
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



Biosecurity and exotic disease surveillance in the 
New Zealand pig industry

A thesis presented in partial fulfilment of the requirements for the degree of
Doctor of Philosophy

at Massey University, New Zealand.

Eric James Neumann
2013

Institute of Veterinary, Animal and Biomedical 
Sciences 
Massey University 
Palmerston North, New Zealand



i

Table of Contents

Abstract ............................................................................................................................iv 

Acknowledgements ..........................................................................................................vi 

Introduction .......................................................................................................................1 

Chapter 1. Disease transmission and biosecurity..........................................................6 

Preface...........................................................................................................................7 

Abbreviations ................................................................................................................7 

Disease transmission .....................................................................................................9 

Biosecurity ..................................................................................................................32 

Bibliography................................................................................................................46 

Tables ..........................................................................................................................53 

Figures.........................................................................................................................57 

Chapter 2. Descriptive summary of an outbreak of porcine post-weaning 
multisystemic wasting syndrome (PMWS) in New Zealand ..........................................65 

Abstract .......................................................................................................................66 

Abbreviations ..............................................................................................................66 

Introduction .................................................................................................................68 

Case history.................................................................................................................69 

Clinical and pathological findings ..............................................................................70 

Discussion ...................................................................................................................74 

Acknowledgements .....................................................................................................76 

References ...................................................................................................................77 

Tables ..........................................................................................................................79 

Figures.........................................................................................................................81 

Chapter 3. Analysis of the risk of introduction and spread of porcine reproductive and 
respiratory syndrome virus through importation of raw pigmeat into New Zealand......85 

Abstract .......................................................................................................................86 

Abbreviations ..............................................................................................................86 

Introduction .................................................................................................................88 

Materials and methods ................................................................................................91 

Results .......................................................................................................................102 

Discussion .................................................................................................................104 

Acknowledgements ...................................................................................................105 

References .................................................................................................................106 



ii

Tables ........................................................................................................................112 

Figures.......................................................................................................................120 

Chapter 4. The frequency and distance of movements of pigs and semen between 
commercial and non-commercial piggeries in New Zealand........................................123 

Abstract .....................................................................................................................124 

Abbreviations ............................................................................................................125 

Introduction ...............................................................................................................126 

Materials and methods ..............................................................................................127 

Results .......................................................................................................................130 

Discussion .................................................................................................................137 

Acknowledgements ...................................................................................................142 

References .................................................................................................................143 

Tables ........................................................................................................................145 

Figures.......................................................................................................................152 

Supplementary information.......................................................................................156 

Chapter 5. Effect of blood sample handling post-collection on Erysipelothrix 
rhusiopathiae antibody titres.........................................................................................171 

Abstract .....................................................................................................................172 

Abbreviations ............................................................................................................172 

Introduction ...............................................................................................................173 

Materials and methods ..............................................................................................173 

Results .......................................................................................................................177 

Discussion .................................................................................................................178 

Conclusions...............................................................................................................180 

Acknowledgments.....................................................................................................181 

References .................................................................................................................182 

Tables ........................................................................................................................183 

Figures.......................................................................................................................186 

Chapter 6. Descriptive and temporal analysis of post-mortem lesions recorded in 
New Zealand slaughter pigs from 2000-2010...............................................................189 

Abstract .....................................................................................................................190 

Abbreviations ............................................................................................................191 

Introduction ...............................................................................................................192 

Materials and methods ..............................................................................................193 



iii

Results .......................................................................................................................195 

Discussion .................................................................................................................197 

Acknowledgements ...................................................................................................203 

References .................................................................................................................204 

Tables ........................................................................................................................208 

Figures.......................................................................................................................213 

Chapter 7. Use of Investment Logic Mapping for strategic biosecurity planning in the 
New Zealand pig industry .............................................................................................216 

Abstract .....................................................................................................................217 

Abbreviations ............................................................................................................218 

Introduction ...............................................................................................................219 

Methods.....................................................................................................................224 

Results .......................................................................................................................227 

Discussion and conclusions ......................................................................................237 

References .................................................................................................................239 

Tables ........................................................................................................................243 

Figures.......................................................................................................................248 

General discussion ........................................................................................................251 

References .................................................................................................................263 

Appendix 1 - Statement of contribution to doctoral thesis containing publications .....266 



iv

Abstract



v

The New Zealand commercial pig industry is modern and highly productive. The 

industry is free from many of the important infectious diseases present in much of the 

rest of the world. However, alongside the commercial industry are a large number of 

non-commercial pig holdings operated with minimal attention to biosecurity. The extent 

to which the activities in the non-commercial sector might negatively impact the 

commercial sector was unknown therefore a series of projects was undertaken to 

explore the likelihood of an exotic disease occurring. 

A risk assessment was undertaken to determine the likelihood porcine reproductive and 

respiratory syndrome (PRRS) virus would be introduced into New Zealand through 

imported fresh pork. The study estimated that at least 4.3 pig herds per year were likely to 

become infected with PRRS and that 36% of these incursions would spread to additional 

herds. It was recognized that the data describing the interactions between commercial and 

non-commercial pigs could be improved so a prospective study was undertaken to 

collect information about the movements of pigs and genetic material between farms. 

To assist in development of a national surveillance programme, two additional studies 

were then initiated. First, a study was conducted to determine the effect of blood sample 

mishandling on the performance of ELISA assays and second, a retrospective analysis 

of data from a national abattoir-based lesion recording system (PigCheck) was 

conducted. These studies were done with the realization that future surveillance 

activities would need to incorporate creative means of generating high-quality 

surveillance data, from various surveillance components, using both laboratory- and 

field-based staff.

Investment Logic Mapping was then used to assist the industry in establishing a

biosecurity and surveillance strategy. A single strategy ‘improve surveillance’ was 

identified as the key area for biosecurity investment. In response to this finding, 

modelling of potential surveillance activities was completed and a surveillance 

programme was proposed costing approximately $0.50 per pig annually.

The work presented in this thesis demonstrates the New Zealand pig industry is 

susceptible to introduction of an exotic disease and that the population of non-

commercial pigs must be considered when developing biosecurity, and disease 

readiness or response plans for the commercial industry. The described studies show 

that a cost effective national disease surveillance programme can be implemented 

through use of a combination of existing and newly developed sources of surveillance 

information.
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