(Kermack & McKendrick, 
1927)

- Deterministic:
System of differential 
equations

- Stochastic:
Transition rates
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Mathematical representation

 

(Kermack & McKendrick, 
1927)

 

Characteristic times following 
an exponential distribution → 
homogeneous transition rate

Characteristic times with 
explicit distributions → integro-
differential system

For an SIR model without “vital 
dynamics”, the epidemic threshold 
does not depend on the 
distribution, only on its mean
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(Gomes & Gonçalves, 2009)
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(Gonçalves, Abramson, Gomes, 
2011)

Modelo SIRS com 
distribuições 
explícitas para o 
período de 
infecção e período 
de imunidade



Sociodemographic aspects



IX Encontro de Física e Astronomia da UFSC – marcelo.gomes@fiocruz.br

Sociodemographics

• Age distribution
• Household composition ("family" structure)

• Educational structure (age-dependent levels, frequency)

• Workplace structure (number and age of workers distribution)
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Fumanelli et al,
PLoS Comput. Biol., 2012

Mistry et al.,
Nature Communications, 
2021.

Interactions at workplaces, 
educational centers, leisure 
areas, household, ..., can 
define transmission settings.

Each of those settings can 
have especific characteristics 
that confers particular 
interaction rates that can 
enhance or hinder 
transmission.

All of that can be modelled 
mathematically.

Agent interactions
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Sinthetic populations
Argentina:
Population in 2000 ~ 
35mi.
23 provinces
Census data: INDEC

Brazil:
Population em 2000 ~ 
168mi.
27 states
Census data: IBGE

Mexico:
Population in 2005 ~ 
100mi.
33 states
Census data: INEGI

USA
Population in 2010 ~ 200mi.
51 states
Census data: 
AmericanFactFinder



Age distribution Average Occupation
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Age distribution Average Occupation





R0

Attack rate 
(%)
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R0 = 1.4 for Europe



Mobility
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Mobility
Household

Workplace/
StudyLeisure

Pathogen
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Mobility
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Municipality
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Mobility
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Metapopulation network



IX Encontro de Física e Astronomia da UFSC – marcelo.gomes@fiocruz.br

With memory for 
short distance, no 
actual transfer.
E.g. GLEAM

Metapopulation network

www.gleamviz.org
www.pnas.org/cgi/doi/10.1073/pnas.0906910106
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With transfer.
E.g. Rvachev-
Longini model

Metapopulation network

Rvachev L A and Longini I M, 1985 Math. Biosci. 75 3

http://www.gleamviz.org/
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Propagation routes
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Estimation of the 
infection peak 
occurence in idfferent 
countries

Tizzoni, 2012, 
BMC Med.

Propagation routes
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Brockmann & Helbing, 2013, 
Science

Geographic distance x Network distance

Propagation routes
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Geographic distance x Network distance: arrival 
time

Propagation routes

- Gautreau, A., Barrat, A., & Barthélemy, M. (2008). Global disease spread: Statistics and estimation 
of arrival times. Journal of Theoretical Biology, 251(3), 509–522. doi:10.1016/j.jtbi.2007.12.001

- Iannelli, F., Koher, A., Brockmann, D., Hövel, P., & Sokolov, I. M. (2017). Effective distances for 
epidemics spreading on complex networks. Physical Review E, 95(1). 
doi:10.1103/physreve.95.012313 

Key facts:
- mobility based on  Rvachev-Longini model;
- SI or SIR epidemiological models.
- assumes that seeding events take place during exponential growth 
at seeder. That is: I(t) ~ I0eλt
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Gomes et al. 2014, Plos 
Currents Outbreaks
www.mobs-lab.org/ebola

Ebola – real time projections/2014
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SARS-CoV-2 introduction in Brazil
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Exposure
Estimates published on march 23 and 
25, using just SP and RJ as local 
sources
http://bit.ly/mave-covid19-relatorio2

Medrxiv:
https://doi.org/
10.1101/2020.03.19.20039131

Plos One:
Assessing the spread of COVID-19 in 
Brazil: Mobility, morbidity and social 
vulnerability
https://doi.org/10.1371/
journal.pone.0238214
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Official data as of 2020-09-22

https://bigdata-covid19.icict.fiocruz.br/

2020-03-10

2020-03-28
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Time to invasion

Estimates published on March 23 and 25.
http://bit.ly/mave-covid19-relatorio2
Medrxiv: https://doi.org/10.1101/2020.03.19.20039131
Plos One: Assessing the spread of COVID-19 in Brazil: Mobility, morbidity and 
social vulnerability
https://doi.org/10.1371/journal.pone.0238214
Por município: https://bit.ly/mave-covid19-estados2020-04-01
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Interiorization
Estimates published on April 01, 2020.
Country: https://bit.ly/mave-covid19-relatorio3-20200401
States:https://bit.ly/mave-covid19-estados2020-04-01
”Estimativa de risco de espalhamento da COVID-19 nos estados 
brasileiros e avaliação da vulnerabilidade socioeconômica nos 
municípios.”
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Interiorization
Metapopulation modeling of COVID-19 advancing into the countryside: an analysis of mitigation strategies for Brazil
medRxiv 2020.05.06.20093492; doi: https://doi.org/10.1101/2020.05.06.20093492

http://bit.ly/mave-covid19-relatorio2
https://doi.org/10.1101/2020.03.19.20039131
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Interiorization
Metapopulation modeling of COVID-19 advancing into the countryside: an analysis of mitigation strategies for Brazil
medRxiv 2020.05.06.20093492; doi: https://doi.org/10.1101/2020.05.06.20093492

https://bit.ly/mave-covid19-relatorio3-20200401
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Interstate flow and case importation 
probability

Lana, 2017, PLOS Neglected 
Tropical Diseases

Dengue introduction and establishment in Acre, 2001-2012
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Instrinsic infectious period

Average daily flow from state i, on month m

Number of dengue cases in state i, on month m

Case importation prob. on month m

Case importation prob. at year Y.

Interstate flow and case importation 
probability

Dengue introduction and establishment in Acre, 2001-2012
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