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Que es un modelo?

Que sabemos? Lo que pensamos que sabemos  Que pararia si?...

Observaciones = Nueva

Hipotesis , .,
informacion

Experiencia

Literatura

1Py
Notation Definition
No ASTICSF Infection b
Py Probability of ASF*/CSF" infection in the country of origin

P)) ASFICSF Infection Py
JPy

Non salectod o}

Table 2. D of input and p ilities used in th
ASF / CSF introduction into the US through legal imports of live pigs.

models for the release and exposure assessment of the risk of

Parametrization Source Values
Free countries: Pert (min,  Free- countries: S|
most likely, max) model results

Probability of selecting an ASF*/CSF® infected pig from country | Beta (ay, az) *NI=0u*To*Hp

c before the detection of the infection cay =Nl+1 + No = pig population
*ay = Ng-(NI+1) inc

Pert (min, most likely, max) * Outbreaks in

Number of ASF*/CSF” undetected outbreaks before official *Pert(1,1.28,6) T

{1-P,) Pig survi

28 0o siaughiehause

{P.) Imported pigs
destination farm

cuuion
T ASFICSF pig !

undetected during
uaranting

ASF/CSF introduction in the US by legal imports of pigs

Fig 1. Event tree of ASF /CSF introduction into the US by the legal imports of live pigs.

y54/0i.0rg/10.1371 fournal par 0.9001
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outbreaks in Europe
(cases/susceptible)
[14]

*[30)

et ammabiam

© Pert (0.05,0.4, 1)

notification Europe (2007-2016) | Pert(1,2,3)
{P,,) Pig selected lo be [14] — ~
7 exported to the US b-World outbreaks
(2006-2016) [14]

T, Average herd size in country ¢ Normal = N,/S, [24)
TP YT Ny Pig population in country ¢ Normal (0078, o) [14][24)
FaPo m’i‘;n e S, Number of pigs establishments in country ¢ [14]

H, Intra-herd prevalence "ASF/"CSF Pert (min, most likely, max) ™ Data from * Pert (0.05, 0.15, 0.32)

Risk Exposure to Products
440.005 - 536005
546005 1.50.003
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EVALUACION DEL RIESGO DE
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INTRODUCCION

Risk analysis

Hazard identification . Risk assessment Risk management

Risk communication

OIE 2021
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INTRODUCCION

A Food and Agriculture
Q% Organizatio% of the

United Nations

Technical guidelines

+ CO m p I ex on rapid risk assessment

for animal health threats

+ Information]

4+Cost

+Flexibility
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INTRODUCCION

Shopping Cart

@RISK

Save up to 32% or $2,491!

| 1 Industrial Edition Professional Edition>
Most Popular!

3 Years 2 Years 1 Year
$1,765 /yr $2,038 /yr $2,595 /yr
& $2,491 (32%) & $1,116 (22%)

N

All the benefits of the Professional Edition, PLUS:
Time-series functions that represent values which change over time
Fast simulation speeds with multiple, unlimited processors

RISKOptimizer for combining Monte Carlo simulation with optimization, for budgeting, resource allocation, scheduling, and more

CLOCCKL

Efficient Frontier analysis to determine the optimal return at a given level of risk
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OBJETIVO

Desarrollar una plataforma para
evaluacion de riesgo que permita un
analisis mas transparente y
reproducible
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HERRAMIENTAS

{QuantRRA} zh Sample distribution

{QuantRRA} is a package for rapid risk assessment developed for the statistical software R.
Fitting distributions
Installing QuantRRA

QuantRRA

© Model <

You can install QuantRRA development version from GitHub o L . .
: QuantRRA: Quantitative rapid risk assesment RRA' Ma|n fu nction
yOU have R > 35) » Stratified Model Thi ion is still under development, documentation will be shortly added, for any questions please contact the developer: Jose Pablo
% Sensitivity Analysis

» Distribution Fitting

a8 o ati sesment. A model tree file can be uploaded or specified in the
ocumentation
}

# make sure you have the package devtools installe

devtools::install_github("jpablo91/QuantRRA")

ap
Exampl

Sensitivity analysis

ructed directly from the app using the network tools in the following

B Examples

Shiny interface

1 Pert(0.7,0.8,0.9)

w
[] VETERINARY MEDICINE



HERRAMIENTAS

n <- 100 r of
d <- 'Normal(5, 0.12)'

x <- SampleDist(x = d, n = n)

plotDist(x,
main = 'Distribution of x')

Distribution of x

count

0 I

4.8 5.0 52

w |
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HERRAMIENTAS

NORMAL(9.99, 0.5)

90

60

30

w
[] VETERINARY MEDICINE

Value

min  8.36357
max 12.1656
mean 9.986204
StdDev 0.4954982
OLS 1.3

WhichDist(x, distributions = dists)

n: df [5 x 2]

distribution

NORMAL(10, 1.32)
TRIANGLE(6.03, 10.97, 14.18)
PERT(6.02, 11.02, 14.21)
UNIFORM(7.53, 14.19)
POISSON(9.34)

value

9.40
336.40
570.23

1358.33
3004.24




HERRAMIENTAS

@ Inputs
@ Outputs e del f£il

M <- QuantRRA::OIRSA M
P1 P2 P3

Prevalence at Surfzxc"is" Probability of not Mo <- RRA(M = M, nsim = 5000)
origin P! detected :

plotDist (Mo$P)

R1
Probability of
Swill feeding

P4 = P1*P2*P3
Probability of
contaminated products
being intraduced

2 X =P4*R3
Probability of 1500
Probability of food N infection P =X*Z
waste being R3 = R1*R2 Expected number of

Probability of domestic pigs

Infected infocted via swil feeding

intreduction events

Z = H1+H2
H1 Total products
Number of products not introduced

detected at airports

H2

Number of products not

detected ot seaports 1000
Value

id label type level distribution formula c min 0.00659

3 max 7.50472
P1  Prevalence In 1 Pert(0.1, 0.54, 0.75) mean 0.69834
P2  Survival In 1 Pert(0.01, 0.1, 0.6) 500 StdDev 0.72703
P3  Detection In 1 Pert(0.1, 0.25, 0.55)
P4  Introduction Out 2 P1*P2*P3
R1  Swill feeding In 1 Pert(0.1, 0.8, 0.95)
R2  Food contamination In 1 Pert(0.1, 0.55, 0.96)
R3  Ingestion prob Out 2 R1*R2 0
X Infection Probability Out 3 P4*R3
H1  Airport introduction In 1 Pert(0, 32, 160)
H2  Seaports intro In 1 Pert(0, 22, 90)

1 2 Next
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HERRAMIENTAS

# First we specify the formula:

f <-P~Pl + P2+ P3 +R1 +R2 + H1 + H2

# Then we use the function with our results

SA <- RFCART(data = Mo, £ = £, tree = 'interactive')

P2

HA1

H1
H1
P3 </C.102>= G\102 <47331 >= 47&
P2 W, )
. 3
R2 0.256 /13‘ /ﬁs
- N\
<0A311>= 0311 <033 >=0.33
. \ .
P3 )
R1 . 1
B 0.508 /zz 0.716 R2 R2 R2
R1 < 0647>= 0,647 <0Q671>= 0571 <0/46>= 0,546 < 0.636>= 0.636
R2 L 4| - l:‘ -
0.779 1.402 0.937 1.655 1.037 P3 1.918 R1
H2 <0233>=0.233 <gla >209

0.1 0.2 . N

Relative Importance 1.273 2.003 3.04 5.194
Ea ;&j ; j |
i VETERINARY MEDICINE




MODELOS ESTRATIFICADOS

# Run the model for all the states
rabRR <- QuantRRA::RRA s(M = M, Tbl = rbts,

nsim = 5000)

State 11 12 13 14 15 16

1 AGUASCALIENTES Pert(207178, 229628, Pert(830762, 872284, Pert(187, 359, Pert(0.936449158898532, 0.94634257999594, Pert(0.01, 0.1, Pert(0.1,0.3,
233325) 913173) 472) 0.948298987928301) 0.15) 0.5)

9 BAJACALIFORNIA Pert(213802, 304764, Pert(2192229, 2304488, Pert(367, 689, Pert(0.9087063215014, 0.911744825504325, Pert(0.01,0.1, Pert(0.1,0.3,
349926) 2414741) 807) 0.9212947880409) 0.15) 0.5)

Pert(98523, 99893, Pert(475014, 503531, Pert(166, 240, Pert(0.90517968463513, 0.921114675139385, Pert(0.01,0.1, Pert(0.1,0.3,

3 BAJACALIFORNIASUR

110438) 531689) 291) 0.961146128315216) 0.15) 0.5)

4 CAMPECHE Pert(77553, 163240, Pert(591801, 621328, Pert(188, 376, Pert(0.970475752513228, 0.984592579283083, Pert(0.01,0.1, Pert(0.1,0.3,
178096) 650365) 491) 0.993474269718067) 0.15) 0.5)

5 CHIAPAS Pert(47769, 344045, Pert(3060969, 3201316, Pert(854, 1247, Pert(0.973162511252067, 0.99161156244096, Pert(0.01,0.1, Pert(0.1,0.3,
460400) 3339960) 1412) 0.998004471184864) 0.15) 0.5)

Showing 1 to 5 of 32 entries Previous i ‘ 4 5 7 Next
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INTERFAZ INTERACTIVA

» Stratified Model
» Sensitivity Analysis

» Distribution Fitting

& Documentation

Examples

K12 [ B 5
[] VETERINARY MEDICINE

QuantRRA: Quantitative rapid risk assesment

This application is still under development, documentation will be shortly added, for any questions please contact the developer: Jose Pablo
Gomez

The following application was developed for the implementation of rapid risk assesment. A model tree file can be uploaded or specified in the
app, and the risk is estimated using a stochastic probabilistic model.
Example model files can be found in the library of exmaples tab in this application

Model table

To start, you need to specify the model. Models can be constructed directly from the app using the network tools in the following
section, or can be uploaded from a model file previosly created.
Upload a model file

Browse... No file selectec

Show| 10 % entries

Search:
id label type level distribution formula
1 PO Prevalence In 1 Pert(0.01,0.1,0.15)
Vaccine Efficacy In 1 Pert(0.7,0.8,0.9)




INTERFAZ INTERACTIVA

. 4 - Addins -~ Y QuantRRA ~

] - = - # Go to file/function

=} Untitled1 R ui.R &) custom.css i} serverR <J 01_Intro.Rmd 8 Documentation.R R global.R Environment  History  Connections

- AR @ Knit on Save e | “knit - & - 8 -/ 4 4§ B Run - - & 0 EB-Q10ce.|¢ =-C
Objectives R ~ | W, Global Environment ~ @

"QuantRRA: Quantitative Risk assessment with R" Basics
Sampling probability ... Data

The main function ® Documen.. List of 3
Sensitivity analysis
paged Case study: Rabies in ... ® Examples List of 3

Data preparation ® init_ed.. 4 obs. of 3 variab..
Planning the model.
Running the model ® init_no.. 4 obs. of 8 variab..

Sensitivity analysis o 12 obs. of 8 varia..

Generating a risk map

Ranking/piot ® Mo 5000 obs. of 12 va..

Map ® sA List of 3
knitr::opts_chunk$set(warning 5, MESSEEE = 5 Values

O NV A WN e

HHHH
w N = O W
SBEBRAPA

Files Plots Packages Help Vie

+8 New Folder | %J] Delete [y Rename @ ¥
# Objectives
] e

= e
ISR IS

ools > Packages > QuantRRA > R n
Name

=
© N

In this vignette we will be using R, which is an open access software developed for
statistical analysis (but can do some data manipulation, simulation and modeling). We will

he 11cing the nackage for ranid rick accsecsment (<till under develaonment) Make

142:35 @ Sensitivity analysis R Markdown

FitDist.R
ModelTree.R
Console  Terminal Jobs pin.R

© R4.1.3 . ~/Library/CloudStorage/Box-Box/Tools/Packages/QuantRRA/ » o plotDist.R

> I pt_LiveAnimals.R
pt_MeatProducts.R
pt_Products.R
RankingPlot.R
Read.Model.R
RFCART.R
RRA_s.R

RRA.R

runQuantRRA.R

PR PR RP W

SampleDist.R

¢
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Country of origin
\1-P‘

(P4) ASF/CSF Infection
1-Py.

RESEARCH ARTICLE | " Pigs;lrecte Tiohe —
Quantitative approach for the risk assessment — =
of African swine fever and Classical swine [P ]

(1-P,) Pig survive transportation

through legal imports of pigs and swine _ ,
products ;

fever introduction into the United States

Pigs go slaughterhouse

(Pg) Imported pigs
destination farm

Diana Maria Herrera-lbata’, Beatriz Martinez-Lopez?, Darla Quijada®, Kenneth Burton?®,
Lina Mur'*

(1-P)
Imported pigs not
quarantined

(Py)
Imported pigs
quarantined

EXPOSURE
(PE)

u
ASFICSF pig detected
quaran(me

(P,) ASF/CSF pig
undetected during
quarantine

ASF/CSF introduction in the US by legal imports of pigs ]

Fig 1. Event tree of ASF /CSF introduction into the US by the legal imports of live pigs.
https://doi.org/10.1371/journal.pone.0182850.9001
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Country

Country

QuantRRA
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month
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Hungary
Portugal

Poland
Netherlands

Estonia
France

@Risk

Hungary
Portugal

Poland
Netherlands

Estonia
France

Latvia

Latvia

ltaly
Germany
Belgium

Italy
Germany
Belgium

Slovenia

Slovenia

Denmark
Romania

Denmark
Romania

Bulgaria

Bulgaria

Greece

Greece

Malta
U UnitedKingdom

Malta
U UnitedKingdom

Lithuania
Ireland
Slovakia

osition

Lithuania
Ireland
Slovakia

osition

Austria

Austria
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Sweden

Cyprus

Cyprus
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Czechia

Norway
Czechia

Croatia

Croatia

Serbia
Finland
Canada

Switzerland
NewZealand

Serbia
Finland
Switzerland

Canada
NewZealand

Japan

Japan

China

China

Brasil
Colombia

Brasil
Colombia

Mexico

Mexico




EJEMPLOS

Resultados del reporte

Diagrama 17. Diagrama 20.

Diagrama 21.
Probabilidad de que cerdos domésticos sean alimentados con desperdicios de

Diagrama 24.

en puertos y

- . 9 " . " Probabilidad de infeccién de cerdos domésticos con vVPPA Cantidad (K robable de product dos no d d
Probabilidad de ingreso de mercancia porcina potencialmente contaminada aliientos contantiiados con SPPA: (Kg) p P!
0.0055 0.0807 0243 0.686 0.0021 0.0395 aeropuertos
» 50% a0 50% 50 & B0 4.3% 78 2574
oo 5%
25 25 501 0.0009
0.0008
20 20 “ 0.0007
0.0006
15 15 0 0.0005
© N " 0.0004
: 0.0003
s N il 0.0002
0.0001
0.0000
’s g 2 [ E] 9 0oL = s g 3 2 2 ) 8 < g g g
3 S = S 3 S ] S s 3 3 3 3 3 3 g 3 3
. . . . ot Z: Cantidad (kg) probable de productos contamina
P4: Probabilidad de mercancia contaminada . Pai ) X: Probabilidad de infeccion de cerdos domesticos
R3: Probabilidad de que cerdos sean alimentados cc 1200
1500
900
300
1000 o
S 600
o
€ 200 > 5]
E
o
S
500 300
100
0
0 7500
0 0.10 0.15
. X
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\ ORGANISMO INTERNACIONAL
REGIONAL DE SANIDAD
/ AGROPECUARIA

=

Analisis de riesgo

sobre la probabilidad de ingreso,
establecimiento y diseminacion del virus
de la peste porcina africana en la
porcicultura de los paises de la
region del OIRSA

Junio de 2020




DIRECCIONES FUTURAS

Libreria de modelos

QuantRRA

© Model

BE Documentation

Examples

In this tab you will find a library of example model files, the idea is that as more models are available this library will get populated with a diversity of
model files that can be used and adapted for other diseases/regions

OIRSA

This model was developed by the Organismo Internacional Regional de Sanidad Agropecuaria (OIRSA) to estimate the probability of introduction of
african swine fever into the countries from the OIRSA region
Reference

& Download

VETERINARY MEDICINE

Distribution fitting

QuantRRA

© Model

» Model Distribution fitting

» Stratified Model Comming soon ...

» Sensitivity Analysis

Documentation

Examples




MODELOS DE DISPERSION DE
ENFERMEDADES



Introduccion

Estimar el impacto

Areas vulnerables
Potenciales super diseminadores

Cuantos son afectados

<- Intervencion 1

<- Intervencion 2

Pro ba r |nte rvenciones Cuando es mas critica la enfermedad?
Efecto de intervenciones S 8IS Poblacién
Donde y cuando pueden ser mas efectivas LA, i S : Susceptible

dt N I: Infectado
dl BIS R: Recuperado

B Y d¢ N
dR Tasa de cambio:
B: Tasa de transmision
Tasa de recuperacion
[] VETERINARY MEDICINE “W




Introduccion

* Sencillos de calibrar
* Buenos para poblaciones homogéneas

2t03

3to6

[/ 60 11
) Z 110 21
) = 211040




Introduccion

Homogeneous Local interaction Kernel

‘ 8
U - (=

SVIEIEIER

Pomeroy LW et. Al 2017




Modelo

Modelo basado en agentes

Cada individuo (agente) tiene sus propias
caracteristicas que definen como interactua con
el sistema

* Localizacion espacial
* Patrones de movimiento
* Estatus de la enfermedad

Mientras mas caracteristicas agregamos el tiempo de computacion puede incrementar
considerablemente

P & 3 4 F) .
‘?ﬁ; i /;‘ I f : \ ¢ " y Ji
4l VETERINARY MEDICINE S




Desarrollar un modelo de simulacién que nos permita:

* Estimar el impacto de la diseminacion de PPA bajo distintos escenarios de introduccion.

 |dentificar regiones vulnerables.
* Estimar el efecto de las intervenciones y estrategias de control




Catastro ganadero Wildboars

»
=

- Localizacion de las Patrones de - Densidad estimada
granjas movimientos
- Numero de - Probabilidad
animales de movimiento
- Redes de
comercio

VETERINARY MEDICINE



Caracteristicas:
e Distribucion de tipo de
granjas

Unidad de .
Anélisis * Demografia de los animales

* \Vecinos espaciales

* Movimientos internos

* Movimientos externos

vi-.-. A s



ﬁ pdate Status

No
llsinfected? .' :{ <10km from protection zone? ]

Yes

Surveillance zone

B Control zone
@ Restriction of movements |

@ Q Depopulation of farms @

\ 4

Is detected?

Yes No

No Yes

v \ 4
l l l Surveillance Zone l l Disease Free l
Qat detected ] [ Protection Zone ]

’9 Improvement of surveillance

J
\

(I.ocal Spread

S Susceptible
L Infected
C..i: Carcasses
R...: Removed
X.e: Culled

S.sit Susceptible
Iz Infected
R..: Removed
X.e: Culled

\ Pig herds Wild boars

\_

fl.ong distance spread = ™

holding market slaughterhouse

Probability of exporting a case

00 02 04 06 08 10
K Proportion of Infected j

A 12 -
[] VETERINARY MEDICINE :




Estatus de la enfermedad

m:)date Status \

No Surveillance zone
Is infected? > <10km from protection zone? B Control zone
1 Yes
Restriction of movements |
N @
Is detected? ves °
Y
No es l l @ Q Depopulation of farms g
\ \ 2 Surveillance Zone Disease Free g’ Improvement of surveillance
Not detected Protection Zone

. /
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Model framework

/ Local spread PH \

E g \ B; = Bwiwaws (1 — ’Up)
Sph,z — N yvEph,a~ph,t _ ; pre,t
Nph,i Nph,i vy = 1/days to detection and removal of
A Bph,ilph,iSphi _ Plph,i infected herds
phyi = , .
Seniz Susceptible Noni Noni Removed infected
loni: Infected Rph,; =[2Cphi herds
Rq»i: Removed Worgha [k
: Xph,i = +
Xoni: Culled ’ Nph,’i Nph,i
T 1 = Speed of culling
Culled pig herds

- y




Model framework

\_

/ Local spread WB

Swi: Susceptible
lw,i: Infected
Cwb,i: Carcasses
Rwsi: Removed
Xws,i: Culled

S'wb,i -

I'wb,i -

C"wb,i —
wa,'i, —

wa,z' =

_ Buwb,ilwp,iSwbyi | Vawb,iCwb,iSwbi | WSwb,i
wa,i wa,i wa,i
_ Buwb,ilup,iSuwb,i 1 Vab,dCuwb,iSwbi | Mlwb,i
wa,i wa,i wa7 1
Yilws, i f
Y2Cuwb,i
,LLwa,i + /JfIwb,i
Nuyb,i Niyb; o

New infections by
carcasses

new infections

v =Contribution of infected carcasses to

/




[
0
>
o
I=
-
[}
-
<
O
=}
©
(7]
a—
Qo
X
f—
©
1S
T T T T T T
oL 80 90 0 4] 00
aseo e Buipodxs jo Ajjiqeqolid
O
=
o
o
=

/Long distance spread

T I I T T T
0.0 0.2 0.4 0.6 0.8 1.0
Proportion of Infected
Ei
AL
VETERINARY MEDICINE




Table 2: Parameters explored for global sensitivity analysis.

Parameter Definition Sample space
GBetaPh (8,1) Global transmission rate for pig herds (0.2, 0.25, 0.3, 0.35)
GBetaWb (Byp) Global transmission rate for wild boars (0.2, 0.25, 0.3, 0.35)
AnmlDnsB Effect of the animal density on the local (0.1, 0.2, 0.3)
transmission rate
loopsB Effect of the number of internal movements (0.1, 0.2, 0.3)
on the local transmission rate
HuntingPressure How much does the hunting increases (1, 5, 10)
SurvGamma Effect of increased surveillance after the de- (1.0, 1.5, 2.0)
tection of an infected pig herd
IndexCaseType Type of farm where the index case was sim- (Backyard, Family,
ulated Commercial)
Movement  restricc Whether or not movement restrictions are (yes, no)
tions implemented after the detection of a case
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Table 3: Difference in simulation outcomes estimated by regression when compared to baseline. * Significant

effect

_ Infected Pig Herds Infected wild boars
Baseline 67.41(2.22,93.6) 134.08(30.01,196.16)
Movement Restrictions
Yes -1.29(-9.9,7.32) -27.51(-113.87,58.86)
Average days to detection
14-days -44.31(-56.79,-31.82)*  35.19(-93.05,163.44)
21 -35.66(-47.91,-23.41)*  -66.64(-192.44,59.16)
Preventive culling
Yes -41.92(-50.09,-33.75)*  -35.15(-121.46,51.15)
Hunting pressure
Yes -14.64(-25.02,-4.27)* -185.63(-289.02,-82.24)*
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Infected pig herds
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Simulated Transmission Networks
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