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Definition 1

o Highly contagious viral disease.

Waning of
) immunity
o Affects cattle, swine, sheep, goats .
and other cloven-hoofed ruminants. s"“e"“"‘“\
; SR e g
o Severely affect the production and RO BT IORE G .
e Infection Carrier SN
international trade of livestock and \ Oy
animal products. '@r\»' e
o The morbidity rate may approach ks L
. . (preclinical) Infectious
100 % in susceptible cattle (ina)

populations.

1OIE. (2018). Foot & Mouth disease (FMD).
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5 Risk factors

The importance of FMD

© reroaico

@ FMD losses approximated

' e USD $2 billion 2.

o UK outbreak cost GBP $6
billion 3.

o FEDEGAN - In 2016 there
was 26'413.227 cattle 4.

o ICA - 2018 outbreak cost
USD $53 million °.

0000:!

2Yu el al. (1997). A risk-assessment model for foot and mouth disease (fmd) virus introduction through
deboned beef importation.

3Flood (2016). Foot-and-mouth disease epidemiology in relation to the physical, social and demographic
farming landscape.

4FEDEGAN - Inventario ganadero. https://www.fedegan.org.co/estadisticas/inventario-ganadero.
5Pre-COSALFA 46 (2019). FMD Outbreak 2018 and control.
Prieto, J. & Gémez. F. Complex networks for FMD vulnerability 6/34



Foot-and-Mouth Disease (FMD)
Vulnerability by cattle movement
Vulnerability by contiguity
Conclusions

i UNIVERSIDAD

NACIONAL

DE COLOMBIA

Risk factors

Risk factors

Meta-analysis °

T
# de registros después de remover duplicados

ﬁntiﬁcacién
n=1938

Cribado # de registros analizados
n = 808

# de referencias identificadas
a través de biisquedas en bases de datos
n=3120

‘ # de textos completos # de textos completos

Elegibilidad evaluados para elegibilidad excluidos, con razones
n-370 n=109
# de estudios incluidos
en la sintesis cualitativa
a 106 factores de
Incluidos

riesgo en 6

(&

categorias /

Bovine herd

Animal mobilization
Productive process

Health aspects
Biophysical space
Biophysical-environmental
environment

e 6 6 6 o o

5Morales et al. (2019). Metodologia para el anilisis espacial por vulnerabilidad y riesgo de la fiebre aftosa.
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Case study

Divisién Politico-Administrath
(CAPITAL: VALLEDUPAR
MUNICIPIOS: 25

CORREGIMIENTOS: 172
'SUPERFICIE: 22,905 k.

GUAIRA

VENEZUELA

Cesar Region

@ Animal mobilization

o Biophysical space S )
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Conclusions Results

Justification

o Cattle movement is a principal cause of the initial dis
semination of foot-and-mouth disease (FMD) 7.

o Therefore, transportation of these animals may represent an
important risk for FMD propagation ” 8.

@ These movements records can be used to construct a
complex network which structure can critically impact the

transmission dynamic of many infectious diseases ©.

Understanding the structure of this transport network is of
the utmost importance for preventing and controlling future
epidemic outbreaks.

"Gibbens et al. (2001). Descriptive epidemiology of the 2001 foot- and-mouth disease epidemic in Great Britain:
the first five months.

8Kiss et al. (2006). The network of sheep move- ments within Great Britain: network properties and their
implications for infectious disease spread.
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Super-spreaders for FMD

H'.'°..... .'..
()
v ©®

1. Cattle movement 2. Network construction

3. Graph characterization 4. Super-Spreader of Disease
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Movement definition 2

.
San Diego.

Becerril

2016

ENERO. FEBRERO MARZO

ocTusse

9SIGMA - Sistema de informacién para Guias de Movilizacién Animal. https://sigma.ica.gov.co/.
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Movement characterization 1°

2016 o
Nad

Undirected

2000 -~ ~Catllo, trade m Weighted
) —=—Catlle, pasture |\
[, Pigs AN %
5 j Directed %

i)

Number of movements
3 @
8 g
e 2

g

27 32 37 42 47 52 5 10 15 20 25
Week number

10Nsremark et al. (2009). Spatial and temporal investigations of reported movements, births and deaths of cattle
and pigs in Sweden.
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Super-spreaders for FMD
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Graph Characterization
Results

Degree
Direct contacts per holding

oo
W )
PN

Prieto, J. & Gémez. F.

Betweenness

Frequency with which a cattle
holding is in the shortest path
between pairs of nodes in the
network
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Super-spreaders by mixing rankings

Foot-and-Mouth Disease (FMD) Super-spreaders for FMD

Borda’s count aggregation method 1!

N NN
PN NN

CEe e —
A_§>B§ |:> E>A/\\./\ [>:§z:
NV _ u T T T -
NG AR nn NN — :
=
NN
re
P AN AN o '—/> 3
NN
' Madotto & Liu (2016). Super-Spreader Identification Using Meta-Centrality.
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Super Spreader Ranking *?
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12Gémez et al. (2019). Identification of Super-Spreaders of Foot-and-Mouth Disease in the cattle transportation
network: The 2018 outbreak case in Cesar (Colombia).
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Contiguity Network Construction
Vulnerability analysis
Results

Justification

o Strategies for the prevention and control of (FMD) are based
on vulnerability levels at farm level 13.
o Risk factors NOT associated with animal movement 4 3:

o People movement between farms.
o Permeability of physical barriers.
o Machinery movement (Fomites).

The design of epidemiological strategies for the management
of FMD is based on the quantification of these factors.

13Martl’nez-Lépez et al. (2014). A multi-analysis approach for space-time and economic evaluation of risks
related with livestock diseases: The example of FMD in Peru.

14 Jori et al. (2009). A qualitative risk assessment of factors contributing to foot and mouth disease outbreaks in
cattle along the western boundary of the Kruger National Park.

3Flood (2016). Foot-and-mouth disease epidemiology in relation to the physical, social and demographic
farming landscape.
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Cesar information ©

\ Datos
Registros de vacunacion 1 sx' 7
n= 16002 I

Registros no georeferenciados ) LAT  LONG
n-3268 9.964 -73.135

1

2 8247 -73547
3 8509 -73.669
4
5

Coordenadas fuera de Cesar
n=-185

8519 -73.674

Registros utilizados
8.596 -73.658

n = 12549

Coordenadas fuera de predios
n=4919

- 7630 predios georeferenciados (en
Coordenadas en predios 12383 Registros de Vacunacién) del
n - 7630 D de Cesar (Colombi:

SMorales et al. (2019). Metodologia para el anilisis espacial por vulnerabilidad y riesgo de la fiebre aftosa.
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Contiguity Network

Geodesic distance 1°

Create connections 3

A B C D E

A| - Yes No No No
B - No Yes No
C - Yes No
D - No
E

5 Hilbert & Cohn-Vossen (1999). Geometry and the Imagination.

3Flood (2016). Foot-and-mouth disease epidemiology in relation to the physical, social and demographic
farming landscape.
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Community detection

Complex networks to characterize
the farms through community
detection 9.

o> o>

16Radicchi et al. (2004). Defining and identifying communities in networks.
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Vulnerability ranges °. Community vulnerability analysis!”.
El riesgo se defini6 de La vulnerabilidad se definié de
acuerdo a USDA (1994) acuerdo a Jori et al. (2009) Vu lnerabilidad (Ra ngos)

Hay  transmission, La ocurrencia del
! supervivencia y ! evento es
contacto del virus. probable.

< Densidad s1 Conectividad | |
2 de predios £ entre predios | |
2 4 S2 1
2 Ey / 1
3 £ 1
La ocurrencia  del & s3 H
No hay transmission o evento solo es posible !
supervivencia del virus. e th w25 (e : —> 1
casos. Tamaiio de la comunidad Cantidad de conexiones ]

hx /

N, rd

-

Vulnerabilidad (Probabilidad)
_— Predio (3, %)

Normalizacién __ X

(5,X)\x: — min Conjunto de

k Xmax _Xmin Predios (3, X) /

SMorales et al. (2019). Metodologia para el anilisis espacial por vulnerabilidad y riesgo de la fiebre aftosa.

7Prieto et al. (2019). Contigiiidad de predios como factor de Riesgo: Anélisis de Redes aplicado a esquemas de
bioseguridad para Fiebre Aftosa.
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Spatial analysis: Voronoi diagram

Farm polygons

Farm density Farm connectivity x

Community polygons

Prieto, J. & Gémez. F. Complex networks for FMD vulnerability 30/34



Contiguity Network Construction
Vulnerability analysis
Results

Farm density Farm connectivity x




Outline

. Conclusions

@ Risk factors

@ Super-spreaders for FMD
@ Cattle network

@ Graph Characterization
@ Results

@ Contiguity Network Construction
@ Vulnerability analysis
@ Results



DE COLOMBIA :
Conclusions

Conclusions

@ The strategies are able to properly target highly susceptible
(Vulnerable) areas of infection and propagation of the virus.

o (1) A strategy to characterize FMD super-spreaders nodes
in the cattle transportation network is proposed.

o (2) Spatial analysis strategy to characterize vulnerability
(bio-security) and / or risk (bio-containment) is proposed.

@ This information can be used to inform existing national FMD
control program and suggest new guidelines to prevent FMD
outbreaks in the country.

o The flexibility in the visualization, allows to implement the
strategies in different spatial scales (farm, town), for decision
making by the health authority and / or territorial planners.
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