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SENSITIVITY ANALYSIS IN ZIKA VIRUS DYNAMICS

SAQO PAULO SCHOOL OF ADVANCED SCIENCES ON

NONLINEAR DYNAI\/HCS

Sao Paulo, July 29th - August 9th, 2019

INTRODUCTION

= /lka virus: global widespread ana
connection with congenital diseases:

= 2016: Zika becomes a public health

emergency of iInternational concern;
= Main vector: Aedes mosquitoes;

=2> A validated model can reveal new
characteristics of the disease:

= Relations of model parameters are
also of Interest;

OBJECTIVE

&®Perform sensitivity analysis to compare the parameters' global effect

under different scenarios;

€ Develop a statistical

FIGURE 2 - SEIR-SEI model schematic [1].
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FIGURE 1 - Zika transmission representation.

framework using Bayesian
Polynomial Chaos Expansion to quantify epidemic model discrepancies:

COMPUTATIONAL MODEL

AND A MODEL DISCREPANCY APPROACH
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FIGURE 4 - Sobol' indices of the model.
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FIGURE 5 - Sobol' indices with ay constant.
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DISCREPANCY CALCULATION:
Suppose a data seD = (ty, y{™), (t2, y5™), ..., (tn, YN of measurwy of the
- The -th observation 1s given py
Inference and gl — M(x,t;) + e
N~ %/—/ N~
reality model error

Sargsyan, Najm and Ghanem's [4] novel approach to deal with the model discrepan-
cles Is to adopt a metamodel structure which lumps the error into the parameters

Y9 = M(Xcit), Xe= > Xa(t)®al(f),

o<l

DYNAMICAL SYSTEM:
I d.Sy

Iy

o Sy a0 Ne = Bud , — 95, whereX, coefficients are defined as random to be able to be identified by using
Bayesian Inference.

1B, I, dE, I

o =S — o By~ = BoSo = (au+6) By, BAYESIAN INFERENCE.

al, dl, o INnference problem become use data information to update the prior probability

T = “hEr = 7 = Qwhv—0ly, density func-tion(PDX,, defined for ~The solution corresponds posterior PDF:

dR dC ,

d—th:fﬂh, — = o By . From Bayes' rule,

+ Initial Conditions <D — p(’Z)‘Xa) p<Xa)
QUANTITIES OF INTEREST: FIGURE 3 - Observation operator schematic [2]. ,0( Oﬂ‘ ) o P(’D) '
. Cumulative cases of infectious: . : et L e
Clt) = [ ap By(r) dr mathematical . — P(Xa|D): Roste.:rlor dlS’[I‘lbl..l’[lon — P(Xq): p.rlor distribution
' parameters model quantitie — p(D|Xq): likelihood function — P(D): evidence
+ New cases per week — M To define a good point of start, the Maximum Entropy Principle Is applied
Nu=Cyp = Cyy, w=1...52, N1 = () x € R™ yr = M(x,1) yr € R to construct the most informative prior distribution.
| | N . | v’ Comparative results of global Sobol" Indices show how the lack of
The Hoeffding-Sobol" decomposition [3] for n /7d X; ~ U(0,1) gives some parameters can change the sensibility effect of the others:

Vi=Mo+ Yy Mi(X;) + ) M;i(X;, X;) +
1<i<n [<i<y<n
My =E[Y)], Mi(X;) =E[Yi|Xi|-My, M(X;, X)) =

Sobol’ Indices: interaction effect of inputs in u

o Myl

E|Yi|X;, X;] - Mo—M,;—M;.

v A framework for statistical inference exploring Polynomial Chaos to
measure the model discrepancies was presented:

In future works, the authors intend explore this new framework to
quantify model discrepancy and then improve its predictions;
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enables analytic computation of Sobol Indices:
Su=> va /Y va. Au={acA:
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