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Epidemic modeling

“I simply wish that, in a matter which so closely concerns the wellbeing of
the human race, no decision shall be made without all the knowledge which
a little analysis and calculation can provide”

Daniel Bernoulli ~1760

Confemed cases ul MERE-CoV in hz Republic ¢f Kurza aind China

Reportod tc WHD asof 20 1 2018 (n='85)
HURRICANE CENTRAL
- HURRICANE SANDY

— -~ Paoriania

[ THRU: FRI__ 1:00PM €T [FEfalo Bat encie,
Pltt!.h-,llgnf'('ﬂ‘b\("_‘”'
Baltimore <

P N

&1 LA o
34 . . e D i T
- 52 2 A iipfiimverprxienammeily NSRS
c 7 o e s e v R . e chs T . ,
§ 94 - Uk 1 \
g0 I
' f ot
¥ w1 b,
s ¥4
g4
] I
4 I Eiami
Dy O Lnaet :
“w
# 0 3

BERMUOR

T2 MOBS LAE




Within school contact
patterns
(@Sociopatterns)

Multiscale integration Hubs, community,
of mobility networks in clustering, heavy
the analysis of tails, ...
potentially pandemic

pathogens spread.
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Big Data

Big data narrative, fourth
paradigm etc.

Large number of pitfalls:
- no dynamical understanding

- black box (algorithmic issues)

- See Hosni, Vulpiani, Philosophy
&Technology (2017) MUST READ!

Create new products and experiences.
All with predictive analytics.
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New data (big, or small)

* The focus iIs on understanding these data sets In
a scientific sense and more deeply the real world
processes which produced the data (Theory)

- Mechanistic approach
- Effective equations
* Initial conditions

* Model’s calibration
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A MULTIDISCIPLINARY APPROACH T0 EPTOEMIC ANALY SIS

[

MODELING

Elaburale stuchaslic infeclivus-diswase models Lo
support 2 wide range of epidemiological studiss,
covering different types ot intections and intarvention
scenarios.

3

COMPUTATIONAL THINKING

The computer is the laboratory. Modcls run on high
performance compulers o creals in-silico expsrimsnls
that would be hardly feasible in real systams, to guide
our understanding of typical non-linaar hehavior end
tipping points of 2pidemic phanomena.

22 MO
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REAL-WORLD DATA

Real-world dala un populalion and mubility nelworks
are integrated in structured spatial epidemic models
to generate data-driven simulations of the worldwide
spread of infectiou3 diseasss.

)4

TOOLS DEVELOPMENT

Compulational luols help in modeling Lhe spread ol @
disease, understanding observed epidemic patterns,
and studying the cffcctivencss of diffcrent Intervention
slralegiss. These louls are available o resezrchers,
hea'thcare professionals, and palicy makers.

BS LAE



CUMULATIVE NIV TRAVMTIONS AT THE DND OF THE SIMLLAION
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http://WWW.GLEAMVIZ.ORG

Stochastic Inter population dynamics
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Multiple schemes for the stochastic intra-population
contagion dynamic
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Applications Research & Development

SARS Epidemic (retrospective)  Predictability limits/frameworks
2009 H1N1pdm (Ebola synthetic challenge)

2014 West Africa Ebola Epidemic

* Synthetic contact matrices

» Forecasting Mechanistic approach
with the help of novel data streams.

Zika epidemic in Latina America

CDC yearly challenge since 2012

This work has been in collaboration
with the CIDID, MIDAS network and a
number of national and International
Institution.
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Spatial stochastic individual based model

Zhang et al. PNAS 2017 ; doi:10.1073/pnas.1620161114

*Introduce explicitly the coupling of
traveling patterns (case importation and
colonization) on the disease progression

*Introduce seasonal drivers of Mosquito
transmission in the epidemic dynamic.

*Introduce effect of socio-economic drivers

*Interplay of traveling pattern, outbreak
initial conditions, disease dynamic and
seasonal driving in defining the epidemic
progression at the regional level.




Model structure

Explicit modeling of Mosquitoes abundance
airline traffic national/ + local climate drivers +
international + socio-economic
commuting patterns indicators

and local mobility

DATA LAYERS

Mosquito

Abundance + « N - +
Mosquito

Presence e

—> renv — GECON
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Dynamic stochastic
model providing time
evolution of the
epidemic

HUMAN - MOSQUITO
DISEASE DYNAMIC




e 3
oday's High Temperatures Valid: Jun 022017, 12:00 PM (UTC)

-40 -20 0
-40 -30 -20

20 40 60 80
EEEEEEEEEEEEEETE i <
-10 0 10 20 30 v




Model resolution

25 km x 25 km within census areas in all the Americas.
A few quantities can be projected up to 1Tkm x 1 km
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EPIDEMIC DYNAI\/IICS
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Epidemiological explanations: Monte-Carlo analysis of
ZIKAV introduction in the Americas
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Model provides posterior distributions
for the place and date of introduction in
Brazil in good agreement with
Phylogenetic analysis




Epidemic declining in 2017
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Number of infections

Miack Fate and Microczphaly Caszs, Model Frojection (Med an with 25%Cl)

P : < 4 Microcephaly Cases? Microce haI'Casos*E Microcephal, Casus*.
Dale of Projection — Attack Rate % Date of Projection o o i nester isk) | (2.19°% fret Himester nax) | (4.5 % fest beste by
By Feb 01,2016 - 433|273-083) By Feb. 01, 2016 0|0-4]| : o|c-10] 110-20]
By~eh 28,2017  119[105-135] By Dec. 10, 2017 219[194-243]  504[447-572]  1041[922-7180]

TEctimates ‘or microsepkaly casec ar2 baced onrck caleulat on provided in Michazl &, Johansson et al, e =ncland Joumal of Madicine (2015); Cauchamez e1 3, The Lancet 387,
2126-213¢2 (2018) Estmates may chanqe as new andvor more precise rek mutipliers wil ke availatlz

*The inzcdence praf [» is the med 2n incidence calculated syza waek fram the stochastiz ensamble autpat of the mode! and it mary nat ke representative of specific eppdemiz real 22tions

Colombia

:tack Rate and Micocephaly Cases, Madel Prajection (Medizn with 95%Cl)

i 5 , - Microcephaly Cases* ~ Microcephaly Casae? - Microcephaly Cases*
Date of Projection  Attack Rate % Date Cf Projection oo esr ick) | (215.% frat eser k) | (459 b risk)
By Feb. 01,2016  1.93[0.02-6.83] By Feb.01,2016 ofo-0] 0[0-0] : o[c-0]
ByFeb. 28,2017  19.5[13.3-27.6] ByDec.10,2017 - 19[13-26] 43[28-60] = 8&[60-124]

*Estima‘es far m crcephaly casss are based on nisk caleu afion psevided in Mizhael A. Johansser =t 2l New England Jourr2l of Medicine (200116) Cauchemes =t 2l The Lancet 207,
2125-2132 (2016) Estmetes may chenge 83 new and/or more precaze nsk multizrs will be ever able,

~Thzingidzce profik is the mzadian incidence caloutated zach aeed rom the stodast ¢ asenbe cutput of the mode and it may rot be raprasentative o specifiz epidemic reaizatiors,

Puerto Rico
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Risk of local transmission in the US
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Large-scale numerical From raw data to actionable
simulations summary tables

About 15 million runs (overall) Hundred of TB of data

More than 1M instances analyzed

deployed Each scenario up to more

About 125 years of than 10 TB of raw data

computational time



Each large-scale numerical
simulations is a single instance
of a stochastic process.

Thousands (or more) of runs
to extract statistical patterns

The finer the scale, the larger
the required number of
realizations

Real time requirement

Calibration on real data is
executed via MCL or MCMC
scanning high dimensional
parameters space

Millions (or more) of single
realizations exploring the
level of match with real
data.

Real time requirement



Real-time analysis of large-scale/highly
detailed models requires increasing amount
of computational resources.

Supercomputing culture must be more and
more a key component of the pandemic
modeling and analysis research.

Interdisciplinary endeavor not possible
without the contribution of the HPC



