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Abstract 

Classical swine fever (CSF), a highly contagious Pestivirus, has caused substantial 

socioeconomic loss for pig farmers in Indonesia since its introduction to this country in the 

mid 1990s. Live pig movements are believed to have facilitated the introduction of CSF into 

Nusa Tenggara Timur (NTT) province, in eastern Indonesia. This province has the largest 

pig population, with approximately 85% of households owning at least one pig and the 

smallholder sector being the dominant industry. Pigs have high cultural and economic 

importanceðbeing used as an income source, financial security and playing an important 

role in traditional and religious ceremonies. The number of reported CSF cases in NTT is 

still increasing, with newly infected islands as recent as 2011. 

This study was conducted from 2009 to 2012 that investigated live pig movements and the 

role of markets and villages in CSF transmission across NTT province. The research aimed 

to identify areas where mitigation measures could be implemented to assist in the control of 

CSF to reduce its spread in NTT and reduce the potential risk to Australia. Six phases were 

incorporated into the study to produce findings that could inform decision making.  

The first phase of the research was to investigate formal pig movements (farm to market) by 

conducting a market survey where interviews were conducted at nine live pig markets on 

West Timor, Flores and Sumba islands during September and November 2009, with 292 pig 

seller and 281 pig buyer respondents. Information was collected by questionnaire on pig 

movements, pig management, biosecurity, and knowledge on pig health and CSF. Grower 

and fattener pigs were most commonly sold at market with high annual demand periods 

identified from August to October. Understanding of CSF and biosecurity was limited, with 

85% of sellers and 83% of buyers stating they had no prior knowledge of CSF.  

Observations were also conducted at each market site which provided baseline information 

on live pig markets and confirmed an extreme lack of biosecurity with high risk practices 

having the potential to influence CSF transmission. 

To investigate the potential role of informal movements of pigs (farm to farm) in CSF 

transmission, a survey of smallholder pig farmers was conducted from March to May 2010. 

Eighteen villages were selected across West Timor, Flores and Sumba, and 289 pig farmers 

were interviewed. Information was collected by questionnaire on pig movements, pig 

management, biosecurity, and knowledge on pig health and CSF. Most (73.0%) farmers 
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stated they purchased pigs in order to raise the animal on their farm. Over half of the 

respondents (65.0%) purchased pigs from another farmer and not through a market, and 

35.6% reported purchasing at least one pig within the last year. Pigs were sold or left their 

herd most commonly during the months of January, August, September and October.  

Information obtained from the market and farmer surveys enabled a social network analysis 

(SNA) to be conducted on formal and informal movements using information on trading 

practices, source and destination locations, and the number of pigs being moved. Both inter- 

and intra-island movements were found to occur, however inter-island movement was only 

observed between Flores and Sumba islands. West Timor and Sumba had highly connected 

networks where large numbers of villages were directly and indirectly linked through pig 

movement. Pig movements were identified from Kota Kupang to the border of East Timor in 

West Timor connecting all five districts. The pig-movement network on Sumba had a higher 

potential for pigs to move a greater number of sequential locations across the entire island. 

Flores was found to have a more fragmented network, with pig movements concentrated on 

its eastern or western regions, influenced by terrain. Markets were considered high-risk 

locations for the introduction and spread of disease, having over 20 contacts (based on in 

and out-degree values) with different villages on an operational day. Of the markets 

investigated, Detusoko and Mbay markets on Flores and Waikabubak Market on Sumba 

represented the highest-risk market locations for the potential to spread disease through the 

network. For informal movement among the villages investigated, Rindi Village in Sumba 

represented a high-risk location for CSF spread via informal movements with the greatest 

exiting pig volume (78 pigs) from 2009ï2010. Nunbaun Delha Village in West Timor was a 

high-risk location for CSF introduction due to external contact with 13 other villages.  

A quantitative risk assessment was conducted on formal and informal pig movements across 

NTT province to assess the likelihood of classical swine fever virus (CSFV) transmission 

along the market chain. This risk assessment sought to identify pathways in the live pig 

market chain with the greatest risk of CSFV transmission and to assess the effect of 

mitigation measures to reduce CSFV transmission. Two modular risk models were 

developed, one to assess formal pig movements and the other to assess informal pig 

movements, with only live pig to pig transmission considered. Data obtained from the 

market and farmer surveys, published literature and expert opinion were utilised. A Monte 

Carlo simulation was performed with @Risk (Palisade) with 10,000 iterations. Modules 

were divided based on market chain movement processes from village to market/village. 
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Outputs included the number of infected and clinical pigs at market/village and the 

probability a market/village was infected with CSFV. Mitigation strategies assessed were 

vaccination and pre-entry market or village inspection. The baseline model demonstrated 

that markets and villages in West Timor and Sumba had the highest number of infected pigs 

entering a premise. The process of inspection at the market or village needed to be strict for 

it to be effective and to reduce the probability that a market or village was infected. 

Increased vaccination coverage reduced the number of infected and clinical pigs arriving at a 

market or village. However, CSFV was not eliminated from the environment. 

Due to the risk posed by eastern Indonesia for the introduction of CSF into northern 

Australia, a simulation model was used to investigate the most appropriate surveillance 

techniques to detect and delineate the extent of infection among wild pigs for use following 

a CSFV incursion in the Kimberley region, north-western Australia. Due to the complexity 

of wildlife population dynamics and herd behaviour, it was concluded that a targeted 

approach to surveillance needed to be implemented. The use of simple random sampling 

was suboptimal, although disease was detected. The detection and containment of an 

outbreak must be as early and rapid as possible. The best way to approach the selection of an 

appropriate surveillance strategy is to use a more situation-based surveillance approach that 

accounts for disease distribution and the time period over which an epidemic has occurred. 

Radial and leapfrog surveillance were demonstrated to improve the effectiveness of 

infection delineation at various stages of a disease outbreak.  

These findings have provided baseline information on pig movements and the pig market 

chain, allowing further analyses to be conducted to assist in guiding decision making for the 

development of mitigation strategies to control CSF in NTT. The identification of higher-

risk practices can now be addressed through farmer education, and the detection of higher-

risk village and market locations has suggested potential sites for mitigation measures to be 

trialled. Moreover, the quantitative risk analysis has provided suggestions for potential 

control measures to reduce the risk of CSF transmission along the market chain, and the 

simulation model output has provided information on effective surveillance techniques for 

CSF detection and delineation in northern Australia.  

 



vii  

 

Contributions to Chapters 

The development and writing of all chapters presented in this thesis were my principal 

responsibility, working independently under the supervision of Dr Jenny-Ann Toribio 

(principal supervisor), Prof Michael Ward (associate supervisor) and Dr Maria Geong 

(associate supervisor). Dr Toribio provided comments on all chapters and Prof Ward 

provided comments on Chapters 4, 5, 6, 7, 8, 9. 

Chapter 3 and 5 

The development of the market and farmer questionnaires was conducted by myself with 

guidance from Dr Toribio. During the interview process in NTT, interview teams on West 

Timor, Flores and Sumba conducted all interviews. I attended each study site during the 

interview process to provide assistance if needed and to conduct an observational study. 

Each interview team underwent a training course (conducted by myself, Dr Maria Geong 

and Dr Muktasam Abdurrahman) to ensure their delivery of the interview was consistent and 

their knowledge of the questionnaire was adequate. One member from each team entered 

data into a database that I had developed in Epi Info
TM

 Software and during this process 

translated responses into English. On completion of this process I then went through 

completed questionnaires to check that the data was entered correctly and that the translation 

was accurate. Where translation was incorrect or needed additional clarification, a member 

of the West Timor interview team fluent in Bahasa, Larry Toha, was consulted.  

All analyses of this data were conducted by myself with comments provided at the draft 

stages of the chapters. Conclusions have been made based on the findings and I have written 

the contents of this chapter. 

Chapter 4 

I conducted observations for this study at all market sites during visits made in the 

interviewing phase of the market survey. Data were analysed by myself and comments were 

provided at the draft stage of the chapter. Conclusions have been made based on the findings 

and I have written the contents of this chapter. 

Chapter 6 

Guidance and assistance was given by Dr Rob Christley from the University of Liverpool, 

England. His expertise in social network analysis was sought to assist in developing an 

appropriate approach for analysing the available data obtained from the market and farmer 



viii  

 

surveys. I performed all the analyses and obtained feedback from Dr Christley during the 

development of the chapter with comments provided on the generated results and in the draft 

stages of this chapter. Conclusions have been made based on the findings and I have written 

the contents of this chapter.  

Chapter 7 

The risk models presented in this chapter are a collaborative effort between myself and Dr 

Naomi Cogger from Massey University, New Zealand. I worked directly with Dr Cogger to 

develop both models. The initial structure of the models were developed through 

consultation with Dr Cogger combining her understanding of risk assessments and my 

knowledge of the pig market chain in NTT and utilising data obtained from the market and 

farmer surveys. Through further discussions with Dr Cogger, the model structures were 

altered accordingly to suit a modular risk approach. Dr Cogger developed the mathematical 

approach to take and applied this to the models, and I provided assistance where appropriate. 

Once the models were complete, I ran all the analyses for both models and obtained 

feedback during this process to ensure results were appropriate. Conclusions have been 

made based on the findings and I have written the contents of this chapter. Dr Cogger also 

provided comments on the draft thesis chapter.  

Chapter 8 

This chapter contains results that were generated by a model developed by Dr Graeme 

Garner and Dr Brendan Cowled. Using this model, I ran all simulations and conducted 

analyses on the output. Feedback was provided by Prof Ward and Dr Cowled during the 

development of the chapter. During the final stages, Dr Garner and Dr Toribio provided 

additional comments on the draft chapter prior to submission to the journal Transboundary 

and Emerging Diseases.  

 

 

 

 

 

 

 

 

 



ix 

 

Publications and Conference Proceedings 

Leslie E., Chistley R., Geong M., Ward M. & Toribio, J-A. (2010) Spatial networks: An 

example of pig movements in eastern Indonesia and classical swine fever risk (oral 

presentation), Global Network for Geospatial Health (GnosisGIS) Conference, 14 August, 

Melbourne, Australia.  

Leslie, E., Cogger, N. & Toribio, J-A. (2011) Formal pig movements across eastern 

IndonesiaðRisk for classical swine fever transmission (oral presentation), Society of Risk 

Analysis Conference, 28ï29 September, University of Sydney, Sydney, Australia. 

Leslie, E., Chistley, R., Geong, M., Ward, M. & Toribio, J-A. (2010) Informal pig 

movements across eastern Indonesia: Associated transmission risk for classical swine fever 

(oral presentation), Veterinary Science Postgraduate Conference, 1ï2 November, University 

of Sydney, Sydney, Australia. 

Leslie, E., Chistley, R., Geong, M., Ward, M. & Toribio, J-A. (2010) Informal pig 

movements across eastern Indonesia: High risk movement pathways for classical swine 

fever (oral presentation), GEOVET Conference, 1ï3 December, University of Sydney, 

Sydney, Australia. 

Leslie E., Chistley R., Geong M., Ward M. & Toribio J-A. (2011) Informal pig movements 

across eastern Indonesiaðrisk for classical swine fever transmission (oral presentation), 

Science Week, Australian College of Veterinary Scientists, 30 June ï2 July, Gold Coast, 

Australia. 

Leslie E., Cogger N. & Toribio J-A. (2011) Quantitative risk assessment of formal pig 

movements in eastern Indonesia and transmission of classical swine fever, Society of Risk 

Analysis Conference (oral presentation), 26ï28 September, University of Queensland, 

Brisbane, Australia. 

Leslie, E., Chistley R., Geong, M., Ward, M. & Toribio, J-A. (2011) Formal and informal 

pig movements across eastern Indonesia ï risk of classical swine fever transmission (oral 

presentation), Veterinary Science Postgraduate Conference, November 2-3, Camden, 

Sydney, Australia. 



x 

 

Leslie, E., Geong, M., Cogger, N., Chistley, R., Ward, M. & Toribio, J-A. (2011) Pig 

movements across eastern Indonesia and associated risk of classical swine fever (oral 

presentation), Pork CRC Student Workshop and Australian Pig Science Association 

Conference, 26ï30 November, Adelaide, South Australia. 

Leslie, E., Cowled, B., Garner, M, G., Toribio, J-A &  Ward, M, P. (2012) Effective 

surveillance strategies following a potential classical swine fever incursion in a remote wild 

pig population in northwestern Australia, Transboundary and Emerging Diseases, 

manuscript submitted and under review. 

Leslie, E., Cogger, N., Ward, M, P. & Toribio J-A. (2012) Quantitative risk assessment of 

formal pig movements in eastern Indonesia and transmission of classical swine fever (oral 

presentation), International Symposium of Veterinary Epidemiology and Economics, 20-25 

August, Maastricht, Netherlands. 

Leslie, E., Christley, R., Geong, M., Ward, M. P. & Toribio, J-A. (2012) Formal and 

informal pig movements across eastern Indonesia - Risk for classical swine fever 

transmission (oral presentation), International Symposium of Veterinary Epidemiology and 

Economics, 20-25 August, Maastricht, Netherlands. 

Leslie E., Geong M., Ward M. & Toribio J-A. (2012) Live pig market chain in Nusa 

Tenggara Timur, Indonesia informing approach to classical swine fever control (poster 

presentation), International Symposium of Veterinary Epidemiology and Economics, 20-25 

August, Maastricht, Netherlands. 

 

 

 

 

 

 

 



xi 

 

TABLE OF CONTENTS 

DECLARATION  .................................................................................................................... I  

ACKNOWLEDGEMENTS  .................................................................................................. II  

ABSTRACT ......................................................................................................................... IV  

CONTRIBUTIONS TO CHA PTERS .............................................................................. VII  

PUBLICATIONS AND CONFERENCE PROCEEDINGS ........................................... IX  

TABLE OF CONTENTS .................................................................................................... XI  

LIST OF TA BLES ........................................................................................................ XVIII  

LIST OF FIGURES ...................................................................................................... XXIII  

GLOSSARY AND ABBREVI ATIONS ........................................................................ XXXI  

CHAPTER 1: INTRODUCT ION ......................................................................................... 1 

CHAPTER 2: LITERATUR E REVIEW  ............................................................................. 4 

2.1 INDONESIA AND NUSA TENGGARA TIMUR PROVINCE ...................................................... 4 

2.1.1 Location .......................................................................................................................... 4 

2.1.2 Demographics of Nusa Tenggara Timur ........................................................................ 6 

2.1.3 Major Islands ................................................................................................................. 8 

2.1.4 Structure of the Directorate General of Livestock and Animal Health Services 

(DGLAHS), Provincial Livestock Services (PLS) and their Role in Animal Health ............... 9 

2.2 PIG INDUSTRY IN NUSA TENGGARA TIMUR ................................................................... 12 

2.2.1 Pig Population and Distribution .................................................................................. 12 

2.2.2 Pig Introduction into Indonesia and Present Pig Breeds ............................................ 12 

2.2.3 Smallholder Pig Farming in Indonesia and other Developing Countries ................... 13 

2.2.4 Commercial Pig Farming in NTT ................................................................................ 15 

2.2.5 Pig Diseases in NTT ..................................................................................................... 16 

2.2.6 Societal Importance of Pigs ......................................................................................... 16 

2.2.7 Backyard Slaughtering of Pigs and Slaughterhouse Usage ......................................... 18 

2.3 CLASSICAL SWINE FEVER IN INDONESIA ....................................................................... 20 

2.3.1 CSF Entry and Spread across Indonesia ..................................................................... 20 

2.3.2 CSF Prevalence and Current Distribution in NTT ...................................................... 27 

2.3.3 Laboratory Testing ....................................................................................................... 32 

2.3.4 Government Veterinary Assistance for CSF across NTT ............................................. 32 

2.4 EPIDEMIOLOGY OF CLASSICAL SWINE FEVER ................................................................ 35 

2.4.1 Introduction .................................................................................................................. 35 

2.4.2 Forms of CSF ............................................................................................................... 37 



xii  

 

2.4.4 Virus Shedding and Infection ....................................................................................... 43 

2.4.5 Age and Breed Associated Factors .............................................................................. 43 

2.4.6 Modes of Classical Swine Fever Transmission ............................................................ 44 

2.4.7 Control and Eradication of Classical Swine Fever ..................................................... 47 

2.5 ANIMAL MOVEMENT AND DISEASE SPREAD.................................................................. 51 

2.5.1 Introduction .................................................................................................................. 51 

2.5.2 Movement Pathways and Transportation in NTT ........................................................ 52 

2.5.3 Role of Livestock Markets in Disease Spread .............................................................. 54 

2.5.4 Social Network Analysis and Disease Spread .............................................................. 55 

2.6 RISK ASSESSMENT METHODOLOGIES ............................................................................ 61 

2.6.1 Risk Analysis Introduction ........................................................................................... 61 

2.6.2 The Application and Use of Quantitative Risk Assessment .......................................... 62 

2.6.3 Modular Process Risk Modelling ................................................................................. 63 

2.6.4 Monte Carlo Simulation ............................................................................................... 66 

2.7 ANIMAL DISEASE SURVEILLANCE AND WILD PIGS IN NORTHERN AUSTRALIA.............. 67 

2.7.1 Wild Pigs and their Role in Disease Spread ................................................................ 67 

2.7.2 Wild Pig Distribution in Australia and Risk from Indonesia ....................................... 68 

2.7.3 Surveillance Methods for Disease Detection ............................................................... 69 

2.7.4 Modelling for Disease Spread ...................................................................................... 71 

2.8 EVALUATION AND JUSTIFICATION FOR CURRENT RESEARCH ........................................ 71 

CHAPTER 3: SURVEY AT  LIVE PIG MARKETS ACR OSS NUSA TENGGARA 

TIMUR PROVINCE  ............................................................................................................ 73 

3.1 INTRODUCTION .............................................................................................................. 73 

3.2 METHODOLOGY ............................................................................................................. 74 

3.2.1 Market Study ................................................................................................................ 74 

3.2.2 Questionnaire ............................................................................................................... 74 

3.2.3 Interview Teams ........................................................................................................... 75 

3.2.4 Selection of Market Sites .............................................................................................. 75 

3.2.5 Interview Round Time Selection ................................................................................... 76 

3.2.6 Seller and Buyer Recruitment in the Market ................................................................ 77 

3.2.7 Data Management ........................................................................................................ 79 

3.2.8 Data Analysis ............................................................................................................... 79 

3.3 RESULTS ........................................................................................................................ 81 

3.3.1 Market Respondents ..................................................................................................... 81 



xiii  

 

3.4 RESULTS ï PIG SELLERS ................................................................................................ 84 

3.4.1 Respondent Demographics ........................................................................................... 84 

3.4.2 Respondent Background ............................................................................................... 85 

3.4.3 Management of Pigs at Market .................................................................................... 86 

3.4.4 Pig Origin to Market Movement .................................................................................. 92 

3.4.5 Market Interactions with Smallholder Farmers ........................................................... 96 

3.4.6 Pig Health .................................................................................................................. 100 

3.4.7 Transportation of Pigs to Market ............................................................................... 102 

3.4.8 Knowledge and Perceptions of Classical Swine Fever .............................................. 103 

3.4.9 Pig Slaughtering Practices......................................................................................... 105 

3.5 RESULTSðPIG BUYERS AT MARKET .......................................................................... 105 

3.5.1 Respondent Demographics ......................................................................................... 105 

3.5.2 Respondent Background ............................................................................................. 106 

3.5.3 Live Pig PurchasingðPreferences and Drivers ........................................................ 106 

3.5.4 Pig Health .................................................................................................................. 111 

3.5.5 Transportation and Destination of Pigs ..................................................................... 111 

3.5.6 Knowledge and Perception of Classical Swine Fever ............................................... 113 

3.5.7 Pig Slaughtering Practices......................................................................................... 114 

3.6 DISCUSSION ................................................................................................................. 115 

3.6.1 Characteristics of Pig Market Chain ......................................................................... 115 

3.6.2 Seller and Buyer Characteristics ............................................................................... 118 

3.6.3 Characteristics of Markets ......................................................................................... 120 

3.6.4 Constraints of Survey ................................................................................................. 121 

3.7 CONCLUSIONS ............................................................................................................. 122 

CHAPTER 4: INVESTIGA TIONS INTO LIVE PIG MARKETS ACROSS NUSA 

TENGGARA TIMUR WITH REFERENCE TO THE POTENTIAL SPREAD OF 

CLASSICAL SWINE FEVE R .......................................................................................... 124 

4.1 INTRODUCTION ............................................................................................................ 124 

4.2 METHODOLOGY ........................................................................................................... 125 

4.2.1 Market Locations ........................................................................................................ 125 

4.2.2 Data Collection and Site Observations ...................................................................... 125 

4.2.3 Observer Training and Observation Refinement ....................................................... 126 

4.2.4 Data Management and Statistical Analysis ............................................................... 126 

4.3 RESULTS AND DISCUSSION .......................................................................................... 127 



xiv 

 

4.3.1 Overview of Live Pig Markets in Nusa Tenggara Timur ........................................... 127 

4.3.2 Live Pig Market Comparisons Across West Timor, Flores and Sumba ..................... 127 

4.4 CONCLUSION ............................................................................................................... 161 

CHAPTER 5: SMALLHOLD ER PIG FARMER SURVEY ACROSS NUSA 

TENGGARA TIMUR PROVI NCE .................................................................................. 162 

5.1 INTRODUCTION ............................................................................................................ 162 

5.2 METHODOLOGY ........................................................................................................... 163 

5.2.1 Farmer Survey ............................................................................................................ 163 

5.3 RESULTS ...................................................................................................................... 169 

5.3.1 Pig Farmer Interview Results .................................................................................... 169 

5.3.2 Respondent Demographics ......................................................................................... 171 

5.3.3 Respondent Background ............................................................................................. 172 

5.3.4 On-farm Pig Management .......................................................................................... 174 

5.3.5 Pig Health .................................................................................................................. 178 

5.3.6 Buying Practices and Farm Biosecurity .................................................................... 186 

5.3.7 Selling Practices of Live Pigs ..................................................................................... 190 

5.3.8 Pig Meat Products and Slaughtering ......................................................................... 193 

5.3.9 Pig Breeding ............................................................................................................... 195 

5.3.10 Classical Swine Fever .............................................................................................. 196 

5.4 DISCUSSION ................................................................................................................. 198 

5.4.1 Introduction ................................................................................................................ 198 

5.4.2 Demographics and Background ................................................................................. 199 

5.4.3 On-farm Pig Management .......................................................................................... 200 

5.4.4 Pig Health .................................................................................................................. 202 

5.4.5 Buying Practices ........................................................................................................ 203 

5.4.6 Selling Practices ......................................................................................................... 204 

5.4.7 Transportation ............................................................................................................ 205 

5.4.8 Classical Swine Fever Knowledge and Attitudes ....................................................... 205 

5.4.9 Constraints of the Survey ........................................................................................... 206 

5.5 CONCLUSION ............................................................................................................... 206 

CHAPTER 6: SOCIAL NE TWORK ANALYSIS OF PI G MOVEMENTS ACROSS 

NUSA TENGGARA TIMUR PROVINCE  ...................................................................... 208 

6.1 INTRODUCTION ............................................................................................................ 208 

6.2 METHODS .................................................................................................................... 210 



xv 

 

6.2.1 Study Population ........................................................................................................ 210 

6.2.2 Questionnaire Data .................................................................................................... 210 

6.2.3 Data Management and Analysis ................................................................................ 211 

6.2.4 Analysis Limitations ................................................................................................... 213 

6.3 RESULTS ...................................................................................................................... 216 

6.3.1 Market and Farmer Data Sources ............................................................................. 216 

6.3.2 Social Network Analysis of Formal Movements ........................................................ 217 

6.3.3 Social Network Analysis of Informal Movements ...................................................... 227 

6.3.4 Province Social Network Analysis ............................................................................. 233 

6.4 DISCUSSION ................................................................................................................. 241 

6.4.1 Social Network Analysis Application ......................................................................... 241 

6.4.2 Formal Market Networks ........................................................................................... 243 

6.4.3 Informal Farmer Networks ......................................................................................... 246 

6.4.4 Island Networks .......................................................................................................... 247 

6.4.5 Social Network Analysis Limitations.......................................................................... 250 

6.5 CONCLUSION ............................................................................................................... 251 

CHAPTER 7: QUANTITATIVE RISK ASS ESSMENT OF CLASSICAL SWINE 

FEVER SPREAD THROUGH THE LIVE PIG MARKET CHAIN IN NUSA 

TENGGARA TIMUR PROVI NCE .................................................................................. 253 

7.1 INTRODUCTION ............................................................................................................ 253 

7.2 OVERVIEW OF MODELS ............................................................................................... 255 

7.2.1 Model Pathways ......................................................................................................... 255 

7.2.2 Data Sources .............................................................................................................. 257 

7.3 MODEL 1: VILLAGE-TO-MARKET ................................................................................ 258 

7.3.1 Baseline Model ........................................................................................................... 258 

7.3.2 Alternative Scenarios for the village-to-market model .............................................. 268 

7.3.3 Sensitivity Analysis ..................................................................................................... 272 

7.3.4 Results ........................................................................................................................ 273 

7.4 MODEL 2: VILLAGE-TO-VILLAGE MODEL ................................................................... 280 

7.4.1 Baseline Model ........................................................................................................... 280 

7.4.2 Inputs for Baseline ..................................................................................................... 284 

7.4.3 Alternative Scenarios ................................................................................................. 285 

7.4.4 Sensitivity Analysis ..................................................................................................... 286 

7.4.5 Results ........................................................................................................................ 289 



xvi 

 

7.5 DISCUSSION ................................................................................................................. 295 

7.5.1 Pre-Entry Inspection .................................................................................................. 295 

7.5.2 Vaccination ................................................................................................................. 296 

7.5.3 CSF Prevalence .......................................................................................................... 298 

7.5.4 Model Evaluation and Limitations ............................................................................. 298 

7.6 CONCLUSION ............................................................................................................... 301 

CHAPTER 8: EFFECTIVE SURVEILLANCE STRATEGIES FOLLOWING A 

POTENTIAL C LASSICAL SWINE FEVER INCURSION IN A REMOTE WILD PIG 

POPULATION IN NORTHW ESTERN AUSTRALIA .................................................. 302 

8.2 INTRODUCTION ............................................................................................................ 302 

8.3 METHODS .................................................................................................................... 304 

8.3.1 Model Description ...................................................................................................... 304 

8.3.2 Model Application ...................................................................................................... 309 

8.3.3 Approach 1: Detecting Disease Following CSF Incursion ........................................ 310 

8.3.4 Approach 2: Comparisons between Surveillance Techniques ................................... 310 

8.3.5 Statistical Analysis ..................................................................................................... 312 

8.4 RESULTS ...................................................................................................................... 313 

8.4.1 Approach 1 ................................................................................................................. 313 

8.4.2 Approach 2 ................................................................................................................. 315 

8.5 DISCUSSION ................................................................................................................. 319 

8.5.1 Disease Detection ....................................................................................................... 319 

8.5.2 Surveillance Strategies ............................................................................................... 319 

8.6 CONCLUSIONS ............................................................................................................. 323 

CHAPTER 9: DISCUSSION, RECOMMENDATIONS A ND CONCLUSIONS ........ 324 

9.1 DISCUSSION ................................................................................................................. 324 

9.1.1 Live Pig Market Survey and Observational Study ..................................................... 325 

9.1.2 Smallholder Farmers in NTT ..................................................................................... 326 

9.1.3 Social Network Analysis ............................................................................................. 329 

9.1.4 Quantitative Risk Assessment ..................................................................................... 330 

9.1.5 Surveillance Strategies for Australia ......................................................................... 331 

9.2 RECOMMENDATIONS AND AREAS FOR FUTURE RESEARCH.......................................... 332 

9.2.1 Farmer Education Programs and Village Level Biosecurity ..................................... 332 

9.2.2 Movement Regulations between Islands .................................................................... 334 

9.2.3 Vaccination Program ................................................................................................. 334 



xvii  

 

9.2.4 Information Distribution at Markets .......................................................................... 335 

9.2.5 Seroprevalence Study on Flores ................................................................................. 335 

9.2.6 Genotyping CSF in eastern Indonesia ....................................................................... 335 

9.2.7 Pig Movements between West Timor and East Timor ................................................ 336 

9.2.8 Allocation of Limited Resources ................................................................................ 336 

9.2.9 Surveillance Strategies in Australia ........................................................................... 337 

9.3 CONCLUSION ............................................................................................................... 337 

BIBLIOGRAPHY  .............................................................................................................. 338 

APPENDIX 1 ...................................................................................................................... 376 

APPENDIX 2 ...................................................................................................................... 379 

APPENDIX 3 ...................................................................................................................... 386 

APPENDIX 4 ...................................................................................................................... 388 

APPENDIX 5 ...................................................................................................................... 390 

APPENDIX 6 ...................................................................................................................... 392 

APPENDIX 7 ...................................................................................................................... 394 

APPENDIX 8 ...................................................................................................................... 395 

APPENDIX 9 ...................................................................................................................... 395 

APPENDIX 10 .................................................................................................................... 395 

 

 

 

 

 

 

 

 

 

 

 

file:///F:/PhD%20THESIS%20EMENDATIONS/Draft%2013/PhD%20Thesis%20with%20emendations%2013.docx%23_Toc360821145
file:///F:/PhD%20THESIS%20EMENDATIONS/Draft%2013/PhD%20Thesis%20with%20emendations%2013.docx%23_Toc360821151
file:///F:/PhD%20THESIS%20EMENDATIONS/Draft%2013/PhD%20Thesis%20with%20emendations%2013.docx%23_Toc360821152
file:///F:/PhD%20THESIS%20EMENDATIONS/Draft%2013/PhD%20Thesis%20with%20emendations%2013.docx%23_Toc360821153


xviii  

 

List of Tables 

Table Title Page 

2.1 Demographic and pig population information for Nusa Tenggara Timur 

province, eastern Indonesia................................................................................... 
9 

2.2 Number of Animal Health Posts (Poskeswan) present in Nusa Tenggara Timur 

province, eastern Indonesia................................................................................... 
12 

2.3 Pig-herd classification regarding pig-herd size across Nusa Tenggara Timur 

province, eastern Indonesia, 2009éééééééééééé..ééé..éé. 
14 

2.4 Number of livestock slaughterhouses and the number of pigs slaughtered at 

these premises, 2009ééééééééééééééééééééé.....é   
19 

2.5 Pig population figures across Indonesia 1994 to 1998, obtained from Hutabarat 

and Santhia (1999)ééééééééééééé..éééééééééé.. 
23 

2.6 Pig population statistics for Nusa Tenggara Timur province from 1995 to 2002, 

BPS Statistics 1995-2002ééééééééééééééééééééé.. 
24 

2.7 Reported cases of classical swine fever in districts across Nusa Tenggara 

Timur from 1998 to 2011 from Dinas Peternakan Propinsi (2011)ééé.éé. 
31 

2.8 Regulations for CSF vaccine payments provided by the government of Nusa 

Tenggara Timur, eastern Indonesiaéééééééééé.éééééé.é. 
33 

2.9 Results obtained from Floegel-Niesmann et al. (2003) providing a summary of 

the different clinical courses of CSF following infection with different classical 

swine fever virus isolatesééééééééééééééééééé..éé 

38 

2.10 The total amount of infectious virus, quantified by titration, excreted during the 

entire infectious period, with the amount of secretion/excretion standardised to 

1g/day or 1ml/day (urine), table of results taken from Weesendorp et al. 

(2009b)éééééééééééééé..ééééééééééééé.. 

39 

2.11 Survival of CSFV at different temperatures in faeces and urine derived from 

pigs infected with the Bresica and Paderborn strain (table results taken from 

Weesendorp et al. 2008b)éééééééé...é.ééééééééééé. 

46 

2.12 The number of markets on West Timor, Flores and Sumba that trade live pigs, 

Nusa Tenggara Timur, eastern Indonesia, information obtained from District 

Livestock Services (2011)ééééé...éééééééééééé...é...é 

55 

3.1  Market locations selected for pig movement study in West Timor, Flores and 

Sumba in Nusa Tenggara Timur, eastern Indonesia, 2009éééééééé... 
76 

3.2 Total number of sellers present at market on interviewing day and the number 

of sellers interviewed on West Timor, Flores and Sumba in Nusa Tenggara 

Timur, eastern Indonesia, 2009ééééééééééééééééé.éé 

 

82 



xix 

 

3.3 Total number of buyers present at market on interviewing day and number of 

buyers interviewed on West Timor, Flores and Sumba in Nusa Tenggara 

Timur, eastern Indonesia, 2009..ééééééééééééééééé.é 

83 

3.4 Number of pigs brought to market by pig sellers on a single market day across 

West Timor, Flores and Sumba, Nusa Tenggara Timur, eastern Indonesia, 

2009ééééééééééééééééééééééééééé...éé 

 

86 

3.5 Number and proportion of pigs by age group and breed brought to market by 

292 sellers during round 1 and round 2 interviews across West Timor, Flores 

and Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009..ééé.éé.éé 

88 

3.6 Mean price of pigs (currency: Indonesia Rupiah) at market, stratified by age 

group and breed brought by sellers across West Timor and Sumba, Nusa 

Tenggara Timur, eastern Indonesia, 2009ééééé...éééééé..ééé 

90 

3.7 Reasons for high-demand of pigs during the year provided by pig sellers from 

West Timor, Flores and Sumba, Nusa Tenggara Timur, eastern Indonesia, 

2009ééééééééééééééééééééééé.éééé..éé 

94 

3.8 Size of pig herds (pigs of marketable age from 2 months of age) stratified by 

sow number owned by pig sellers interviewed at market across West Timor, 

Flores and Sumba in Nusa Tenggara Timur, eastern Indonesia, 2009éééé. 

97 

3.9 Reasons why sick or dead pigs at market are not reported to animal health 

authorities by pigs sellers across West Timor, Flores and Sumba, Nusa 

Tenggara Timur, eastern Indonesia, 2009ééééééééééé...ééé.. 

102 

3.10 Clinical signs of classical swine fever recognised by pig sellers across West 

Timor, Flores and Sumba in Nusa Tenggara Timur, eastern Indonesia, 2009é.. 
104 

3.11 The number of pig buyers purchasing different pig age groups at market 

stratified by island and breed across two days of market trade in West Timor 

and Sumba in Nusa Tenggara Timur, eastern Indonesia, 2009éééééé..... 

107 

3.12 Drivers for high demand months for pigs reported by pig buyers at markets 

across West Timor, Flores and Sumba in Nusa Tenggara Timur, eastern 

Indonesia, 2009ééééééééééééééééé...ééééé.éé. 

108 

3.13 Reasons for pigs being purchased at market reported by pig buyers across West 

Timor, Flores and Sumba in Nusa Tenggara Timur, eastern Indonesia, 2009é.. 
110 

4.1 Market characteristics recorded during an observational study at nine live pig 

markets during September and November in Nusa Tenggara Timur, eastern 

Indonesia, 2009éééééééééééé.ééééééééé...ééé. 

 

128 

4.2 Pig number estimates at live pig markets, stratified by age group and breed 

across West Timor, Flores and Sumba in Nusa Tenggara Timur, eastern 

Indonesia, 2009éééééééééééééé..ééééééééé...é 

146 

5.1 Districts (Kabupatens) selected for inclusion in a smallholder pig farmer 

survey in Nusa Tenggara Timur, eastern Indonesia, 2010ééééééééé 
165 



xx 

 

5.2 Inclusion and exclusion criteria for selection of pig farmers for interviewing 

across West Timor, Flores and Sumba in Nusa Tenggara Timur, eastern 

Indonesia, 2010éééééééééééééééééééééé...é.é. 

167 

5.3 Schedule for smallholder pig farmer interviews across West Timor, Flores and 

Sumba in Nusa Tenggara Timur, eastern Indonesia, 2010éééééééé... 
168 

5.4 Total number of smallholder farmers interviewed from 18 selected village 

locations during a pig farmer survey across West Timor, Flores and Sumba in 

Nusa Tenggara Timur, eastern Indonesia, 2010éééééééééééé.... 

170 

5.5 Demographic information gathered by government veterinarians from Village 

Heads from villages included in a farmer survey across West Timor, Flores and 

Sumba in Nusa Tenggara Timur, eastern Indonesia, 2010éééééééé... 

 

171 

5.6 Reasons provided by smallholder pig farmers for keeping pigs in West Timor, 

Flores and Sumba in Nusa Tenggara Timur, eastern Indonesia, 2010éééé.. 
174 

5.7 Pig-herd characteristics recorded and herd size information during a 

smallholder farmer survey for pigs Ó 2 months (marketable age groups) across 

West Timor, Flores and Sumba in Nusa Tenggara Timur stratified by island 

and breed type, eastern Indonesia, 2010é...éééééééééééééé 

175 

5.8 The average number of pigs that died as a result of a single illness case 

reported by smallholder farmers stratified by island across West Timor, Flores 

and Sumba in Nusa Tenggara Timur, eastern Indonesia, 2009ï2010éééé... 

181 

5.9 The number of days taken for a pig to die from initial onset of clinical signs to 

death across West Timor, Flores and Sumba in Nusa Tenggara Timur, eastern 

Indonesia, 2009ï2010éééééé.ééééééééééééééé..é 

182 

5.10 The disposal method of dead pigs according to death type (including suspected 

disease, sudden death and considered free from disease) across West Timor, 

Flores and Sumba in Nusa Tenggara Timur, eastern Indonesia, 2010éééé.. 

184 

5.11 Reasons for not reporting sick or dead pigs on smallholder pig farms across 

West Timor, Flores and Sumba in Nusa Tenggara Timur, eastern Indonesia, 

2010éééééééééééééééééééé...ééééééééé 

185 

5.12 Number of pigs of a marketable age (Ó2 months of age) purchased between 

March 2009 and March 2010 stratified by age group and per transaction across 

West Timor, Flores and Sumba in Nusa Tenggara Timur, eastern Indonesiaé.. 

188 

5.13 Descriptive statistics for the number of pigs exiting 133 smallholder herds, 

from 18 different villages during an annual period (2009ï2010) in Nusa 

Tenggara Timur, eastern Indonesiaééééééééééééé...é.éé... 

192 

5.14 Clinical signs reported by pig farmers believed to be associated with classical 

swine fever across West Timor, Flores and Sumba in Nusa Tenggara Timur, 

eastern Indonesia, 2010éééééééééééééééééééééé. 

196 

   



xxi 

 

5.15 Reasons provided by smallholder farmers as to why they do not have their pigs 

vaccinated for CSF across West Timor, Flores and Sumba in Nusa Tenggara 

Timur, eastern Indonesia, 2010éééééééééééééé.ééééé 

198 

6.1 Definitions of social network analysis parameters included in the analysis of 

pig movement data between markets and villages in Nusa Tenggara Timuréé 
215 

6.2 The number of villages reported by pig sellers and pig buyers at live pig 

markets to be directly involved in the pig market chain across West Timor, 

Flores and Sumba in Nusa Tenggara Timur, eastern Indonesia, 2009éééé.. 

 

216 

 

6.3 SNA calculated parameters for formal movements (village-to- market network) 

for pig movements across Nusa Tenggara Timur Province in eastern Indonesia, 

2009éééééééééééééééééééééééé...ééééé 
219 

6.4 Market rankings according to in- and out-degree and volume of pigs entering 

and exiting a market node across West Timor, Flores and Sumba in Nusa 

Tenggara Timur, eastern Indonesia, 2009ééééééééééé.éééé 

221 

6.5 Most commonly reported villages with market contacts in the pig market chain 

for high involvement in formal movements to and from live pig markets across 

West Timor, Flores and Sumba in Nusa Tenggara Timur, eastern Indonesia, 

2009éééééééééééééééééééééééééééé..é. 

223 

6.6 In- and out-degree values for markets stratified by interview rounds (round 1: 

September, high-demand period; round 2: November, low-demand period) 

across West Timor, Flores and Sumba in Nusa Tenggara Timur, eastern 

Indonesia, 2009éééééééééééééééééé..ééééé.é.. 

 

224 

6.7 SNA-calculated parameters for informal movements (village-to-village 

network) for pig movements across Nusa Tenggara Timur Province in eastern 

Indonesia, representing one year of pigs entering and exiting a village 2009ï

2010ééééééééééééééééé......éééééé..éééé... 

229 

6.8 Top 20 villages with the highest in- and out-degree for pig movements across 

the informal village-to-village network across Nusa Tenggara Timur Province, 

eastern Indonesia, 2009ï2010éééééééééééééééé.é.éé. 

230 

6.9 Province social network analysis results for informal and formal pig 

movements across Nusa Tenggara Timur province, 2009ï2010ééééé.é. 
235 

6.10 Province movement data: Number and proportion of movement types stratified 

by island, district, subdistrict and within subdistrict movement including both 

formal and informal movement across West Timor, Flores and Sumba in Nusa 

Tenggara Timur Province, eastern Indonesia, 2009ï2010é.ééééééé... 

236 

7.1 Input values used to determine the probability a region was infected with 

classical swine fever from a seroprevalence survey conducted by ACIAR in 

2010 (Project AH/2006/156) across Nusa Tenggara Timur Province, eastern 

Indonesiaééééééééééééééééééééééééééé... 

260 

   



xxii  

 

7.2 Distributions used to determine the probability a pig was infected with 

classical swine fever from a seroprevalence survey conducted by ACIAR 

(Project AH/2006/156) across Nusa Tenggara Timur, eastern Indonesiaéé.é 

266 

7.3 Descriptive statistics on island level (identifying the number of infected and 

clinical pigs present and the probability a marketplace was infected) from an 

exposure assessment simulation for a typical live pig market considering pig 

movements from village-to-market and the risk of classical swine fever 

infection across Nusa Tenggara Timur province, eastern Indonesiaééééé 

275 

7.4 Descriptive statistics calculated from an exposure assessment simulation for 

typical villages in West Timor, Flores and Sumba (number of infected and 

clinical pigs present and the probability a marketplace was infected) 

considering pig movements from village-to-village and the risk of classical 

swine fever infection across Nusa Tenggara Timur province, eastern 

Indonesiaééééééééééééééééééééééééééé... 

 

 

290 

8.1 Ecological parameter values and distributions used in a between-group model 

of classical swine fever spread in the Kimberley region, Western Australiaéé 
308 

8.2 Disease model output following a typical incursion of classical swine fever 

among a population of 5304 wild pig groups in the Kimberley region, Western 

Australia, with random group selection to detect infection. Infected groups 

were those in a latently-infected, infectious or immune stateééééééé... 

314 

8.3 Number of pig groups by infection status following classical swine fever 

introduction at time points 42, 168 and 365 days post incursion among a 

population of 5304 wild pig groups in the Kimberley region, Western Australia 

316 

8.4 Disease model output
 
following classical swine fever detection at day 42, 168 

and 365 with radial and leapfrog sampling for surveillance followed by control 

of disease by culling among a population of 5304 wild pig groups across the 

Kimberley region, Western Australiaéééééééééééééé.é..é 

318 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxiii  

 

List of Figures 

Figure Title Page 

2.1 Location of Nusa Tenggara Timur province in Indonesia, close neighbour to 

Australiaééééééééééééééééééééé...ééééé. 
5 

2.2 Nusa Tenggara Timur Province, eastern Indonesiaéééééééééé.. 5 

2.3 The spread of classical swine fever (CSF) across Indonesia following its 

introduction in 1994, adapted from information obtained from Hutabarat & 

Santhia (1999), Christie (2007), Dr Maria Geong (pers comm, 2009), 

Santhia et al. (2003), Santhia et al. (1997)é.ééééééééééé... 

25 

2.4 The spread of classical swine fever across Nusa Tenggara Timur, eastern 

Indonesia éééééééééééééé...ééééééééééé... 
26 

2.5 Educational material for farmers on classical swine feverééé...éé..é.. 35 

2.6 Formal ferry ports in Nusa Tenggara Timur, eastern Indonesiaéééé..é. 54 

2.7 Network of the foot-and-mouth disease epidemic in the UKéééé..éé. 57 

2.8 Artificial network to illustrate degree centrality calculationséééé..éé. 58 

2.9 Artificial  network to illustrate diameter network calculationséééééé. 59 

2.10 Artificial network to illustrate edge weightings within a networkééé.é.. 60 

2.11 Stages of the OIE risk-analysis processééééééééééééé.é... 61 

2.12 The modules in a modular process risk model demonstrating the changes in 

prevalence (P) and proportion of microorganisms per unit (N) in a process 

step, image by Nauta (2008).ééééééééééééééééééé 

63 

2.13 The removal process in a modular process risk model, contaminated units 

(marked ócô) are removed with a higher probability than units not 

contaminatedééééééééééééééééééééé...ééé.. 

64 

2.14 Live bird market chain used in a modular risk model, adapted from Roche et 

al, (2011)ééééééééééééééééé.éééé..ééééé 
65 

2.15 Wild pig distributions across Australia, image taken from West (2008)éé.. 69 

3.1 Selected market sites across Nusa Tenggara Timur Province in eastern 

Indonesia (total 9) involved in pig movement study, 2009éééé..ééé 
76 

3.2 Local pig breed in NTT, photo taken in West Timor, Camplong Market, 

2009éééééééééééééééééééééééé...ééé... 
87 

3.3 Cross-breed pig in NTT, photo taken in Sumba, Melolo Market, 2009..éé. 87 

   



xxiv 

 

3.4 Mean price of pigs being sold in markets by sellers across West Timor and 

Sumba in Nusa Tenggara Timur, eastern Indonesia, 2009éééé..ééé. 

89 

3.5 Pig-selling areas, Detusoko Market, Flores, eastern Indonesia, 2009ééé.. 92 

3.6 Months selected by pig sellers representing those months with the highest 

demand for pigs sold at market across West Timor, Flores and Sumba in 

Nusa Tenggara Timur, eastern Indonesia, 2009ééééééééé..éé. 

 

93 

3.7 Months selected by pig sellers representing those months with the lowest 

demand for pigs sold at market across West Timor, Flores and Sumba in 

Nusa Tenggara Timur, eastern Indonesia, 2009ééééééééé..éé. 

95 

3.8 Typical kandang (pen) for housing pigs commonly used across Nusa 

Tengara Timur Province, photo taken in Sumba Barat district, Sumba, 2010. 
98 

3.9 Method of tying and restraining pigs during transportation, Camplong 

Market, West Timor, 2009ééééééééééééé..ééééé..é 
103 

3.10 Method of tying and restraining pigs during transportation, Melolo Market, 

Sumba, 2009ééééééééééééééééééé.éééééé 
103 

3.11 High demand months for pig purchasing reported by pig buyers at live 

animal markets across West Timor, Flores and Sumba in Nusa Tenggara 

Timur, eastern Indonesia, 2009éééééééééé.éééééééé 

108 

4.1 Camplong Market early Saturday morning (7am) with pig sellers and buyers 

trading pigs of different ages, West Timor, Nusa Tenggara Timur, eastern 

Indonesia, 2009éééééééééééééééééééé..ééé... 

129 

4.2 Diagrammatic representation of Camplong Market layout, Kabupaten 

Kupang, Nusa Tenggara Timur, eastern Indonesia, 2009éééééé.éé 
130 

4.3 Diagrammatic representation of Niki Niki Market layout, in West Timor, 

eastern Indonesia, 2009éééééééééééééééé..ééé...é 
131 

4.4 Diagrammatic representation of Halulik Market layout, Kabupaten Belu, 

Nusa Tenggara Timur, eastern Indonesia, 2009éééééééééé...é 
132 

4.5 Diagrammatic representation of Mataloko Market layout, Kabupaten Ngada, 

Flores, Nusa Tenggara Timur, eastern Indonesia, 2009ééééééé...é 
133 

4.6 Diagrammatic representation of Detusoko Market layout, Kabupaten Ende, 

Flores, Nusa Tenggara Timur, eastern Indonesia, 2009é.éééééé..é 
134 

4.7 Diagrammatic representation of Mbay Market layout, Kabupaten Nagekeo, 

Flores, Nusa Tenggara Timur, eastern Indonesia, 2009ééééééé..é. 
135 

4.8 Diagrammatic representation of Melolo Market layout, Kabupaten Sumba 

Timur, Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009ééééé.. 
136 

4.9 Diagrammatic representation of Wetabula Market layout, Kabupaten Sumba 

Barat Daya, Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009ééé.. 
137 



xxv 

 

4.10 Diagrammatic representation of Waikabubak Market layout, Kabupaten 

Sumba Barat, Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009éé... 
138 

4.11 Detusoko Market identifying market stalls prior to opening hours with 

sellers yet to arrive, Flores, Nusa Tenggara Timur, eastern Indonesia, 

2009ééééééééééééééééééééééééééé..é 

 

140 

4.12 Main pig selling area at Melolo Market, Sumba, Nusa Tenggara Timur, 

eastern Indonesia, 2009éééééééééé.........................................é 
140 

4.13 Primary selling location for pigs at Wetabula Market in Sumba Barat Daya, 

Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009ééééé...éé... 
141 

4.14 Primary selling location for pigs at Waikabubak Market in Sumba Barat, 

Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009éééééé.......... 
141 

4.15 A wet market located at Mbay Market where beef was sold, Flores, Nusa 

Tenggara Timur, eastern Indonesia, 2009éééééééééé.éé...é 
142 

4.16 

4.17 

Pig slaughtered and meat distributed at Wetabula Market following death of 

a pig, Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009éééééé 
142 

4.18 The number of pigs at live pig markets recorded during interviews and 

observations at live pig marketséééééé................................................ 
145 

4.19 Fattener pigs tethered in Wetabula Market for sale on Sumba, Nusa 

Tenggara Timur, eastern Indonesia, 2009éééééééééééé....é 
148 

4.20 Local pig tethered by ears in Detusoko Market for sale, Flores, Nusa 

Tenggara Timur, eastern Indonesia, 2009éééééééééééééé 
148 

4.21 Local pigs restrained in Detusoko Market for sale on Flores, Nusa Tenggara 

Timur, eastern Indonesia, 2009éééé..éééééé..ééééé.éé 
149 

4.22 Food provided to a pig at Wetabula Market consisting of rice bran mixed 

with water, Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009ééé... 
149 

4.23 Pigs for sale being provided with food at Mataloko Market, Flores, Nusa 

Tenggara Timur, eastern Indonesia, 2009éééééééééééééé 
150 

4.24 Transportation vehicles waiting at the entrance to Melolo Market, Sumba, 

Nusa Tenggara Timur, eastern Indonesia, 2009ééééééééééé... 
152 

4.25 Bemo transportation leaving Halulik Market, West Timor, Nusa Tenggara 

Timur, eastern Indonesia, 2009éééééééééééééééééé. 
152 

4.26 A truck leaving Waikabubak Market bus terminal transporting people, food 

products and livestock, Sumba, Nusa Tenggara Timur, eastern Indonesia, 

2009ééééééééééééééééééé.éééééé.ééé 

 

153 

4.27 An ojek (motorbike taxi service) transporting pigs from Niki Niki, Market, 

Nusa Tenggara Timur, eastern Indonesia, 2009ééééééééé...éé 
153 



xxvi 

 

4.28 Large truck (biskayu) transporting live pigs to and from Mataloko Market, 

Flores, Nusa Tenggara Timur, eastern Indonesia, 2009ééééééé...é 
154 

4.29 A pig transportation method to market, carrying device made from palm 

fronds, Niki Niki Market, Nusa Tenggara Timur, eastern Indonesia, 2009é. 
154 

4.30 Live pigs transported to Niki Niki Market, West Timor, Nusa Tenggara 

Timur, eastern Indonesia, 2009éééééééééééééé.éééé 
155 

4.31 A makeshift broom made from dried grass used for sweeping waste and 

faeces from Wetabula Market, Sumba, Nusa Tenggara Timur, eastern 

Indonesia, 2009éééééééééééééééééééééé.éé 

158 

4.32 Fattener pigs at Wetabula Market in Sumba that were marked with paint for 

identification during transportation, Nusa Tenggara Timur, eastern 

Indonesia, September, 2009éééééééé.ééééééé..ééé... 

 

158 

4.33 Pig sellers entering Wetabula Market through an informal entrance to avoid 

market tax payments, Sumba, Nusa Tenggara Timur, eastern Indonesia, 

2009éééééééééééééééééééééééé..éééé 

159 

4.34 Local pigs from different villages being transported on a biskayu to Mbay 

Market, Flores, Nusa Tenggara Timur, eastern Indonesia, 2009éééé...... 
159 

4.35 Market manager at Camplong Market collecting pig ownership 

documentation and market tax from pig sellers on entry to market, West 

Timor, Nusa Tenggara Timur, eastern Indonesia, 2009ééééééé...é 

161 

5.1 Selected village site for inclusion in a smallholder pig farmer survey on 

West Timor, Flores and Sumba, Nusa Tenggara Timur, eastern Indonesia, 

2010ééééééééééééééééééééééééééé..é 

166 

5.2 Animal species kept by smallholder farmers across West Timor, Flores and 

Sumba, Nusa Tenggara Timur, eastern Indonesia, 2010éééééééé.. 
173 

5.3 The distribution of breeding sows in smallholder pig herds from a farmer 

survey in Nusa Tenggara Timur, eastern Indonesia, 2010éééééé.é.. 
176 

5.4 Recognised clinical signs of a sick pig by smallholder farmers across West 

Timor, Flores and Sumba, Nusa Tenggara Timur, eastern Indonesia, 2010é 
178 

5.5 Number of reported sudden deaths on smallholder pig farms in Nusa 

Tenggara Timur stratified by month across West Timor, Flores and Sumba, 

eastern Indonesia, 2010éééééééééééééééééé...é..é 

180 

5.6 The number of pig farmers with a sick pig stratified by month across West 

Timor, Flores and Sumba, Nusa Tenggara Timur, eastern Indonesia, 2010é 
181 

5.7 The total number of pigs purchased by 103 smallholder pig farmers on an 

annual basis from 2009ï2010 across West Timor, Flores and Sumba, Nusa 

Tenggara Timur, eastern Indonesia, 2010éééééééééééééé 

187 



xxvii  

 

5.8 The number of pigs exiting 133 smallholder herds during an annual period 

(2009ï2010) across West Timor, Flores and Sumba, Nusa Tenggara Timur, 

eastern Indonesia, 2010éééé.ééééééééééééééééé 

191 

6.1 2-mode normalised in and out-degree values for formal pig movements 

between villages and live pig market across Nusa Tenggara Timur, eastern 

Indonesia, 2009ééééééééééééééééééééééé..... 

222 

6.2 Market network for formal pig movements across West Timor, Flores and 

Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009éééééééé.. 
225 

6.3 Formal pig movements through nine major pig markets across Nusa 

Tenggara Timur province, eastern Indonesia, 2009. Location reports from 

pig sellers and pig buyers during interviews in market locationsé.éééé 

226 

6.4 Farmer network for informal pig movements across West Timor, Flores and 

Sumba, Nusa Tenggara Timur, eastern Indonesia, 2009ï2010éééééé 
231 

6.5 Informal movements of pigs from village to village across Nusa Tenggara 

Timur province, eastern Indonesia, 2009ï2010ééééééééé..éé.. 
232 

6.6 The normalised in- and out-degree values for village and market locations 

reported (360 villages and nine markets) for involvement in live pig 

movement across Nusa Tenggara Timur province, eastern Indonesia, 2009ï

2010ééééééééééééééééééééé...éééé...éé 

 

236 

6.7 Live pig movement across Nusa Tenggara Timur province, eastern 

Indonesiaéééééééééééééééééééééééééé... 
237 

6.8 West Timor live pig movement network including formal and informal 

movements, eastern Indonesia, 2009ï2010éééééééééé..ééé 
238 

6.9 Flores live pig movement network including formal and informal 

movements, eastern Indonesia, 2009ï2010éééééé..ééé..ééé.. 
239 

6.10 Sumba live pig movement network including formal and informal 

movements, eastern Indonesia, 2009ï2010éééééééééé..ééé 
240 

7.1 Regions considered across Nusa Tenggara Timur province for inclusion in 

an exposure assessment risk model..éééééééééééééé.é... 
256 

7.2 Baseline village-to-market model structure (formal movements) with 

models for an exposure assessment, likelihood of classical swine fever virus 

transmission through the live pig market chain in Nusa Tenggara Timur 

Province, eastern Indonesiaéééééééééé.ééééééé.éé 

259 

7.3 One iteration of the region and village modules showing the 6 regions that 

the province was divided into with pigs sourced only from West Timor 

(regions 1 and 2)ééééééééééééééééééééé.éé. 

262 

 

 

 

 

 

 



xxviii  

 

7.4 One iteration of the farm module from the village-to-market model showing 

6 out of 60 farmers present in the model from 20 different villages 

transporting pigs to marketééééééééééééééééééé... 

263 

7.5 Villages tested in Manggarai Barat and Sikka district on Flores for a 

seroprevalence study conducted in 2010 by the Australian Centre for 

International Agricultural Research (ACIAR), Project AH/2006/156, Nusa 

Tenggara Timur, eastern Indonesiaéééééééé..éééééééé 

265 

7.6 Frequency distribution of the data used to define a Discrete distribution for 

the number of pigs of marketable age (Ó2 months) per herd in smallholder 

pig herds across Nusa Tenggara Timur, eastern Indonesiaééééééé.. 

267 

7.7 Frequency distribution of the number of pigs sold by pig sellers during a 

single market day, across Nusa Tenggara Timur, eastern Indonesiaéééé 
267 

7.8 Village-to-market model structure (formal movements) with modules and 

mitigation strategies for an exposure assessment: likelihood of classical 

swine fever virus transmission through the live pig market chain in Nusa 

Tenggara Timur, eastern Indonesiaééééééééé...éééé.é..é 

 

 

270 

7.9 One iteration of the pre-entry market inspection module with the probability 

of detection [P(Detection)] of 0.2 and calculation of the number of infected 

and clinical pigs on arrival at marketéééééééééééééééé 

271 

7.10 Box plot of simulation results showing the number of pigs infected with 

classical swine fever virus at a typical live pig market in different regions of 

Nusa Tenggara Timur, eastern Indonesiaéééééééééééé.éé 

276 

7.11 Box plot of simulation results showing the number of clinical pigs with 

classical swine fever virus at a typical live pig market in different regions of 

Nusa Tenggara Timur, eastern Indonesiaééééééééééééé.é 

276 

7.12 Box plot of the number of clinical pigs at market by the probability infected 

pigs are displaying clinical signs for classical swine feverééééééé.. 
277 

7.13 Box plot of the probability a marketplace had one or more infected pigs with 

classical swine fever by the sensitivity of inspection for pigs prior to entry 

into the market to detect diseaseéééééé...ééééééééééé  

277 

7.14 Box plot of the number of infected pigs at a live pig market by the 

sensitivity of vaccination coverage for classical swine fever given vaccine 

efficacy is set with a pert (0.60,0.75,0.85) distributionéé.éééé...éé 

278 

7.15 Box plot of the number of clinical pigs at a live pig market by the sensitivity 

of vaccination coverage for classical swine fever given vaccine efficacy is 

set with a pert (0.60,0.75,0.85) distribution ééééé.éééééééé 

278 

7.16 Box plot of the number of infected pigs with classical swine fever at a live 

pigs market by the sensitivity of vaccination efficacy given 100% 

vaccination coverageéééééééééééé...éééééééé..é 

279 



xxix 

 

7.17 Box plot of the probability a marketplace has one or more pigs infected with 

classical swine fever by the sensitivity of vaccination efficacy given 100% 

vaccination coverage éééééééééééééééé.ééééé... 

279 

7.18 Village-to-village baseline model structure (informal movements) with 

modules for an exposure assessment: likelihood of classical swine fever 

virus transmission through the live pig market chain in Nusa Tenggara 

Timur, eastern Indonesiaééééééééééé.ééééééééé.. 

281 

7.19 One iteration of the region and village module with farmers from 6 different 

regions purchasing pigs for transport to another farm. In this scenario only 

pigs from region 6 (Sumba island) are being sourcedé.éééééééé. 

282 

7.20 One iteration of the farm module from the village-to-village model with 5 

farmers from 5 different villages contributing 30% of their herd for transport 

to another farm. As only one farmer from each village is transporting pigs, 

the herd is equivalent to the number of pigs leaving a single village....é...é 

 

283 

7.21 Village-to-village model structure (informal movements) with modules and 

mitigations strategies for an exposure assessment: likelihood of classical 

swine fever virus transmission through the live pig market chain in Nusa 

Tenggara Timur, eastern Indonesiaéééééééééééééééé.. 

 

 

287 

7.22 One iteration of the pre-entry village inspection module from the village-to-

village model with 5 farmers from villages transporting pigs to another farm 

where pigs displaying clinical signs were rejectedéééééééééé... 

288 

7.23 Box plot of simulation results showing the number of infected pigs, with 

classical swine fever, entering a village in different regions of Nusa 

Tenggara Timur province, eastern Indonesiaééééééééééé...é 

291 

7.24 Box plot of the number of clinical pigs entering a village by the probability 

an infected pig with classical swine fever is displaying clinical signsééé. 
291 

7.25 Box plot of the probability a village was infected with classical swine fever 

by the sensitivity of pre-entry village inspection for pigs. The model 

assumes that pigs were sources from Sumba islandéé.ééééééé.... 

292 

7.26 Box plot of the number of infected pigs entering a village by the sensitivity 

of vaccination coverage for classical swine fever given vaccine efficacy is 

set with a pert (0.60,0.75,0.85) distributionéé..ééééééééé...é. 

292 

7.27 Box plot of the number of clinical pigs entering a village by the sensitivity 

of vaccination coverage for classical swine fever given vaccine efficacy is 

set with a pert (0.60,0.75,0.85) distribution éé.ééé.ééééééé... 

293 

7.28 Box plot of the probability a village was infected with classical swine fever 

by the sensitivity of vaccination coverage given vaccine efficacy is set with 

a pert (0.60,0.75,0.85) distribution éé..éééééééé.ééééé... 

293 

 
 

 

 
 
 



xxx 

 

7.29 Box plot of the number of infected pigs entering a village with classical 

swine fever by the sensitivity of vaccination efficacy given 100% 

vaccination coverageéééééééééééééééééééé..é  

294 

7.30 Box plot of the probability a village was infected with classical swine fever 

by the sensitivity of vaccination efficacy given 100% vaccination coverage.. 
294 

8.1 Wild pig herd distribution in the Kimberley region, Western Australiaéé.. 305 

8.2 An epidemic curve (without implementation of surveillance and control) for 

a simulated classical swine fever outbreak simulation in wild pigs in the 

Kimberley region, Western Australiaééééééééééééééé... 

310 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxxi 

 

Glossary and Abbreviations 

ACIAR Australian Centre for International Agricultural Research 

AHW  Animal Health Worker 

AI   Avian Influenza 

ASF  African Swine Fever 

AusAid Australian Agency for International Development  

BDV  Border Disease Virus 

BPS  Budan Pusat Statistik Office of Nusa Tenggara Timur Province, Indonesia 

BVDV  Bovine Viral Diarrhoea Virus  

CSF  Classical Swine Fever 

CSFV  Classical Swine Fever Virus 

DGLAHS Directorate General of Livestock and Animal Health Services 

DIC  Disease Investigation Centre 

DLS  District Livestock Services 

East Timor Democratic Republic of Timor-Leste 

ELISA  Enzyme-linked Immunosorbent Assay 

FAO  Food and Agriculture Organization of the United Nations 

FEA  Field Extension Agent 

FMD  Foot-and-Mouth Disease 

HPAI  Highly Pathogenic Avian Influenza 

IAQA  Indonesian Agricultural Quarantine Agency 

Km  Kilometre 

Km
2
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PHFD  Porcine High Fever Disease 

PRRS  Porcine Reproductive and Respiratory Syndrome 

PSA  Pig selling area 

PUSVETMA Pusat Veterinaria Farma 

QMRA Quantitative Microbial Risk Assessment 
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SNA Social Network Analysis 

TAD  Transboundary Animal Disease 
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WHO  World Health Organisation 

95% CI 95% Confidence Interval 

Animal Health Worker : An AHW is an individual employed by the government in a 

kabupaten, who is generally a para-veterinarian or veterinary assistant providing basic 

animal health assistance to farmers. 

Biosecurity: Measures put in place to reduce the introduction and spread of disease such as 

at the farm, village or market level implementation of cleaning, vaccination or isolation of 

new animals. 

Biskayu: An open air truck used for public transportation, predominantly found in Flores. 

This type of vehicle carries many individuals and travels for long distances with animals and 

other agricultural products. 

Boar: Male pig used for breeding. 

Collector: An individual involved in collecting pigs from various sources, such as different 

farmers, and acting as a middleman selling these pigs on to other farmers or at market. 

Clinical Pigs: Pigs displaying clinical signs. 

Crossbred Pig: A cross-breed pig breed can be defined as a pig with a short nose, a straight 

back, a belly higher off the ground than local breeds with ears that are often long.  

Desa: Village, divisional unit of a subdistrict (Kecamatan), self-governed and each with a 

Village Head (Kepala Desa). 
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District Livestock Services: Department of Agriculture and Livestock at the district level, 

Livestock and Animal Health Services. 

Dinas: Government. 

Dinas Peternakan Propinsi: Provincial Livestock and Animal Health Services (Provincial 

Livestock Services). 

Fattener: Pigs older than 6 months of age not used for breeding. 

Field Extension Agent (FEA): Animal health workers employed by the government to 

implement animal health programs. 

Formal Movement: Movement of pigs between villages involving sale/purchase at a 

market and movement of pigs between islands entering and exiting via formal ports. 

Grower: A pig ranging from 3ï5 months of age. 

Informal Movement: Movement of pigs between villages not involving sale/purchase at a 

market and movement of pigs between islands not entering and exiting via formal ports, 

includes sale/purchase of pigs for gifts. 

Kabupaten: District within a province. 

Kandang: A structure used to house pigs, often made of bamboo. It can contain one to 

several pigs either in a single pen area or divided into sections.  

Kecamatan: Subdistrict, unit within a district. 

Kelurahan: The equivalent of a village but in an urbanised area. It is governed by the 

Bupati or City Mayor rather than a Village Head (Kepala Desa).  

Kepala Desa: Village Head, governs one village, equivalent to a Desa. 

Leis: A pig owner finds a group of people (usually five to 10) who want to purchase pig 

meat. The pig owner then slaughters the pig and the meat is divided between these 

individuals. In some circumstances the meat is paid for using a barter system providing the 

pig owner with rice or other agricultural products. Alternatively monetary payment is 

accepted. 
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Local Pig Breed: A local or native pig breed can be defined as a pig that is often black in 

colour; however, this can vary. The back is curved with a belly low to the ground with small 

erect ears. 

Ojek: Motorbike taxi service operating across Indonesia. 

Permanent Market Sellers: An individual who remains at market selling pigs that have 

been purchased from sellers coming to that market location, effectively buying pigs and re-

selling them at the market in question. 

Piglet: Young pig that has not stopped suckling (approximately < 2 months). 

Poskeswan: Animal Health Post, one or more located in districts across the province to 

provide animal health assistance to farmers, assist veterinarians with treatments and report 

and provide disease case figures to District Livestock Services.  

Sôei babi: Special barbecued pork dish from West Timor.  

Sow: Female pig used for breeding. 

Topology: The study of the arrangements of units of interest in a network such as farms and 

markets, to investigate properties including clustering, path length and small world. 

Total herd size: Refers to pigs Ó 2 months of age; marketable age for pigs including 

weaners, growers, fatteners, sows and boars. 

Trader : An individual that buys pigs from collectors or directly from farmers and then sells 

them to consumers at the household level. 

Weaner: Piglet that has just been separated from a sow or stopped suckling (age Ó 2 and < 3 

months). 
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Chapter 1: Introduction  

Classical swine fever (CSF) is considered one of the most economically damaging pig 

diseases (Boklund et al., 2009). Outbreaks can result in substantial losses from both direct 

and indirect impacts. The current global distribution of CSF is throughout South-East Asia, 

Africa, Eastern Europe, and South and Central America (Durand et al., 2009). North 

America, most of the countries in the European Union, and Australia have eradicated the 

virus (Artois et al., 2002; Edwards et al., 2000). The highly contagious nature of this 

transboundary animal disease (TAD) has led to reports to the World Organisation for 

Animal Health (OIE) from more than 60 countries over the past 15 years (Donahue et al., 

2011). During an outbreak in the Netherlands in 1997ï98, over 429 infected farms were 

identified as a result of CSF entry from an infected truck (Elbers et al., 1999). By the end 

of the outbreak following an eradication response, 1.8 million pigs were slaughtered with a 

total cost of US$2.3 billion. In many developing countries across South-East Asia, Africa 

and South America, CSF is currently endemic (Edwards et al., 2000; Hutabarat & Santhia, 

1999; Phengsavanh et al., 2011). For countries such as Vietnam, the Lao Peopleôs 

Democratic Republic (Lao PDR) and Indonesia, where pig production is a vital component 

of the smallholder sector, CSF continues to affect farmers by threatening their livelihoods 

through loss of income, food availability and the important traditional and cultural uses of 

pigs (Hutabarat & Santhia, 1999; Huynh et al., 2007; Phengsavanh et al., 2011). 

Livestock produced in smallholder farming systems are considered essential components 

of the agricultural economy in developing countries (McDermontt et al., 1999). The loss of 

livestock for smallholder farmers reduces opportunity for achieving sustainable agriculture 

and can negatively impact food security (Drucker et al., 2006). The multiple uses of 

livestockðas a source of income, financial security and savings, bartering tool and role in 

traditional ceremoniesðare vital in many developing countries (Huynh et al., 2007; Millar 

& Photakoun, 2008; Nampanya et al., 2011). In South-East Asia, pigs represent an 

important sector for smallholder farmers (Huynh et al., 2007). 

Pig farming in Indonesia is the third-largest producer of meat for human consumption, 

following poultry and ruminants (Liano & Siagian, 2002). Although the majority of the 

population in Indonesia are Muslim (90%), several provinces have religious views that 

coincide with the consumption of pork, such as Bali, Nusa Tenggara Timur (NTT), 

Sulawesi, and Papua (Brandenburg & Sukobagyo, 2002). The province of NTT, in eastern 
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Indonesia, has the largest pig population in the country with pigs having economic and 

cultural significance (Dinas Peternakan Propinsi, 2011). High live pig demand within the 

province drives pig movements across and between islands, increasing the risk of CSF 

spreading. The close proximity of these islands to Australia also presents a risk for the 

reintroduction of CSF to Australia.  

This study, conducted from 2009 to 2012, investigated live pig movements and the role of 

markets and villages in CSF transmission across NTT province. The research aimed to 

identify areas where mitigation measures could be implemented to assist in the control of 

CSF to reduce its spread within NTT and to reduce potential risks to Australia. 

Chapter 3 describes an epidemiological survey conducted in nine live pig markets with pig 

sellers and buyers to investigate live pig movements, pig management, biosecurity 

practices and knowledge on pig health and CSF. Interviews were conducted in 2009 across 

two interview rounds (representing high- and low-pig demand periods). In addition, 

Chapter 4 presents an observational study conducted at the live pig markets involved in the 

market survey, to obtain baseline information on live pig markets in this region, which 

have not previously been investigated. 

Chapter 5 describes an epidemiological survey conducted with smallholder pig farmers in 

18 villages across NTT province in 2010. This survey aimed to obtain information 

regarding live pig movements, pig management, biosecurity practices and knowledge on 

pig health and CSF from smallholder pig farmers. On-farm management and trading 

practices needed to be investigated to identify potential areas for the implementation of 

control strategies.  

In Chapter 6 a social network analysis is presented. This analysis utilised information 

obtained from the market and farmer surveys in Chapters 3 and 5 which included location 

information and pig volumes being moved throughout the province network. This analysis 

was conducted to identify key locations along the pig market chain for pig distribution and 

risk of CSF spread. 

Using survey results and combining other data sources, a quantitative risk assessment 

using a modular model outlined in Chapter 7 was developed to investigate the transmission 

risk of the CSF virus along the live pig market chain. This risk assessment enabled 
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mitigation measures to be evaluated to determine their effectiveness in this region. 

Moreover, the results would assist in guiding decision making for CSF control strategies. 

The final experimental chapter, described in Chapter 8, uses a simulation model to 

investigate the outcome of a CSF incursion in north-western Australia. The close proximity 

of NTT province to northern Australia presents a risk for the reintroduction of CSF to 

Australia. The aim of this chapter is to investigate different surveillance strategies that 

could be applied as a response to a CSF outbreak. The results demonstrate the 

effectiveness and efficiency of three different surveillance techniques implemented at 

different time points following an incursion to detect and delineate extent of infection. 

An overall discussion, with recommendations and suggested mitigation strategies, is 

outlined in Chapter 9. The results of this study have provided baseline information on live 

pig markets in NTT and smallholder farming practices across the province. Moreover, the 

data gathered can be used to guide decision making on mitigation strategies to control CSF 

in NTT. In addition, information was obtained on appropriate surveillance techniques to be 

implemented in northern Australia as a response to a CSF incursion.  

It also needs to be acknowledged that this thesis describes practices at markets and during 

transportation as they currently are in NTT following the cultural practices in this region. I 

do not condone the practices observed where pig welfare has been affected. Although these 

practices cannot be changed in the short term, further research and education will enable 

future improvements to develop pig welfare.  
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Chapter 2: Literature Review 

2.1 Indonesia and Nusa Tenggara Timur Province 

 2.1.1 Location 

Indonesia is made up of 33 provinces and shares land borders with Malaysia, Democratic 

Republic of Timor-Leste (referred to as East Timor in the remainder of the thesis) and 

Papua New Guinea (Figure 2.1). The province of Nusa Tenggara Timur (NTT) is located 

in eastern Indonesia within a collection of islands known as the Lesser Sunda Islands. This 

province is the closest to north-western Australia and poses a risk for animal disease 

introduction to Australia. Disease entry into a country can occur through various routes 

including animal movements, both domestic animals (Martinez-Lopez et al., 2008; 

Velthuis & Mourits, 2007) and wildlife (East et al., 2008; Rappole & Hubalek, 2006) or 

contaminated fomites such as transportation vehicles, people and infected animal products 

(Allepuz et al., 2007; Fritzemeier et al., 2000). 

NTT is an archipelago comprising 566 islands that equates to an area of 47,349km
2
, only 

2.5% of Indonesiaôs total (BPS Statistics, 2009; Roland-Holst & Frielink, 2009). Of these 

islands, it is estimated that only 42 are inhabited (Roland-Holst & Frielink, 2009). The 

capital of the province is Kota Kupang in West Timor, and it has the largest urban 

concentration in the province (Figure 2.2). The southernmost Indonesian island, Rote 

Ndao, is located within this province and lies only 110 km from the Territory of the 

Ashmore and Cartier Islands, Australia (Figure 2.2; Potemra et al., 2002; Crib and Ford, 

2009). 
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Figure 2.1 

Location of Nusa Tenggara Timur province in Indonesia, close neighbour to Australia 

(Santos, 2012). 

 

  

 

Figure 2.2 

Nusa Tenggara Timur Province, Image created in ArcMap, ESRI, 2010; TTS: Timor 

Tengah Selatan; TTU: Timor Tengah Utara. 
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 2.1.2 Demographics of Nusa Tenggara Timur 

   2.1.2.1 Population and Poverty 

The human population of NTT province in 2009 was 4,679,316 (BPS Statistics, 2009), 

only 2% of Indonesiaôs total population (BPS Statistics, 2009). NTT is classified as the 

poorest province within Indonesia with 95% of individuals in rural communities living in 

poverty (Wang, 2007). There is a wide economic disparity between those living in more 

developed areas of western Indonesia with the Human Development Index (HDI) in NTT 

lower than the national average (Roland-Holst & Frielink, 2009; World Bank, 2006). 

Indonesia has seen some substantial changes over the last decade in response to the 

economic crisis that occurred in 1997ï98, followed by decentralisation in 2001 (Levinsohn 

et al., 2003; Wollenberg et al., 2006). As a result of the economic crisis, agriculture was 

recognised as an important component of rural income and vital for poverty alleviation 

(Brandenburg & Sukobagyo, 2002). 

  2.1.2.2 The Agriculture Sector 

Within NTT province, agriculture is the primary income source for the majority of 

households, with a focus placed on subsistence farming (Wang, 2007). Across Asia, the 

smallholder farming sector is often comprised of mixed farming systems with the 

integration of crops and livestock (Devendra & Thomas, 2002; Thorne & Tanner, 2002). A 

study conducted by Russell-Smith et al. (2007) supported these findings in NTT. Surveys 

on the islands of Sumba and Flores from villages in two districts found that the majority of 

households were reliant on mixed farming practices.  

The main crops cultivated in the province are rice, maize, cassava and sweet potato 

(Roland-Holst & Frielink, 2009) with livestock such as chickens, pigs, cattle and goats 

kept by many households (Christie, 2007; Johns et al., 2009). A study by the World Bank 

(2006b) found that in Manggarai district in Flores, for example, almost 90% of the 

population was involved in primary production. Agriculture contributes approximately 

40% of the NTT Gross Regional Domestic Product (GRDP) (Patunru et al., 2010). 

 

A recent study by Johns et al. (2009) found that only 12% of households in NTT are 

involved in cattle production. Across Indonesia, cattle production is focused in the western 

regions with Java being the major cattle producing region holding around 45% of the cattle 

population. Sumatra and NTT produce 22% and 13% of cattle respectively (Sullivan & 

Diwyanto, 2007). Since the early 1990s a reduction in cattle production in this region was 
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seen due to an increase in human population which reduced the amount of available 

grazing land for cattle (Christie, 2007). As a result, the number of pigs kept by smallholder 

farmers increased due to their low input and low output management system (Christie, 

2007). Pigs in NTT have high cultural value with approximately 85% of households 

owning at least one pig (Johns et al., 2009; Santhia et al., 2006). Pigs have the second-

highest rate of production in terms of animal number following poultry in NTT (Dinas 

Peternakan Propinsi, 2011; Liano & Siagian, 2002). 

  2.1.2.3 Language 

The national language for Indonesia is Bahasa Indonesia (Smith-Hefner, 2009). However 

there are a variety of local languages across NTT with more than 32 of 170 dialects across 

the country being indigenous to NTT province (Azhar et al., 2010). When conducting 

studies in areas with multiple local languages, this is an important consideration for study 

design and implementation. A study by Lee et al. (1999) investigated issues of 

questionnaire translation during a survey with pig farmers in the Philippines. Their study 

determined that the use of back-translation and pilot testing reduced sources of error. 

Moreover, it was recognised that the development of questions needed to be appropriate 

for the target audience. The selection of interviewers  also needs to be considered as an 

important component of study design (Marschan-Piekkari & Reis, 2004).  

  2.1.2.4 Religion 

Religious denominations across NTT province are quite diverse. The majority of the 

population is Roman Catholic (55%) and Protestant (32%). These religious views coincide 

with the consumption of pork and only 9% of the population adhere to Islam (Barlow & 

Gondowarsito, 2007). Sumba is unique in its religious practices. Although the majority of 

the population are Catholic or Protestant, the original local religion, Marapu, is still 

practised (Fowler, 2005; Mudita & Natonis, 2008).  

Within NTT, the church plays an important social role. Collaborations have developed 

between local non-government organisations (NGOs) and churches to orchestrate 

distribution programs to assist in poverty alleviation. Products often include live animals 

and other food types (Barlow & Gondowarsito, 2007; Christie, 2007).  

  2.1.2.5 Climate and Seasonal Variations 

NTT experiences a tropical climate with two different seasonal periods annually, a wet and 

a dry season (Corwin et al., 2005). The wet season spans from December through to 
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March, and the dry season from April to November (Asih et al., 2009). Rainfall varies 

across regions with districts in Flores often receiving higher rainfall in comparison to West 

Timor (Barlow & Gondowarsito, 2007). For example, rainfall varies between 500ï

2000mm per year in Kupang with up to 4000mm per year recorded in Manggarai District 

(Corwin et al., 2005). 

The extreme changes in weather can often influence crop and livestock production. 

Droughts experienced during extended dry seasons can result in the death of livestock due 

to feed shortages. During the wet season, increased rainfall can often lead to destruction of 

crops (Barlow & Gondowarsito, 2007; Dalgliesh et al., 2008; Russell-Smith et al., 2007). 

Moreover, transportation is impeded during the wet season due to road degradation and 

rough seas, with ferry cancellations a common occurrence (Patunru et al., 2010; World 

Bank, 2006b). 

 2.1.3 Major Islands 

NTT province is made up of a total of 21 Kabupatens (districts), 269 Kecamatans 

(subdistricts) and 2836 Desas (villages) (Table 2.1; BPS Statistics, 2011). The majority of 

the population reside on the islands of Timor, Flores, Alor and Sumba (Roland-Holst & 

Frielink, 2009). These islands are particularly important for agriculture with the majority of 

households being smallholder farmers (Bond et al., 2007). 

 

Trade across the border between West Timor and East Timor has continued, despite prior 

conflicts. Manufacturing, agricultural and livestock products are currently imported by 

East Timor (UNDP, 2011). For example, a study by the United Nations Development 

Program (2011) found that chicken demand in East Timor is met through imports 

predominantly from Indonesia and Brazil. Limited data are available to quantify livestock 

movements across the border. However, it was reported by Do Karmo (pers comm, 2011), 

that pigs are traded across the border. Pigs are utilised for similar purposes in East Timor 

as in NTT including cultural and traditional events (Patrick et al., 1999).  
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Table 2.1 

Demographic and pig population information for Nusa Tenggara Timur province, eastern 

Indonesia (BPS Statistics, 2009). 

Island District  No. Sub-

districts 

No. 

Villages 

Capital City  Year 

of Est
5
 

Pig 

Population 

Area 

(km
2
) 

West 

Timor  

Kota Kupang 4 49 
4
 1958 23,350 160.34 

Kab. Kupang 23 240 Kupang 1958 1,111,854 5,898.26 

TTU
1 

22 240 Kefamenanu 1958 70,584 2,669.66 

TTS
2
 24 174 Soe 1958 294,856 3,947.00 

Belu 25 208 Atambua 1958 116,010 2,445.57 

Flores Flores Timur 18 226 Larantuka 1958 145,550 1,812.85 

Ende 20 214 Ende 1958 759,821 2,046.62 

Sikka 21 160 Maumere 1958 109,731 1,731.92 

Ngada 9 94 Bajawa 1958 83,970 1,620.92 

Nagekeo 7 100 Mbay 2007 84,247 1,416.96 

Manggarai Timur 6 114 Borong 2007 51,571 2,502.24 

Manggarai 9 149 Ruteng 1958 58,382 1,686.66 

Manggarai Barat 7 121 Labuan Bajo 2003 50,510 2,947.50 

Sumba Sumba Timur 22 156 Waingapu 1958 42,327 7,000.50 

Sumba Barat 6 53 Waikabubak 1958 17,537 737.42 

Sumba Tengah 4 43 Waibakul 2007 14,498 1,869.18 

SBD
3
 8 96 Tambolaka 2007 29,338 1,445.32 

Alor  Alor 17 175 Kalabahi 1958 77,617 2,864.60 

Rote Rote Ndao 8 80 Baa 2002 70,030 1,280.00 

Lembata Lembata 9 144 Lewoleba 1999 54,967 1,266.38 

1
Timor Tengah Utara district; 

2
Timor Tengah Selatan;

 3
Sumba Barat Daya district; 

4
Kota Kupang 

is the capital city of West Timor;
 5
Year of establishment for district border lines. 

 2.1.4 Structure of the Directorate General of Livestock and Animal Health 

Services (DGLAHS), Provincial Livestock Services (PLS) and their Role in 

Animal Health 

  2.1.4.1 DGLAHS and PLS (Dinas Peternakan Propinsi) 

The Directorate General of Livestock and Animal Health Services (DGLAHS) governed 

under the Ministry of Agriculture is the central government body responsible for animal 

health programs and services across Indonesia (Brandenburg & Sukobagyo, 2002; 

Wodowati & Hutabarat, 1999). This government branch is divided into five divisions: 

breeding, livestock production, animal health, cattle feeding, and veterinary public health 

and post harvest (BPS Statistics, 2009; Brandenburg & Sukobagyo, 2002). The DGLAHS 
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is the main directive body for the Provincial Livestock Services (PLS), also referred to as 

Dinas Peternakan Propinsi (Patrick et al., 1999). Following decentralisation in 2001, there 

have been changes in structure particularly at the provincial level (Brandenburg & 

Sukobagyo, 2002; Christie, 2007). Each district government is now in charge of allocating 

budgets and determining priorities, effectively acting autonomously (Christie, 2007). This 

has resulted in limitations for disease control programs, particularly when multiple districts 

are involved and cooperation is needed across borders (Christie, 2007). 

In NTT, PLS is located in Kota Kupang and acts as the head of the animal health services 

for NTT province. At the district level, there is the Department of Agriculture and 

Livestock (District Livestock Services) which employs government veterinarians and 

animal health workers to implement programs down to the village level.  

Across Indonesia animal health laboratories are categorised as type A, B or C. The type 

refers to the ability of the laboratory in reference to the extent of resources available and 

the diagnostic tests that can be performed. Type A laboratories [also referred to as Disease 

Investigation Centres (DIC)] are regional laboratories with the ability to perform 

comprehensive disease diagnosis, surveillance and investigations (Brandenburg & 

Sukobagyo, 2002; Wodowati & Hutabarat, 1999). Type B laboratories are generally 

located at the provincial level and conduct parasitic and bacterial diagnoses. In NTT 

province, there is only a type B laboratory present in Kota Kupang. For more extensive 

diagnostic services, the laboratory is required to send samples to the DIC in Denpasar, Bali 

(Geong M. pers comm, 2009). Type C laboratories have the capacity to conduct basic 

parasitic diagnosis (Brandenburg & Sukobagyo, 2002). 

The DGLAHS have also implemented livestock distribution programs in collaboration 

with international organisations such as the World Bank and the Asian Development Bank 

(Christie, 2007; Wodowati & Hutabarat, 1999). The DGLAHS aims to address farmer 

welfare issues, promote sustainable agriculture through the use of local products and 

improve agricultural production (Ministry of Agriculture Indonesia, 2012).  

In 2006 the Ministry of Agriculture passed Regulation 51 (Ministry of Agriculture, 2006) 

which is a guideline for the examination, observation and treatment of quarantinable 

diseases. The aim of this regulation was to provide strategies to prevent the entrance of 

diseases into the Republic of Indonesia and further inter island spread, in addition to 

restricting the release of TADs present in Indonesia to other countries. The regulation also 
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launched the Animal Health Management Information System to enable the collation of 

animal health information into a database. Animal Quarantine Technical Implementation 

Unit (UPT) and veterinary laboratories with the DIC and Agency for Agricultural 

Quarantine work collectively to pool information every three months regarding 

investigations, cases of disease, mapping disease spread and monitoring the status of 

animal diseases.  

  2.1.4.2 The Role of Veterinarians, Animal Health Workers and the Role 

of the Poskeswan (Animal Health Posts) 

District Livestock Services (DLS) employ both veterinarians and animal health workers 

(AHWs) to implement various animal health programs (Brandenburg & Sukobagyo, 2002). 

AHWs are typically assigned a set of villages to work in, one of which they are expected to 

reside in (Robertson et al., 2010b). AHWs tend to be para-veterinarians who have 

undergone more basic animal health training that can be applied at the village level. They 

provide farmers with advice, assist veterinarians with treatments, report and provide 

disease case figures to DLS (Robertson et al., 2010b). In developing countries, access to 

veterinary services is often limited, accompanied by a limited number of trained personnel. 

An investigation by Catley et al. (2004) demonstrated that utilising para-veterinarians can 

increase the number of villages with access to animal health services, which can greatly 

improve smallholder animal production. However, in Indonesia, problems have been 

identified with the use of AHWs. Deveridge (2008) identified, from a study on Alor island, 

that AHWs are often limited by inadequate training, equipment and facilities, lack of 

transport and the failure of DLS to employ adequate numbers of veterinarians to cover 

different jurisdictions. Veterinarians working for Dinas at the district level are generally 

employed by the DLS with further approval through the PLS. Factors such as these are 

impacting on the ability of AHWs to perform their jobs effectively.  

Animal health posts (Poskeswan) provide services down to village level and have 

veterinarians or para-veterinarians stationed at them who aim to assist animal production in 

their region. Staff working with the DLS provide animal health support to these local 

animal health posts in terms of animal health information, vaccinations and they respond to 

calls when assistance is needed (Brandenburg & Sukobagyo, 2002). Each district has at 

least one poskeswan where a veterinarian or para-veterinarian is located to provide support 

(Table 2.2). However, in Indonesia, there are many problems with the current set-up for 

poskeswans to deliver animal health services. Budget constraints for operational costs, 
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limited government support and inadequately trained staff are negatively impacting 

farmers (Brandenburg & Sukobagyo, 2002). It was recognised by Bragg (2007) that due to 

the structure of animal health services, lengthy delays can be experienced with information 

required to pass through each level of government before action can be taken. This deters 

farmers from reporting suspected cases of disease as they are uncertain whether action will 

result. In addition, a large number of animal health posts are located in urbanised areas. 

However, as 60% of Indonesiaôs population lives in rural areas, this limits farmersô ability 

to access animal health facilities (Liano & Siagian, 2002). Deveridge (2008) found that on 

Alor, farmers were reluctant to travel long distances to report disease or request assistance 

due to the travel costs incurred.  

Table 2.2 

Number of Animal Health Posts (Poskeswans) present in Nusa Tenggara Timur province, 

eastern Indonesia (BPS Statistics, 2009). 

Island Poskeswan No. 

Timor  44 

Sumba 29 

Flores and Lembata 48 

Alor                       8 

Rote Ndao 8 

Sabu Raijua 2 

TOTAL  139 

   

2.2 Pig Industry in Nusa Tenggara Timur  

 2.2.1 Pig Population and Distribution 

NTT province has the largest pig population in Indonesia (BPS Statistics, 2009). Pig 

raising is a major agricultural practice that continues to provide financial security to 

households and plays an important cultural role in traditional ceremonies and celebratory 

events (Johns et al., 2009). The current pig population per district can be viewed in Table 

2.1. 

 2.2.2 Pig Introduction into Indonesia and Present Pig Breeds  

Pigs have been present in Indonesia for more than 10,000 years (Larson et al., 2007). Due 

to the archipelagic nature of the country, there has been a dispersion of different pig breeds 
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identified across the islands. During the early Neolithic period, animals such as pigs had 

strong cultural significance across Asia. As a result, phylogenetic studies have been 

conducted throughout South-East Asia to identify pig dispersal patterns in the hope of 

reconstructing human dispersal patterns into Oceania (Larson et al., 2007). Larson et al. 

(2007) concluded that it was human movement that enabled the spread of pigs throughout 

this region. Furthermore, it is thought that the current indigenous pig breeds present in 

South-East Asian regions are most likely feral descendants of early domesticated pigs 

(Larson et al., 2007). Timor island currently represents two different clade types: the 

Pacific clade (constituting Sus scrofa); and the Sus celebensis clade, indigenous to 

Indonesia (Larson et al., 2005). Dobney et al. (2008) further supported Larson et al. (2007) 

by confirming the presence of the two major groups: the Sus scrofa distributed on the 

islands of Sumatra, the Riau-Lingga archipelago, Java and across Nusa Tenggara Timur, 

reaching the Komodo Islands; and the Sus celebensis currently distributed across Sulawesi 

and the islands of Timor, Roti Lendu, Flores and Simuleue. 

An alternative study by Hayashi et al. (1984) identified the presence of additional 

subspecies. The native pig breeds that have been cultivated by the indigenous people in 

different areas of Indonesia are the short-eared type bred by the Batak people in North 

Sumatra in addition to the Toraja people in South Sulawesi. Moreover, there is a Hainun-

like type breed on Bali island. Wild boars have also been reported across the country, 

including the species of Sus scrofa and S. verrucosus, while the presence of various 

subspecies have also been described including S. s. vittatus, S. s. milleri and S. s. 

floresianus (Hayashi et al., 1984). 

 2.2.3 Smallholder Pig Farming in Indonesia and other Developing Countries 

Across Indonesia, the presence of both smallholder farmers and a commercial pig sector 

has been identified (Liano & Siagian, 2002). Pig farming in Indonesia is the third-largest 

producer of meat for human consumption, following poultry and ruminants (Liano & 

Siagian, 2002). Within Indonesia, pig production occurs in Java, Kalimantan and Sumatra 

and also across eastern Indonesia in Bali, Sulawesi, NTT and Papua (Brandenburg & 

Sukobagyo, 2002; Iyai et al., 2011; Liano & Siagian, 2002). Dinas Peternakan Propinsi in 

Kota Kupang (NTT) has developed a classification system to categorise pig herds where 

smallholder pig farmers are those with total herd sizes of Ò 20 pigs (Table 2.3).  
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Table 2.3 

Pig-herd classification regarding total pig-herd size across Nusa Tenggara Timur province, 

eastern Indonesia, 2009 (provided by Dinas Peternakan Propinsi, Kupang, 2009).  

Pig-herd Size Herd Classification 

1ï20 Smallholder 

>20 Small business 

20ï50 Semi-intensive 

50ï200 Commercial 

 

Livestock production is crucial to the livelihood of a large proportion of those living in 

poverty around the world (Roessler et al., 2008). It was recognised by Quartermain (2009) 

that priorities for improving the livelihood of farmers need to revolve around livestock 

improvement, particularly regarding animal health, nutrition, waste management and 

education. 

Farmers across NTT are primarily smallholders, with animals such as pigs and chickens 

kept by many households (Christie, 2007; Johns et al., 2009). In Indonesia, pigs are viewed 

as reliable livestock, particularly if money is required urgently (Liano & Siagian, 2002). 

They are durable animals that can survive on a varying diet, typical of the pig diets 

provided by smallholders with changes to household income and differences in climate and 

geography between regions. Moreover, pigs grow to a fattener size in a shorter amount of 

time than animals such as cattle and provide an important protein source (Christie, 2007; 

Kruska et al., 2003; Liano & Siagian, 2002). Smallholder farmers in South-East Asia tend 

to have small herds of around 1ï3 sows or less than 10 fatteners per household (Christie, 

2007; Johns et al., 2009; Knips, 2004; Lemke et al., 2006). 

For smallholder farmers in Vietnam, Lemke et al. (2006) identified that pig production 

only makes up a component of total household income with nine to 41% of a familyôs total 

income derived from pig production. In the smallholder sector in developing countries, a 

variety of animals are used as forms of financial security, such as cattle in Cambodia 

(Nampanya et al., 2011) and pigs in eastern Indonesia (Christie, 2007).  

  2.2.3.1 On-farm Pig Management 

Pig housing systems used by smallholder farmers are similar across NTT province, South-

East Asia and Africa, with small pens, tethering and free roaming systems commonly 

utilised (FAO, 2010; Kagira et al., 2010). For farmers that pen their pigs, structures are 
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generally built using local materials, such as bamboo, straw and wood, providing 

containment for small numbers of pigs (Lemke et al., 2006; Robertson et al., 2010b).  

Local agricultural products available to households are commonly used as a food source 

for pigs kept by smallholder farmers due to limited income and restricted availability of 

feed (Lemke et al., 2006). In NTT products such as cassava, taro, sweet potato, rice bran 

and water spinach are often used (Johns et al., 2009). Similar food products, which tend to 

vary according to season, are utilised across South-East Asia (Kumaresan et al., 2007; 

Lemke et al., 2006; Varney, 2006). An extensive study by Cargill et al. (2009) was 

conducted in Papua province, Indonesia to investigate the importance of sweet potato-pig 

production due to its role role as a primary food source for both humans and pigs. It was 

found that cooking sweet potato and providing feed regularly and in greater amounts 

(equivalent to approximately 10% of a pigôs body weight) led to substantially improved 

growth rates.  

A study by Phengsavanh et al. (2010) in Lao PDR with smallholder pig farmers identified 

that foodstuffs provided to pigs are generally produced on-farm or collected from areas 

surrounding a village. Poor feed quality in many developing countries is a factor 

contributing to loss of productivity for pig production (Mutua et al., 2012; Varney, 2006). 

Diets tend to be high in energy but low in protein (Phengsavanh et al., 2010). Environment 

and feed management all impact on the nutritional status and accessibility of feed sources 

being provided to pigs (Kunavongkrit & Heard, 2000). 

 2.2.4 Commercial Pig Farming in NTT 

With the ólivestock revolutionô occurring across South-East Asia since the 1970s, rapid 

expansion of livestock production has occurred along with increases in the consumption of 

animal products (Delgado, 2006; Gerber et al., 2005). Since the 1990s, pig production in 

NTT has increased, resulting in the growth of the commercial sector (Brandenburg & 

Sukobagyo, 2002; Christie, 2007; Liano & Siagian, 2002). 

It was identified by Johns et al. (2009), through an investigation into smallholder 

commercial farms in NTT, that there are presently only six commercial pig farms in 

Kupang district with more than 50 pigs per herd. In Flores, some NGOs and churches have 

larger small business farms (Table 2.3) from which they distribute pigs as part of their aid 

support (Christie, 2007; Kira I. pers comm, 2010). However, across Flores and in Sumba, 

no commercial farms have been identified (Johns et al., 2009). 
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 2.2.5 Pig Diseases in NTT  

Data on pig disease distribution and level in NTT is very limited with the province being 

classified ódata poorô in this respect (Johns et al., 2009; Wodowati & Hutabarat, 1999). 

However, it has been documented that several pig diseases, including CSF and porcine 

reproductive and respiratory syndrome (PRRS), have been introduced to NTT over the past 

30 years and resulted in substantial negative impacts on pig production across the province 

(Brandenburg & Sukobagyo, 2002).  

A 2008 survey conducted by the Australian Quarantine Inspection Service (AQIS), in 

collaboration with DGLAHS, confirmed the presence of CSF, Aujeskyôs disease, PRRS 

and Japanese encephalitis in NTT province (apparent prevalence levels with 95% CI: 29.4 

(21.4, 37.3), 7.1 (2.6, 11.6), 3.2 (0.1, 6.2) and 62.6 (53.8, 71.5) respectively). The AQIS 

survey was the first to confirm the presence of PRRS in NTT province. Other studies have 

supported these results, also confirming the presence of erysipelas and diarrhoea in piglets 

in NTT to be a problem impacting farmers (Liano & Siagian, 2002). 

From previous surveys on Alor island in NTT, farmers have demonstrated the ability to 

recognise clinical signs of a sick pig (Deveridge, 2008; Robertson et al., 2010b). However, 

these clinical signs were not associated with any particular disease. Moreover, it should be 

mentioned that it is common for poorer pig farmers in developing countries to sell pigs 

with suspected disease to avoid loss of income, which represents a risk for dissemination 

of infectious diseases (FAO, 2010). 

 2.2.6 Societal Importance of Pigs 

   2.2.6.1 Women and Pig Farming 

The important role that women play in the smallholder pig farming sector in NTT has been 

identified (Johns et al., 2009). This is a common finding also identified in other areas of 

South-East Asia and the developing world including Lao PDR (Phengsavanh & Stur, 

2006), Vietnam (Lemke et al., 2008a) and Kenya (Kagira et al., 2010). Kristjanson et al. 

(2010) calculated that two thirds of the worldôs 600 million poor livestock keepers are rural 

women. In Lao PDR for example, women will spend up to three hours per day collecting 

and cooking pig feed for their herd (Phengsavanh & Stur, 2006). Across households in 

NTT, women tend to be the primary caretakers for pigs with primary responsibility for 

providing feed and water to pigs that are generally kept in close vicinity to the house 

(Johns et al., 2009).   
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In poverty stricken areas around the world, the extent of assets owned by a household is 

more critical than yearly income (Kristjanson et al., 2010). The more assets one owns the 

greater the ability to cope in an emergency situation when resources are scarce. Research 

in Bangladesh has looked at the impact of women with assets within the home. It was 

suggested that where women have a higher share of assets, particularly on entry to a 

marriage for example, there is often improvement in food security, child nutrition, 

education and improved wellbeing for women (Kristjanson et al., 2010; Quisumbing & 

Maluccio, 2003).  

  2.2.6.2 Pigs as a Source of Financial Security and Savings 

Across South-East Asia, pigs are an important part of subsistence farming and are 

commonly utilised as a source of income or savings (Huynh et al., 2007). Pigs are often 

sold when money is needed for household necessities, educational costs or for emergencies 

(Huynh et al., 2007; Ratarasarn, 1980). A study conducted by Santhia et al. (2006) on Alor 

in NTT found the primary purpose for farmers keeping pigs was for child education funds 

and for use at festivals and ceremonies.  

  2.2.6.3 Cultural Use and Consumption 

Pigs are held in high cultural regard across the islands of NTT. They are used in cultural 

events such as traditional ceremonies, weddings, funerals and other important celebrations 

(Christie, 2007; Johns et al., 2009). Similarly, in Papua New Guinea, pigs are used for 

ceremonial feasting and typically involved in traditional celebrations (Jones, 2002). For 

weddings and funerals in NTT, a minimum of five pigs are generally required to feed 

family members who arrive from all over the province (Kira & Kasman, 2011). This is in 

addition to dowry payments for the bride, which require large numbers of pigsð

sometimes up to 40ðto align with the status of the female (Geong M. pers comm, 2009). 

In other areas of Indonesia, the slaughter of livestock occurs at traditional ceremonies. For 

example, in South Sulawesi it is common for buffalo to be slaughtered in the belief that 

they are a óvehicle to reach heavenô (Riethmuller, 1999). The importance of such traditions 

needs to be considered by the government and international organisations when working in 

rural development (FAO, 2010). 

Preliminary evidence from Malo (2011) and personal communication with Dr Maria 

Geong from Dinas Peternakan Propinsi, has suggested that pigs are predominantly 

purchased live for slaughter across the province. The limited cold chain present in the 
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province is a factor hindering development of the meat trade industry (Salin & Nayga, 

2002). Typically in NTT pork meat can only be purchased in urban centres . This is similar 

to the situation in Cambodia where the domestic meat trade centres on urbanised centres 

following slaughter at slaughterhouses (Knips, 2004).  

In the past 3ï5 years a new restaurant type referred to as óseôi babiô has developed across 

West Timor (Geong M. pers comm, 2010; Kira I. pers comm, 2010). Johns et al. (2009) 

conducted a survey of these restaurants to investigate their characteristics. Seôi refers to a 

method of cooking in which pork is smoked on a barbeque. In general, consumers in NTT 

were found to prefer the taste of cross-bred pigs as they were classified as leaner and better 

tasting. In contrast, a study by Jabbar et al. (2010), found that consumers in Vietnam 

preferred the flavour of local pigs. Moreover it was found that in Vietnam, pork consumers 

reported that they preferred the taste of fresh meat from an animal that had been recently 

slaughtered as opposed to frozen meat (Lapar et al., 2009). 

 2.2.7 Backyard Slaughtering of Pigs and Slaughterhouse Usage 

It is common among smallholder farmers in NTT to slaughter pigs at their residence (Johns 

et al., 2009). The use of slaughterhouse facilities can incur payments of approximately Rp 

13,200 per head for the transportation and slaughter of pigs (Priyanti & Putu, 1999). 

Priyanti and Putu (1999) recognised that inspection by animal health workers (AHWs) may 

also result in the identification of disease, which deters farmers due to the potential for loss 

of product and income. As a result, with the majority of farmers in NTT living below the 

poverty line, households choose to slaughter pigs at their residence (Johns et al., 2009). 

Stakeholder estimates obtained by Johns et al. (2009) suggested that as many as 650,000 

pigs per year are slaughtered using this process. 

Backyard slaughter can lead to issues of swill feeding if appropriate disposal management 

is not adopted. This practice is the feeding of meat and meat products to pigs and is a 

common mode of disease transmission in pigs (Cameron, 1999; Mutua et al., 2012; 

Schembri et al., 2010). Diseases including CSF (Edwards, 2000), African swine fever 

(Sanchez-Vizcaino et al., 2012), and parasitic infections including Trichinella (Pozio, 

2001) and Taenia solium (Rajshekhar et al., 2003) can be spread from this practice, which 

poses risks for zoonotic infection (Ngowi et al., 2008). A farmer survey conducted in West 

Timor found that 91.3% (n = 237) of farmers fed household waste to their pigs which 

presents a risk if it contains uncooked pork meat (Malo, 2011). As recognised by FAO 
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(2010), this type of high-risk practice needs to be regulated to reduce the risk of 

transmission.  

Currently in NTT province there are a total of 19 government and privately run livestock 

slaughterhouses (Table 2.4). A report from the FAO in 1999 stated the presence of only 

three cattle slaughterhouses in NTT, with no pig slaughterhouse facilities available 

(Priyanti & Putu, 1999). With developments in the pig industry and population increases, 

the number of slaughterhouses has since increased to meet demand (BPS Statistics, 2009). 

Table 2.4 

Number of livestock slaughterhouses and the number of pigs slaughtered at these premises 

(BPS Statistics, 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Location Government Private TOTAL  No. of pigs slaughtered 

Kota Kupang 2 0 2 1,953 

Kupang 1 1 2 9,384 

TTU 0 0 0 5,946 

TTS 1 0 1 24,750 

Belu 1 0 1 9,658 

Flores Timur 1 0 1 12,095 

Ende 0 0 0 6,388 

Sikka 0 0 0 9,172 

Ngada 2 3 5 6,879 

Nagekeo 0 0 0 7,111 

Manggarai Barat 0 0 0 4,218 

Manggarai 1 0 1 9,140 

Manggarai Timur  0 0 0 No data 

Sumba Barat 2 0 2 1,331 

Sumba Timur 1 0 1 3,454 

Sumba Barat Daya 0 0 0 2,694 

Sumba Tengah 0 0 0 1,193 

Alor  1 0 1 6,449 

Lembata 1 0 1 4,570 

Rote Ndao 1 0 1 5,843 

TOTAL (2008) 15 4 19 132,288 
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2.3 Classical Swine Fever in Indonesia 

 2.3.1 CSF Entry and Spread across Indonesia  

The route of CSF introduction into Indonesia is still under debate. Present literature 

suggests that pig movements from Malaysia into North Sumatra may have been the entry 

point (Christie, 2007; Hutabarat & Santhia, 1999). The first confirmed case was in North 

Sumatra in 1994 following the unexplained deaths of thousands of pigs (Hutabarat & 

Santhia, 1999). Referring to Figure 2.3, from 1994 through to 1998 CSF spread across a 

large number of provinces in Indonesia and reached as far as East Timor (then a province 

of Indonesia) (Christie, 2007; Hutabarat & Santhia, 1999; Santhia et al., 1997). A study by 

Santhia et al. (1997) investigating CSF occurrence in East Timor found that, by 1997, CSF 

was present across six districts with an average prevalence level of 34.75% based on 

reported cases. For NTT, the first suspected cases were reported on Flores and Sumba 

islands in 1997. However, not until 1998ðwhen a suspected CSF case was tested in Kota 

Kupang and found to be positiveðwas it recognised that CSF had entered this province 

(Figure 2.4) (Christie, 2007; Hutabarat & Santhia, 1999; Santhia et al., 1999). 

More recently, CSF infection was detected in Papua and West Papua provinces (Geong M. 

pers comm, 2011; Sri, 2009; Wulandari R. P. pers comm, 2012). In 2007, 105 cases were 

reported in Papua with an additional 12 cases in 2009 (Geong M. pers comm, 2011). 

Currently infected districts are thought to be Timika and Jayapura in Papua and 

Manokwari and Worong in West Papua (Wulandari R. P. pers comm, 2012). The last 

laboratory confirmed case was in 2010 with Dinas veterinarians aiming to conduct 

surveillance and community education (Wulandari R. P. pers comm, 2012). In March 2012 

however, a suspected CSF outbreak was reported in the district of Intan Jaya in the 

Papuaposna local newspaper despite this area being reportedly CSF free.  

Across Indonesia, from 1994 to 1998, 15 out of 27 provinces experienced reductions in pig 

population (BPS Statistics, 2009). Table 2.5 provides population data for those provinces 

that had confirmed CSF cases. Aligning with Figure 2.3 it can be seen that North Sumatra, 

for example, had a substantial reduction in pig population from 1994 to 1995. This is the 

time period in which CSF was first confirmed. This trend was not identified in all 

provinces. However, it does suggest that impacts on pig population were experienced 

during the time of CSFôs introduction. 
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The entry pathway of CSF into NTT province is still unknown. However, evidence 

suggests that there are two potential points of entry for this virus. Pig movements from 

East Timor may have brought the disease into West Timor, as suggested by the distribution 

across several districts of East Timor in 1997 (Santhia et al., 1997). Alternatively, there is 

still some speculation that the virus may have come across from Bali or other western areas 

of Indonesia (Geong M. pers comm, 2010). Livestock and product movement is common 

between Bali province and NTT, which provides evidence for this entry pathway (Christie, 

2007; Patunru et al., 2010). 

Once introduced Figure 2.4 illustrates the spread of CSF across NTT province, which by 

2002 had pigs on all major islands infected with CSF. With the demand for pigs increasing 

and fewer pigs in affected districts, the movement of live pigs around the province most 

likely facilitated its spread. The introduction of CSF into NTT was seen to coincide with 

dramatic decreases in pig population following 1998 (BPS Statistics, 2009). Between 1999 

and 2000 all districts within NTT province experienced a reduction in pig population, the 

most substantial being in Kupang, TTU and Sumba Barat districts. Brandenburg and 

Sukobagyo (2002) reported reductions in pig production across Indonesia from 1995, with 

the largest decline seen in 2000ï2001; reportedly as a result of higher commercial feed 

costs. Referring to BPS Statistics (1995 to 2009), pig numbers in NTT prior to 1999 were 

increasing followed by a dramatic reduction of over 1.5 million pigs between 1999 to 2000 

in NTT (Table 2.6). This reduction coincides with the introduction of CSF into the 

province and the 96,984 CSF cases reported to Dinas Peternakan during 1998, 

predominantly in Kupang (Dinas Peternakan Propinsi, 2011). Furthermore, the majority of 

farmers across the province were smallholders and did not utilise commercial feed 

(Christie, 2007). 

A reduction in the pig population was also identified in the western districts of Flores 

including Ngada, Manggarai, Sikka and Ende (Table 2.6). This is interesting as three out of 

the four districts are still considered CSF free, with Sikka being a suspect district. Personal 

communication from Dr Maria Geong has suggested that this reduction may have been 

caused in part by problems with pneumonic pasterellosis, a respiratory disease of pigs, 

present across Flores (Jackson & Cockcroft, 2007). The introduction of rabies into Flores 

during 1998 prompted the majority of animal health services to direct their efforts towards 

rabies control (Windiyaningsih et al., 2004). During this time farmers continued to report 
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clinical signs consistent with pneumonic pasterellosis but had limited access to animal 

health services. 

It needs to be noted that there have been modifications to district borders over time with 

changes occuring as recently as 2007. On Flores, Manggarai district was divided into three 

districts: Manggarai Timur (2007); Manggarai Barat (2003); and Manggarai. Nagekeo 

district was also formed in 2007, dividing Ngada district in two. Sumba was further 

divided from two districts into four, with the inclusion of Sumba Tengah and Sumba Barat 

Daya in 2007 (Table 2.1). As a result, the figures displayed in Table 2.6 represent total pig 

population values where available for district divisions present up to 2002. 

The most recently infected island in NTT province is Lembata island, situated on the 

eastern end of Flores. Since the introduction of CSF into NTT, movement restrictions were 

established to stop pigs moving from infected to non-infected areas (Brandenburg & 

Sukobagyo, 2002; Hutabarat & Santhia, 1999). However, in 2011, four pig movement 

events were recorded from Kupang to Lembata with three classified as legal (with pig 

health documentation present) and one illegal movement. A total of 41 pigs were moved 

between January and July and the first confirmed case of CSF was identified in April 

(Diarmita, 2012). By December 2011, 1,628 cases of CSF had been recorded across six 

subdistricts (Geong M. pers comm, 2011). 
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Table 2.5 

Pig population figures across Indonesia from 1994 to 1998, obtained from Hutabarat and 

Santhia (1999). 

Province 1994 1995 1996 1997 1998 

North Sumatra 2,387,849 920,998 948,235 976,277 1,005,175 

West Sumatra 32,640 46,283 46,733 46,953 47,179 

Jakarta (North Java) 41,750 8,600 8,464 0 0 

Central Java 139,548 132,594 120,939 100,532 83,947 

East Java 56,656 62,622 54,510 54,610 53,518 

West Java 49,649 42,314 53,060 25,550 21,285 

West Kalimantan 911,686 923,752 616,130 331,786 737,440 

Bali 1,056,318 1,079,831 1,073,062 1,131,283 1,136,442 

North Sulawesi 519,106 555,672 500,100 505,051 303,031 

South Sulawesi 520,048 554,759 574,674 575,061 575,448 

East Timor 308,385 343,169 377,898 375,866 383,382 

Nusa Tenggara Timur 1,406,074 1,537,982 1,589,060 2,229,134 3,204,543 
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Table 2.6 

Pig population statistics for Nusa Tenggara Timur province from 1995 to 2002, BPS Statistics 1995 to 2002. 

 

1
Highlighted grey areas are years where substantial reductions in pig population occurred across each district.  

Island District  1995 1996 1997 1998 1999
1 

2000
1
 2001 2002 

Sumba Sumba Barat       153,297        215,045          97,681        173,542        177,707         30,470         39,691          51,701  

West Timor Kupang       337,485        473,424        664,421        496,421        508,335         86,895       113,190        121,333  

West Timor Kota Kupang  No data   No data   No data   No data   No data         11,586         15,092          16,178  

Sumba Sumba Timur         84,899        116,459        163,392        122,116        125,047         18,806         24,497          31,910  

Lembata Lembata  No data   No data   No data   No data   No data   No data         32,771          42,688  

West Timor Timor Tengah Utara         68,208          88,268        630,528        471,245        482,555         32,993         42,977          55,982  

Flores Ende         45,996   No data          90,526          67,658          69,282         35,327         46,017          59,943  

Alor  Alor         35,213          48,303          51,208          38,272          39,191         34,592         45,060          58,695  

Flores Ngada       115,086   No data        168,572        125,987        129,011         75,362         98,167        127,874  

Flores Manggarai         81,447   No data        169,502        126,683        129,723         72,664         94,653        123,296  

Flores Sikka       171,803   No data        249,846        186,730        191,212         50,957         66,377          86,463  

West Timor Belu       129,138        181,155        188,229        140,679        144,055         51,997         67,732          88,228  

Flores Flores Timur         98,303        235,708          97,332          97,852        100,201   No data         85,506        111,381  

West Timor Timor Tengah Selatan       203,309        279,633        249,549        186,507        190,983       139,510       181,727        194,801  

TOTAL     1,524,184     1,637,995     2,820,786     2,233,692     2,287,302       731,959       953,457     1,170,473  
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Figure 2.3 

The spread of classical swine fever (CSF) across Indonesia following its introduction in 1994, adapted from information obtained from 

Hutabarat & Santhia (1999), Christie (2007), Geong, M (pers comm., 2009), Santhia et al. (2003), Santhia et al. (1997); 1: first confirmed case 

in Indonesia in North Sumatra, 1994, believed to have entered from Malaysia; 2: CSF reached Central and South Sumatra, late 1994; 3: first 

confirmed case on Java island, March, 1995; 4: confirmed case in Kalimantan in September 1995; 5: first case in Bali, October 1995; 6: North 

and South Sulawesi both had confirmed cases by the end of 1995, early 1996; 7: The capital city of Timor-Leste, Dili, reported its first CSF case 

in August 1997; 8: suspect cases were reported in NTT in mid-1997; however, laboratory confirmation was not until March 1998; 9: First cases 

in Papua in 2006 but not confirmed until 2007 (Geong M. pers comm, 2011; Sri, 2009). 
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Figure 2.4 

The spread of classical swine fever across Nusa Tenggara Timur, eastern Indonesia; 1: first suspected cases in mid 1997 in Sumba Timur and Flores 

Timur districts; 2: first confirmed cases of CSF in NTT in March 1998 through laboratory testing; 3: cases identified in 1999; 4: first suspect case in 2000 

in Sikka district from clinical reports from farmers; 5: first detected case on Alor Island in July 2002; 6: first confirmed case of CSF on Lembata Island in 

2011; adapted from information obtained from Hutabarat & Santhia (1999); Christie (2007), Santhia et al. (2003), Geong, M (pers comm., 2011). Current 

classification of districts for classical swine fever as of 2011 shown by boxes; where infected is defined as: positive serology and reports of clinical signs 

from pig owners, red box; suspect; positive to serology but no clinical signs reported from farmers, yellow; not infected: no reported cases, green. As of 

May 2011, Lembata Island is classified as infected, seen highlighted in blue (Dinas Peternakan Propinsi, 2011).  
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 2.3.2 CSF Prevalence and Current Distribution in NTT  

After its introduction in the 1990s, CSF was listed as a national priority for control in 

Indonesia alongside rabies and bovine brucellosis (Hutabarat & Santhia, 1999). When 

CSF first entered NTT, districts across the region were classified as: infected, suspect or 

not infected. This classification system was adopted across all of Indonesia for CSF. The 

current divisions across NTT can be viewed in Figure 2.4. These classifications, based on 

passive surveillance and serological survey results, have dictated the distribution of 

limited CSF vaccines provided by the government (Brandenburg & Sukobagyo, 2002). 

Movement restrictions apply in accordance with these district classifications to stop pigs 

being moved from infected to non-infected areas (Dinas Peternakan Propinsi, 2011; 

Geong M. pers comm, 2011).  

Through the use of passive surveillance, it has been recognised that the total number of 

CSF cases continues to increase with 1,087 cases reported in 2011 (Table 2.7). CSF cases 

have been reported every year in Sumba and West Timor since 1998. In Table 2.7 where 

it states ózeroô it should be noted that this is the number of reported cases to the Dinas 

Peternakan Propinsi. As shown by studies conducted by Robertson et al. (2010b) and 

Deveridge (2008), farmers across NTT are reluctant to report cases of diseases. 

Furthermore, Santhia et al. (2003) recognised that AHWs do not always report cases of 

disease. Hence these zero values do not necessarily reflect the absence of CSF cases in a 

district.  

Across the past 12 years, several studies have been conducted in different areas of the 

province to investigate the prevalence and epidemiology of CSF. The majority of initial 

studies conducted following disease introduction were carried out by DIC Denpasar. The 

first published report for the Indonesian DGLAHS was in 1999 by Santhia et al. 

Prevalence levels as high as 30.9% and 10.8% were detected in Flores Timur district and 

Kupang district respectively, using a Creditest ELISA to detect antibody level in 120 pig 

sera samples (Flores Timur: 55 samples; Kupang: 65 samples).  

Following the confirmation of CSF on Alor in July 2002, the DIC Denpasar was triggered 

to conduct another survey to determine the extent of disease spread across the island 

(Santhia et al., 2003). Interviews were conducted with farmers in eight villages to obtain 

information regarding the distribution of pigs with CSF. It was confirmed that by 2003, 

CSF had infected pigs in the eight villages where interviews had been conducted with the 
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majority of sick pigs between the ages of 2ï5 months. Some inconsistencies have been 

detected between the number of CSF cases reported by Dinas Peternakan Propinsi (2011) 

and this study. Santhia et al. (2003) stated that a total of 2,859 pigs were sick with CSF. 

However, Dinas Peternakan reported only 1,250 recorded cases. It has been recognised 

that as a result of government decentralisation, communication between and within 

different government sectors is lacking, which may be causing data inconsistencies 

(Brandenburg & Sukobagyo, 2002). Moreover, Santhia et al. (2003) stated in their paper 

that farmers and AHWs on Alor were not reporting all cases of disease.  

International organisations, including the Australian Centre for International Agricultural 

Research (ACIAR) and AQIS, have also been involved in studies across the region. In 

2004, a project on Alor island was initiated by ACIAR as part of a five-year study to 

investigate the development of a surveillance system for CSF, avian influenza (AI) and 

foot-and-mouth disease (FMD) (Robertson et al., 2010b). Alor island was used as the 

study site for a CSF component and substantial baseline information was gathered 

regarding smallholder pig farming practices and CSF epidemiology on this island. 

Initially a cross-sectional study was conducted with 277 farmer interviews and 690 pig 

samples collected to obtain information on pig practices and CSF prevalence. A field-

based vaccine trial was also conducted to determine the most effective vaccine (based on 

antibody response) in the field, comparing the locally distributed CSF vaccine (Hogsivet) 

with three international CSF vaccines. Moreover, during the duration of the project, pig 

movements to and from the island were banned. However, as reported by Bragg (2007), 

pig movements, although most likely reduced as a result of the restriction, did continue to 

take place with no recording or quarantine system in place for pigs on arrival. As a result 

of movement restrictions, and increased and sustained vaccination coverage combined 

with farmer education, the number of reported CSF cases was substantially reduced, with 

few cases reported from 2006ï2007 followed by no reported cases for 2008 to 2011 

(Table 2.7). 

Across NTT, the most recent prevalence data suggest that the highest levels of CSFV are 

currently present in Sumba Timur on Sumba, and Belu district in West Timor (Appendix 

10; ACIAR Project AH/2006/156, 2010). This study detected a true prevalence level of 

26.1% (95% CI: 19.1ï33) for Sumba Timur and 20.9% (16.5ï25.3) for Belu district with 

162 and 349 pigs tested respectively in each district. Positive pigs with vaccination history 

were not included in the analysis. Samples were tested using a commercial CSFV enzyme 
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linked immunosorbent assay (ELISA) kit (PrioCHECK
®
 CSFV Antibody, Lleydstat, 

Netherlands) to detect antibodies. Positive and inconclusive results were re-tested with a 

second generation ELISA (PrioCHECK CSFV Ab 2.0). This ACIAR Project 

AH/2006/156 (2010) obtained data from seven different districts across the province with 

a total of 2039 samples tested. A survey conducted by AQIS in 2008 supported the high 

seroprevalence levels detected in West Timor and Sumba through a survey assessing the 

status of various diseases in NTT, including CSF. This study estimated a prevalence level 

of 51% for Belu district, and 54% for West Sumba (including Sumba Barat Daya and 

Sumba Barat districts) based on serum samples tested with a commercial PrioCHECK
®
 

CSFV Antibody ELISA without obtaining information on pig vaccination status. Given 

the ELISA tests used in these two surveys cannot distinguish between antibodies from 

vaccination and from natural infection, the AQIS survey results need more careful 

consideration due to: the lack of information on pig vaccination status, the much smaller 

sample size of 123 pig samples across six districts and the absence of a 2
nd

 generation 

ELISA to rule out false positives that may have occurred due to cross reaction with 

antibodies in the sera of pigs infected with other pestiviruses.  

The presence of CSF in the easternmost district of Flores, Flores Timur was previously 

confirmed by Santhia et al. (1999). The distribution of CSF on Flores in the remaining 

districts is still under investigation. Although Sikka district is currently classified as a 

suspect region with only one clinical case ever reported, diagnostic testing has confirmed 

the presence of CSF antibodies, from both the ACIAR AH/2006/156 (2010) and AQIS 

(2008) projects. The ACIAR Project AH/2006/156 (2010) provided an estimate of 2.7% 

(with removal of vaccinated pigs) whereas AQIS provided an estimate of 20%. 

Vaccination campaigns have been undertaken in Flores Timur and Sikka districts since 

2006 (Dinas Peternakan Propinsi, 2011). 

It was recommended by Hutabarat and Santhia (1999) that serological surveillance be 

conducted in areas considered free of CSF across Indonesia, to assist in disease control. 

Although this was suggested, no surveillance has been conducted by the Dinas Peternakan 

in NTT in central and western Flores due to the CSF free status. The first investigations 

into CSF prevalence in this region were done in the districts of Manggarai Barat and 

Manggarai by AQIS (2008) and ACIAR (2010). All samples collected in Manggarai Barat 

and Manggarai by AQIS (2008) were negative for CSF antibodies. A 5% prevalence 

estimate was detected for Ngada district, which is classified as a CSF-free area. The 
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ACIAR Project AH/2006/156 (2010) detected the presence of CSF antibodies in pigs in 

Manggarai Barat. An estimated prevalence of 10% was detected, taking into consideration 

that no farmers had reported vaccinating pigs in this region. There is still some question 

surrounding these results due to a lack of clinical reports by farmers. The potential for a 

cross-reaction with antibodies to other pestiviruses was addressed by performing a 2
nd

 

generation ELISA on all positive and inconclusive results, which is an issue that can 

impact results (Loeffen et al., 2009; Wieringa-Jelsma et al., 2006). The presence of 

ruminant pestiviruses including Bovine Viral Diarrhoea Virus (BVDV) and Border 

Disease Virus (BDV) can affect diagnosis of CSFV. Wieringa-Jelsma et al. (2006) found 

that the transmission of CSFV could be reduced in pigs infected with BVD. However, 

with pigs that had double infections, both BVD and CSF, a neutralisation peroxidase 

linked assay (NPLA) limited the ability to detect CSFV infection in animals that had BVD 

at the time of CSF infection. This suggests that diagnosis of CSF in herds where there is a 

high prevalence of BDV may be affected. Other species including goats and sheep can be 

infected with BVDV and BDV (Krametter-Froetscher et al., 2007; Mishra et al., 2009; 

Ridpath, 2010). Therefore, it is important to note that a substantial goat population and 

smaller sheep population are present in western Flores (12,366 goats and 28 sheep across 

Manggarai Barat and Manggarai collectively in 2009; BPS Statistics, 2009). 
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Table 2.7 

Reported cases of classical swine fever in districts across Nusa Tenggara Timur from 1998 to 2011 from Dinas Peternakan Propinsi (2011). 

Island District
2 

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 TOTAL  

West Timor Kota Kupang 0 0 0 4 0 56 0 8 54 38 90 28 94 5 377 

West Timor Kab. Kupang 89,612 53 262 13 0 26 17 15 0    0    2 16 5 0 90,021 

West Timor TTS 4 4 0 56 34 9 11 6 0    12 0    263 113 54 566 

West Timor TTU 0 0 0 50 59 0 0 39 32 9 36 2 0 0 227 

West Timor Belu 79 0 0 43 106 138 179 0 55 21 22 129 57 0 829 

Alor  Alor 0 0 0 0 1,250 355 423 106 4 18 0 0 0 0 2,156 

Lembata Lembata 0 0 0 0 0 0 0 0 0 0 0 0 0 850 850 

Flores Flores Timur 1,749 0 4 21 55 11 1 2 86 0 62 0 64 0 2,055 

Flores Sikka
1 

0 0 125 2 0 0 0 1 0 0 0 0 7 0 135 

Sumba Sumba Barat 294 0 2 0 131 151 63 233 57 44 0 314 154 95 1,538 

Sumba Sumba Barat Daya 0 0 0 0 0 0 0 0 0 0 64 46 50 0 160 

Sumba Sumba Tengah 0 0 0 0 0 0 0 0 0 0 81 34 0 0 115 

Sumba Sumba Timur 5,246 0 125 141 140 134 127 229 124 144 672 1,097 0 83 8,262 

Rote Ndao Rote Ndao 0 0 0 0 0 0 9 65 0 1 2 28 16 0 121 

TOTAL  96,984 57 518 330 1,775 880 830 704 412 287 1,031 1,957 560 1,087 107,412 

1
Sikka district classified as suspected CSF infection; 

2
The districts of Manggarai Barat, Manggarai, Manggarai Tengah, Ngada and Nagekeo have 

been excluded as they are classified as CSF free and cases of CSF have not been reported.
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  2.3.3 Laboratory Testing 

Clinical diagnosis is unreliable for CSF due to the absence of pathognomonic clinical signs 

and as such there is a need for laboratory confirmation (Osterhaus et al., 2009). A variety 

of diagnostic tests are available to confirm CSFV infection (Dewulf et al., 2004). The 

ógold-standardô diagnostic tool for CSFV is virus isolation in cell culture. However, this 

method is time consuming and can take up to four days (Moennig, 2000; Risatti et al., 

2003). Alternative diagnostic methods are available such as virus neutralisation tests 

(VNTs) and ELISAs for antibody detection with antibodies detectable at twoïthree weeks 

post infection (Greiser-Wilke et al., 2007; Koppel et al., 2007). Antibody ELISAs are often 

the test of choice as VNTs can be time consuming due to difficulties with mass analysis 

(Greiser-Wilke et al., 2007). Antigen-capture ELISAs are also available with CSFV 

detectable at 2ï15 days post infection using blood tissue, plasma or serum samples 

(Greiser-Wilke et al., 2007).  

Osterhaus et al. (2009) recommended that ELISA tests for antibodies and real time 

polymerase chain reaction (RT-PCR) are the most suitable diagnostic tools for CSFV. RT-

PCR is effective due to its ability to detect virus DNA and thus indicate that an animal has 

been exposed to CSFV. In Indonesia, NTT province sends samples from CSF suspect cases 

to the DIC in Denpasar where appropriate facilities are available to test samples (Santhia et 

al., 2003). At this laboratory a VDPro
®
 CSFV Antibody C-ELISA Kit is used for testing 

samples. This type of ELISA Kit is designed to detect the presence of anti-E2 antibody in 

swine serum.  

 2.3.4 Government Veterinary Assistance for CSF across NTT 

   2.3.4.1 CSF Vaccination across NTT 

Vaccination campaigns for CSF have been implemented on Timor, Alor and Sumba 

islands since 2000, and in Flores Timur and Sikka districts on Flores from 2006 (Dinas 

Peternakan Propinsi, 2011). CSF vaccination is currently carried out by veterinarians and 

AHWs working with Dinas Peternakan. It is a public service that is freely available to 

smallholder farmers and at a subsidised cost to semi-intensive small business herds (Table 

2.8) (Brandenburg and Sukobagyo, 2002). However, limited government budgets have 

restricted vaccine distribution. An approach used by Riise et al. (2005), from experiences 

in village poultry production across West Africa and Asia, was to give poultry farmers the 

first vaccination for Newcastle disease free of charge to demonstrate its effectiveness 

which encouraged farmers to maintain use of vaccinations. From the Alor project it was 
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demonstrated by Robertson et al. (2010b) that pigs were not getting vaccinated for several 

common reasons including the belief that vaccination was too dangerous, the farmer did 

not believe in vaccination and problems with AHWs providing the vaccination. This 

identified a need to educate farmers about the importance of vaccination to improve animal 

health. 

In NTT province, vaccinations are only conducted in endemic areas with a target of 80% of 

the susceptible population to receive vaccinations. Focus is placed on regions with the 

highest pig densities and annual reports of clinical cases (Geong M. pers comm, 2010; 

Hutabarat & Santhia, 1999). Robertson et al. (2010b) determined that the cost of a CSF 

vaccine was Rp 4,600 (Hogsivet vaccine manufactured by PUSVETMA), with an 

additional Rp 6,000 for labour costs for vaccine administration.  

Table 2.8 

Regulations for CSF vaccine payments provided by the government in Nusa Tenggara 

Timur, eastern Indonesia (Dinas Peternakan Propinsi, 2011). 

Pig herd size Vaccination Payment Method 

1ï20 Free 

20ï50 Farmers make a small contribution such as payment for labour 

50ï200 Vaccination must be paid for  

 

The locally distributed vaccine in Indonesia is the Hogsivet vaccine. This vaccine is 

manufactured and registered for use in Indonesia by Pusat Veterinaria Farma 

(PUSVETMA), which is an organisation under the direction of the DGLAHS (Surabaya, 

East Java, Indonesia). As it is a live attenuated vaccine (Chinese strain), this limits the 

ability to distinguish between infected animals by serology with those within the 

vaccinated population (Graham et al., 2011).  

 

Few investigations have been conducted on the Hogsivet vaccine. Robertson et al. (2010b) 

conducted the first field-based vaccine trial on Alor to compare the Hogsivet vaccine with 

three international vaccines. Although the manufacturers recommend a boost shot one 

month post primary vaccination, common practice on Alor (reported by AHWs), was to 

provide only one vaccine. As a result, the vaccine trial adopted this process. Literature 

suggests that a booster vaccination should be standard practice (Dewulf et al., 2001b; 

Greiser-Wilke & Moennig, 2004). The three international vaccines used for comparison 

included Kitasato from Japan, Pestiffa (Meria) and Pestvac (Fort Dodge) with 60 pigs in 
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each group. Results showed that the three internationally produced vaccines were 

significantly more effective (based on antibody response), than the locally manufactured 

Hogsivet vaccine. Furthermore, the three international vaccines did not significantly differ 

from each other.  

In the field, environmental changes can lead to degradation of a vaccine through virus 

inactivation. Temperature and pH changes during storage, transportation, handling and 

vaccination procedures can lead to inactivation of the CSF vaccine (Barrera et al., 2009). 

Studies have identified this as a reason for insufficient vaccine dosage levels that can lead 

to a risk of incomplete protection among vaccinated pigs (Barrera et al., 2009). The limited 

cold chain and distances required to travel to many rural villages can impact vaccine 

efficacy in many developing countries (Peeling & Holden, 2004; Wirkas et al., 2007).  

  2.3.4.2 Farmer Education and Participation 

Educational material on CSF for farmers in NTT has been developed by both Dinas 

Peternakan Propinsi in Kupang and the ACIAR Alor Project (Robertson et al., 2010b). 

Figure 2.5 provides examples of some educational material being distributed currently 

across NTT. Similarly, a study conducted in eastern Indonesia in Papua province by 

Cargill et al. (2009) developed educational material for the establishment of farmer-to-

farmer training programs. The focus of this material was on modifying pig diets and 

production systems for improved pig health. It was found that selected project farmers who 

actively participated in the program improved their knowledge. 

Catley and Leyland (2001) investigated community participation and the delivery of 

veterinary services in Africa. They outlined factors linked with successful animal health 

projects and concluded that community participation is a major aspect to consider in the 

design and implementation of a project. Involving local villages provides the community 

with a sense of ownership and a drive to continue the implementation of mitigation 

measures. An example of community education and participation can be seen in a paper by 

Ngowi et al. (2008). A health-education intervention was trialled in Tanzania for porcine 

cycticercosis. The intervention saw improved knowledge in disease transmission and a 

reduction in infected pork consumption, which resulted in a decrease in the incidence rate 

at the village level. Moreover, it has been recognised by Barham and Chitemi (2009) and 

Kefasi (2010), through studies in Africa, that engagement with smallholder farmers and 
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appropriate stakeholders is a priority when wanting to improve agricultural development 

with the aim of poverty alleviation.  

 

i.  

 

ii .  

 

Figure 2.5 

Educational material for farmers on classical swine fever, i: Hog Cholera information book 

developed by Dinas Peternakan Propinsi, Nusa Tenggara Timur; ii: book developed for pig 

farmers during the ACIAR Alor project with information on Hog Cholera. 
 

2.4 Epidemiology of Classical Swine Fever 

 2.4.1 Introduction 

Classical swine fever virus is from the Pestivirus genus of the Flaviviridae family of 

viruses (Moennig et al., 2003). This pig virus causes one of the most economically 

damaging pig diseases and is on the World Organisation for Animal Health (OIE) list of 

notifiable diseases (Boklund et al., 2009). It results in high mortality rates and with both 

direct and indirect transmission routes, this highly contagious virus is of great concern to 
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pig industries worldwide (Deng et al., 2005; Greiser-Wilke et al., 2000). Severity varies 

with strain type. However, the animalôs age, breed and additional environmental factors all 

contribute to the course of the disease (Weesendorp et al., 2009a). Economic losses in the 

event of an outbreak are often very extensive. They can be experienced due to pig deaths, 

reduced reproductive and growth performance as well as implemented control strategies 

where compulsory slaughter and movement restriction further increase costs (Schnyder et 

al., 2002). For example, the total cost of the Netherlands epidemic in 1997/1998, was 

estimated to be US$2.3 billion (Artois et al., 2002).  

Classical swine feverôs current global distribution is throughout South-East Asia, Africa, 

Eastern Europe and Southern and Central America (Durand et al., 2009). North America, 

most of the European Union and Australia have eradicated the virus (Artois et al., 2002; 

Edwards et al., 2000). It was first diagnosed in 1833 in North America in domestic pigs 

and first confirmed in wild boar in Germany during 1896 (Kaden et al., 2005).  

Due to difficulties in confirming CSF through clinical signs, other potential infections need 

to be considered during diagnosis (Osterhaus et al., 2009). CSF has clinical signs similar to 

other diseases including African swine fever (ASF), erysipelas and PRRS. These diseases 

should be considered during differential diagnosis of pigs in infected areas (Moennig et al., 

2003). Moreover, the earlier detection occurs, the greater the likelihood of minimising the 

size of an outbreak and subsequent economic impacts (Durand et al., 2009). Everett et al. 

(2010) acknowledged that in some circumstances following virus introduction, it can take 

up to two months for CSF to be identified as the disease agent. Diagnosis can be hindered 

by a lack of specific clinical signs in additional to lower virulent strains often having 

delayed onset of clinical signs. This can be seen from the Netherlands outbreak in 1997ï

1998 where Elbers et al. (1999) reported a six-week lag period between the time of disease 

introduction and diagnosis of the primary outbreak.    

It is described by Elbers et al. (2002) that across Germany and the Netherlands, 75% or 

more of CSF cases in the past several years were identified through detection of clinical 

signs observed by farmers and those working for veterinary authorities. This type of 

collaborative effort is important to facilitate effective detection and response. However, 

interviews with pig farmers in the ACIAR Alor Project identified that farmers were 

unaware of animal health services, did not have access to AHWs that they could report to 

and were unaware of clinical signs of CSF. In Indonesia, the current mistrust by farmers of 

the government and a lack of government resources is resulting in underreporting, 
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misdiagnosis and the limited ability of farmers to identify CSF; all of which hinder 

detection (Deveridge, 2008; Robertson et al., 2010b). 

 2.4.2 Forms of CSF 

There are several different forms of CSF that affect pigs: acute, chronic and mild forms 

(Dahle & Liess, 1992). 

  2.4.2.1 Peracute and Acute Form 

For the peracute form, high morbidity and mortality generally occurs between 4ï10 days 

post infection (Dahle & Liess, 1992). There is generally an absence of typical clinical signs 

followed by sudden death. For the acute form, death usually occurs between 10 and 20 

days post infection (Dahle & Liess, 1992). Similar to most pestiviruses, during the acute 

phase of infection, the virus results in immunosuppression (Moennig, 2000). Clinical signs 

include fever, anorexia, conjunctivitis, weakness and purple cyanotic discolouration on the 

abdomen, inner thighs, ears and tail. The acute form is most commonly seen in pigs up to 

12 weeks of age and has a high mortality rate, up to 90% (Artois et al., 2002; Moennig et 

al., 2003; Paton & Greiser-Wilke, 2003). The acute form is associated with the presence of 

highly virulent strains of CSF but can result from infection with moderate and low virulent 

strains (Table 2.9) (Durand et al., 2009). Virus is shed in saliva, nasal secretions, urine and 

faeces and this can begin before onset of clinical signs and continues until death (Iowa 

State University, 2008; Weesendorp et al., 2009b).   

  2.4.2.2 Subacute Form 

Subacute and chronic forms of CSF are often more prevalent with more recently identified 

CSF isolates tending to be of lower virulence; classified as moderate or low virulent strains 

(Animal Health Australia, 2009; Floegel-Niesmann et al., 2003; Mittelholzer et al., 2000). 

For the subacute form, animals display clinical signs such as lethargy, reduced appetite, 

stiff walking and constipation (Weesendorp et al., 2009b). Floegel-Niesmann et al. (2003) 

found that breathing and skin showed no changes until later stages of infection, at 17 days 

post infection. When pigs experienced fever, the maximum temperature was 40.4ºC, not 

reaching as high as pigs suffering from acute infection (Weesendorp et al., 2009b). Death 

usually occurs in older pigs between 20 and 29 days post infection (Dahle & Liess, 1992). 

Recovery is typically only seen with the subacute form (Floegel-Niesmann et al., 2003; 

Weesendorp et al., 2009a) and recovered pigs can be protected from CSF for up to six 

months or develop lifelong immunity (Artois et al., 2002). However, pigs that recover can 



38 

 

become carriers, continuing to shed virus. Referring to Table 2.10, it can be seen that for 

pigs with subacute infection, the highest levels of excretion were detected in nasal fluid 

(Table 2.10). Levels of excretion however, were lower than pigs with acute and chronic 

infection. Table 2.9 displays results found by Floegel-Niesmann et al. (2003) following an 

investigation into the clinical course of different CSFV isolated. Subacute infection 

occurred in only one pig following infection with a moderately virulent strain. Weesendorp 

et al. (2009b) conducted an additional study investigating differences between high, 

moderate and low virulent forms of CSFV. For five pigs inoculated with the 2.1 Paderborn 

moderately virulent strain, three pigs experienced subacute infection and recovered while 

the remaining two pigs experienced chronic infection.  

Table 2.9 

Results obtained from Floegel-Niesmann et al. (2003) providing a summary of the 

different clinical courses of CSF following infection with different classical swine fever 

virus isolates.  

Virus Strain  2.1 

(CSF0277) 

2.2 

(CSF0537) 

2.3  
(German isolate 

CSF0634) 

2.3 

(Spain isolate 

CSF0123) 

1.1 

(CSF0902) 

Number of pigs 9 4 4 5 4 

Acute form 7 3 4 5 4 

Subacute form 0 1 0 0 0 

Chronic form  2 0 0 0 0 

Mortality at end of 

experiment (%) 

100 50 100 100 100 
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Table 2.10 

The total amount of infectious virus, quantified by virus titration, excreted during the entire infectious period, with the amount of secretion/excretion 

standardised to 1g/day or 1 ml/day (urine), table of results taken from Weesendorp et al. (2009b).  

Virus Strain  Mean total excretion (TCID50 standardised to 1g or ml/day) analysed by virus titration 

Oropharyngeal 

fluid 

Saliva Conjunctival 

fluid 

Nasal fluid Faeces Urine 

  Mean      SD   Mean      SD   Mean       SD  Mean      SD  Mean      SD  Mean     SD 

Bresica (1.2) 6.54
a,b,2

    0.47 6.29
b,c,2

    0.85 7.09
a,b,1

     0.89 7.60
a,1

     0.59 5.44
c,d,1

   0.57 5.08
d,2

    0.74 

Paderborn (chronic, 2.1) 8.50
a,b,1

    0.82 8.68
a,b,1

    0.57 8.50
a,b,1

    0.00 9.54
a,1

     0.32 6.61
c,1

     0.54 7.28
b,c,1

   0.48 

Paderborn (recovered, 2.1) 4.65
a,3

      1.06 4.08
a,b,3

    1.04 3.46
a,b,2

    0.94 4.66
a,2

     1.02 3.49
b,2

     1.72 0.98
c,3

     1.70 

Zoelen (2.2)  2.92
a,4

     0.78 2.61
a,b,3  

  1.34 1.19
b,3  

    1.65 2.89
a,b,2

   1.74 0.00        0.00 0.00        0.00 

SD: standard deviation; 
1-4

 Means within columns with no common superscript differ significantly (P < 0.05); 
a-d 

Means within rows with no 

common superscript differ significantly (P < 0.05). 
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   2.4.2.3 Chronic Form  

The chronic form of CSF has also been associated with virus strains of lower virulence 

(Floegel-Niesmann et al., 2003; Paton & Greiser-Wilke, 2003). Variations in the literature 

are seen regarding the course of infection for this form. The majority, however, agree that 

survival is generally greater than 30 days, potentially up to 100 days (Artois et al., 2002; 

Dahle & Liess, 1992; Moennig et al., 2003; Weesendorp et al., 2010b). However, infection 

with this form is usually fatal (Dahle & Liess, 1992; Moennig et al., 2003; Weesendorp et 

al., 2010b). In a study conducted by Floegel-Niesmann et al. (2003), two pigs suffering 

with chronic infection died at 39 and 49 days post infection whereas those with acute 

infection all died within 28 days post infection.  

It was reported by Mengeling and Packer (1969) that the course of chronic infection occurs 

in three phases. The first phase of infection was clinically similar to acute infection 

although less severe, marked by an increase and then a decrease in the amount of virus in 

serum. The second phase saw partial recovery of pigs with low or absent virus titres and 

minimal presentation of clinical signs. Moennig et al. (2003) also suggested this transition 

to an ongoing or intermittent stage of non-specific clinical signs such as wasting and fever. 

The final phase saw an enhancement of clinical signs with increasing virus levels 

throughout the body followed by death. In contrast, Weesendorp et al. (2009b) found that 

for pigs suffering with chronic infection only mild clinical signs were observed in the first 

3ï5 weeks such as depression, anorexia and growth retardation. Both pigs experienced 

fever for an extended duration detected at five days post infection. For one pig, fever lasted 

20 days and the second pig experienced intermittent fever up to day 41 post infection. 

During the terminal phase (6ï10 days before death), there was a noticeable change in 

clinical signs with a staggering gait, hind leg weakness and petechia on the skin observed 

with both pigs euthanized at 34 and 44 days post infection respectively. Virus can be shed 

from pigs before onset of clinical signs and continuing until death (Weesendorp et al., 

2009b). For pigs with chronic infection, virus can be shed continuously or intermittently 

for months (Iowa State University, 2008). Weesendorp et al. (2010b) found that pigs with 

chronic infection pose a very significant risk of spreading disease. In a study comparing 

high-, moderate- and low-virulent strains, overall, these infected pigs were shown to 

excrete up to 40,000 times more virus than pigs with acute infection and those that had 

recovered from the virus. This was taking into account higher titre values from excretions 

and a longer infectious period. 
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  2.4.2.4 óCarrier Sow Syndromeô 

óCarrier sow syndromeô is generally the result of an adult sow exposed to a low or 

moderately virulent form of CSF leading to subclinical infection and the potential to 

produce chronically infected piglets (De Smit et al., 2000; Terpstra, 1987; Van Oirschot, 

1979). Sows can shed virus for months before death and can often go unnoticed while 

infected due to the limited presence of clinical signs (Terpstra, 1987). If present, clinical 

signs often include fever and decreased feed intake with reproductive loss the most 

common sign. Depending on the stage of gestation when infection occurs, abortions, 

mummifications and birth of weak piglets with delayed growth are often seen (Dahle & 

Liess, 1992; De Smit et al., 2000; Meyer et al., 1981; Van Oirschot, 1979). As CSF is 

immunosuppressive, death can result due to the virus itself or secondary bacterial 

infections (Dahle & Liess, 1992; Moennig, 2000). 

Persistently infected piglets display constant viraemia with continuous virus excretion (De 

Smit et al., 2000). Variations can be seen in clinical signs with the majority born in a 

weakened state (Dahle & Liess, 1992; Van Oirschot, 1979). Van Oirschot (1979) detected 

only two out of 23 piglets had haemorrhages of the skin, in addition to retardation of 

growth. Death of piglets generally occurs between two to 11 months after birth (Dahle & 

Liess, 1992; De Smit et al., 2000). Van Oirschot and Terpstra (1977) found a delayed onset 

of clinical signs (following retarded growth) in pigs and an average survival time greater 

than six months making them a risk for potential disease transmission. 

 2.4.3 CSF Strains and Virulence ï The Case of Indonesia 

It has been recognised in the literature that there are three different genotypic groups of the 

CSF virus (Durand et al., 2009; Floegel-Niesmann et al., 2003; Paton et al., 2000). 

Currently it is understood that those isolated from genotype group 1 are more historical 

isolates, generally highly virulent (Floegel-Niesmann et al., 2003; Paton et al., 2000). 

Group 2 is considered to contain isolates that are more recent. Subgroup 2.1 for example 

was introduced into Europe during the 1990s and was responsible for the 1997ï1998 CSF 

outbreaks in the Netherlands where 429 outbreaks were recorded (Paton & Greiser-Wilke, 

2003; Paton et al., 2000). Genotype 3 has only recently been identified, with isolates of 

this genotype presently confirmed in Asia. There is evidence to suggest that subgroup 3.3 

evolved locally in Thailand (Everett et al., 2010). The CSF virus is believed to mutate 

relatively slowly (Paton & Greiser-Wilke, 2003). 
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An association between the virulence of a CSF strain and the presence and severity of 

clinical signs was recognised by Durand et al. (2009). Everett et al. (2010) determined that 

for low virulent strains, mild disease or asymptomatic infection is most commonly seen, 

which has the potential to delay disease detection. For highly virulent strains, clinical signs 

are much more severe and often produce lethal infections (Dahle & Liess, 1992).  

Across Asia, all genotypic groups have been identified. Regarding Indonesia, current 

evidence suggests the presence of groups 1 and 2 (Paton & Greiser-Wilke, 2003; Paton et 

al., 2000). No genotyping has been conducted on the CSF virus in eastern Indonesia and 

statements regarding genotypic group present in the literature are based on knowledge of 

pig movements and clinical courses of disease. It is believed that CSF was introduced to 

Indonesia from Malaysia (Hutabarat & Santhia, 1999). The subgroups currently identified 

from Malaysia include 1.1, 1.2 and 2.1 (Frias-Lepoureau & Greiser-Wilke, 2002; Lowings 

et al., 1996; Paton & Greiser-Wilke, 2003; Paton et al., 2000). Group 2 is a moderately 

virulent strain and has been confirmed in Thailand, Lao PDR and Malaysia (Dortmans et 

al., 2008; Lowings et al., 1996; Paton & Greiser-Wilke, 2003). In addition the Timor 

Animal Health Project (Patrick et al., 1999) stated that based on the field reports of high 

case fatality rates of CSF in East Timor, a highly virulent strain was suspected. 

  2.4.3.1 Disease Processes of High and Moderately Virulent Strains 

Durand et al. (2009) found that the acute course of CSF experienced shorter latent periods 

of Ò four days. With a moderately virulent strain, the latent period was found to be six to 

eight days. Clinical signs for moderately virulent strains have been found to be similar 

across different studies. Weesendorp et al. (2008a) found that pigs infected with Paderborn 

strain (2.1) generally developed fever, haemorrhages of the skin, unsteady gait and 

diarrhoea. In contrast, it was also found that pigs infected with a low-virulent strain did not 

display fever or clinical signs (Weesendorp et al., 2008a). Floegel-Niesmann et al. (2003) 

described the differences between pathological and clinical signs when pigs were infected 

with genotype group 2 of CSF (including subgroups 2.1, 2.2 and 2.3 with an additional 

highly virulent form of 1.1 for comparison). Only minor differences in the clinical and 

pathological signs were found between each different virus subgroup for genotype 2. It was 

genotype 2.2 that displayed the most variable pattern of disease. 

Moreover, Mittelholzer et al. (2000) described differences between low-, moderate- and 

high-virulent strains that support the current literature. Pigs infected with a highly virulent 

strain experienced severe clinical signs. Pigs infected with moderate- and low-virulent 
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strains had less severe clinical signs; with no distinct clinical signs detected for the low-

virulent strain.  

 2.4.4 Virus Shedding and Infection 

Pigs are generally infected oronasally with the virus multiplying in the epithelial cells of 

the tonsils (Moennig, 2000; Paton & Greiser-Wilke, 2003; Susa et al., 1992). The virus 

results in immunosuppression and leukopenia with gross pathological lesions in the form 

of haemorrhages often on ears and hind legs, with post-mortem examination often 

revealing pathological changes to the spleen, kidneys and lymph nodes (Moennig et al., 

2003; Paton & Greiser-Wilke, 2003; Sanchez-Cordon et al., 2005).  

Weesendorp et al. (2010a) identified that the average infectious period for pigs infected 

with a moderately virulent strain (Paderborn) with high levels of virus excretion (defined 

as high virus titres for a minimum of 4 days >5.5 TCID50) was 32.5 (range: 21.2ð51.8) 

days. For pigs with low levels of virus excretion (defined as low virus titres for a 

maximum of 3 days >5.5 TCID50), the average infectious period was 14.7 (range: 13.2ð

16.3) days. In acute and subacute infections, the virus is often only shed for a short period 

of time due to a shorter course of clinical disease. However, for pigs with the chronic form 

of CSF, the virus is shed intermittently or continually until death (Moennig et al., 2003). 

Uttenthal et al. (2003) found that through testing with the Paderborn (2.1) virus strain, 

virus excretion was initiated with the onset of viraemia. Blacksell et al. (2006) determined 

viraemia to occur between 3ï5 days for the LWC and between 4ï10 days for the 

indigenous Moo Laat pig. In terms of the relationship between clinical signs and virus 

excretion, the incubation period has been shown to vary between 7ï10 days in domestic 

pigs (Animal Health Australia, 2009; De Vos et al., 2006; Dewulf et al., 2002b). 

Moreover, the latent period for CSF is 2ï8 days (Durand et al., 2009; Laevens et al., 

1999), depending on the virus strain.  

 2.4.5 Age and Breed Associated Factors 

In addition to virulence, the age of a pig when CSF infection occurs can impact on the 

clinical outcome of the disease (Artois et al., 2002; Moennig et al., 2003). Younger pigs 

tend to have the highest mortality rates, more frequently suffering the peracute and acute 

forms of the disease (Artois et al., 2002). As pigs age, clinical signs become less specific 

(Moennig et al., 2003). It has been found that for older pigs with CSF infection, often only 
































































































































































































































































































































































































































































































































































































































































































































