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Abstract

Classical swine fever (CSF), a highly contagi®estivirus has caused substantial
socioeconomic loss for pig farmers in Indonesia since its introductithns country in the
mid 1990s. Live pig movements are believed to have facilitdedhtroduction of CSkto
Nusa Tenggara Timur (NTT) province, in eastern Indonesia. This pravascthe largest

pig populationwith approximately85% ofhousehold®wning at least one piand the
smallholder sectdoeingthe dominant industryPigs have high cultural and economic
importancé being useds an income source, financial security and playing an important
role in traditional and religious ceremonig&s.e nunber of reported CSF casesNTT is

still increasingwith newly infected islands as recent as 2011.

This studywasconducted from 2009 to 201Ratinvestigated live pig movements and the
role of markets and villages in CSF transmission across NTT peaviie research aimed
to identify areas where mitigation measures could be implemented to asisestontrol of
CSF to reducés spread in NTT and redutlee potential risk to Australia. Six phases were
incorporated into the study to produce finditigat could inform decision making.

The first phase of the research wasnvestigate formal pig movements (farm to market) by
conducting anarketsurveywhere nterviews were conducted @ine live pigmarkets on

West Timor, Flores and Sumba islands during September and NovembewR20@®2 pig
seller and 281 pig buyer respondemt$ormationwas collectedy questionnaire on pig
movements, pig management, biosecurity, and knowledge on pig hehl@S&nGrower

and fattener pigs were most commonly sold at market withdnglialdemand periods
identified from August to October.riderstanding of CSF and biosecurity was limiteith
85% of sellers and 83% of buyestating they had no prior knowledgeCSF.

Observations weralso conductedt each market sit@hich 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 investigatehe potential role of informal movementtpigs(farm to farm) in CSF
transmissiona survey oémallholderpig farmers was conducted from March to May 2010.
Eighteervillages were selected across West Timor, Flores and Swanta89 pig farmers
wereinterviewed. Informatiomvas collected by questionnaire on pig movements, pig

management, biosecurity, and knowledge on pig health and CSF. M@8b)78rmers
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stated they purchased pigs in orderaige the animal on their farr®ver half of the
responders (65.0%) purchased pigs from another farmer and not through a market, and
35.6% reported purchasing at least one pig within the last yearweigsold or Idt their

herdmost commonly during theonths of January, August, September &utober.

Information obtained from the market and farmer surveys enaldaeda network analysis
(SNA) to be conducted on formal and informal movements using informatitrading
practices, source and destination locations, and the number of pigs being nuitadtds
and intraisland movemestwerefound to occurhoweverinter-islandmovement wasnly
observedetween Flores and Sumiséands WestTimor and Sumba had hightpnnected
networkswhere large numbers of villages were directly and indirectkelinthrough pig
movementPig movements were identified from Kdtapang to the border d&ast Timorin
West Timor connecting all five districts. The pigpvement network on Sumba hatigher
potential for pigs tanove a greater number of sequentighionsacross the entinsland.
Flores was found to have a more fragmented netwatk,pig movements concentrated on
its eastern or western regions, influenced by terrain. Markets were consideredhigh
locations for the introduction and spread of disease, having over 20 cghtesetd on in
and outdegree valuegyith different vilages on an operational d&yf the markets
investigatedPetusoko and Mbagnarketson Flores andVaikabubak Market on Sumba
represergdthe highestrisk market locations for thpotential to spread diseasgough the
network.For informal movementraongthe villages investigate®indi Villagein Sumba
represented a higtisk location for CSF spreada informal movements with the greatest
exiting pig volume (78 pigs) from 2002010.Nunbaun Delha Villagen West Timor was a
high-risk location for CSF imbductiondue toexternal contaaith 13 other villages.

A guantitative risk assessment was conducted on fanthinformalpig movements across
NTT province to assess thigelihood of classical swine fever virus (CSFV) transmission
along the market @n. Thisrisk 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 transmisdiara modular riskmodels were
developed, one to asse®rmal pig movements and the other to assess informal pig
movements, witlonly live pig to pig transmissioconsideredData obtained frorthe

market and farmer survgypublished literature and expert opinion were utilised. A Monte
Carlo simulation waperformed with @Risk (Palisade) with 10,000 iterations. Modules

weredivided based on market chain movement processes from village to market/village.



Outputs included the number of infected and clinical pigs at niaillege and the

probability a markevillage was infected with CSFV. Mitigation strategies assessed were
vaccination and prentry market or villagenspection. The baseline model demonstrated

that markets and villages in West Timor and Sumba had the highest number of infected pigs
entering gpremise. 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 pigg atra

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

Due to the risk posed lBastern Indonesia for the introductionG8Finto northern

Australia, a simulation model was used to investigate the most appropriate surveillance
techniques to detect and delinetite extent ofnfectionamongwild pigsfor use following

a CSFV incursionn the Kimberley egion, northwestern Austalia. Due to theomplexity

of wildlife population dynamics and herd behaviour, it was concluded that a targeted
approach to surveillance nestio be implemeni& The use of simple random sampling
was suboptimal, although disease was detected. The dataotl containment of an
outbreakmustbe as early and rapid as possifilee best way to approach the selection of an
appropriate surveillance strategy is to use a raibwatiortbased surveillancapproach that
accountdor disease distribution and thene period over which an epidemic has occurred.
Radial and leapfrogurveillance were demonstrated to improve the effectiveness of

infectiondelineationat various stages of a disease outbreak.

These findings have providéaseline information on pig moweents 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 @SNTT. The identification of higher

risk practices can now be addressed throughdaeducation, 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 tiek 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.
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Glossary and Abbreviations

ACIAR Australian Centre for International Agricultural Research
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ASF African Swine Fever
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BVDV Bovine Viral Diarrhoea Virus

CSF Classical Swine éver

CSFV ClassicaSwine Fever Yfus

DGLAHS Directorate General of Livesto@nd Animal HealttServices
DIC Disease Investigation Centre

DLS District Livestock Services

East Timor Democratic Republic of Timeleste

ELISA Enzymelinked Immunosorbent Assay

FAO Food and Ariculture Organization of the United Nations
FEA Field Extension Agent

FMD FootandMouth Disease

HPAI Highly Pathogenic Avian Influenza

IAQA Indonesian Agricultural Quarantine Agency

Km Kilometre
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Lao PDR LaoPeopl eds Hepublocr ati c
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MDA MaternallyDerivedAntibodies

MPRM Modular Process Risk Model

NAQS Northern Australia Quarantine Strategy
NGO Non-Government Organisation

No. Kab. Kabpubaten Number

NTT Nusa Tenggara Timur
OIE World Organisation for Animal Health
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XXXI



PHFD Porcine HighFever Disease

PRRS Porcine Reproductive and Respiratogn&rome
PSA Pig selling area

PUSVETMA Pusat Veterinaria Farma

QMRA Quantitative Micobial Risk Assessment
Rp Indonesian Rupialcurrency

SD Standard Deviation

SIR SusceptibldnfectedRecovered (model)
SNA Social Network Analysis

TAD Transboundary Animal Disease

USsD United States Dollar (currency)

WHO World Health Organisation

95% A 95% Confidence Interval

Animal Health Worker : An AHW is an individual employed by the governmana
kabupatepwhois generally a pargeterinarian or veterinary assist@movidingbasic

animalhealth assistance to farmers.

Biosecurity: Measures pun 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 fourkdares.
This type of vehicle carries many individuals and travels for long distances with saimdal

other agricultural products.
Boar: Male pig used for breeding

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

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 crossbreed pig breed can be defined as a pig with a short nose, a straight

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

Desa Village, divisional unit of a subdistrict (Kecamatan), sgifverned and each with a

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

Livestock and Animal Health Services.
Dinas: Government.

Dinas Peternakan Propinsi:ProvincialLivestock and Animal HealtBerviceqProvincial

Livestock Services).
Fattener: Pigs older tha 6 months of age not used for breeding

Field ExtensionAgent (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 andgewidifiormal ports.
Grower: A pig ranging from 35 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/pehase 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 alistrict.

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 ownerfinds agroup of peopleysuallyfive to 10) who want to purchase pig

meat. The pig owner then slaughters the pig and the meiatdsd between these

individuals. In some circumstances the meat is paid for using a barter system providing the
pig owner with riceor 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 groundmath

erectears
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 locatifactively buying pigs and e

selling them at the market in question
Piglet: Young pig that has not stopped suckl{@approximately < 2 months)

Poskeswan Animal Health Postpne or mordocatedin districtsacross the province to
provideanimal health assistance to farmexssist vetenarianswith treatments anceport

and provide disease case figure®itstrict Livestock Services.
S 6 e i : Speaidd barbecued pork dish from West Timor.
Sow. Female pig used for breeding

Topology: The study of the arrangements of units of intereatmetwork such as farms and

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

Total herd size Refers to pig©2 months of aganarketable age for pigs including

weaners, growers, fatteners, sows and boars

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

them to consumers at the household level.

Weaner. Piglet that has just been separatemn a sowor stopped sudkig (aged 2 an d

months)
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Chapter 1: | nt roducti on

Classical swine fever (CSF) is considered one of the most economically damaging pig
diseaes(Boklundet al, 2009) Outbreaks can result in substantial losses from bogietdir
and indirect impacts. The current global distribution of CSF is throughout-GasthAsia,
Africa, Eastern Europe, and South and Central Amdbeaandet al, 2009) North

America, most of the countries in the European Union, and Australia have eradieated t
virus (Artois et al, 2002; Edwardst al, 2000) The highly contagious nature of this
transboundary animal disease (TAD) has led to reports M dnkl Organisation for

Animal Health(OIE) from more than 60 countries over the past 15 y@awsahueet al,
2011) During an outbreak in the Netherlands in 198, over 429 infected farms were
identified as a result of CSF entry from an infected tiiitkerset al, 1999) By the end

of the outbreak following an eradication responseniilon pigs wee slaughtered with a
total cost of US$2.3 billion. In many developing countries across StaghAsia, Africa

and South America, CSF is currently ende(@dwardset al, 2000; Hutabarat & Santhia,
1999; Phengsavardt al, 2011) For countries such as Vietnam,the lR@ o p| e 6 s
Democratic Republi(Lao PDR)and Indonesia, where pig production is a vital component
of the smallholdesector CSF continues to affect farmers by threatening their livelihoods
through loss of income, foaailability and the important traditional and cultural uses of
pigs (Hutabarat & Santhia, 1999; Huyetal, 2007; Phengsavargt al, 2011)

Livestock produced in smallholder farming systems are considered essential components
of the agricultural economy in developing count(i@eDermonttet al, 1999) The loss of
livestock for smallholdefarmers reduces opportunity for achieving sustainable agriculture
and can negatively impact food secu(iDruckeret al, 2006) The multiple uses of

livestocld as a source of income, financial security and savings, barteringridable in
traditional ceremoniés are vital in many developing countri@suynhet al, 2007; Millar

& Photakoun, 2008; Nampang# al, 2011) In SouthEast Asia, pigs represent an

important sector for smallholder farméksuynhet al, 2007)

Pig farming in Indonesia is the thitdrgest producer of meat for human consumption,
following poultry and ruminant@_iano & 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),

Sdawesi and PapugBrandenburg & Sukobagyo, 2002)he province of NTT, in eastern



Indonesia, has the largest pig population in the country with pigs having economic and
cultural significancéDinas Peternakan Propinsi, 201#)gh live pigdemand 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 fno 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 itspread within NTT and to reduce potential risks to Australia.

Chapter 3 describes an epidemiological survey conducta@detive pig marketswith pig
sellers and buyers to investigditee pig movementgig managemenbiosecurity
practicesand knowledg on pighealth andCSF. Interviews were conducted in 2009 across
two interview rounds (representing higgnd lowpig demand periods). In addition,
Chapterd presents an observational study conducted at the live pig mankaised inthe
market surveyto obtain baseline information on live pig markets in this regidmch

have not previously been investigated.

Chapter 5 describes an epidemiological survey conducted with smallholder pig farmers in
18villages across NTT province in 2010. This surveyedrto obtain information
regardindive pig movementgig managementiosecurity practiceand knowledge on

pig health andCSF from smallholder pig farmers. @srm management and trading
practices needed to be investigated to identify potential arettsefonplementation of

control strategies.

In Chapter 6 social network analysis presented. This analysis utilised information
obtained from the market and farmer surveyShapters 3 and 5 which included location
information and pig volumes beingoved 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
usinga modular model outlined @hapter7 was developed to investigate the transmission

risk of the CSF virus along the live pig market chain. This risk assessment enabled



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, describe€imapter8, uses a simulation model to
investigate the outcome of a CSF incursion in naréistern Australia. The close proty

of NTT province to northern Australia presents a risk for th&nailuction of CSKo
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 demdmstrat
effectiveness and efficiency of three differsntveillanceechniquesmplementecht

different time points following an incursido detect and delineaéxtent ofinfection

An overall discussion, with recommendations and suggested mitigatitegss is

outlined inChapter9. 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 gatheredan be usetb guide decision making on mitigatistrategies to control CSF

in NTT. In addition, information was obtain@ appropriate surveillance techniques to be

implemented in northern Australia as a response to a CSF incursion.

It alsoneeds to be acknowledged that this thesis describes praattiveskes and during
transportation as they currentiyein NTT following the cultural practices in this regioh.

do not condone the practices observed whagyeavelfare 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.



Chapter 2: Literature Revi

2.1 Indonesia and Nusdaenggara Timur Province

2.1.1 Location

Indonesia is made up of 33 provin@esl sharekand borders with Malaysi@yemocratic
Republic of TimorLeste (referred to asast Timorin the remainder of the thesed
Papua New Guinea (Figure 2.1). Tprevinege of Nusa Tenggara Timur (NTT) is located
in eastern Indonesia within a collection of islands known akehser Sunda Islands. This
province is the closest to nonitestern Australia and poses a riskdormaldisease
introductionto Australia Diseaseentry intoa country can occur through various routes
including animal movements, both domestic aninfisliartinezLopezet al., 2008;

Velthuis & Mourits, 2007and wildlife (Eastet al, 2008; Rappole & Hubalek, 2006)
contaminated fomites such as transportatieimcles, people and infectadimalproducts
(Allepuzet al, 2007; Fritzemeieet al, 2000)

NTT is an archipelago comprising 566 islands that equates to an area4siidif, only
2.5% of | n dBPS Statisties52609;tRolardblst & Frielink, 2009) Of these
islands, it isestimated that only 4&re inhabitedRolandHolst & Frielink, 2009) The
capital of the province is Kota Kupang in West Tinanrdit has the largest urban
concentration in the province (Figure 2.2). The southernindenesian island, Rote
Ndao, islocated within this provincandliesonly 110 km fom the Territory of the
Ashmore and Cartier Islands, Australiagure 2.2;Potemreet 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)
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Figure 2.2
Nusa Tenggara Timurrovince Image created in ArcMap, ESRI, 2QI0TS: Timor
Tengah Selatan; TTU: Timor Tengah Utara



2.1.2 Demographics of Nusa Tenggara Timur

2.1.2.1 Population and Poverty

Thehumanpopulation of NTT provincen 2009 wast,679,316BPS Statistics, 2009)
only 2% of | ndon ¢8RP Stalitics,t2@0ONA T is gassified hsahei o n
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 rteonal averag€RolandHolst & Frielink, 2009; World Bank, 2006)
Indonesia has seen some substantial changes over the last decade in response to the
economic crisis that occurred in 1998, followed by decentralisation in 20Q1evinsohn

et al, 2003; Wollenbergt al, 2006) As a result of the economicisis, 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 farfWiagg, 2007)Across Asia, the
smallholder farming sector is often comprised of mixed farming systemshaith

integration of crops and livesto¢Revendra & Thomas, 2002; Thorne & Tanner, 2002)
studyconducted by RusseBmithet al (2007 supported these findings NTT. Surveys
onthe islands oSumba and Flores from villages in two districts found that the majority of

households were reliant on mixed farming practices.

The main crops cultivated in tipgovinceare rice, maize, cassava and sweet potato
(RolandHolst & Frielink, 2009)with livestock such ashickens, pigs, cattle and goats
kept by many household€hristie, 2007; Johnet al, 2009) A study by the World Bank
(2006H found that in Manggarai district in Flores, for example, almost 90% of the
population was involved in primary production. Agriculture contribafgsroximately
40% of the NTT Gross Regional Domestic Product (GR®Rjunruet al, 2010)

A recent study by Johret al. (2009 found that only 12% of households in NTT are
involved in cattleproduction. Across Indonesia, cattle productioromused in the western
regions withJavabeingthe major cattle producing region hiwidg around 45% of the cattle
population. Sumatra and NTproduce 22% and 13% of cattle respecti@yllivan &

Diwyanto, 2007)Since the early 1990s a reduction in cattle pobidn in thisregion was
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seendue toan increase in human population which reduced the amount of available
grazing land for cattléChristie, 2007)As a resultthe number of pigs kept by smallholder
farmers increased due to their low input and low outparhagement syste(@hristie,

2007) Pigs in NTT have high cultural value with approximately 85% of households
owning at least one pigohnset al, 2009; Santhiat al, 2006) Pigs havehe second
highest rate of productian termsof animal numbefollowing poultry in NTT(Dinas
Peternakan Propinsi, 2011; Liano & Siagian, 2002)

2.1.2.3 Language

The national language for Indonesia is Bahasa Indo(@méh-Hefner, 2009)However

there are a variety of local languagesoss NTT with more than 32 of 170 dialects across
the country being indigenous to NTT provinéeharet al, 2010) When conducting

studies in areas with multiple local languages, this is an important consideration for study
design and implementation. A study by letel (1999 investigated issues of

guestionnaire translation during a survey with pig farmers in the Philippines. Their study
determined that the use of battknslation and pilot testing reduced sources of error.
Moreover, it was recognised tithe development of questions needed to be appropriate
for the target audience. The selection of interviswaso needs to be considegEshn

importantcomponent of study desigMarschanPiekkari & Res, 2004)

2.1.2.4 Religion

Religious denominations across NTT province are quite diverse. The majority of the
population is Roman Catho (55%) and Protestant (32%). These religious views coincide
with the consumption of pork and only 9% of the papian adherdo Islam(Barlow &
Gondowarsito, 2007)5umba is unige in its religious practices. Although the majority of
the population are Catholic or Protestant, the original local religion, Marapu, is still
practisedFowler, 2005; Mudita & Natonis, 2008)

Within NTT, the church plays an important social role. Collaborations have developed
between local nagovernment organisations (NGOs) and churches to orchestrate
distribution program$o assist in poverty alleviatioProducts often include live animals
and other food type@Barow & 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 seasofCorwinet al, 2005) The wet season spans from December through to
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March, and the dry season from April to Novem@sih et al, 2009) Rainfall vares

across regions with districts in Flores often receiving higher rainfall in comparison to West
Timor (Barlow & Gondowarsito, 2007For example, rainfall varies between 500

2000mm per year in Kupang with up to 4000mm per year recorded in Manggarai District
(Corwinet 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, increasadll can often lead to destruction of
crops(Barlow & Gondowarsito, 2007; Dalgliegt al, 2008; RusselEmithet al, 2007)
Moreover, transportation is impeded chgrithe wet season due to road degradation and
rough seaswith ferry cancellations a common occurreifeatunruet al, 2010; World

Bank, 2006b)

2.1.3 Major Islands

NTT province is made up of a totall 21 Kabupatens (districts), 269 Kecamatans
(subdistricts) and 2836 Desas (villages) (Table BRS Statistics, 2011). The majority of
the population rade on the islands of Timor, Flores, Alor and Sur(fRalandHolst &

Frielink, 2009) These islands are particularly important for agriculture with the majority of
households being smallholder farméendet al, 2007)

Trade across the border between West Timortaasd Timorhas continued, despite prior
conflicts. Manufacturing, agricultural and livestock products are currently impoyted

East TimofUNDP, 2011) For example, a study by the United Nations Development
Program(2011) found that chickemlemand irEast Timoris met through imports
predominantly from Indonesia and Brazil. Limited data are available to quantify livestock
movements across the borddowever, it was reported o Karmo (percomm, 201},

that pigs aréraded across the border. Pigs are utilised for similar purpogasinTimor

as in NTTincluding cultural and traditional ever(Batricket al, 1999)



Table 2.1
Demographiand pigpopulaton information forNusa Tenggara Timur province, eastern
Indonesig BPS Statistics, 2009)

Island District No. Sub No. | Capital City Year Pig Area
districts | Villages of Est | Population (km?)
West Kota Kupang 4 49 “l 1958 23,350 160.34
Timor Kab. Kupang 23 240 Kupang| 1958 1,111,854 5,898.26
TTU! 22 240| Kefamenany 1958 70,584 2,669.66
TTS 24 174 Soe| 1958 294,856 3,947.00
Belu 25 208 Atambua| 1958 116,010 2,445.57
Flores FloresTimur 18 226 Larantukal] 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| Waikabubakl 1958 17,537 737.42
Sumba Tengah 4 43 Waibakul| 2007 14,498| 1,869.18
SBD’ 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

Timor TengaHhJtara district?Timor TengalSelatan®Sumba Barat Daya distri¢ota Kupang
is the capital city of West TimotYear of establishment for district border lines.

2.1.4 Structure of the Directorate General of Livestockand Animal Health
Services (DGLAHS), Provincial Livestock Servies (PLS) and their Role in
Animal Health

2.1.4.1 DGLAHS and PLS (Dinas Peternakan Propinsi)

The Directorate General of LivestoakdAnimal HealthServices (DGLAHS) governed

under the Ministry of Agriculture is the central government body responsible for animal

health programs and services across Indor{Bsaadenburg & Sukobagyo, 2002;

Wodowati & Hutabarat, 1999Yhis government branch is divided into five divisions:

breeding, livestock production, animal heatthitle feedingandveterinarypublic health
andpost harvestBPS Statistics, 2009; Brandenburg & Sukobagyo, 2008 DGLAHS
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is the main directive body for the Provincial Livestock Services (PLS), also referred to as
Dinas Peternakan Propir(§tatricket al, 1999) Following decentragation in 2001, there
have been changes in structpeeticularlyat theprovincial level(Brandenbuy &

Sukobagyo, 2002; Christie, 200Bach district government is now in charge of allocating
budgets and determining priorities, effectively acting autonomdGslxistie, 2007) This

has resulted in limitations for disease control prograragicularly when multiple districts
are involved and cooperation is needed across boi@bristie, 2007)

In NTT, PLSis located in Kota Kupangnd acts athe head of the animal health services
for NTT province. At the district level, there is the Departtr@nAgriculture and
Livestock(District Livestock Servicesyvhich emplog government veterinarians and
animal health workers to implement prograsosvn tothe village level.

Across Indonesianimalhealthlaboratories 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 cangmrformed. Type A laboratoriealfo referred to aSisease
Invedigation Centreg¢DIC)] are regional laboratories with the ability to perform
comprehensivdiseasaliagnosis, surveillance and investigatigBsandenburg &

Sukobagp, 2002; Wodowati & Hutabarat, 1999)ypeB laboratories are generally

located at th@rovincial level and conduct parasitic and bacterial diaggds NTT

province, there is only a type B laboratory present in Kota Kupang. For more extensive
diagnosic services, the laboratory is required to send samples to the DIC in Denpasar, Bali
(Geong M. pers comm, 2009)ype C laboratories have the capacity to conduct basic

parasitic diagnosi@Brandenburg & Sukobagyo, 2002)

TheDGLAHS have also implemented livestock distribution programs in collaboration
with international organisations such as the W8dahk andhe Asian Development Bank
(Christie, 2007; Wodowati & Hutabarat, 199%he DGLAHSaimsto addres$armer
welfare issues, promesustainable agriculture through the use of local products and
improve agricultural productioriMinistry of Agriculture Indonesia, 2012)

In 2006 the Ministry of Agriculture passed Regulation[®inistry of Agriculture, 2006)
whichis a guideline for the examination, observation and treatmeqparaintinable
diseases. The aim of this regulation was to provide strategies to prevent the entrance of
diseassinto the Republic of Indonesia and further intdand spread, in addition to

restricting the release atADs present in Indonesia to other countri€lse regulation also
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launched the Animal Health Management Information System to enable the collation of
animalhealth information into a database. Animal Quarantine Technical Implementation
Unit (UPT)and veterinary laboratories with the DIC and Agency for Agricultural
Quarantinevork collectively to pool information every three months regarding
investigationscases of disease, mapping disease spread and monitoring the status of

animal diseases.

2.1.4.2 TheRole of Veterinarians, Animal Health Workers and the Role

of the Poskeswan (Animal Health Posts)

District Livestock Service¢DLS) employ both veterinariaand animal health workers
(AHWSs) to implement various animal health prograBsandenburg & Sukobagyo, 2002)
AHWs are typically assigned a set of villages to work in, one of which thegxgected to
reside in(Robertsoret al, 2010b) AHWSstend to be paraeterinarians who have
undergone more basic animal health training that can be applied at the villag&heyel
providefarmerswith advice,assistveterinariansvith treatments, report and provide
diseasease figures to DLERobertsoret al, 2010b) In developing countries, access to
veterinary services is often limited, accompdrig a limited number of trained personnel.
An investigation by Catlegt al (2004 demonstrated that utilising paveterinarians can
increase the number of villages withcess to animal health services, which can greatly
improve smallholder animal production. However, in Indonesia, problems have been
identified with the use of AHWSs. Deveridg2008 identified from a study on Alorsland
that AHWSs are often limited by inadequate training, pment and facilities, lack of
transport and the failure &fLS to employ adequate numbers of veterinarians to cover
different jurisdictionsVeterinarians working for Dinas at the district level are generally
employed by th®LS with further approval thragh the PLSFactors such as these are
impacting on the ability of AHWSs to perform their jobs effectively.

Animal health posts (Poskeswan) provadevicesdown tovillage level and have
veterinarians or paraeterinarians stationed titem whoaimto assst animal production in
their region. Staffvorking with theDLS provide animal health support to these local
animal health posts in terms of animal health information, vaccinationhendespond to
calls when assistance is nee@Bcandenburg & Sukobagy@002) Each district has at
least one poskeswan where a veterinapigparaveterinarians located to provide support
(Table 2.2). However, in Indonesia, there are many problems with the curraptfeet

poskeswans to deliver animal health services. Budget constraints for operational costs,
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limited government support and inadequately &distaff are negatively impacting
farmers(Brandenburg & Sukobagyo, 2002) was recognised by Bragg007 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 deter
farmers from reporting suspected cases of diseasigey are uncertain whether action will
result In addition, darge number of animal health posts are located in urbanised areas.
However, as 60% of I ndonesi amst popat mer 9
to access animal health facilitidisano & Siagian, 2002)Deveridgg2008 found that on

Alor, farmers were reluctant to travel long distances to report disease or request assistance

due tothe travel costs incurred

Table 2.2
Number of Animal Health Posts (Poskeswans) present in Nusa Tenggara Timur province,
eastern Indonesi@PS 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 Tinur

2.2.1 Pig Population and Distribution
NTT province has the largest pig population in IndonBRS Statistics, 2009Pig
raising is a major agricultural practice that continues to provide financial security to
households and plays an important cultural role in traditional ceriesyand celebratory
eventg(Johnset al, 2009) The current pig population per district canvi@wved in Table
2.1.

2.2.2 Pig Introduction into Indonesia and Present Pig Breeds

Pigs have been present in Indonesia for ntoaie@ 10,000 yeard.arsonet al, 2007) Due

to thearchipelagimature of the country, there has been a dispersion of different pig breeds
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identified across the island3uring the early Neolithic period,animals such as pigs had
strong cultural significancacross AsiaAs a result, phylogenetic studies have been
conducted throughout SouBast Asia to identifyig dispersal patterns in the hope of
reconstructing human dispersal pattente OceanigLarsonet al, 2007) Larsonet al.
(2007 concluded that it was human movement that enabled the spread of pigs throughout
this region. Furthermore, it is thought that the curnedigenousig breedresent in
SouthEast Asian regions are most likely fedagliscendants of early domesticated pigs
(Larsonet al, 2007) Timorisland currently represents twidferent clade types: the

Pacific clade ¢onstitutingSus scrofg and theSus celebensidade, indigenous to
IndonesigLarsonet al, 2005) Dobneyet al (2008 further supported Larsaet al (2007

by confirming the presence of the two major groups Sie smfa distributed on the
islands of Sumatra, the Ridingga archipelago, Java and across Nusa Tenggara Timur,
reaching the Komodo Islands; and Ss celebensmurrently distributed across Sulawesi

andtheislands of Timor, Roti Lendu, Flores and Simw@eu

An alternative study by Hayasei 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 steanted type bred by the B&tpeople in North
Sumatra iraddition to the Toraja people in South Sulawesi. Moreover, there is a Hainun
like typebreed on Balisland Wild boars have also been reported across the country,
including the species &us scrofandS. verrucosuswhile the presence of various
subspecies have also been described incluslirgg vittatusS. s. milleriandS. s.

floresianug(Hayashiet 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 identifie(Liano & Siagian, 2002)Pig farming in Indonesia is the thitargest
producer of meat for human consumption, following poultry and rumirfaitso &

Siagian, 2002)Within Indonesia, pig production occurs in Java, Kalimantan and Sumatra
and alsacrossastern Indonesia Bali, Sulawesi, NTT and PapBrandenburg &
Sukobagyo, 2002; lyat al, 2011; Liano & Siagin, 2002)Dinas PeternakaRropinsiin

Kota Kupang(NTT) has developed a classification systencategorise pig herds where

small hol der pig farmers are tho3e with total
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Table 23

Pig-herd classification regardijriotal pig-herd size across Nusa Tenggara Timur province,

eastern Indonesi2009 (povided by Dinas Peternak&mopinsj Kupang, 2009).

Pig-herd Size

Herd Classification

1i 20

Smallholder

>20

Small business

20150

Semtintensive

50i 200

Commercial

Livestock production is crucial to the livelihood of a large proportion of those living in

poverty around the worl(Roessleet al, 2008) It was recognised bQuartermair(2009

that priorities for improvinghe livelihood of farmers néeto revolve arountivestock

improvement, particularly regarding animal health, nutrition, waste management and

education.

Farmers acroNTT areprimarily smallholdes, with animals such as pigs and chickens

kept by many household€hristie,2007; Johngt al, 2009) In Indonesia, pigs are viewed

as reliable livestock, particularly if money is required urgefitigno & Siagian, 2002)

They aredurableanimals that can survive @warying diet typical of the pig diets

providedby smallholdersvith changes to household income alifferences in climate and

geography between regiaridoreover pigs grow to a fattener size in a shorter amount of
time than animals such as cattle @ndvide anmportant protein sourdghristie, 2007,

Kruskaet al, 2003; Liano & Siagian, 2002$mallholder farmers in SoutBast Asia tend

to have small herds of around3Lsows or less than Itteners per househo(@hristie,

2007; Johnegt al, 2009; Knips, 2004; Lemket al, 2006)

For smallholder farmers in Vietnam, Lemé&eal (2006 identified that pig production
only makes up a component of tatalusehold income with i n e

incomederived frompig productionin the smallholder sector in developing countries, a

t o

41 %

variety of animals are used as forms of financial security, such as c&l#éenibodia

(Nampanyeet al, 2011)and pigs in eastern Indones¢@hristie, 2007.)

2.2.3.1 Onfarm Pig Management

of

Pig housing systems used by smallholder farmers are similar across NTAcpr@&outh

East Asia and Africa, with small pens, tethering and free roaming systems commonly

utilised (FAO, 2010; Kagiraet al, 2010) For farmers that pen their pigdructures are
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generally built using local materials, such as bamboo, straw and wooedipg

containment for smatlumbers of piggLemkeet al, 2006; Robertsoat al, 2010b)

Local agricultural productavailable to householdgsecommonlyused as food source

for pigs kept by smallholder farmedsie tolimited income andestricted availabity of

feed(Lemkeet al, 2006) In NTT products such as cassava, taro, sweet potato, rice bran

and water spinach aoftenused(Johnset al, 2009) Similar food productswhich tend to

vary according to seasoare utilised acrasSouthEastAsia (Kumaresaret al, 2007;

Lemkeet al, 2006; Varney, 2006An extensive studpy Cargillet al. (2009 was

conducted in Papua province, Indondsianvestigate the importance of gt potatepig

production due to iteole role as grimaryfood source for both humans and pigs. It was

found that cooking sweet potato and providing feed regudandlyin greater amounts
(equivalent to appr oxi maddelsystartidiyitnpmded a pi god s

growth rates.

A study by Phengsavardt al (2010 in Lao PDR with smallholder pig farmers identified
that foodstuffs provided to pigs are generally producethon or collected frm areas
surrounding a village. Poor feed quality in many developing countries is a factor
contributing to loss of productivity for pig producti@dutuaet al, 2012; Varney, 2006)
Diets tend to be high in energy but low in protéimengsavanét al, 2010) Environment
and feed management all impact on the nutritional statuaamassibility of feedources

being provided to pig&kunavongkrit & Heard, 2000)

2.2.4 Commercial Pig Farming in NTT
With the e&loilwdstomdk orc c-HastrAsiasigce the 1970s, mpidSo ut h

expansion of livestock productidrasoccurred along with increases in the consumption of
animal product¢Delgado, 2006; Gerbet al, 2005) Since the 1990s, pig production in
NTT has increased, resulting in the growth of the commercial S@tamndenburg &
Sukobagyo, 2002; I@istie, 2007; Liano & Siagian, 2002)

It was identified by Johnst al (2009, through an investigation into smallholder
commecial farms in NTT that there arpresentlyonly six commercial pig farms in
Kupang district with more than 50 pigs per herd. In Flores, somes¥@®churches have
largersmallbusiness farmglable 2.3)from whichthey distribute pigs as part of theidai
support(Christie, 2007; Kira I. pers comm, 201®8owever, across Flores and in Sumba,

no commercial farms have been identifi{@dhnset al, 2009)
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2.2.5 Pig Diseaseis NTT

Data on pig disease distribution and level in NTT is very limited with the province being
classified@ata poadin this respecfJohnset al, 2009; Wodowati & Hutabarat, 1999)
However it has beemlocumented that several pig diseaseduding CSF angorcine
reproductive and respiratosyndrome (PRRShavebeen introduced to NTT over tipast
30years andesulted irsubstantiahegativempacts on pig production across the province
(Brandenburg & Sukobagyo, 2002)

A 2008 survey conducted by the Australian Quarantine Inspesgorice (AQIS)in

collaboration with DGLAHSconfirmed the presencé o CSF, Auj eskyds di se
and Japanese encephalitis in NTT provi(ag@parent prevalence levelgth 95% Ct 29.4

(21.4,37.3), 7.1 (2.6, 11.6), 3.2 (0.1, 6.2) &85 (53.8, 71.5) respectivelyihe AQIS

survey was the first to confirm the present®RRS 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 farmétsano & Siagian, 20R).

From previous surwes on Alor island inNTT, farmers have demonstrated the ability to
recogniseclinical signsof a sick pig(Deveridge, 2008; Robertsat al, 2010b) However,
these clinicakignswere not associated with any particular disease. Moreover, it should be
mentioned thait is common for poorer pig farmers in developing countries to sell pigs
with suspected disease to avoid loss of ingomingch represents a risk for dissemination

of infectious diseasd§AO, 2010)

2.2.6 Societal Importance of Pigs

2.2.6.1 Women and Pig Farnmg

The important role that women play in the smallholder pig farming sector in NTT has been
identified (Johnset al, 2009) This isacommonfinding also identifiedn other areas of

SouthEast Asia and the developing world including Lao RPRengsavanh & Stur,

2006) Vietnam(Lemkeet al, 2008a)and KenygKagiraet al, 2010) Kristjansonret al.

(2010c al cul ated that two thirds of the worl do:
women.In Lao PDR for example, women will spend up to three hours per day audjecti

and cooking pig feed for their hef@hengsavanh & Stur, 200@cross households in

NTT, women tend to be theipary caretakers for pigs with primary responsibility for

providing feed and water to pigs that are generally kept in close vicinity to the house

(Johnset al, 2009)

16



In poverty stricken areas anad the world, the extent of assets owned by a household is
more critical than yearly inconm&ristjansonet 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 as#kis 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 wonmgmistjansonet al, 2010; Quisumbing &
Maluccio, 2003)

2.2.6.2 Pigs as a Source of Financial Security and Savings

Across SoutkEast Asia, pigs are an important part of subsistence farming and are
commonly utilised as a source of income or sav{iyg/nhet al, 2007) Pigs are often

sdd when money is needed for household necessities, educational costs or for emergencies
(Huynhet al, 2007; Ratarasarn, 198® study onducted by Santhiet al (2006 on Alor

in NTT found the primary purpose for farmers keeping pigs was for child education funds

and for use destivals and ceremonies.

2.2.6.3 Cultural Use and Consumption

Pigs are held in high cultural regard@ss the islands of NTT. They arsed in cultural

events such as traditional ceremonies, weddings, funerals and other important celebrations
(Christie, 2007; Johret al,, 2009) Similarly, in Papua New Guinea, pigs are ufsed

ceremonial feasting and typically involved in traditional celebratidases, 2002)-or

weddings and funerals in NTT, a minimum of five pigs are generally required to feed

family members who arrive from all over the provirfg&ra & Kasman, 2011)This is in

addition to dowry payments for the bride, which require large numbers @éf pigs

sometimes up to 40to align with the status of the femdf@eong M. pers comm, 20Q09)

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

t hey vaerhei ca eb6 t o (Rrethrautieh 199®Theviraporance of such traditions
needs to be considered by the government and international organisations when working in
rural developmen{FAO, 2010)

Preliminary evidence from Mal(2011) and personal communication witlr Maria
Geongfrom Dinas PeternakaPropinsj has suggested that pigs are predominantly

purchased live for slaughter acralse province The limited cold chain present in the
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provinceis a factomhinderingdevelopmenof the meat trade indust(palin & Nayga,
2002) Typically in NTT pork meat can only be purchased in urban centres . This is similar
to the situationn Cambodia where the domestic meat tregigtres omurbanised centres

following slaughter at slaughterhoug&sips, 2004)

In thepast3i 5 years a new restauraype referred to ag es Gabidhas developed across

West Timor(Geong M. pers comm, 2010; Kira I. pers comm, 20d@hnset al (2009
conducted a survey of these restaurants to |
method of cooking in which pork is smoked on a barbebugeneral, consumers in NTT

were found to prefer thaste of crosdred pigsas they were classified as leaner and better

tasting. In contrast, a study by Jabbgaal (2010, found that consumers in Vietnam

preferred the flavour of local pigs. Moreover it was found that in Vietham, pork consumers
reported that they preferd the taste of fresh meat from an animal that had been recently

slaughtered as opposed to frozen nfkeaparet al, 2009)

2.2.7 Backyard Slaughtering of Pigs and Slaughterhouse Usage

It is common among smallholder farmers in NTT to slaughitgsat their residencélohns

et al, 2009) Theuseof slaughterhouse facilitiesanincur payments odpproximatel\Rp
13,200perhead forthetransportation and slaughtef pigs (Priyanti & Putu, 1999)

Priyanti and Put1999 recognised thahspection by animal health workers (AH)\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 b&lew
poverty line, households choose to slaughter pigs at their residaireset al, 2009)
Stakeholder estimatebtained by Johnst al (2009 suggested that asanyas 650,000

pigs peryearare slaughtered using this process.

Backyard slaughter can lead to issues of swill feeding if appropriatesdismanagement
is not adpted. This practices the feeding of meat and meat products to pigssaad
common mode of disease transmission in f@mmeron, 1999; Mutuet al, 2012,
Schembriet al, 2010) Diseases including CSEdwards, 200Q)African swine fever
(SanchezVizcainoet al, 2012) and parasitic infectionscluding Trichinella (Pozio,
2001)andTaenia solum(Rajshekhaet al, 2003)can be spread from this practieghich
poses risks for zoonotic infectigNgowi et al, 2008) A farmer survey conducted in West
Timor found that 91.3% (n = 237) of farmers fealisehold wastt® their pig which

presents a risk if it containsicookedoork meaiMalo, 2011) As recognised by FAO
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(2010, this type of higkrisk practice needs to be regulated to reduce the risk of

transmission

Currently in NTTprovincethereare a total of 19 government and privateln livestock
slaughterhousg able 24). A reportfrom the FAO in 1999 statethe presence of only
three cattle slaughterhouses in NWith 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 d&mR&nStatistics, 2009)

Table 24
Number of livestock slaughterhouses and the number of pigs slaughtered at these premises
(BPS Statiscs, 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

Therouteof CSFintroduction into Indonesia is still under debate. Present literature
suggestshat pig movements from Malaysia into North Sumatra may have been the entry
point (Christie, 2007; Hutabarat & Santhia, 199Bhe first confirmed case was in North
Sumatra in 198 following the unexplained deaths of thousands of (}ygabarat &
Santhia, 1999)Referring to Figure 3, from 1994 through to 1998 CSF spread across a
large number of provinces in Indonesia aedchedas far agkast Timor(then a province

of Indonesia)Christie, 2007; Hutabarat & Santhia, 1999; Sanghial, 1997) A study by
Santhiaet al (1997 investigating CSF occurrence irast Timorfound thatby 1997, CSF
was present across six districts with an avepagealence levedf 34.75% based on
reported cases. For NThe first suspected cases were reported on Flores and Sumba
islands in 1997. However, not until 1998vhen a suspected CSF case was test&dtia
Kupang and found to be positiyevas it recognised that CSF had entetes province
(Figure 2.4)Christie, 200 ; Hutabarat & Santhia, 1999; Santktaal, 1999)

More recently, CSF infection was detected in Papua and West papiraces(Geong M.
pers comm, 2011; Sri, 2009; Wulandari R. P. pers comm, 2012Dp07, 105 cases were
reported in Papua with an additional 12 cases in 26@@ngM. pers comm, 2011)
Currently infected districts are thought to be Timika and Jayapura in Papua and
Manokwari and Worong in West Pap{Mdulandari R. P. pers comm, 201Zhe last
laboratory confirmed case was in 2010 witin&» veterinarians aiming to conduct
surveillance and community educatiiulandari R. P. pers comm, 201%) March 2012
however, a suspected CSF outbreak was reported in the district of Intan Jaya in the

Papuaposna local nepaperdespite this area beimgpotedy CSF free.

Acrossindonesia, from 1994 to 1998, 15 out of 27 provinces experienced reductions in pig
population(BPS Statistics, 2009 able 25 providespopulation data for those provinces

that had confirmed CSF cases. Aligning with FiguBeit2can 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 wagdt confirmed. This trend was not identified in all

provinces. Howeveit does suggest that impacts on pig population were experienced
during the time of CS# mtroduction.

20



The entry pathway of CSF into NTT province is stilknown. Howeverevidence

suggests that there are two potential points of entry for this Bigsnovements from

East Timomay have brought the disease into West Timor, as suggested by the distribution
across several districts Blst Timorin 1997 (Santhiat al, 1997. Alternatively, there is

still some speculation that the virus may have come across from Bali or other western areas
of IndonesigGeong M. pers comm, 201Q@)ivestock and product mewment is common

between Bali province and NTT, which provides evidence for this entry pali@aigtie,

2007; Patunret al, 2010)

Once introducedrigure 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 1€BBS Statistics, 2009Between 1999
and 2000 aldistricts within NTT province experienced a reduction in pig population, the
most substantial being in Kupang, TTU and Sumba Barat distBiciadenburg and
Sukobagyq2002 reportedreductions in pig production across Indondsian 1995, with

the largest decline seen in 20Q001; reportedly as a result of higher commercial feed
costs. Referringo BPS Statistics (1995 to 2009jg numbers in NTT prior to 1999 were
increasing followed by a draatic reduction of over 1.5 million pigs between 1999 to 2000
in NTT (Table2.6). 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 Kupan@inas Peternakan Propinsi, 201Eurthermore, the majority of
farmers across the province were smallholders and did not utilise commercial feed
(Christie, 2007)

A reduction inthe pig population was also identified the western districtsf Flores

including Ngada, Manggar, Sikka andEnde (Table &). Thisis interesting as three out of
the four districts arstill considered CSF frewvith Sikkabeing a suspect distrid®ersonal
communication fronDr Maria Geong has suggested that this reduction may have been
caused irpartby problems with pneumonic pasterellosis, a respiratory disease of pigs,
present across Floré¥ackson & Cockcroft, 2007Jhe introduction of rabies into Flores
during 1998 prompted the majority of animal health services to direct their efforts towards

rabies contro{Windiyaningsihet al, 2004) During this time farmers continued to report
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clinical signs consistent with pamonic pasterellosisut hadimited access to animal

health services.

It needs to be noted that there have been modifications to district borders over time with
change®ccuringas 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
Dayain 2007(Table 2.1). As a result, the figures displayedable 2.6 represemdtal pig

population values where available for district divisions present up to 2002.

The most recently infected islamdNTT province isLembatasland 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-mdected area@Brandenburgk

Sukobagyo, 2002; Hutabarat & Santhia, 1998)wever, in2011,four pig movement

events were recorded from Kupang to Lembata with three classified agtebalig
healthdocumentation presgrand one illegal movement. A total of 41 pigs were ndove
between January and July and the first confirmed case of CSF was identified in April
(Diarmita, 2012) By DecembeR011, 1,628 cases of CSFdhaeen recorded across six
subdistrictyGeong M. pers comm, 2011)
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Table 25

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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Table2.6

Pig population statistics for Nusa Tenggara Timur province from 1995 to 2002, BPS Statistics 20932 to

Island District 1995 1996 1997 1998 1999 2000 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 Selatal 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

'Highlighted greyareasareyears where substantial reductions in pig population occurred across each district.
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Figure 2.3

The spread of classical swine fever (CSF) across Indonesia following its introduction in 1994, adapted from informatahfiatei
Hutabarat & Santhigl999, Christie(2007), Geong, M (pers comm., @9), Santhieet al (2003, Santhizet al (1997); 1: first confirmed case
in Indonesia in North Sumatra, 1994, believed to have entered from Malaysia; 2: CSF reached Central and South SuBtira:l&tst1
confirmed case ora¥a island, March, 1995; 4: confirmed case in Kalimantan in September 1995; 5: first case in Bali, October 1995; 6
and South Sulawesi both had confirmed cases by the end of 1995, early 1996; 7: The capital cityloéStenili, reported its fat CSF case
in August 1997; 8: suspect cases were reported in NTT i¥l88d; however, laboratory confirmation was not until March 1998; 9: First ce
in Papua in 2006 but not confirmed until 2q@&eong M. pers comm, 2011; Sri, 2009)

25



: . .
Manggarai Barat _,, Manggarm Timur @ 5 I,nj;:;h V/J (~"5 )
£

;uv NS (2 frm
é 4 S

Skkajl lores Timur

Mpanggarm Ende

Sumba Barat Daya

< Sumba n\ga_[]\
G
L\

1 L
Sumba Barat "<
Sumba Timur

e~

.

Sabu

" Rote Ndag

Figure 2.4
The spread of classical swine fever across Nusa Tenggara Timur, eastern Indonesia; 1: first suspected cases in michb89VinmuSand Flores

Timur districts; 2: first confirmed cases of CSF in NTT in March 1998 through laboratory testing; 3: catésdda 1999; 4: first suspect case in 20
in Sikka district from clinical reports from farmers; 5: first detected case on Alor Island in July 2002; 6: first cocfiseexdt CSF on Lembata Island
2011; adapted from information obtained from Hutab& Santhia(1999; Christie(2007), Santhiaet al (2003, Geong, M (pers comm., 2011). Curre
classification of districts for classical swine fever as of 2011 shown by boxes; where infected is definsdias:serology and reports of clinical sig
from pig owners, red box; suspect; positive to serology but no clinical signs reported from farmers, yellow; not infeefemitatbcases, green. As
May 2011, Lembata Island is classified as infecsegn highlighted in blu@®inas Peternakan Propinsi, 2011)
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2.3.2 CSF Prevalence and Current Distributionin NTT

After its introduction in the 1990s, CSF was listed as a national priority for control in
Indonesia alongside rabies apovinebrucellosigHutabarat & Santhia, 1999Vhen

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 cae viewed in Figure 2. Theseclassificationsbased on
passive surveillancand serological survey resyltevedictated the distribution of

limited CSF vaccines provided by the governm@&uandenburg & Sukobagyo, 2002)
Movement restrictionapply inaccordance with these district ddiationsto stop pigs

being moved from infected to nanfected areaéDinas Peternakan Propinsi, 2011;

Geong M. pers comm, 2011)

Through the use of passive surveillance, it has been recognised tteiathember of

CSF cases continsé¢o increase with 1,08Fasegeported in 2011 (Tabled. CSF cases
have been reported every year in Sumba and West Timor since 1998. In Taither2

it stateszerdit should be noted that this is the number of reported cases to the Dinas
Peternakairopinsi As shown by tsidies conducted by Robertsenal (2010h and
Deveridge(2008, farmers across NTT are reluctant to report cases of diseases
Furthemore,Santhiaet al. (2003 recognisedhat AHWSs do not always report cases of
disease. Hence these zero values do not necessarily reflabstre®f CSF cases ia

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 carriedyoitC Derpasar. The

first published report for the IndonesiBIGLAHS was in 1999 by Santhet al

Prevalence levels as higis 30.9% and 10.8% were detected in Flores Timur district and
Kupang district respectively, using a Creditest ELISA to detedbaahyilevelin 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 extedisefasespread across the island
(Santhiaet al, 2003) Interviews were conductedth 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 interviedsbeerconducted with the
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majority of sick pigs between the agef 2 5 months. Some inconsistencies have been
detected between the number of CSF cases reported by Dinas Pet&nrgdasi(2011)

and this studySanthieet 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 betwaeritlaim

different government sectors is lacking, which may be causing data inconsistencies
(Brandenburg & Sukobagyo, 2002joreover, Santhiat al (2003 stated in the paper

that farmers and AHWSs on Alor were not reporting all caselsease.

International organisations, including the Australian Centre for International Agricultural
Research (ACIAR) and AQIS, have alseen involved in studies across the region. In
2004, a project on Alaslandwas initiated by ACIAR as part offave-year study to
investigate the development of a surveillance system for CSF, avian influenza (Al) and
foot-andmouth disease (FMD(Robertsoret al, 2010b) Alor islandwas used as the

study sitefor a CSF componerind substantial baseline informativas gathered

regarding smallholder pig farming practices and CSF epidemiology on this island.
Initially a crosssectional study was conducted with 277 farmer intervengs690 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 distributefe v@8cine (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 byZR@gg

pig movementsalthoughmost likely reduced as a result of the restrigtatid continueto

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 substardiatigd.ewith

few cases reported from 2007 followedby noreportedcasedor 2008to 2011

(Table 27).

Across NTT, he most recent prevalence data suggest that the highestobGS88V are
currently present in Sumba Timur on Sumba, and Belu digstritast Timor (Appendix
10; ACIAR Project AH/2006/156, 2030Thisstudy detected true prevalence level of
26.1% 05% CI1:19.1i 33) for Sumba Timur and 22% (16.5 25.3) for Belu district with
162 and349 pigs tested respectively in each distRdsitive pigs with vaccination history

were not included in the analysamples were tested using a commercial CSFV enzyme
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linked immunosorbent assay (ELISA)tKPrioCHECK® CSFV Antibody, Lleydstat,
Netherlandsjo detect antibodie®ositive and inconclusive results werdgested witha
second generation ELISA (PrioCHECK CSFV Ab 2ThHis ACIAR Project
AH/2006/156(2010) obtainedlata from seven different districts across the province with
a total of 2039 sampldssted. 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 disses in NTT, including CSHhis study estimated a prevalence level
of 51% for Belu district, and 54% for West Sumba (including Sumba Barat Daya and
Sumba Barat district§)ased on serum samples tested with a commercial PrioCBIECK
CSFV Antibody ELISAwithout obtaininginformation on pig vaccination statusiven

the ELISA tests used in these two surveys cannot distinguish betwglodies from
vaccination and from natural infection, the AQIS survey results meed careful
consideratiordue to thelack of information on pigvaccinationstatis, the much smaller
sample size of 123 pig samples across six distiutsthe absence of &'generation

ELISA to rule out false positives that may have occurred due to cross reaction with

antibodiesn the sera opigs infected with other pestiviruses.

The presence of CSF in the easternmost digtfiEtores, Flores Timur was previously
confirmed by Santhiat al (1999. The distribution of CSF on Flores in the remaining
districts is still under investigatioAlthough Sikkadistrictis currently classified as a
suspect region with only one clinical case ever repodi@egnostic testing has confirmed
the presence of CSintibodies, from botthe ACIAR AH/2006/156(2010) and AQIS
(2008)projects The ACIAR ProjectAH/2006/156(2010) providedan estimate of 2.7%
(with removal of vaccinated pigs) whereas AQIS provided an estimate of 20%.
Vaccination campaigns have been utaleen in Flores Timur and Sikka districts since
2006(Dinas Peternakan Propinsi, 2011)

It was recommended by Hutabarat and Sar{t989 that serological surveillance be
conducted in areas considered free of CSF across Indonesia, to assist in disease control.
Although this was suggested, sarveillancehas beemronducted 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 (2008ndACIAR (2010).All samples collected in Manggarai Barat
andManggarai by AQIS (2008) weregative for CSF antibodies. A 5% prevalence

estimate was detected for Ngada district, which is classified as -#r&S&reaThe
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ACIAR Project AH/2006/1562010 detected the presence of CSF antibodies inipigs
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 ressiltiue to a lack of clinical reports by farmérke potential for a
crossreaction with antibodies to other pestiviruses was addressed by perfornithg a 2
generatiorELISA on all positive and inconclusive results, which is an issue that can

impact resultgLoeffenet al, 2009; Wieringalelsmaet al,, 2006) The presence of

ruminant pestiviruses including Bovine Viral Diarrhoea Virus (BVDV) and Border

Disease Virus (BDVtan affect diagnosis of CSFWieringaJelsmeet al. (2006 found

that the transmission of CSFV could be reduced in pigs infected with Begever,

with pigs that had double infections, both BVD and C&figeutralisation peroxidase

linked assay (NPLA) limited the ability to detect CSFV infection in animals that had BVD
at the timeof CSF infectionThis suggestthat diagnosis of CSF in herds where there is a
high prevalence of BDV may be affect€ther sgcies including goats and shezm be
infected with BVDV and BD\KrametterFroetscheet al, 2007; Mishraet al, 2000;

Ridpath, 201Q)Therefore, it is important to note thasabstantial 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 Statistic9).200
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Table 27
Reported cases of classical swine fever in districts across Nusa Tenggara Timur from 1998 to 2Diraf dtaternakaRropinsi(2017).

Island District® 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 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' 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 Day 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

'Sikka district classified as suspected CSF infecfibhe districts of Manggarai Barat, Manggarai, Manggarai Tengah, Ngada and Nagekeo have
been excluded as they are classified as fi&Fand caseof 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 confirmébsterhaugt al, 2009) A variety

of diagnostic tests are available to confirm CSFV infectidewulf et al, 2004) The
6geslitdandar do dor GSEWiDVEUS isatation ia cell culture. However, this
method is time consuming and can take up to four @dgennig, 2000; Battiet al,

2003) Alternativediagnostianethodsare available such agws neutralisation tests

(VNTs) and ELISAs for antibody detection with antibodies detectaliledithreeweeks

post infection(GreiserWilke et al, 2007; Koppekt al, 2007) Antibody ELISAs are often
the test of choice as VNTs can be time consuming due to difficulties with mass analysis
(GreiserWilke et al, 2007) Antigencapure ELISAs are also available with CSFV
detectable ai 15 days post infection using blood tissue, plasma or serum samples
(GreiserWilke et al, 2007)

Osterhaugt al (2009 recommendethatELISA tests for antibodies andal time

polymerase chaireaction (RTPCR)arethemost suitable diagnostic tools for CSART-
PCRIis effective due to its ability to detect virus DNA and thus indicate that an animal has
been exposed to CSFW Indonesia, NTTprovince sends samples from CSF suspect cases
to the DIC in Denpasar where appropriate facilities are avaitalikst samplegSanthiaet

al., 2003) At this laboratory a VDPfOCSFV Antibody GELISA Kit is used for testing
samples. This type of ELISKit is designed to detect the presence of-Batiantibody in

swine serum.

2.34 Government Veterinary Assistance for CSF across NTT

2.34.1 CSF Vaccinationacross 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 fron{2i0@6
Peternakan Propinsi, 201 QSF vaccinations currently carried out by vatinarians and
AHWSs working with Dinas Peternakalt is a public service that feeely available to
smallholder farmerand at a subsidised costgemtintensive small business herd$able
2.8) (Brandenburg and Sukobagyo, 2002). Howglmrited goverrmentbudgets have
restricedvaccinedistribution.An approach used by Riigt al (2009, from experiences
in village poultry production across West Africa and Asia, was to give poultry fatheers
first vaccination for Newastle diseasede of charge tdemonstrate its effectiveness

which encouraged farmers to maintaise of vaccinationg-rom the Alor project it was
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demonstrated by Robertsehal (20100 that pigs were not getting vaccinatied several
common reasons including the belief that vaccination was too dangerous, the farmer did
not believe in vaccination and problemsiwiHWSs providing the vaccination. This
identified a need teducatdarmers aboutthe 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 populatioa teceive vaccinations. Focus is placed on regions with the
highest pig densities and annual reports of clinical qgsesng M. pers comm, 2010;
Hutabarat & Santhia, 1999Robertsoret al (20100 determined thathe cost of a CSF

vaccine wafkp 4,600(Hogsivetvaccinemanufactured bPUSVETMA), with an

additional Rp 6,000 for labour costs for vaccine administration.

Table 28
Regulations for CSF vaccine payments provided by the government in Nusa Tenggara
Timur, eastern Indonesia (Dinas RatkanPropinsj 2011).

Pig herd size Vaccination Payment M ethod

1i 20 Free

20i 50 Farmers make a small contribution such as payment for lak
50i 200 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,Adonesia). 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 populatiofGrahamet al, 2011)

Fewinvestigations have been conducted on the Hogsivet vaccine. Roletredai2010h
conducted the first fiebased vaccine trial on Alor to compare the Hogsivet vaccine with
three intenational vaccines. Although the manufacturers recommend a boost shot one
month post primary vaccination, common practice on Alor (reported by AHWSs), was to
provide only one vaccine. As a result, the vaccine trial adopted this process. Literature
suggestshat a booster vaccination should be standard prg@ewulf et al, 2001b;
GreiserWilke & Moennig, 2004)The three international vaccines used for comparison

included Kitasato from Japan, Pestiffa (Meria) and Pestvac (Fort Dodge) with 60 pigs in

33



each group. Results showed that the timrnationally produced vaccinegre
significantlymore effective (baseoh antibody response), than the locally manufactured
Hogsivet vaccine. Furthermore, the thigernationalvaccines did not significantly differ

from each other.

In the field, environmental changes can lead to degradatiarvaccne through virus
inactivation Temperature and pH changksing storage, transportation, handling and
vaccination procedures can lead to inactivation of the CSF va@aneeraet d., 2009)
Studies have identified thas a reasofor insufficientvaccinedosage levelthat can lead
to a risk of incomplete protecticmmong vaccinated pidBarreraet al, 2009). The limited
cold chain and distances required to travel to many rural villages can impact vaccine

efficacy in many developing countriéBeeling & Holden, 2004; Wirkast al, 2007)

2.34.2 Farmer Education and Participation

Educational material on CSF for farmers in NTT has been developed by both Dinas
Peternakafropinsiin Kupang and the ACIAR Alor Proje¢Robertsoret al, 2010b)

Figure 25 provides examplesf some educational material being distributed currently
across NTT. Similarly, a study conducted in eastern Indonesia in Papua province by
Cargill et al. (2009 developededucational materidor the establishment of farmés-
farmer training programs. The fog of this material was on modifying pig diets and
production systems for improved pig health. It was found that selected project famoers
actively participated in the programproved therr knowledge.

Catley and Leylan@001) investigateccommunity participation and the delivery of
veterinary services in Afta. They outlined factors linkaslith successful animal health
projectsandconclucedthat community participation is a major aspect to consider in the
desgn 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 sgmper by
Ngowi et al. (2008. A healthedua@tion intervention was trialled in Tanzania for porcine
cycticercosisThe 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. Meover, it has been recognideglBarham and Chitenf2009 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.

WWT m\rer-)—l
-

JUSA TENGGARA TIMUR

ERNAKAN
Telp. [Faks. (0380) 833060

PENCEGAHAN DAN PENGENDALIAN
ADA PETERNAKAN BABI RAKYAT:

Figure 25

Educational material for farmeos classical swine fever: Hog Cholera information book
developed by Dinas Peternakan Propinsi, Nusa Tenggara Timur; ii: book devielopigd
farmers during the ACIAR Alor project with information on Hog Chalera

2.4 Epidemiology of Classical Swine Fever

2.4.1 Introduction

Classical swine fever virus is from tRestivirusgenus of thélaviviridae family of
viruses(Moenniget al, 2003) This pig viruscause®ne of the most economically
damaging pig diseases and is on the World Organisation for Arieadih (OIE) listof
notifiable disease@oklundet 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 worldwid¢Denget al, 2005; GreiselVilke et al, 2000) Severity varies

with straintype. Hwe ver , t he a nandwadditidnal enaigrenentabfaciers all
contribute to the course of the dise@8&esendorpet 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 wethpemented control strategies

where compulsory slaughter and movement restriction further increas¢Sxdstyderet

al., 2002) For examplethe total cost bthe Netherlands epidemic in 199998 was

estimated to b&lS$2.3 billion(Artois et al, 2002)

Classicabwinefe v er 6 s ¢ u rsiribaition is throughbua $Soutlhst AsiaAfrica,
Eastern Europe and Southern and Central Amé@dosandet al, 2009) North America,
most of the European Union and Australia have eradicated thg/Aitoss et al, 2002;
Edwardset al, 2000) It was first diagnosed in 1833 in North America in domestis pi
andfirst confirmed in wild boar in Germarduring 1896 Kadenet al, 2005)

Due to difficulties in confirming CSF through clinical signs, other potential infections need
to be considered during diagnofsterhaugtal., 2009) CSF has clinical signs similar to
otherdiseases including African swine fever (ASF), erysipelas and PRRS. These diseases
should be considered during differential diagnosis of pigs in infected @leasniget al,
2003) Moreover, he earlier detection occurs, the greater the likelihood of minimising the
size of an outbreak and subsequent economic imflagtandet al, 2009) Eveaettet al

(2010 acknowledged that in some circumstancdi®wing virus introduction, it can take

up to two months for CSF to be identified as the disease dgjaghosis can be hindered

by a lack of specific clinical signs in additional to lower virulent strains dfésting

delayed onset of clinical signbhis can be seen from the Netherlands outbreak ini1997
1998 where Elberst al (1999 reported a skweek lag period between the time of disease

introduction and diagnosis of the pany outbreak.

It is described by Elbest al (2002 that across Germany and the Netherlands, 75% or
more of CSF cases in the past several years were identified through detectioicaif cl
signs observed by farmers and those working for veterinary authorities. This type of
collaborative effort is importano facilitateeffective detection and responstowever,
interviews with pig farmers in the ACIAR Alor Project identified thatiars were
unaware of animal health services, did not have access tosAlithey could report to
and were unaware of clinical signs of C8FIndonesia, the current mistrust by farmefs

the governmerdéindalack of government resocesis resulting inundereporting,
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misdiagnosis anthelimited ability of farmers to identify CSRll of whichhinder
detection(Deveridge, 2008; Robertset al, 2010b)

2.4.2 Forms of CSF

There are several different forms of CSF that affect @igste, chronic and milbrms
(Dahle & Liess, 1992)

2.4.2.1Peracute andAcute Form

For the peracute form, high morbidity amdrtality generallyoccursbetween #10 days

post infection(Dahle & Liess, 1992)Thereis generally an absence of typical clinical signs
followed by sudden death. For the acute form, death usuallysobetween 10 and 20

days post infectiofDahle & Liess, 1992)Similar to most pestiviruses, during the acute
phase of infe@bn, the virus results in immursoippressioiiMoennig, 2000)Clinical signs
include fever, anorexia, conjunctivitis, weakness and purple cyanotic discolouration on the
abdomen, inner thighs, ears and tail. The acute fmost commonly se&n pigs up to

12 weeks of age and has a high mortality rate, up to(208bis et al, 2002; Moenniget

al., 2003; Paton & GreisaNilke, 2003) The acute fornis associatewith the presence of
highly virulent strains of CSF but can result from infection with moderate and low virulent
strains(Table2.9) (Durandet al, 2009) Virus is shed in salivanasal secretionsirine and
faeces and this can begin before onset of clinical signs and continues uht{lalea

State University, 2008; Weesend@tpal, 20®Db).

2.4.2.2 Subacute Form

Subacute and chronic forms of CSF are often more prevalent with more recently identified
CSFisolategendingto be of lower virulence; classified as moderate or low virulent strains
(Animal Health Australia, 2009; FloegBliesmanret al, 2003; Mittelholzeet al,, 2000)

For the subacute form, animals display clinical signs such as lethargy, reduced appetite,
stiff walking and constipatioflWeesendoret al, 2009b) FloegelNiesmanret al. (2003

found that breathing and skin showed no changes until later stages of infection, at 17 days
post infection. When pigs experienced fewlkre, maximumtemperaturevas 40.4°C, not
reaching as high as pigs suffering from acute infefdaesendorget al, 2009b) Death

usually occurs in older piggetween 20 and 29 days post infectiDahle & Liess, 1992)
Recovery is typically only seen with the subacute f(ffinegeiNiesmanret al, 2003;
Weesendorget al, 2009a)and recovered pigs can be protected from CSF for up to six

months or develop lifelong immunifArtois et al, 2002) However, pigs that recover can
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become caiers,continuing to shed virus. Referring to TaBl&(, it can be seen that for

pigs with subacute infection, the highest levels of excretion were detected in nasal fluid
(Table2.10. Levels of excretion however, were lowkan pigs with acute and adwic
infection. Table 29 displays results found by Floeggiesmanret al. (2003 following an
investigatia 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 (2009 conducted an additional study investigating differences bethigan

moderate and low virulent forms of CSFV. For five pigs inoculated with the 2.1 Paderborn
moderately virulenstrain, three pigs experienced subacute infection and recovered while

the remaining two pigs experienced chronic infection.

Table 29

Results obtained from FloegRiesmanret al (2003 providing a summary of the
different clinical coursesfdCSF following infection with different classical swine fever
virus isolates.

Virus Strain 2.1 2.2 2.3 2.3 1.1
(CSF0277) | (CSF0537) | (Germanisolate | (spain isolate| (CSF0902)
CSF0634) CSF0123)

Number of pigs

Acute form

Subacute form

N O|IN|©
Ol | WwWw|~
SO|Oo|h~| P+
ocjo|or| O,
oO|o|h~| b~

Chronic form

Mortality at end of 100 50 100 100 100
experiment (%)
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Table2.10

The tdal amount of infectious virus, quantified by virus titration, excreted during the entire infectious period, with theaireecr@tion/excretion
standardised to 1g/day or 1 ml/day (urine), table of results taken from Weesendb(@009b).

Virus Strain Mean total excretion (TCIDsg standardised to 1g or ml/day) analysed by virus titration
Oropharyngea Saliva Conjunctival Nasal fluid Faeces Urine
fluid fluid
Mean SD| Mean SD| Mean SD| Mean SD| Mean SD| Mean SD
Bresica (1.2) 6.54""2 0.47| 6.29%? 0.85| 7.09** 0.89| 7.60** 0.59 | 5.44%! 0.57|5.08"2 0.74

Paderborn (chronic, 2.1) 8.50*>' 0.82| 8.68"' 0.57| 8.5(0*** 0.00|9.54* 0.32 | 6.61°" 0.54|7.28 0.48
Paderborn (recovered, 2.1) | 4.65° 1.06| 4.08"°® 1.04| 3.46""% 0.94|4.66* 1.02 |3.49? 1.72/0.98° 1.70
Zoelen (2.2) 2924 0.78| 2.61°"% 1.34| 1.19*® 1.65|2.89"% 1.74|0.00 0.00|0.00 0.00

SD: standard deviatiori# Means within columns with no common superscript differ significaftlg 0.05);*?Means within rows with no
common superscript differ significantli? € 0.05).
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2.4.2.3Chronic Form

The chronic form of CSF has also been associated with virus strains of lower virulence
(FloegetNiesmanret al, 2003; Paton & Greiselilke, 2003) Variations in the literature
are seemegarding the course of infection for this form. The majphowever, agree that
survival is generally greater than 30 days, potentially up to 100(Aatyss et al, 2002;
Dahle & Liess, 1992; Moennigt al, 2003; Weesendomt al, 2010b) However, infection
with this form isusuallyfatal (Dahle & Liess, 1992; Moennigt al, 2003; Weesendorgt

al., 2010b) In a studyconducted by Floeg#liesmanret 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 bivengeling and Packdl 969 thatthe course of chroniofectionoccurs

in three phases. The first phagenfectionwas clinically similar to acute infection

although less severmarked byan ircrease anthen adecrease in the amousttvirus in
serum.The second phase saw partial recovery of pigs with low or absent virus titres and
minimal presentation of clinical signs. Moenmigal (2003 also suggested this transition

to an ongoing or intermittent stage of repecific clinical signs such as wasting and fever.
The final phase saw anhancementf clinical signs with increasing virus levels

throughout thdody followedby death. In contist, Weesendorgt al. (20091 found that

for pigs suffering with chronic infection only mild clinical signs were observed in the first
3i 5 weeks such as depression, anorexia and growth retardation. Both pigs experienced
fever for an extendedudation 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 phasei(60 days before death), there was a noticeable change in
clinical sighs 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 arahtinuinguntil death(Weesendorgt al,

2009b) For pigs with chronic infection, virus can be skedtinuously or intermittently

for months(lowa State University, 2008Weesendorpet al. (20100 found thatpigs with
chronic infectionpose a very significant risk of spreaglidisease. In a study comparing

high-, moderateand lowvirulent strains, overaltheseinfected 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 intoaot higher titre values from excretions

and a longer infectious period.
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2.4.2.4 O6Carrier Sow Syndr omed

6Carrier sow syndr ofaadultssweyposectdoawbrl vy t he r es
moderatelyirulent form of CSF leading to subclinical infection and the potential to
producechronicallyinfected piglet§De Smitet 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 ohidal signgTerpstra, 1987)f presentclinical
signsofteninclude fever and decreased feed intake with reproductive loss the most
common sign. Depending on the stage of gestation when infectiarspabortions,
mummifications and birth of weak piglets with delayed growth are often(Bedre &
Liess, 1992; De Smét al, 2000; Meyeet al, 1981; Van Oirschot, 1979)\s CSF is
immunosuppressive, death can resukt tb the virus itself or secondary bacterial
infections(Dahle & Liess, 1992; Moennig, 2000)

Persistently infected piglets display constant viraemiila continuous virus excretiofbe
Smitet al, 2000) Variations can be seen in clinicajnswith the majority born in a
weakened stat@®ahle & Liess, 1992; Van Oirschot, 1979an Oirschoi{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 afteffiatite &
Liess, 1992; De Smét al, 2000) Van Oirschot and Terpst(a977 found a delayed onset
of clinical signg(following retarded growth) in pigand an averagsurvival time greater

than six months making them a risk for potential disease transmission.

2.4.3 CSF Strains and Virulencé The Case of Indonesia

It has been recognised in the literature that there are three different genotypic groups of the
CSF virws (Durandet al, 2009; FloegeNiesmanret al, 2003; Patort al, 2000)

Currently it is understood that those isolated from genotype group 1 are more historical
isolates, generally highlyirulent (FloegeiNiesmanret al, 2003; Patoret al, 2000)

Group 2 is considered to contain isolates that are more recent. Subgroup 2.1 fdeexam

was introduced into Europe during the 1990s and was responsible for thid 999 TSF
outbreaks in the Netherlands where 429 outbreaks were red®aten & GreiseiWilke,

2003; Patoret al, 2000) Genotype 3 has only recently bedentified, with isolates of

this genotype presently confirmed in Asia. There is evidence to suggest that st 8roup
evolvedlocally in Thailand(Everettet al, 2010) The CSF virus is believed to mutate

relatively slowly(Paton & GreiselVilke, 2003)
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An association between the virulence of a CSF stmadtthe presence and severity of
clinical signswasrecognisedy Durandet al (2009. Everettet al (2010 determined that
for low virulent strains, mild disease or asymptomatic infection is most commonly seen
which has the potentitéb delaydisease detectioiror highly virulen strains, clinical signs

are much more severe and often produce lethal infedfixatde & Liess, 1992)

Across Asia, all genotypigroups have been identified. Regarding Indonesia, current
evidence suggests the presence of graugpe2 (Paton & GreiseWilke, 2003; Patoret
al., 2000) No genotyping has been conducted on the CSF vireasterindonesiaand
staementgegarding genotypic group presémthe literature arbased on knowledge of
pig movements and clinical courses of disease. It is believed that CSF was introduced to
Indonesia from MalaysiéHutabarat & Santhia, 1999)he subgroups currently identified
from Malaysiaincludel.1,1.2 and 2.XFriasLepoureau & Greisewilke, 2002; Lowings
et al, 1996; Paton & Greisélilke, 2003; Patort al., 2000) Group 2 is a moderately
virulent strain and has been confirmed in Thaildrash PDR and MalaysigDortmanset
al., 2008; Lowing=t al, 1996;Paton & GreiseVilke, 2003) In addition theTimor
Animal Health ProjecfPatricket al, 1999)stated that based on the field reparfthigh

case fatality rates of CSF East Timor a highly virulent strainvas suspected

2.4.31 Disease Processes of High and Moderately Virulent Strains

Durandet al (2009 foundthat the acute course of CSF experienced shiatentperiods

of O four days. With datempedodwas foenttgpbsxtor ul ent
eightdays. Clinicakignsfor moderately virulent strains have been found to be similar
across different studies. Weesenderpl (20083 found that pigs infected with Paderborn
strain (2.1) generally developed fever, haemorrhages of the skin, unsteady gait and
diarthoea. Incontrast it was also found that pigs infected with a girulent strain did not
display fever or clinical sign@Veesendort al, 2008a) FloegeiNiesmanret al (2003
describd the differences between pathological and clinical signs when pigs were infected
with genotype group 2 of CSF (including subgrofgds 2.2 and2.3 with an additional

highly virulent form of 1.1 for comparisor@nly minor differences in the clinical and
pathological signsvere foundbetween each different virgsibgroup for genotype & was
genotype 2.2 that displayed the most variable pattern of disease.

Moreover,Mittelholzeret al (2000 described differences between lpwoderateand
high-virulent strainghat support the current literatufdgs infected with a highly virulent

strainexperiencedevere clinical sign#igs infected with moderatand lowvirulent
42



strains had less severe clinical signs; with no distinct clisigalsdetected for the low

virulent strain.

2.4.4 Virus Sheddng and Infection

Pigs are generally infectetonasallywith the virus multiplying in thepithelial cells of

the tonsilgMoennig, 2000; Paton & Greis®Yilke, 2003; Susat al, 1992) The virus

results inmmunosuppression and leukopenia with gross pathological lesions in the form
of haemorrhages often on ears and hind legs, withrpogiem examinationften

revealing pathological changtsthe spleen, kidneys and lymph nodg®enniget al,

2003; Paton & GreiseWilke, 2003; SancheZordonet al,, 2005)

Weesendorpet al (20103 identifiedthattheaveragenfectiousperiod for pigsnfected
with amoderately virulenstrain(Paderbornyvith high levels of virus excretiofdefined

as high virus titrefor a minimum of 4 days5.5 TCID;g) was 32.5 (ange 21.20 51.8)
days.For pigs with lowlevels ofvirus excretiondefined as low virus titrefor a

maximum of 3 days5.5 TCIDsg), theaveragenfectious period was 14.7ange:13.29
16.3)days In acute and subacuigections,thevirus isoften only shed for a short period
of timedue to ashorter course of clinical disease. However, for pigs thighchronic form
of CSF, the virus is shed intermittently or continually until de@ftoenniget al, 2003)
Uttenthalet al. (2003 found that through testing with the Paderborn (2.1) virus strain,
virus excretion was initiated with the onset of viraerBiacksellet al (2006 determined
viraemia to occur betweern 3 days for the LWC and betweenld days for the
indigenous Moo Laat pig. In terms of the relationship between clinical signs and virus
excretion, the incubation period Hasen shown to vary betweenlD days in domestic
pigs (Animal Health Australia, 2009; De Ved al, 2006; Dewulfet al, 2002b)

Moreover, the latent period for CSF is&days(Durand et al, 2009; Laevenst al,

1999) depending otthevirus 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 diseagartois et al, 2002; Moenniget al, 2003) Younger pigs
tend to have the highest mortaligtes, more frequently suffering therpcute and acute
forms of thediseasgArtois et al, 2002) As pigs age, clinical signs becotess specific

(Moenniget al, 2003) It has been found that for older pigigh CSFinfection, often only
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