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Abstract 

Australia is currently regarded as free of classical swine fever (CSF), a highly contagious 

disease of pigs caused by a pestivirus. To provide additional evidence that the Victorian 

domestic pig population is free of CSF, 391 pigs from 23 holdings were sampled at the time 

of slaughter between March 2016 and October 2017. All samples were negative for CSF 

virus Ab on ELISA. Because of uncertainty in the sensitivity of the CSF Ab ELISA, 

estimates of the true prevalence of CSF were calculated using Bayesian methods. The median 

and upper bound of the 95% credible intervals for the true prevalence of CSF was zero when 

the diagnostic sensitivity of the CSF Ab ELISA was assumed to range from 0.75 to 0.95. 

These results provide evidence that the population of domestic pigs in Victoria in 2016-2017 

was free of CSF.  
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Introduction 

Classical swine fever (CSF), also known as hog cholera, is a highly contagious disease of 

pigs1, 2 caused by a pestivirus. In its acute form, typical clinical signs can include fever, 

hyperaemia or cyanosis of the extremities, loss of appetite, vomiting, abortions, convulsions 

and/or a stiff gait and eventual death.3 In the chronic form, clinical signs are generally milder 

and persist for 3 to 4 weeks. The incubation period of pigs infected postnatally is 2 to 14 days 

(up to 3 months in chronic cases) while pigs exposed prenatally may be persistently infected 

throughout life. In infected holdings, up to 43% of pregnant sows may become carriers.4 

Infection can result in high within-holding mortality rates and substantial economic losses 

due to reductions in productivity and increased feed costs.5  

The most likely way that CSF virus might enter Australia is by illegally imported infected pig 

meat/tissue being fed deliberately or inadvertently to commercial or feral pigs (‘swill’ 

feeding) or from illegally imported genetic material.4 CSF also has the potential to become 

established in Australian feral pig populations if it were introduced into northern Australia 

from the Indian subcontinent or from West Papua where the disease is endemic.6, 7 

The Australian pig herd is comprised of approximately 237,000 sows, producing over 4.7 

million pigs for slaughter annually.8 Approximately 90% of Australia’s pork production 

comes from intensive, commercial piggeries but the industry also includes substantial 

numbers of free-range and smallholder piggeries. CSF establishment in Australia could result 

initially in significant within-holding mortalities leading to a rapid structural change within 

the local pig industry, with concomitant social and economic dislocation.4 
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Classical swine fever is listed as a notifiable disease by the OIE (the World Organisation for 

Animal Health)9 and in Australia by all jurisdictions.10 In Australia a notifiable disease is a 

disease that must be reported within a defined timeframe to relevant veterinary authorities if 

the presence of clinical signs are known or suspected in an animal or group of animals. CSF 

outbreaks occurred in Australia in 1903, 1927-1928, 1942-1943 and 1960-1961, and on each 

occasion the disease was quickly eradicated; Australia is currently considered free of CSF. 

OIE member countries that are free of CSF are expected to confirm their CSF freedom status 

annually.11 Current CSF surveillance in the pig industry in Victoria relies on the legal 

obligation of holding managers and/or their veterinarians to notify authorities of suspicion of 

the disease, as well as an industry-funded on-farm disease investigation program.12, 13 To 

augment this largely ‘passive’ surveillance portfolio, a one-off, proactive, targeted 

surveillance project to assess the level of exposure of domestic pigs to CSF virus was 

developed. 

Materials and methods 

Developing a clear definition for a pig “herd” within Victoria, applicable to smallholders or 

small commercial or large commercial herds, proved problematic, with potential applications 

of a Property Identification Code (PIC), ear tattoo and/or owner details, as one or more herd 

identifiers. Therefore, for the purpose of this paper, all pigs sourced from the same PIC were 

defined using the term “holding”, with acknowledgement that multiple management groups 

could be listed under the same holding/PIC.  

To determine the appropriate number of pigs to test to be able to declare the Victorian pig 

industry free from CSF at a defined level of confidence, holding and individual animal design 

This article is protected by copyright. All rights reserved.



5 
 

prevalence estimates were developed as follows. We assumed that if a moderate to highly 

virulent strain of CSF virus was present in Victorian domestic pigs, within-holding mortality 

rates would be greater than 25% (i.e. approximately 20-50 days after introduction of CSF 

virus)14 while the prevalence of infected holdings would initially be low (less than 10%). We 

acknowledge that, if a low virulent strain of CSF virus was present, such as that which 

occurred in New South Wales in 1960-1961, within-holding mortality rates may be 

substantially lower than 25%.15 The sample size for a two-stage serological survey to 

demonstrate freedom from CSF virus at a confidence of 95% and holding-level sensitivity of 

90%, assuming a conservative animal-level test (Ab ELISA) sensitivity of 80%, was 

calculated as 32 holdings with 12 animals to be sampled per holding (i.e. the number of 

samples required to meet the objectives of the survey was 32 × 12 = 384).a 

Pig movements to abattoirs between March 2016 and October 2017 provided estimates of the 

number and the size of pig holdings operating in Victoria. These data were cross-referenced 

with the latest available industry data (2012-2013) sourced from Australian Pork Limited.8 

Industry records showed that there were 396 pig herds operating in Victoria in 2012-2013, 

whereas 432 individual herds moved pigs to abattoirs for the period 2016-2017. An 

assumption was made that, for the purposes of this paper, a ‘herd’ was approximately 

equivalent to a ‘holding’. Therefore, this provided confidence that movement-to-abattoir 

records were an appropriate source of information to estimate both the number of commercial 

pig holdings operating in Victorian and the approximate size of each holding.  

                                                 
a http://epitools.ausvet.com.au/content.php?page=2StageFreedomSS_2 
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Three hundred and seventy-five holdings sold pigs to an abattoir during the period March 

2016 to October 2017. Each holding was categorised into one of three classes based on the 

number of slaughtered pigs throughout the study period (small: ≤50, medium: 51 to 500 and 

large: >500 adult pigs). It was assumed that these categories represented each of the domestic 

pig farming operations present in Victoria, namely smallholders, small commercial piggeries 

and large commercial piggeries. The proportion of holdings to be sampled from each holding 

category (i.e. small, medium and large) was then estimated based on pig movement-to-

abattoir figures to determine the number of holdings from each category to be sampled. 

Holdings were further categorised by their geographic location, based on the three regions 

used by Agriculture Victoria, namely the Northern, South-West and South-East regions 

(Figure 1; Table 1). 

A single blood sample was collected from each pig at the point of slaughter at all commercial 

abattoirs servicing piggeries across Victoria between March 2016 and October 2017. 

Abattoirs were visited approximately every two weeks as part of a routine herd health 

program, with holdings targeted opportunistically by Agriculture Victoria staff based on 

known holding size. The holding identifier derived from each slaughtered pig’s identification 

tattoo brand or ear tag was recorded at the time of blood sample collection. The geographic 

location of the holding (to the shire-level) was verified by cross-checking each holding 

identifier with details held by the Agriculture Victoria Animal Disease Management 

Information System (ADMIS). As samples were taken opportunistically at the time of 

slaughter, holding size was unknown at the time of sampling. Holding size was estimated 
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post collection by referencing ADMIS or the slaughter records for each holding that were 

accumulated during the study period.  

Testing for exposure to CSF virus was carried out using the available commercial Ab ELISA 

(manufacturer: IDEXX) at the Centre for AgriBioscience (Victorian State Veterinary 

Laboratory; Bundoora; Victoria; Australia). The CSF Ab ELISA has a diagnostic specificity 

of 1.00 (95% CI [confidence interval] 0.997, 1.00) but an unconfirmed diagnostic 

sensitivity.16 

The true prevalence of CSF Ab ELISA positivity, taking into account uncertainty in the 

diagnostic sensitivity of the CSF Ab ELISA was determined using the approach described by 

Rogan and Gladen (1978) and modified for the low prevalence situation using Bayesian 

methods, as described by Messam et al. (2008). Using a Bayesian approach, prior 

distributions for each of the unknown parameters, including the estimated CSF prevalence 

were specified and reflected known information. Our prior estimate of the holding-level 

prevalence of CSF Ab ELISA positivity was set to 0.10, with 95% certainty that the holding-

level prevalence was greater than 0.01. Our prior estimate of the within-holding prevalence of 

CSF Ab ELISA positivity in holdings that were infected was set to 0.25, with 95% certainty 

that the within-holding prevalence was greater than 0.10. 

Analyses were carried out assuming the most likely value of the diagnostic sensitivity of the 

CSF Ab ELISA was 0.75, 0.80, 0.85, 0.90 and 0.95. For each analysis, priors were set to 

reflect the assumption that we were 80% certain that the diagnostic sensitivity was greater 

than 0.15 less than the most likely value.  
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Bayesian analyses were run using JAGS via the contributed R package runjags.19-21 We ran 

the Markov chain Monte Carlo (MCMC) sampler for 100,000 iterations and discarded the 

first 5,000 ‘burn-in’ samples. Two parallel chains were run using diverse initial values to 

ensure that convergence was achieved to the same distribution. Convergence was visually 

assessed by plotting cumulative path plots for each of the monitored parameters (true 

prevalence and diagnostic sensitivity). Results are reported as the median true prevalence of 

CSF Ab ELISA seropositivity and their 95% credible intervals. 

Results 

Three hundred and ninety-one pigs were sampled from 23 holdings (Table 2). Samples were 

predominately collected during the months of spring (September, October, November; n = 

13) and autumn (March, April, May; n = 5), with the remaining herds sampled in August (n = 

5). All abattoirs that slaughter pigs in Victoria were visited during the study. The Northern 

region of Victoria and large holdings of >500 pigs were over-represented (Figure 1). All of 

the 391 samples were negative to the CSF Ab ELISA test, resulting in an apparent prevalence 

of CSF virus in Victorian domestic pigs of 0.0% (95 CI: 0.0% to 9.4%). 

Figure 2 is a box and whisker plot showing the distribution of CSF Ab ELISA prevalence 

estimates for the 200,000 iterations of the MCMC sampler run for each estimate of CSF Ab 

ELISA diagnostic sensitivity. The point estimate and upper bound of the 95% credible 

intervals for the true prevalence of CSF was zero when the diagnostic sensitivity of the CSF 

Ab ELISA was assumed to range from 0.75 to 0.95 (Figure 2). In nine of the 5 × 200,000 = 

1,000,000 MCMC iterations the estimated CSF Ab ELISA prevalence was greater than zero. 
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When the sensitivity of the CSF Ab ELISA was 0.95, none of the 200,000 iterations of the 

MCMC sampler returned a prevalence greater than zero.  

Discussion 

The point estimate and the upper bound of the 95% credible interval for the true prevalence 

of CSF were zero assuming the sensitivity of the CSF Ab ELISA ranged from 0.75 to 0.95, 

further strengthening a claim that the population of domestic pigs in Victoria in 2016-2017 

was free of CSF. As shown in Figure 2, a CSF prevalence of greater than zero was returned 

in only nine of the 1,000,000 MCMC iterations. Of note is that none of the iterations returned 

a prevalence of greater than zero when the sensitivity of the CSF Ab ELISA was assumed to 

be 0.95. This is because when diagnostic test sensitivity is high, there will be small numbers 

of disease positive-test negative pigs, increasing the certainty that disease is absent when all 

tests return a negative result.   

The estimated lower credible interval limit of the diagnostic specificity of the CSF Ab ELISA 

was 0.997 which meant that false-positive results were unlikely (but possible) when testing 

300-400 truly non-infected animals. Clear protocols for resolving animal and holding status 

in the event of finding one or more test-positive animals need to be agreed with stakeholders 

before a survey like this is undertaken. In this study, follow-up procedures were planned but 

were not activated because none of the animals that were tested returned a positive test result. 

It is acknowledged that, even though the study population exceeded the calculated sample 

size, the number of holdings sampled was less than that required. Although the study results 

presented provide evidence towards disease freedom, it is possible that the number of 
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holdings sampled represented an incomplete coverage of the population and, so, the desired 

population sensitivity (confidence) of 95% was over-estimated. 

Although sampling at the point of slaughter is relatively easy and low cost, this method is 

inherently biased as only animals that are healthy enough for slaughter will be sampled. 

Animals that may carry CSF virus without visible clinical signs, such as breeding sows, will 

not be sampled using this methodology, leading to a potentially biased disease-free status. 

However, as CSF typically manifests with high morbidity and mortality, it is unlikely that 

carrier animals would be present in a naïve population, such as the Australian pig herd, 

without infection also being diagnosed in slaughtered pigs. This situation is more likely after 

eradication methods had been employed and surveillance within the remaining pig population 

is required to prove disease freedom. Only Victorian pigs slaughtered in Victorian abattoirs 

were sampled. Victorian pigs sent to interstate abattoirs were not sampled. The current 

disease on-farm investigation program will continue to underpin Victoria’s claim to CSF 

freedom.  

An alternative to structured representative sero-prevalence surveys, such as that described in 

this study, is the use of scenario trees to combine data from multiple sources collected over 

extended periods of time to support claims of disease freedom.22-24 This methodology can 

provide a comprehensive coverage of the target population and allow calculation of the 

overall surveillance system sensitivity, including both passively collected surveillance data 

and data from targeted surveys. In the case of CSF, the current on-farm passive disease 

investigation program could be combined with on-going abattoir sampling.25 This approach 

would decrease the need for costly structured surveys and would allow Agriculture Victoria 
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to determine if multiple surveillance activities are sufficient to achieve the target confidence 

in disease freedom. 

This study did not include testing of feral pigs for CSF virus and it is noted that sampling of 

this population would provide further confidence in Victoria’s CSF disease freedom status. 

Actively training Victorian pig hunters to collect samples and provide animal demographic 

and details of the location of feral pigs at the time of slaughter would assist this process. 
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Table 1. Required number of pig holdings (and number of pigs) to be sampled for the classical swine 

fever serological survey (a total of 32 holdings and 246 pigs) stratified by Agriculture Victoria region 

and holding size. 

 

 
Holding size 

 Region  
Total Northern South-West South-East 

Small (≤ 50 pigs) 3 (24) 13 (104) 2 (16) 18 (144) 
Medium (51-500 pigs) 2 (16) 2 (16) 1 (8) 5 (40) 
Large (>500 pigs) 5 (30) 3 (24) 1 (8) 9 (62) 
Total 10 (70) 18 (144) 4 (32) 32 (246) 
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Table 2. Actual number of pig holdings (and total number of pigs) sampled for the classical swine 

fever serological survey (March 2016 – October 2017) (a total of 23 holdings and 391 pigs) stratified 

by Agriculture Victoria region and holding size. 

 

Holding size Geographic region  
Total Northern South-West South-East 

Small (≤ 50 pigs) 2 (20) 1 (10) - 3 (30) 
Medium (51-500 pigs) 4 (98) 2 (24) 2 (8) 8 (130) 
Large (> 500 pigs) 7 (129) 4 (80) 1 (22) 12 (231) 
Total 13 (247) 7 (114) 3 (30) 23 (391) 
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Figure 1. Geographic location of study holdings in Victoria (n = 23) sampled for exposure to classical 

swine fever virus (March 2016 – October 2017), with holding size denoted by icon size (‘small’: ≤50 

pigs; ‘medium’: 51-500 pigs; ‘large’: >500 pigs). Note: holdings of the same size within the same 

Shire overlap. 
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Figure 2. Box and whisker plot showing the distribution of the estimated true prevalence of CSF 

positive pigs (from the 200,000 MCMC iterations) as a function of estimates of the diagnostic 

sensitivity of the CSF Ab ELISA. Ninety-five percent credible intervals of the estimate of the true 

prevalence of CSF and the maximum true prevalence estimate (from 200,000 iterations of the MCMC 

sampler) are indicated for each estimate of Ab ELISA sensitivity. The boxes are not evident because 

most of the CSF true prevalence estimates were zero. 
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