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Abstract

The aim of this thesis is to evaluate the potential of using existing and new data on
disease outbreaks, livestock movements and prices to predict where outbreaks may

occur.

An evaluation of the information on disease outbreaks stored in the regional an-
imal health database was undertaken to determine if any relationship could be seen
between outbreak locations over time and whether it would be possible to identify
disease outbreaks early enough that they could be used in the prediction of disease
spread. This work showed that disease reporting is incomplete and inconsistent,
making it vital that increased effort is put into better outbreak investigation (in-

cluding laboratory confirmation) and more timely reporting.

Information on the movement of animals through Cambodia and Laos was obtained
to investigate patterns of movement. These data were incomplete, however applic-
ation of network analysis techniques offered important insights into high risk areas
for disease management. The full potential of this approach was established by
applying it to Western Australian data from the National Livestock Information

System.

Data on price were obtained in Cambodia and Laos to compare with the known
movements to identify whether this could be used to predict animal movements. To
overcome the complexity of collecting comprehensive data about different classes of
animals, multilevel modelling was used to investigate the association of livestock

movement with price difference between provinces.
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Although the control of transboundary animal diseases is critically important for
the economy of South East Asia, at the moment it is ineffective. It is unlikely that
regional disease control programmes such as the South East Asia and China foot and
mouth disease campaign will reach their potential until reliable, high-quality reports
of disease are available to guide their design and implementation. Adding to the
difficulty of this is the very sparse information available on the movement of animals
across the region and the difficulty and expense involved in obtaining these data.
Differences in market price between provinces may have a role in predicting animal
movements; however, matching price to movements is difficult, and in this study

appeared to only be useful over relatively short distances by regional standards.

Lack of a reliable means of identifying individual animals, regulatory and financial
disincentives for using formal pathways for animal movement and a disregard for
complying with government requirements to advise of animal movements make it
difficult to follow animals as they move rapidly across the region. A new approach
to animal movement management is required in which hazard reduction instead of

revenue collection is the focus.
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A Note on Style for Foot and Mouth Disease

There is little agreement on the correct syntax for foot and mouth disease (FMD).
For this thesis I have adopted the same approach as the World Organisation for
Animal Health (OIE), that is to use lower case for all words (except where the
expression begins a sentence or is in a title) and not to hyphenate the first three
words. This is consistent with the American Psychological Association Publication
Manual (6th edition) recommendation of not using hyphens when the meaning is

established!.

"http://www.apastyle.org/learn/faqs/when-use-hyphen.aspx, accessed 15/9/2011.


http://www.apastyle.org/learn/faqs/when-use-hyphen.aspx

viil



Contents

Abstract
A Note on Style for Foot and Mouth Disease . . . . . . . . ... ... ...

Table of Contents

Tables

List of Figures

Approvals

Animal Ethics Approval . . . . . .. ... oo
FAQO Statistics Division Approval . . . . . . . . ... ... ... ... ...
SaTScan . . . . . . . ..

Glossary

Acknowledgements

1 General Introduction

2

1.1
1.2

Introduction . . . . . . . ..

Outline of Approach . . . . . . . . ... ...

Review of Relevant Literature

2.1
2.2

2.3
2.4
2.5

Livestock Production in a Rapidly Changing Society . . . .. .. ..
Foot and Mouth Disease . . . . . . . . . ... ... ... .. .....
2.2.1 Foot and Mouth Disease Virus . . . . . . .. ... .. .. ...
2.2.2 Vaccination . . . . .. . ...
223 Impact . . . . . ..
2.2.4 Spread of the Disease . . . . . . . ... ... ... .. .....
2.2.5 International Context . . . . . . . . . . ... ... ... ....
Resources for Animal Disease Reporting . . . . . . . ... ... ...
Sources of Outbreak Data . . . . . ... .. ... ... ... .....

Livestock Movement . . . . . . . . . . . ...

1X

vii

xii

xiv

xviil

Xix

XX

Xix

Xix

xx1

XXV



2.5.1 Comparison of Euclidean and Road Distances

2.6 Livestock Prices . . . . . . . . .. ...

Foot and Mouth Disease Reporting

3.1 Introduction . . . . . . . ... ... ... ...
3.2 Materials and Methods . . . . . . .. ... ... ... ..
3.2.1 Study Population . . . .. ... ... ... . ...
3.2.2 Outbreak Data . . . ... ... ... .......
3.2.3 Phylogenetic Analysis . . . ... ... ... ...
3.2.4 Temporal Analysis . . . .. ... ... ... ...
3.2.5 Spatial Analysis . . . .. ... ... L.
3.2.6  Spatio-temporal analysis . . . . . . .. ... ...
33 Results. . . ... ...
3.4 Discussion . . . . . ...

Understanding Livestock Movement Patterns

4.1 Introduction . . . . . .. .. ..o
4.2 Materials and Methods . . . . . . .. .. ... .. ....
4.2.1 Obtaining Movement Data . . . . . . .. ... ..
4.2.2 Administrative Data . . . . . ... ... ... ..
4.2.3 Road Network Data . . . ... ... ... ....
4.2.4  Statistical Analysis . . . . . ... ... L.
4.2.5 Network Analysis . . . ... ... ... ... ...
4.2.6 A Quick Technology Summary . . . . . . ... ..
43 Results. . . . ... oo
4.3.1 Western Australia . . . . . . ... ... ... ...
4.3.2 Greater Mekong Subregion . . . . . . .. ... ..
4.4 Discussion . . . . . . . ...
4.4.1 Western Australia. . . . . .. ... ... ... ..
4.4.2 Greater Mekong Subregion . . . . . . .. ... ..
4.4.3 Summary . . ... ...

Livestock Market Price

5.1 Imtroduction . . . . . . ... . ... ...
5.1.1 Overview of methods . . . . .. ... ... ....
5.2 Establishing Standard Price Categories . . . . . . . . ..
5.2.1 Introduction . . . . . . ... ... ... ... ...
5.2.2 Methodology . . . .. .. ... ... .. ... ..
5.2.3 Results—Consultation . . . ... ... ... ...
5.2.4 Results—Expert Opinion . . . . . . . .. .. ...
5.2.5 Discussion . . . ... ...

CONTENTS



CONTENTS xi
5.3 Collection and Analysis of Prices . . . . ... ... ... ... .... 133
5.3.1 Introduction . . . . . . . .. ... 133

5.3.2 Methodology . . . . . . ... 133

533 Results. . . . . . . .. 142

5.3.4 Discussion . . . . . .. ... 159

6 Price as a Predictor 165
6.1 Introduction . . . . . . . . . . .. ... 167
6.2 Materials and Methods . . . . . . . . . ... ... L. 168
6.2.1 Choice of Model Approach . . . . . .. ... ... ... .... 168

6.2.2 Derivation of the Outcome Variable—Movement . . . . . . . . 169

6.2.3 Derivation of the Predictor Variables . . . . . . . . ... ... 170

6.2.4 Model Building and Evaluation . . . .. ... .. ... .... 173

6.3 Results. . . . . . . . 174
6.3.1 Data Overview . . . . . ... .. .. ... ... ... ..... 174

6.3.2 Comparison of Euclidean and Road Distances . . . . . .. .. 175

6.3.3 Price Differences . . . . . . .. ..o oL 177

6.3.4 Model Results . . . . .. . ... ... ... L 177

6.4 Discussion . . . . . . ... 181
6.4.1 Comparison of Euclidean and Road Network Distances . . . . 181

6.4.2 Prediction of Livestock Movement Using Price . . . . . . . .. 182

7 General Discussion 185
7.1 Summary of Findings . . . . . . . ... ... L0 187
7.1.1 Objectives of the Research . . . . . . . ... ... ... .... 187

7.1.2 Disease Reporting . . . . . . . ... ... 188

7.1.3 Movement . . . . .. ... 189

7.1.4 Prices . . . . . . 192

7.1.5 Price as a Predictor of Movement . . . . . . .. ... ... .. 194

7.2 Implications and Future Directions . . . . . . . ... ... ... ... 195
721 Tools . . . . . . 195

7.2.2 Disease Reporting . . . . . . . .. ... 197

7.2.3 Movement . . . .. ... 198

7.2.4 Prices . . . . .. 199

7.3 Overall Conclusions . . . . . . . . . .. . ... ... ... ... ... 200

A Prospective Animal Tracking Study 203
A1 Introduction . . . . . . . .. ... 205
A2 Method . . . . . . . . ... 205
A3 Result . . ... . 206
A4 Discussion . . . . . ... 206



xii

B

CONTENTS

Livestock Tracking and Tracing 209
B.1 Current Status . . . . . . . . .. ... 211
B.1.1 Tracking Options . . . . . . . . ... .. ... ... ...... 211
B.1.2 Tagging/Banding . . . . . . .. ... ... ... .. L. 212
B.1.3 Satellite . . . ... . ... 212
B.1.4 Biometric Analysis . . . . . .. ... ... L. 213
B.1.5 Genetic Fingerprinting . . . . . . .. ... ... 213
B.1.6 Better Resolution—Global Positioning System . . . . . . . .. 214

B.2 GSM Rumen Bolus . . . . . ... .. ... . ... 215
B.2.1 GSM Rumen Bolus Concept . . . . . .. ... ... ... ... 215
B.2.2 Rumen Boluses . . . . . .. .. .. ... ... ... 216
B.2.3 Core Design Requirements . . . . . . . ... ... ... .... 217
B.2.4 Bolus Physical Limitations . . . . . . ... ... ... ..... 219

B.3 Signal Strength Testing . . . . . . . .. ... ... .. 221
B.3.1 Method . . ... . ... ... 221
B.3.2 Results. . . . . .. .. 224
B.3.3 Conclusions . . . . . . ... ..o 225
Reporting Market Prices by Text Message 227
C.1 Sending Text Messages . . . . . . . . . ... 229
C.1.1 Project Overview . . . . . . . . . .. .. ... ... 229
C.1.2 The Importance of Market Price Data . . . . . ... ... .. 230
C.1.3 The Problem of Data Collection . . . . . . .. ... ... ... 230
C.1.4 Using the Mobile Telephone Short Messaging Service (SMS) . 231
C.1.5 Limitations (and Solutions) to SMS . . . . .. ... ... ... 231
C.1.6  What Information Do We Need? . . . . . . . . ... ... ... 232
C1.7 TwoRules . . . . . . ... 232
C.1.8 Message Format . . . . . . ... ... ... ... ... ... .. 233

C.2 Location Code Sheets . . . . . . . .. ... ... ... .. ... ..., 235
C.3 Commodity Code Sheets . . . . . . . . ... ... ... ... ..... 235
Code Examples 237
D.1 Code for Standardised Morbidity Ratios . . . .. ... ... .. ... 239
D.2 Procedural language functions for routing . . . . . . ... ... ... 239
D.2.1 Road distance calculations in South East Asia . . . . .. . .. 243

D.3 Livestock movement directions for online mapping . . . . . . . . . .. 244

Bibliography 247



List of Tables

3.1

4.1

4.2

4.3

4.4
4.5

4.6
4.7

4.8

4.9

4.10

5.1
0.2
9.3

5.4

Reports of foot and mouth disease by serotype and country in South-
East Asia from 2000-2010. . . . . . . . . . . ... 48

Data fields obtained from the NLIS database for animal movements
in Western Australia. . . . . . . . ... ... 68
Data fields obtained from the livestock movement permits database
for animal movements in the Greater Mekong Subregion. . . . . . . . 72
The weighting applied to different road segments of the Western Aus-
tralia road network to enhance the probability that the routes chosen
by the routing algorithms would match those chosen by livestock
transporters. . . . . . . L L. 7
A précis of network analysis terms used in this chapter. . . . . . . . . 81
Number of movements of cattle recorded in the NLIS database for
WA from July 2005 to June 2008. . . . . . .. .. ... ... ..... 89
Number of cattle in WA from July 2005 to June 2008. . . ... ... 89
Matrix of total movements by origin and destination node type. Loops
(movements between nodes of the same type) are shown in bold. . . 91

The number of movements within and between countries from Janu-

ary 2007 to December 2009 by species. . . . . . .. ... .. ... .. 100
The number of animals moved within and between countries from

January 2007 to December 2009 by species. . . . . . . . ... .. ... 101
The number of buffalo, cattle, goats and pigs moving through a se-

lection of checkpoints in Laos during 2009 . . . . .. ... ... ... 101
Definitions for price categories for cattle and buffalo. . . . . . .. .. 124
Definitions for price categories for pigs. . . . . . . . ... ... .. .. 124

The data fields associated with price data extracted from the database
for analysis. . . . . . ... 139
The number of reports of market prices received by species and coun-
try from January 2008 to February 2010. (Each report may contain

more than one price record) . . . . . ... L. 142



X1v

2.5

2.6

6.1

6.2

6.3

Al

B.1

B.2

LIST OF TABLES

Statistical outputs from a multilevel linear model using the natural
logarithm of price as an outcome for price variation for cattle in Cam-
bodia and Laos. . . . . . . . . ... ... 147
Statistical outputs from a multilevel linear model using the natural

logarithm of price as an outcome for price variation for pigs in Cam-

bodia and Laos. . . . . . . . ... 154

Provinces from which movements of pigs in Cambodia in 2009 origin-
ated and ended. . . . . . ... 174
Statistical outputs from a logistic regression model using the occur-
rence of movement between two provinces as an outcome for cattle in
Cambodia. . . . . . . . . .. 179
Statistical outputs from a logistic regression model using the occur-
rence of movement between two provinces as an outcome for pigs in

Cambodia. . . . . . . . 179

Details of ear tagging of cattle in six villages in three provinces in

Northern Laos . . . . . . . . . . . 206

Mapping of received signal strength indication (RSSI) to signal strength

(in decibels) for the Teltonika ModemCom-G10. . . . . . .. .. . .. 223
The number of text messages (SMS) received by a mobile phone at a
given altitude/depth above the ocean surface at Cable Beach, Western
Australia. . . . . .. ..o 224



List of Figures

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.1

4.2
4.3
4.4

Temporal distribution of reported outbreaks of foot and mouth dis-
ease in South-East Asia per week for Type O serotype. . . . . . . ..
Report of foot and mouth disease virus serotypes in South-East Asia,
by year from 2000 to 2010 . . . . . . .. ..o
Cumulative annual outbreaks reports of foot and mouth disease in
South-East Asia normalised over the outbreak period 2000 to 2010.
Mid-point rooted neighbour joining tree showing phylogenetic rela-
tionships of Asia 1 foot and mouth disease virus in South-East Asia
using VP1 sequence data from GenBank. . . . . . .. ... ... ...
Association between outbreaks displayed using multi-dimensional scal-
ing of the phylogenetic relationships of Asia 1 foot and mouth disease
virus in South-East Asia using VP1 sequence data from GenBank. . .
Result of the point model of foot and mouth disease outbreak reports
in South-East Asia showing increased intensity of reports in the East
of theregion. . . . . .. .. ..
Provinces in South-East Asia where reported outbreaks of foot and
mouth disease empirical Bayes log-normal estimates were >1 for five
or more years during the period 2000 to 2010. . . . . . . . .. . ...
Choropleth map showing the likelihood of underreporting of foot and
mouth disease in South-East Asia during 2000 to 2010. . . . . . . ..
Distribution of reported foot and mouth disease outbreaks in South-
East Asia during 2000 to 2010 . . . . . . . . .. ...

A screenshot showing the capabilities of the online reporting interface
to show real-time maps of animal movements based on permit data

entered from provincial movement records. . . . . . . ... ... ...
Western Australia showing management regions used in this study.
An example of a network graph. . . . . . ...
A screenshot of the web based National Livestock Identification Sys-

tem query interface developed for this research. . . . . .. ... ...

XV

o2

71
74



Xvi

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12
4.13

4.14

4.15

4.16

5.1

5.2

5.3

5.4

9.9

5.6

2.7

5.8

LIST OF FIGURES

A graphical output of the web based National Livestock Identification

System query interface showing the network by node category. . . . . 86

Movement of three animals in Western Australia during the period

July 2005-June 2008. . . . . . ... 90
Seasonal decomposition of movements of cattle by month in Western
Australia during the period July 2005 to June 2008. . . . . . . . . .. 92

Moves of cattle by season and management zone in Western Australia
during the period July 2005—June 2008. . . . . . . . .. .. ... ... 93

Centrality measures by node type in Western Australia during the
period July 2005-June 2008. . . . . . .. ..o 94

Choropleth maps showing in-degree and out-degree by shire in West-
ern Australia during the period July 2005-June 2008. . . . . . . . .. 95

Choropleth map showing betweenness by shire in the south-west of
Western Australia during the period July 2005-June 2008. . . . . . . 96

Number of Western Australia shires likely to become infected by season. 97

Plots of the seasonal decomposition of movements of cattle in Cam-
bodia and Laos from January 2007 to December 2009 . . . . . . . .. 102

Maps showing movements of cattle based on Cambodian movement

records showing the direction of movement in 2004 and 2009 . . . . . 103

Map showing the movements of cattle in 2009 based on the complete
set of movement records collected during the research showing the

direction of movement. . . . . . . . . ... 104

Network centrality of provinces in Cambodia and Laos during 2009 . 105

A graphical representation of the complexity associated with categor-

isation of livestock by species, age, condition and sex (and breed for

Example decision tree for choice of parameters to collect when eval-

uating prices of cattle or buffalo. . . . . ... ... ... 132
A screenshot of the market price data entry form. . . . . ... ... 135
Number of market price reports by province and species. . . . . . . . 143

Image plot showing the number of price reports submitted by each

province in Cambodia. . . . . . . . . ... 144

Plots showing the variation in the value of regional currencies from
January 2008 to February 2010. . . . . . . ... ... ... ... 145

The scale of the random effect for cattle for each province in Cam-
bodia and Laos. . . . . . . .. ... 148

Semivariograms of price of cattle for each month in Cambodia and



LIST OF FIGURES xvii

2.9

5.10

5.11

5.12
5.13

5.14

0.15

5.16

6.1

6.2

6.3

B.1

B.2
B.3

B4
B.5

C.1
C.2
C.3

A plot showing the anisotropy associated with the semivariogram for
price in December for cattle in Cambodia and Laos. . . . . . . . . .. 150
[sopleth map from kriging the price of an adult female cattle in me-
dium condition in Cambodia and Laos in October. . . . . . . . . . .. 151
The scale of the random effect for each province for pigs in Cambodia
and Laos. . . . . . 153
Semivariograms of price of pigs for each month in Cambodia and Laos.155
Anisotropy associated with the spherical variogram for price in Decem-
ber for pigs in Cambodia and Laos. . . . . . .. ... ... ... ... 156
[sopleth map from kriging the price of an adult female pigs in medium
condition in Cambodia and Laos in October. . . . . . . . . .. .. .. 157
The range of predicted prices for each month in each province over
12 months in Cambodia for cattle and pigs. . . . . ... .. ... .. 158
Plots showing the change in price of pig meat, beef and mutton in
two southern provinces in China from 2001 to 2008. . . . . . . . . .. 160

Scatter graph showing association between the euclidean distance and
the road network distance between province centres in Cambodia. . . 175
A map of Cambodian provinces with the ‘least cost’ path road net-

work between provinces used in the calculation of distances shown in

Plots showing the relationship between the probability of a movement
of cattle and pigs occurring between two provinces in Cambodia and

the price, distance between provinces and season of travel. . . . . .. 180

A simplified schematic of a GSM radio transmitter within a rumen
bolus. . . . . . 215
Hypothetical animal tracing example . . . . . . . . ... .. .. ... 216
Testing for signal strength when antenna is sited on top of a light
gauge metal surface. . . . . .. ..o 223
Testing for receipt of text messages at specified depths below sea level.224

GSM signal strength recorded in various antenna positions and loca-

TIOMmS. « . . .o 225
Map of Project Region . . . . . . . . .. . ... 229
SMS codes for cattle prices . . . . . ... ..o 235

SMS codes for pig prices . . . . . .. ... 236



xviii LIST OF FIGURES



APPROVALS Xix

Approvals

Animal Ethics Approval

The Murdoch University Animal Ethics Research Committee approved the ear-
tagging trial in Laos, as the project “Livestock tracking in the Greater Mekong
subregion”, Permit No. R2201/08. This approval was also recognised by the De-

partment of Agriculture and Food WA Animal Ethics Research Committee.

FAO Statistics Division Approval

Permission was received from the FAO Statistics Division to use their data.

SaTScan

SaTScan' " is a trademark of Martin Kulldorff. The SaTScan software was developed
under the joint auspices of (i) Martin Kulldorff, (ii) the National Cancer Institute,
and (iii) Farzad Mostashari of the New York City Department of Health and Mental

Hygiene.

SaTScan was used in the evaluation of the FMD reports to identify clusters of disease

across the region during the 10 year period that was assessed.



XX

APPROVALS



GLOSSARY xxi

Glossary

ACIAR Australian Centre for International Agricultural Research
AIC Akaike’s ‘An Information Criteria’
ARAHIS ASEAN Regional Animal Health Information System

ASEAN Association of South-East Asian Nations

AUD Australian Dollar (currency)

CAMIS Cambodian Agricultural Market Information System
CSF Classical swine fever

DAFWA Department of Agriculture and Food Western Australia

DAHP Department of Animal Health and Production, Cambodia
DCW Digital Chart of the World

DLD Department of Livestock Development, Thailand

DLF Department of Livestock and Fisheries, Lao PDR

EM Expectation-Maximisation algorithm for Maximum Likelihood
FAO Food and Agriculture Organisation of the United Nations
FMD Foot and mouth disease

FMDV Foot and mouth disease Virus

FOSS Free and Open Source Software

GDP Gross Domestic Product

GIS Geographic Information System (sometimes Geographic In-

formation Science)

GMS Greater Mekong Subregion (includes Yunnan China, Myanmar,
Lao PDR, Thailand, Cambodia and Vietnam)



xxii GLOSSARY

GPS Global Positioning System

GSM Global System for Mobile Communications (Groupe Speciale
Mobile)

HPAI Highly pathogenic avian influenza

IMEI International Mobile Equipment Identity

ISO International Organisation for Standardisation

KHR Cambodian Riel (currency)

LAK Lao Kip (currency)

LGA Local Government Area (terminology used in Australia)

LMCZ Lower Mekong Control Zone

LMWG Lower Mekong Working Group (representatives of the countries
involved in the Lower Mekong Control Zone)

MCMC Markov Chain Monte Carlo

MDS Multi-Dimensional Scaling

ML Maximum Likelihood

MLA Meat and Livestock Australia

ND Newcastle Disease

NLIS National Livestock Identification System (Australia)

NLRS National Livestock Reporting System (Australia)

OIE World Organisation for Animal Health (Office International des
Epizooties)

PIC Property Identification Code

R The R Statistical Environment and Language

RCU Regional Coordinating Unit (of the OIE)

RDBMS Relational Database Management System
REML Restricted Maximum Likelihood
RFID Radio Frequency Identification Device

RMB Chinese Yuan Renminbi (currency)



GLOSSARY

RRL

SAHMBA

SEA
SEAFMD

SEACFMD

Shapefile

SIR

SIRS

SMR
SMS
SQL

THB

ULM

UMCZ
UMWG

Unicode

Regional Reference Laboratory for foot and mouth disease (Pak
Chong, Thailand)

Strengthening Animal Health Management and Biosecurity in
ASEAN

South-East Asia

South-East Asia foot and mouth disease |Campaign / Pro-
gramme| (until 2010)

South-East Asia and China foot and mouth disease [Campaign
/ Programme] (from 2010)

Shapefile is a file format for GIS data developed by ESRI Pty
Ltd. Although it is a de-facto standard for exchange of spatial
data it suffers from a number of limitations which are now much

better handled using spatially enabled relational databases.

Susceptible-Infected—Recovered (or Removed) a model where
animals are either removed after infection (for example, they

die) or recover but retain long term immunity.

Susceptible-Infected—Recovered—Susceptible—a model with
four states, representing a scenario where recovered animals

become susceptible to the disease process again.
Standardised Morbidity Ratio
Short Message Service

Structured Query Language—a standard language for querying
relational databases. SQL is used by most large databases

(although each one may have some slight variations).
Thai Baht (currency)

Understanding Livestock Movements—the short title of
ACTAR project AH/2006/025

Upper Mekong Control Zone

Upper Mekong Working Group (representatives of the coun-
tries involved in the Upper Mekong Control Zone)

A standard for encoding text on computers that represents all
known characters individually. It can also account for vari-

ations in character form when combined in Indic languages.

xxiil



XXiv

USD
VAHW
VMAP
VND
VVW
WA
WHO
WRL

GLOSSARY

United States Dollar (currency)

Village Animal Health Worker (Cambodia)
Vector Map Format

Vietnam Dong (VND) (currency)

Village Veterinary Worker (Lao PDR)
Western Australia

World Health Organisation

World Reference Laboratory for foot and mouth disease (Pir-
bright, United Kingdom)



XXV

Acknowledgements

The Big Picture

A large number of people were extremely generous with their time and expertise
and I hope I have acknowledged them all below. If there are some I've missed, I
hope I will be forgiven. To all those who have helped, I am truly grateful—thank

you!

The support from a number of people kicked off this undertaking, including Drs
Angus Cameron, Chris Baldock, Lisa Adams and John Edwards. The ongoing
support of the ABCRC (especially Drs Peta Edwards and Stephen Prowse) actually
made it possible. My colleagues at AusVet (Drs Angus Cameron, David Kennedy,
Evan Sergeant, Jenny Hutchison and Nigel Perkins) were extremely generous with
their professional skills and personal support over four long years, not to mention

allowing me the time to complete writing up the thesis!

Foot and Mouth Disease

This research was done as a collaboration with the South East Asia and China
Foot and Mouth Disease control programme. The support of Dr Ronello Abila
in making this data available is greatly appreciated, as is the contribution of the
National FMD Coordinators of the member countries. Drs Mark Stevenson and Sean
Lafferty provided useful suggestions for further investigation and Dr Wilna Vosloo

provided assistance with the phylogenetic analysis. Dr Michael Héhle was patient



XXVi ACKNOWLEDGEMENTS

with advice on the use of outbreak detection algorithms. Professor Michael Ward
was extremely patient and supportive with advice on making the chapter better
through his support in developing a journal article. Two anonymous reviewers had
to suffer my first independent attempts at scientific writing, so I am humbled that

they read to the end and provided such helpful and supportive advice.

Movements - Western Australia

Information on the structure of the NLIS database was provided by Dr Greg Hood
from Bureau of Resource Sciences. Dr Bob Vassallo from DAFWA took the time
to help with extracting and coding the raw data into a format suitable for ana-
lysis whilst ensuring privacy. Haydn Bufton from Main Roads Western Australia

generously supplied statewide road data.

Movements - Greater Mekong Subregion

An enormous number of people contributed to the collection of data in this region.
In Cambodia, Drs Sorn San, Holl Davun and Nget Kiry of the National Veterinary
Research Institute, Phnom Penh, Dr Tum Sothyra of the Public Health Office and
Dr Sieng Socheat provided an enormous amount of insight and assistance. Dr John
Stratton was ever helpful and contributed to understanding of the Cambodian live-
stock production arrangements as well as stimulating thought on the rationale for
livestock control. In Laos, Dr Phouth Inthavong was the keystone for the project in
the Disease Investigation Centre in Vientiane, guided by Dr Syseng Khounsey and
ably assisted by Anousone, Souksavanh, Phoutsakhon and Khamphanh. Dr Axelle
Scoizec lent generously from her concurrent research working with livestock traders.
Alison Wilson contributed illustrative data and insights from her work with trade
development. The cooperation of Dr Luzia Rast and Professor Peter Windsor and

their project staff in Northern Laos for the ear-tagging trial was vital.



XXVI1

Prices

Nancy Bourgeois-Liithi was a goldmine for background on the pricing of livestock
across the GMS. Dr Nigel Perkins cleared the way for dealing with an enormous pile
of data as well as encouraging me to believe that I could ever understand hierarchical
models. A number of people actually responded to my expert opinion survey, for

which T am grateful, however as it was anonymous, I can’t identify them.

General support

All the data collection, analysis, presentation and the writing of the final document
were written using free and open source software. This would not have been possible
without the support of the open source community, those that not only code and
provide for free this amazing software, but then patiently respond to emails from
distressed users. This camaraderie was overwhelming when struggling from remote

locations. Dr Petra Muellner receives a special mention for suggesting IXTEX.

A smaller group went above and beyond the call of duty in their help with technical
advice, rhetorical guidance, patient (and oft repeated) explanation and editing of

inarticulate dribbling thoughts.

Dr Chris Hawkins from DAFWA provided invaluable feedback on content and struc-
ture of the movements paper in Western Australia and general advice on thesis con-
tent and appealing to journals. Professor Ian Robertson kept the university off my
back and suffered through reading some of my early writing. Dr Angus Cameron set
up the foundation for the thesis, an outline which I somehow managed to (mostly)
follow, suffered endless interruptions via Skype, email, phone and retained his good
humour throughout, even when I turned up on his doorstep in Sydney and invited
myself to stay; Catriona Mackenzie, having suffered through all the above also de-
serves a thank you. Dr Simon Reid laid out a framework for writing a thesis that
actually allowed me to get writing, while I sat in his dining room and drank his coffee

and interrupted his attempts to pack up and sell his house before moving overseas.



xxviii ACKNOWLEDGEMENTS

Drs Jan Lievaart and John Morton put an enormous effort into reviewing a number
of chapters, and providing detailed feedback which enhanced the final work—I'd
love to say significantly, but I can’t calculate the P-value! As well as the modelling,
Dr Nigel Perkins provided endless support on the practicalities and realities of the

thesis process and presentation.

My brother Josh gave up many hours to read my early attempts at writing, and
patiently put me on track to actually write a document. He then rose to the challenge

a second time and actually read the re-written document again. Thanks mate!

Finally, Jim Kerr was fantastic in his relentless work keeping the larger project
moving forward and data collection activities on track. It is no doubt that without
his support, the components on which I was engaged would not have succeeded. His

open interest in all that was going on around him was inspiring.

The smaller picture

A smaller group again spent the best part of four years living with a frequently
absent father, both physically and at times mentally while he was struggling with
this undertaking. Eloise (now 9), Cooper (now 7) and Meg (now 2) were very
accepting of this, although Cooper did (not unreasonably) assert towards the end
that he would never put his family through such an undertaking! I can only hope

that one day he understands the motivation.

One person made a sacrifice of a magnitude that was unanticipated when drafting
up the marriage vows. Indeed, who could anticipate evenings of patiently sitting
through hilarious anecdotes about database indexing and hierarchical regression
and countless mornings, days and evenings spent alone. Nevertheless, she displayed
a commendable commitment to proofreading the worst of the scribblings before
anyone else was subjected to them, and sharpening up my writing and working hard
on curtailing my best efforts at procrastination. It is of course to my wife and best

friend Rachael that I dedicate this work.



