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1 EXECUTIVE SUMMARY 
African swine fever (ASF) is a contagious and deadly disease of domestic and wild pigs (Sus scrofa). 

An outbreak of a highly virulent strain in Georgia in 2007 has spread to much of Europe and Asia. 

Recent outbreaks have occurred in the neighbouring countries of Indonesia, Papua New Guinea, 

and Timor-Leste (Penrith, 2020; Barnes et al., 2020). Although ASF has never been reported in 

Australia, detection of viral DNA in undeclared pork and pork products seized at the Australian 

border confirm that it is a significant threat to the Australian pig industry. It has been estimated 

that a large multi-state outbreak of ASF could impact the Australian economy by up to A$2 billion 

(ACIL Allen, 2019).  

The risk to livestock from emergency animal disease is often compounded by complex ecological 

and epidemiological interplay between susceptible livestock, susceptible wild/feral animals, and 

the environment (Huyvaert et al., 2018). If ASF were to enter the Australian feral pig population it 

is uncertain whether it would establish and pose an ongoing threat to domestic pigs (similar to 

experiences with wild boar in parts of Europe (Depner et al, 2017; Mačiulskis et al., 2020)), or 

whether culling a proportion of the feral pig population might lead to disease fadeout (as per 

Cowled and colleagues (2012) study on classical swine fever). The likelihood of transmission from 

ASF-deceased wild pig carcasses (Probst et al., 2017, 2019; Lange & Thulke, 2016), is also unclear 

in an Australian context, with some authors suggesting that cooler conditions enhance 

transmission due to prolonged virus viability in carcasses (Schulz et al., 2019). 

Epidemiological models can provide insights into the spread and control of emergency animal 

disease and assist in the formation of animal health policy and preparedness plans. They may be 

particularly useful when diseases are rare or absent and field data is lacking. Over the past eight 
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years the Australian Department of Agriculture, Water and the Environment has invested in the 

Australian Animal Disease Spread model (AADIS) (Bradhurst et al., 2013; 2015; 2016; 2019). The 

AADIS modelling framework can be used to instantiate national-scale epidemiological models of 

notifiable livestock disease such as foot-and-mouth disease (FMD). AADIS captures livestock 

disease epidemiology, regional variability in transmission (for example, due to environmental 

differences and seasonal livestock production and marketing patterns), and multi-jurisdictional 

approaches to control. AADIS is a sophisticated decision support tool that can be used to look at 

the risk of disease introduction, establishment and spread; control approaches in terms of 

effectiveness and costs; resource management; and post-outbreak management issues. The AADIS 

framework has also been expanded to model incursions, spread and management of agricultural 

and environmental pests (Bradhurst et al., 2021a). 

This report describes the development of a new AADIS-ASF model that simulates the spread and 

control of ASF in domestic pigs, in feral pigs, and between domestic and feral pigs. The AADIS-ASF 

model is the primary outcome of CEBRA project 20121501 which ran from July 2020 to August 

2021. The project built upon Biosecurity Innovation Program Project 192027 which ran from 

February 2020 to January 2021 and focussed on the modelling the spread and control of ASF in 

domestic pigs.  

AADIS-ASF can simulate the introduction of ASF into feral and/or domestic pig populations at 

configurable points in time and space. The model simulates ASF transmission through live pig 

movements, fomites, and human movements, as well as spillover transmission between domestic 

and feral pigs. Control strategies for ASF in the domestic pig population are based on the 

Australian Emergency Veterinary Plan (AUSVETPLAN) Response Strategy for ASF v5.1 (Animal 

Health Australia, 2021). This includes movement controls, surveillance, tracing, infected premises 

operations (destruction, disposal, and decontamination) and post-outbreak surveillance to support 

the regaining of ASF-free status. Candidate control strategies can be compared in terms of 

outbreak size and duration, resource requirements, and cost. The AADIS-ASF model allows 

experimentation with transmission and control of ASF in feral pigs, including passive and active 

surveillance, and control via population reduction. 

AADIS-ASF may help in evaluating: 

• how ASF may spread in the domestic pig population 

• the influence of on-farm biosecurity on ASF spread 

• the potential for ASF to spillover between domestic and feral pigs 

• how ASF may spread in the feral pig population including the influence of population 

density, infectious carcasses, and variable contact rates between groups 

• regional and seasonal influences on ASF outbreaks in both domestic and feral pigs 

• the potential for ASF to establish and become endemic in feral pigs 

• resource management and costings 
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• candidate control measures in domestic and feral pigs. 

The report provides a literature review on ASF, feral pigs in Australia, and ASF decision support 

tools. Case studies on the spread and control of ASF in domestic and feral pigs demonstrate the 

functionality of the new model. Queensland was selected as the test case study area due to the 

wide distribution and high numbers of feral pigs and the availability of local expertise and data 

from Biosecurity Queensland, Department of Agriculture and Fisheries, Australian Pork Limited 

and SunPork Group Pty Ltd. The model was parameterised from the literature review and expert 

opinion that incorporated local knowledge of Australian production systems and environmental 

conditions. Note that the model is only parameterised for Queensland and will be scaled up to a 

national model through Biosecurity Innovation Program project 182021. 

A series of simulation studies were carried out and preliminary findings suggest ASF is likely to be 

controlled in domestic pigs within 6 months of disease introduction (based on the configured 

assumptions of the scenarios). Indirect transmission of ASF (such as fomites, trucks, and people 

movements) was an important aspect of outbreaks and on-farm biosecurity played a critical role in 

reducing ASF spread. The simulations suggest feral pigs have the potential to amplify the size and 

duration of an outbreak, but their influence will depend on the region, the time of year, the 

density of the local feral pig population, and the extent of on-farm biosecurity measures. Spillover 

between domestic and feral pigs was far more likely to involve non-commercial farms 

(smallholders and pig keepers) than commercial farms. ASF outbreaks are likely to be larger and 

longer in cooler months and cooler regions due to increased viability of ASFV in the environment, 

especially in feral pig carcasses. The results of the simulations were coherent, reliable and 

consistent with international observations on ASF outbreaks and local expectations. 

A finding of the project was that there is limited Australian-specific data on contact rates between 

groups of feral pigs, contact rates and likelihood of disease transmission between feral pigs and 

domestic pigs, and regional and seasonal influences on the transmission role that ASF-infected 

feral pig carcasses may play in an outbreak. Previous feral pig movement studies in Australia have 

collected ecological data on population or individual home ranges, seasonal patterns, and habitat 

preferences from the behavioural or genetic study of feral pigs. These studies have generally been 

designed to inform strategies for pest management (Cowled et al. 2008, Mitchell et al. 2009, Lopez 

et al. 2014., Wilson et al. 2021, in preparation) and have limited capacity to provide supply data to 

determine contact rates. The proximity of feral pigs to domestic piggeries presents a strong 

potential for disease transmission (Pearson et al. 2014), and a more directed field studies are 

recommended to collect data on interactions between feral pigs and their cohorts, and domestic 

pigs.  

The AADIS-ASF model will provide the Animal Health Policy Branch with a useful decision support 

tool that will enable better preparedness planning for a potential incursion of ASF in Australia. The 

model will help identify knowledge and data gaps, support preparedness and training exercises, 

and inform strategic decision making. 



 

10 
Technical report for CEBRA project 20121501 

 

2 LITERATURE REVIEW 

2.1 African swine fever 

2.1.1 Overview 

African swine fever (ASF) is a contagious haemorrhagic viral disease of domestic and wild/feral 

pigs (Sus scrofa), with case fatality rates for high-virulence strains approaching 100% (Costard et 

al., 2013; EFSA, 2014a). Whilst virulence of ASF can vary from acute to subacute and chronic, the 

global pandemic is driven by transmission of genotype II strains of the Georgia 2007 type, which 

are high virulence strains with rare mutations to lower virulence (Pikalo et al., 2019). The causative 

agent of ASF (ASFV) is a large enveloped DNA virus of the genus Asfivirus within the Asfarviridae 

virus family (Penrith et al., 2013). ASF was initially reported in 1909 in Africa, where it remained 

endemic in warthogs, domestic pigs, and ticks. The focus of this project is the high-virulence 

genotype II strain that emerged in 2007 in the Republic of Georgia and has spread across Europe, 

Africa and Asia resulting in the deaths of millions of pigs (Gallardo et al., 2015; EFSA, 2019; 

Gaudreault et al. 2020). The clinical signs of the Georgian strain include high fever, ataxia, loss of 

appetite, abortion, and depression (Cho et al., 2021), and usually appear 5-7 days after infection 

(Blome et al., 2013; Walczak et al., 2020). There is typically 1-2 days of pre-symptomatic 

infectiousness (Penrith & Vosloo, 2009; Beltrán-Alcrudo et al., 2017), and 90-100% of pigs will 

succumb to the disease within 6-13 days (Pietschmann et al., 2015). 

2.1.2 Transmission 

2.1.2.1 Direct spread 

ASF can spread when an infectious animal comes into direct contact with a susceptible animal. 

This includes respiratory transmission, which can occur between animals sharing a paddock, yard, 

pen, or truck (Gallardo et al., 2015; Guinat et al., 2016a; Guinat et al., 2016b; Beltrán-Alcrudo et 

al., 2017).  

2.1.2.2 Indirect spread 

Indirect spread is the transmission of infection from infectious pigs to susceptible pigs via indirect 

contact. Indirect contacts can arise through a variety of mechanisms including environmental 

contamination, fomites, biological vectors, mechanical vectors, contaminated transport vehicles, 

swill feeding, etc. In the context of the AADIS modelling framework, indirect spread includes all 

mechanisms for indirect contact with the exceptions of insect biological vectors (Section 2.1.2.3) 

and airborne plumes (Section 2.1.2.4) which are modelled separately. 

Infectious animals excrete and secrete ASFV into the immediate environment where it can become 

a resilient source of secondary infections (Sánchez-Vizcaíno et al., 2012; Mazur-Panasiuk et al., 

2019; EFSA 2018; EFSA, 2020). ASFV is very stable in blood (Plowright & Parker, 1967), faeces and 

urine (Davies et al., 2017) and soil (Kovalenko et al., 1965). It can, for example, remain infectious in 

manure for over 100 days (Blome et al., 2020) and for 1 to 3 weeks in the soil surrounding an 

infected carcass (Carlson et al. 2020). Wild pigs are known to interact with carcasses and especially 

the soil underneath carcasses (Probst et al., 2017). Given the stability of ASFV, infectious carcasses 

and their immediate environment thus pose a transmission risk to susceptible wild pigs (Oļševskis 
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et al., 2016; Lange & Thulke, 2016; Probst et al., 2019; Chenais et al., 2019; O’Neill et al., 2020). 

The period that an ASF-deceased feral pig carcass remains infectious will depend on 

environmental conditions affecting decomposition and virus viability such as heat, humidity, and 

precipitation (Probst et al., 2020) and the level of activity by scavengers and insects (Probst et al., 

2019). It is possible that ASF could be spread mechanically through scavengers such as raptors, 

wild dogs, and foxes, however, they may in fact reduce the overall likelihood of indirect spread by 

metabolizing infectious carcasses (Probst et al., 2019). Mechanical transmission of ASFV is also 

possible through the ingestion of stable flies (Mellor et al., 1987; Olesen et al., 2018) but the level 

of risk this presents is yet to be clarified (Balmos et al., 2021). 

Indirect transmission of ASFV in domestic pigs can arise from movements of contaminated animal 

products, by-products, and fomites such as equipment, shoes, and vehicles (Penrith and Vosloo, 

2009). Potential transmission pathways include veterinarians and stock feed delivery vehicles. 

ASFV remains viable in pork and pork products for lengthy periods (Farez & Morley, 1997; Costard 

et al., 2013; Olesen et al., 2018; Mazur-Panasiuk et al., 2019; Petrini et al. 2019). A substantial 

number of recent outbreaks of ASF in Europe and Asia have been attributed to indirect spread via 

contaminated fomites, environment, or ingestion of contaminated swill feed (Gogin et al., 2013; 

Oļševskis et al., 2016; EFSA, 2018a; Mazur-Panasiuk et al., 2019; EFSA, 2020). 

2.1.2.3 Vector-borne spread 

Some argasid (soft) ticks are natural reservoirs of ASFV and some members of the Ornithodoros 

genus have been confirmed as competent vectors of ASF (Costard et al., 2013; Pereira de Oliveira 

et al., 2019). There are three species of Ornithodoros soft ticks in Australia – the seabird soft tick 

O. capensis, the possum soft tick O. macmillani, and the kangaroo soft tick O. gurneyi (Barker et 

al., 2014). O. capensis feeds on seabirds (primarily terns, gulls, and penguins), and given the 

opportunity, humans, and domestic fowl. O. macmillani feeds on possums and birds and is 

typically found in tree hollows and nests of Australian cockatoos. Ornithodoros gurneyi feeds on 

macropods (primarily the red kangaroo and the common wallaroo), and given the opportunity, 

humans, dogs, cattle, and horses), but is found in the arid regions of Australia, generally away 

from feral pig distributions (Dehhaghi et al., 2019). None of these ticks have been confirmed to 

feed on pigs and have not been associated with pig diseases. Although the ornate kangaroo tick 

(Amblyomma triguttatum) is found on pigs, there is no evidence that ixodid (hard) ticks such as 

this are involved in transmission of ASFV (de Carvalho Ferreira et al 2014; Spickler, 2018). As it is 

unclear whether Australian ticks could act as a reservoir of ASFV and contribute to spread, vector-

borne transmission was not considered in this study. The subject is, however, under study by the 

Australian Centre for Disease Preparedness (previously the Australian Animal Health Laboratory) 

and it would be possible to consider this pathway in a future modelling project. 

2.1.2.4 Airborne spread 

Whilst ASFV can be conveyed from infectious pigs to susceptible pigs via short-range (within-farm) 

aerosol transmission (Wilkinson et al., 1977; Wilkinson & Donaldson 1977; de Carvalho Ferreira et 

al., 2013b; Olesen et al., 2017), there is no evidence to date that longer range airborne spread 

between farms occurs (Guinat et al., 2016a; Guinat et al., 2016b; Olesen et al., 2017; Animal 

Health Australia, 2020). 
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2.2 The Australian feral pig population 

2.2.1 Distribution  

Feral pigs are widely distributed across Australia, occurring across a reported 38 – 45% of Australia 

(Strahan, 1983; Choquenot et al., 1996; West, 2008) (Figure 1). It is thought that feral pigs are 

expanding in distribution (Cowled et al. 2009; Lewis et al., 2017) due to escapes from domestic 

production, slow natural dispersal (Caley, 1993) and illegal translocations for hunting resources 

(Spencer and Hampton, 2005). Feral pig populations can expand and contract in response to local 

environmental conditions, for example, recent rainfall can trigger rapid rates of increase through 

breeding (Giles, 1980).  

In general, feral pigs are constrained by food and thermoregulation over much of Australia. For 

example, when it is warm, they are found in vegetated areas, especially riparian vegetation, but 

distribution may be more driven by food availability in cooler areas or seasons (Dexter, 1998). 

Feral pigs also utilise pasture and crops for food (Dexter, 1998). Thus, in drier or warmer areas or 

times, feral pigs frequent swamps, floodplains, and large freshwater rivers with riparian vegetation 

where they reach their highest abundance after adequate rainfall. However, feral pigs are also 

found in many other habitats such as and subalpine areas, woodlands, and rainforests and even in 

some peri-urban areas.  

2.2.2 Abundance 

Estimates of the number of feral pigs in Australia have been refined over the decades (Tisdell, 

1982; Hone 1990; Wilson et al. 1992) and most recently by Hone (2019). Hone (2019) estimated 

nationally there are 3.2 million pigs (95% CI: 2.4-4 million) at a density of 1.03 pigs per km2, 

although densities of up to 20 pigs per km2 have been recorded (Dexter 1990). This estimate of 

total feral pigs in Australia is much lower than the previous estimate used by industry (13.5 million 

(95% CI 3.5-23.5 million) but is more accurate given the large number of studies (142) used to 

obtain the estimate. 

2.2.3 Ecology of relevance 

Some key aspects of feral pig ecology relevant to ASF modelling include movements of feral pigs 

(including after persecution), contact distances between groups of feral or wild boar, and the 

social structure of feral pigs.  

Feral pigs are largely sedentary, demonstrating small dispersal distances in general and no 

tendency to disperse from their home ranges (Caley, 1997). For example, over a multiyear study, 

boar recapture distances were 3.2 km and sow 1.8 km indicating that these were local movements 

of feral pigs within their home ranges (Caley, 1997). When feral pig movements and home ranges 

have been measured in the past during and after intensive persecution (trapping, monitoring and 

aerial shooting) they have shown no tendency to change movement patterns or to disperse, with 

collared pigs remaining in their home ranges (Saunders and Bryant 1988; Dexter 1996). Despite 

this, rare long-distance movements of feral pigs do occur likely over many months (Saunders and 

Bryant 1988; Caley, 1997). In addition, aerial surveys of pigs indicate that some pigs can hide 
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following inefficient aerial shooting, but not during well conducted aerial shooting (Choquenot et 

al., 1995). 

Feral pigs are largely structured across the landscape in female dominated groups of varying sizes, 

with some solitary males. However, feral pigs are highly sociable and home ranges can overlap, 

enabling contact and disease transmission between groups of feral pigs. Home ranges vary 

depending on available resources with larger ranges in areas of poor resources. Some of the larger 

yearly home ranges have been found to be up to 43 km2 for males (Giles, 1980) and 24 km2 for 

sows (Caley 1997), but most observations of home ranges have been smaller than this (Choquenot 

et al., 1996). However, the home ranges relevant for modelling an infectious disease are those 

associated with much smaller time intervals such as those that occur in daily home ranges, as 

these more closely reflect the incubation period of infectious diseases. Cowled et al. (2012) used a 

daily home range of 1 km2 for modelling of CSF, based on research by Caley (1993). Practically, the 

distance within which most feral pig groups contact one another are most relevant. Several 

authors have found that for wild boar and feral pigs, most intergroup contacts occur over 

distances of less than 2 km (Pepin et al., 2016; Podgorski et al., 2018) and modelled home ranges 

of 4 km2 (Scherer et al., 2020).  

2.2.4 Invasiveness of feral pigs and damage 

Feral pig populations can suffer high mortality rates (for example 90-100%) when local food 

resources are depleted by drought or other adverse seasonal conditions (Giles, 1980; Saunders, 

1988). However, in good seasons, for example, following plentiful rain, the instantaneous rate of 

increase due to reproduction can be very high (Giles, 1980; Caley, 1993) allowing rapid growth of 

feral pig populations. In addition, feral pigs have an omnivorous diet making them adaptable to a 

wide variety of habitats. These features enable feral pigs to persist and then expand rapidly in an 

area when conditions are favourable.  

Feral pigs in Australia cause a variety of agricultural damage resulting from disease transmission 

(for example, Brucella suis (Ridoutt et al., 2014)), predation of lambs (Plant et al., 1978; Pavlov and 

Hone 1982; Choquenot et al., 1997) and consumption of crops and pasture (Gentle et al., 2015). 

They also cause environmental damage such as predation of wildlife like turtles (Whytlaw et al., 

2013), habitat disturbance through rooting and wallowing (Hone, 2002) and competition with 

native species for food (Energy, 2017). Feral pigs have been estimated to cause more than A$152 

million damage per year in Australia (in 2020 terms) (McLeod, 2004).  

Wild boar or feral pigs have been integral in the epidemiology of transboundary diseases of pigs 

overseas including ASF, pseudorabies and classical swine fever (Artois et al., 2002; Corn et al., 

2004, Blome et al. 2020). Previous Australian studies (Pearson, 2012; Pearson et al., 2014; Pearson 

et al., 2016) and overseas studies (Wyckoff et al., 2009; Wu et al., 2012; Kukielka et al. 2013; Jori et 

al. 2017; Hayama et al. 2020) have demonstrated the potential for feral pigs to be close to 

commercial piggeries and have also estimated contact rates. Wild pigs are known reservoirs 

internationally for major swine diseases such as classical swine fever and African swine fever. It is 

possible for feral pigs to have direct contact with domestic pigs that have access to non-biosecure 

outdoor areas, or indirect contact via environmental contamination. Therefore, a key risk to 

Australian agriculture from feral pigs is their potential involvement in epidemics of transboundary 
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diseases such as ASF, if these diseases were to enter Australia. Feral pigs may transmit disease to 

domestic pigs and complicate disease eradication and proof of freedom surveillance. 

  

 

Figure 1. Estimated feral pig distribution and abundance (West, 2008) 

 

2.3 Decision support tools for African swine fever 
Hayes and colleagues (2021) present a systematic literature review of mechanistic models of ASF. 

Of the 24 publications reviewed, 16 describe modelling studies of ASF in domestic pigs, 7 describe 

modelling studies of ASF in wild boar, and only one looks at transmission crossover between 

domestic pigs and wild boar. This suggests there is a lack of decision support tools that can 

investigate the epidemiological interface between domestic and wild pigs. There are relatively few 

distinct ASF models, with just two models accounting for over half of the reviewed modelling 

studies. Models can be broadly classified as population-based, individual-based, or a hybrid blend 

of the population-based and individual-based approaches. 

An example of a population-based ASF model is Barongo and colleagues’ (2016) compartmental 

mathematical SEICD (susceptible – exposed – infectious – carrier – deceased) model. Control 

measures are simulated through simple dampening of the transmission rate. A limitation of 

population-based models such as this is the inability to consider spatial heterogeneities in 

transmission and control. 

An individual-based modelling approach was used by Costard and colleagues (2015) to investigate 

the transmission risk of farmers quickly selling animals in response to clinical signs of ASF, and by 

Nigsch and colleagues (2013) to investigate transmission during the high-risk silent spread phase 

of an outbreak. Whilst individual-based models can represent spatial heterogeneities they are 

dependent on the quality of the underlying data and tend not to scale well for large populations. 
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A hybrid model utilises a population-based approach to represent the spread of disease within a 

herd and an individual-based approach to represent the spread of disease between herds 

(Bradhurst et al., 2013). An example of a hybrid model is DADS-DTU_ASF (Halasa et al., 2016a) 

which represents within-herd spread with a SLSCR (susceptible – latent – subclinical – clinical – 

removed) state-transition sub-model that operates at both an animal and a herd level. Spread 

between herds is represented by contact-based direct and indirect spread pathways, and a spatial 

kernel-based local spread pathway. The within-herd infectious prevalence influences the 

probability of between-herd transmission. Herd-based hybrid models capture spatial 

heterogeneities and scale well with population size compared to animal-based individual level 

models (Bradhurst et al., 2016). 

The reviewed literature suggests that the transmission characteristics of an ASF outbreak will 

depend on a range of country-specific factors such as domestic pig movements, on-farm 

biosecurity measures, feral pig distribution and abundance, regional and seasonal influences on 

ASFV viability in feral pig carcasses and in the environment, domestic pig control measures, and 

feral pig control measures. The development of an ASF decision support tool tailored to Australian 

conditions will enable better preparedness planning for a potential incursion of ASF in Australia 

and help identify knowledge and data gaps. 
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3 CONCEPTUAL MODEL 

3.1 Representation of the domestic pig population 

3.1.1 Epidemiological unit of interest 

The AADIS epidemiological unit of interest for domestic pigs is the ‘herd’, defined as a group of co-

mingling pigs under the same production system. A herd has static attributes such as the type of 

production system, biosecurity rating, geolocation and jurisdiction, and dynamic attributes such as 

infection and disease status. As AADIS models at a national scale, in the interests of computational 

efficiency, a herd is represented spatially as a point with latitude and longitude coordinates (i.e., 

land area is not explicitly modelled). 

A central assumption in AADIS is that the domestic pig population in a study area can be 

categorised by ‘herd type’, such that key differences in production system characteristics and 

buying and selling patterns, can be satisfactorily captured. The stratification of the domestic pig 

population by herd type was driven by the granularity of available data on pig movements. AADIS 

allows a user to define custom herd types appropriate to the disease being modelled and the 

study area.  

An AADIS ‘farm’ is a collection of one or more co-located herds under the same management 

system. This organisational structure allows AADIS to represent the increased probability of 

disease transmission between herds that are co-resident on the same farm, due to the higher 

potential for direct contact and indirect contact via shared equipment and personnel. 

It would be possible to use the AADIS farm construct to represent a domestic pig farm and the 

AADIS herd construct to represent individual sheds on a farm. This would capture the multiscale 

nature of disease transmission on a pig farm whereby the spread of infection within a shed is 

typically higher than the spread of infection between sheds (Schultz et al., 2019). Unfortunately, 

this approach would require detailed shed-level data on pig farms which would be difficult to 

obtain for a large-scale multi-jurisdictional model. It was decided to represent domestic pig farms 

as herds with production system characteristics categorised by herd type. 

3.1.2 Herd types and herd dataset 

The herd types defined for the AADIS-ASF Queensland model (AADIS-ASF-QLD) are provided in 

Table 1 along with their occurrence in the Queensland herd dataset. 

Table 1. Herd types used in the AADIS-ASF-QLD model 

Herd type Description Number 

of herds 

Average 

herd size 

(pigs) 

Distribution 

of herd sizes 

 (min median 

max) 

Very large 

commercial 

1000+ sows kept indoors. APIQ1 accredited. Routine 

biosecurity practices and likely to have a secure (pig-

proof) perimeter fence. Multiple movements per week 

19 24,985 10,110 

 16,000 
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(VLC) to export and domestic processing plants. Vehicle 

washdown and decontamination between movements 

likely 

 105,000 

Medium to 

large 

commercial 

(MLC) 

151-1000 sows kept indoors. Usually APIQ accredited. 

Moderate biosecurity practices and possibility of 

secure perimeter fencing. Weekly pig movements to 

domestic and export processing plants using owned 

vehicles or contractor livestock transport. Possibility of 

vehicle washdown after movements but 

decontamination unlikely. 

50 4408 1800 

 4000 

10,000 

Small 

commercial 

(SC) 

51-150 sows housed indoors or outdoors. Generally, 

not APIQ-accredited. Low biosecurity practices with no 

secure perimeter fencing. Regular pig movements to 

domestic processing plants using owned vehicles. 

Generally, no vehicle washdown / decontamination. 

50 280 2 

203 

1114 

Specialist 

gene transfer 

(SGT) 

Specialist producers of boar semen. APIQ accredited. 

Routine biosecurity practices and likely to have a 

secure (pig-proof) perimeter fence. Vehicle washdown 

and decontamination between movements likely. 

2 730 260 

730 

1200 

Smallholder 

(SH) 

50 or less sows kept primarily for non-commercial or 

micro-scale commercial purposes. Not APIQ-

accredited. Low biosecurity practices and low 

awareness of biosecurity. No secure perimeter fencing. 

Occasional low-biosecurity movements to domestic 

abattoirs that are recorded under NLIS. 

309 50 1 

23 

400 

Pig keeper 

(PK) 

50 or less sows kept outdoors for non-commercial 

purposes. Not APIQ-accredited. Low biosecurity 

practices and low awareness of biosecurity. No secure 

perimeter fencing. Infrequent low-biosecurity 

movements. The key distinction between smallholders 

and pig keepers is that movements of live animals off 

smallholders are recorded under NLIS whereas 

movements off pig keepers are not. 

3587 7 1 

2 

500 

Qld totals  4191 192  

1APIQ – Australian Pork Industry Quality Assurance Program (www.apiq.com.au) 

3.1.3 On-farm biosecurity 

Prior to this project, the biosecurity characteristics of an AADIS herd were solely described by 

‘biosecurity weights’ defined per herd type. Biosecurity weights provide a means of dampening 

the probability of disease transmission into a herd via the local and indirect spread pathways, 

reflecting likely biosecurity measures in place based on the herd type (Bradhurst et al., 2015). It 
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was agreed that assigning biosecurity ratings based on herd type was not granular enough for the 

pig industry in Australia. For example, from a disease transmission point of view, it is important to 

be able to distinguish the biosecurity characteristics of a free-range small commercial farm from a 

small commercial farm where the pigs are permanently housed indoors. 

A new AADIS feature was developed that allows biosecurity characteristics to be defined on a per-

herd basis. A risk category attribute was added to the Herd database table that allows each herd 

to be scored in terms of risk factors for introduction of ASF. This includes production system, 

adopted biosecurity measures, quality assurance provisions, and access to outdoor areas (and thus 

risk of direct or indirect contacts with feral pigs or environmental contamination). The risk 

categories and mappings to biosecurity weights for the AADIS-ASF-QLD model are provided in 

Table 2. The risk category values for the Queensland pig herd dataset and the biosecurity weight 

mappings were derived through consultation with the Queensland Department of Agriculture and 

Fisheries (QDAF) and industry. An explanation of how biosecurity weights are used in the local, 

indirect, and feral pig spread pathways can be found in Section 3.3. 

Table 2. Risk categories and biosecurity weights used in the AADIS-ASF-QLD model and the 

occurrences per herd type [VLC=very large commercial, MLC=medium to large commercial, 

SC=small commercial, BS=specialist gene transfer, SH=smallholder, PK=pig keeper] 

 

Risk 

category 

 

Typical characteristics 

 

Biosecurity 

weight 

Number of herds per risk 

category per herd type 

VLC MLC SC SGT SH PK 

1 Poor biosecurity practices and low awareness of 

biosecurity. No secure perimeter fencing. Pigs 

may be kept outdoors. 

1.0 0 0 164 0 309 3587 

2 Low biosecurity practices with no secure 

perimeter fencing. Pigs may be housed indoors 

or outdoors. Movements using owned vehicle 

and generally no vehicle washdown or 

decontamination 

0.8 0 1 11 0 0 0 

         

3 Moderate biosecurity practices and possibility 

of secure perimeter fencing. Movement using 

owned vehicles or contractor livestock 

transport. Possibility of vehicle washdown after 

movements but decontamination unlikely 

0.4 2 39 39 1 0 0 

4 Routine biosecurity practices and likely to have 

a secure (pig-proof) perimeter fence. Vehicle 

washdown and decontamination between 

movements likely. 

0.15 17 10 10 1 0 0 
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3.2 Representation of the domestic pig study area 
For the purposes of capturing regional and seasonal heterogeneity in domestic pig production and 

marketing systems, AADIS partitions Australia into 12 regions (Table 3 and Figure 2). To further 

simplify the curation of the pig movement data required to drive the model, the regions are 

aggregated into four mega-regions (Figure 3). This allows, for example, a large-scale piggery in the 

north-east of Australia to have direct and indirect movement patterns that are quite distinct from 

a large-scale piggery in south-west Australia. The Queensland study area spans five regions (Far 

North, Lower North, Arid Zone, Tropical NE Coast, Central Qld NW NSW) and two mega-regions 

(Pastoral and North-East). 

Table 3. Regions and mega-regions used by the AADIS-ASF model 

Region ID Region name Mega-region ID Mega-region name 

1 Far north 1 Pastoral (PL) 

2 Lower north 1 Pastoral 

3 Arid zone 1 Pastoral 

4 Barkley Tableland 1 Pastoral 

5 Tropical North-East Coast 2 North-east (NE) 

6 Central QLD North-West NSW 2 North-east 

7 New England 2 North-east 

8 Temperate South-East Coast 3 South-east (SE) 

9 Temperate slopes & plains 3 South-east 

10 Mediterranean 3 South-east 

11 Tasmania 3 South-east 

12 South-West WA 4 South-west (SW) 
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Figure 2. Regions used by the AADIS-ASF model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Mega-regions used by the AADIS-ASF model 
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3.3 Transmission of ASF within a domestic pig farm 
AADIS considers a herd to be homogeneous and 'well-mixed' from a disease transmission point of 

view, i.e., all members of a herd are biologically equivalent and equally likely to contract a disease 

(Keeling and Rohani, 2008). A consequence of the decision to represent domestic pig farms as 

AADIS herds (Section 3.1.1) is that the spread of infection within a farm is modelled according to 

typical housing arrangements per herd type. 

AADIS employs a deterministic SEIRDC (susceptible, exposed, infectious, recovered, deceased, 

clinical) compartmental equation-based model (EBM) to represent within-herd spread of the 

disease under study (Figure 4). The SEIRDC EBM can be thought of as comprising an SEIRD 

infection model (where exposed animals become infectious and then either recover or die), and a 

parallel SEC disease model (where exposed animals go on to either develop clinical disease or are 

asymptomatic). This approach is simple mathematically and is agnostic as to whether the latent 

period is less than the incubation period (i.e., there may be presymptomatic infectious animals), or 

whether the latent period is greater than or equal to the incubation period. The Exposed (E) and 

Infectious (I) compartments influence the progression of infection in a population. It is assumed 

that carcasses would be removed promptly from a domestic pig farm and the Deceased 

compartment (D) does not play an ongoing role in transmission (i.e., βD = 0). The Clinical (C) and 

Deceased (D) compartments inform passive detection and surveillance of infection. The EBM 

assumes that there will be no surviving long-term carriers of ASFV that pose an ongoing risk of 

transmission (Stahl et al., 2019). 

Each infected herd has a system of ordinary differential equations (ODEs) customised for the herd 

type, herd size and ASFV strain. AADIS simplifies herd size by assuming that inflows (births and 

transfers in) are equivalent to outflows (non-ASF related deaths and transfers out). When a 

susceptible herd becomes infected the ODE system is solved numerically to yield the SEIRDC 

compartmental counts over time. The EBM generates curves predicting the infected, infectious, 

and clinical prevalence of the infected herd (Figure 5). This approach is computationally efficient 

as the solution remains in place up until an external asynchronous event such as destruction acts 

upon the EBM.  

In this project, AADIS-ASF was parameterised for the Georgia 2007/1 (genotype II) strain of ASF. 

This is a more virulent strain that is considered highly relevant to Australia given its circulation in 

Asia (Borca et al., 2020; Blome et al., 2020) and the frequent movements of goods and people 

between Australia and Asia. Details of the preliminary EBM parameterisation for the Georgia 

2007/1 strain are provided in Appendix A. 
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Figure 4. Within-herd SEIRDC model employed by AADIS-ASF 

 

 

 

 

 

 

 

Figure 5. Example prevalence curves generated by the AADIS-ASF within-herd EBM 

 

where  

S = number of animals in the herd that are susceptible 

E = number of latently infected animals in the herd 

I = number of infectious animals in the herd 

R = number of recovered animals in the herd 

N = total number of animals in the herd (= S + E + I + R) 

D = number of animals in the herd that have died from the disease 

C = number of animals in the herd with clinical signs 

βI = transmission rate (I to S) ( average contact rate × transmission probability) 

σ = infectiousness progression rate (1/σ = average duration of the latent period) 

γ = recovery rate (1/γ = average duration of the infectious period) 

m = average probability of ASF-related mortality 

ɷ = loss of immunity rate (1/ɷ = average duration of the immunity period) 

c = proportion of cases showing clinical signs 

λ = clinical disease rate (1/λ = average duration of the incubation period) 

φ = clinical recovery rate (1/φ = average duration of the clinical period) 

βD = carcass transmission rate (average contact rate × transmission probability) 

ε = carcass decay rate (1/ ε = average duration of carcass infectious period) 
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3.4 Transmission of ASF between domestic pig farms 
The AADIS modelling platform employs a stochastic and spatially-explicit agent-based model 

(ABM) to represent the spread of disease between herds (Bradhurst 2015; Bradhurst et al., 2015; 

2016). The levels of infected and infectious prevalence predicted by a herd’s EBM inform the 

likelihood that disease will spread between herds. AADIS provides two techniques for spreading 

disease between herds: 

• Data-driven spread pathways: local spread, direct spread between farms, direct spread via 

saleyards, indirect spread, and airborne spread. These spread pathways capture detailed 

spatiotemporal heterogeneity but require detailed parameterisation and are dependent 

on the availability and quality of the underlying data.  

• Analytical spread pathways: jump and diffusion. These pathways represent short-range 

local dispersal and ad-hoc longer-range jumps of infection. They are coarser than the data-

driven pathways but much simpler to parameterise and can be useful when there is 

inadequate data available to drive explicit spread pathways. 

Each spread pathway has a stochastic algorithm that determines on any given simulation day 

whether disease transfers from infectious herds to susceptible herds (Bradhurst, 2015). AADIS-ASF 

makes use of the data-driven spread pathways. 

3.4.1 Local Spread 

Local spread is a catch-all pathway for very short-range transmission of disease from an infected 

herd to neighbouring susceptible herds when the exact spread mechanism may not be known 

(Sanson, 1994). Local spread might arise from a variety of transmission mechanisms such as: 

• direct contacts via unregistered animal movements, the straying of stock, or animals 

mingling at fences 

• indirect contacts via vehicles, people, surface runoff, insects/rodents/birds, or sharing of 

equipment between neighbours 

• short-range aerosol spread 

The risk of local spread of ASF between domestic pig farms is not well understood in Australia. 

Local spread may be less important for ASF as there is no expectation of airborne transmission 

between farms (Guinat et al., 2016a; Guinat et al., 2016b; Olesen et al., 2017; Animal Health 

Australia, 2020). Further, large-scale pig production systems that are predominantly indoors with 

strict biosecurity measures in place will be less conducive to local spread than free-ranging 

production systems that are common with cattle and sheep. Simulation modelling can be useful in 

the face of uncertainty as it provides a means for gauging the importance of specific spread 

pathways to the overall outbreak. Local spread has been explicitly represented in European ASF 

modelling studies (Halasa et al., 2016a; Mur et al., 2017; Halasa et al., 2018; Andraud et al., 2019) 

and CSF modelling studies (Boklund et al., 2009; Yadav et al., 2013). In each study, local spread 

was implemented as a spatial risk kernel operating inside a fixed radius (1 to 2 km) of each 

infected property. 
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Local spread in AADIS-ASF is implemented as a spatial kernel that aggregates indirect spread 

mechanisms (only) inside a circular area enclosing each infected herd. A default local spread radius 

of 3 km was chosen to reflect the generally lower farm densities in Australia than Europe. The 

indirect spread pathway does not operate inside the local spread area to avoid double counting of 

transmissions. All susceptible herds inside a local spread area are deemed at-risk on each 

simulation day. The probability of transmission is influenced by the distance between an infected 

herd and a susceptible herd; infectivity of the infected herd; susceptibility of the at-risk herd; 

biosecurity measures in place at the at-risk premises; and seasonal variations in the ability of the 

virus to remain viable in the environment (Equation 1). 

          pi = Pb  p(t)  Wi  Ws  Wb  Wx  w(d)  Wn    (Equation 1)   

  

where 

          pi = probability that the local contact results in an infection 

          Pb = baseline probability that a local contact between farms results in infection 

        p(t) = normalised infectious prevalence of the source herd at time t 

          Wi = infectivity weight of the source herd  

          Ws = susceptibility weight of the destination herd 

          Wb = biosecurity weight of the destination herd (depends on herd type) 

          Wx = seasonal weight (depends on mega-region) 

          w(d) = distance weight  

          Wn = detection weight (reflecting that local spread may organically dampen once 

                   an outbreak has been declared due to an increased awareness of risk, 

                   decreased movements of people and vehicles, etc.) 

The distance weight w(d) can be configured to decay linearly (Equation 2) or exponentially 

(Equation 3).  

w(d) = 1 – (d / R) (linear decay)   (Equation 2) 

        w(d) = e (C * d / R)  (exponential decay)  (Equation 3) 

where 

          d = distance from the source herd to the destination herd (km) 

          R = diffusion radius (user configurable, default 3 km) 

          C = decay constant (user configurable, default -3.4539) 

Local spread can also occur between herds that are co-resident on the same holding. In this case 

the baseline probability of transmission Pb is increased to reflect the higher potential for indirect 

contacts between herds managed on the same holding.  

Tildesley and colleagues (2012), found that a non-linear relationship between herd size and 

infectivity/susceptibility better described data from the 2001 UK FMD outbreak than a linear 

relationship. EuFMDiS provides user-configurable power law parameters Pi and Ps that specify the 

level of influence that herd size has on infectivity and susceptibility. Infectivity weights depend on 

herd size and are scaled across the herd population (Equation 4). The infectivity powers Pi allow 
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tuning of the effect of herd size on infectivity (0 ≤ Pi ≤ 1, where a value of 0 specifies no effect and 

a value of 1 specifies a linear relationship).  

 Wi = nPi / population_median(nPi)  (Equation 4) 

where  

Wi = infectivity weight 

n = herd size 

Pi
 = infectivity power (default = 0.3) 

Susceptibility weights also depend on herd size and are scaled across the herd population 

(Equation 5). The susceptibility powers Ps allow tuning of the effect of herd size on susceptibility (0 

≤ Ps ≤ 1, where a value of 0 specifies no effect and a value of 1 specifies a linear relationship). 

 Ws = nPs / population_median(nPs)  (Equation 5) 

where 

 Ws = susceptibility weight 

 n = herd size 

 Ps = susceptibility power (default = 0.3) 

When a susceptible herd becomes infected, an EBM is created and solved with initial conditions 

based on the estimated number of exposed animals in the destination herd and the size of the 

destination herd. 

The AADIS local spread pathway and parameters are described in Bradhurst 2015 and Bradhurst et 

al., 2015. The parameterisation of the local spread pathway for AADIS-ASF is provided in Appendix 

B.  

3.4.2 Indirect Spread 

The frequency, distance and destination premises of indirect contacts are determined 

stochastically, taking into account production system and regional and seasonal patterns. Whilst it 

is possible to implement separate spread pathways for specific types of indirect contacts, the lack 

of relevant data warrants a simpler approach. AADIS-ASF provides a single aggregative category of 

indirect contacts with a specified average (baseline) probability of transmission. The user can 

parameterise this to represent different risk profiles. If a herd is exposed to an indirect contact, 

the probability of transmission depends on the infectious prevalence of the source herd, the 

relative infectiousness of the source herd (based on herd size), environmental conditions that 

influence virus viability, biosecurity practices in place in at-risk premises, and relative susceptibility 

of the exposed herd (based on herd size) (Equation 6). 

 pi = Pb p(t) Wi Ws Wb Wx     (Equation 6) 

where 

pi = probability that a specific indirect contact results in infection 

Pb = baseline probability that an indirect contact results in infection 
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p(t) = normalised infectious prevalence of the infectious herd at time t 

Wi = infectivity weight of the source herd (per local spread) 

Ws = susceptibility weight of the exposed herd (per local spread) 

Wb = biosecurity weight of the exposed herd 

Wx = seasonal weight 

The AADIS indirect spread pathway and parameters are described in Bradhurst 2015 and 

Bradhurst et al., 2015. The parameterisation of the indirect spread pathway for AADIS-ASF is 

provided in Appendix B.  

3.4.3 Direct Spread 

Prior to this project, the AADIS direct spread pathway was purely stochastic. The timing of direct 

movements and the destination and size of consignment were driven by probability-contact 

matrices and distance distributions, stratified by herd type, mega-region, and season (Bradhurst et 

al., 2015). It was determined that a stochastic approach was not appropriate for the Australian pig 

industry where commercial animal movements are typically more directed and predictable, for 

example routine transfers between sites of a vertically integrated operation and periodic 

consignments for specific domestic pork markets. 

The direct spread pathway was augmented with the option of replaying historical movements of 

pigs (as recorded in Australia’s National Livestock Information System (NLIS). This provides much 

more realistic estimations of the direct transmission of infection between farms and between 

farms and saleyards. Transmission depends on the prevalence of infection in the source herd and 

the consignment size. When a susceptible herd becomes infected an EBM is created and solved 

with initial conditions based on the proportion of infectious and exposed animals in the 

consignment, and the size of the destination herd. 

Movements from infected farms to abattoirs are logged but no further spread occurs, i.e., they are 

considered 'dead-ends' with respect to disease transmission, although they are important 

locations from which ASF might be first reported. Further movement data would be required to 

include abattoirs as sources of infection for onward spread of ASFV. 

Saleyards have the potential to greatly amplify an outbreak prior to the disease being recognised 

and controls implemented (Gibbens et al., 2001). The transmission of disease is facilitated by the 

stresses of transit and handling, large numbers of susceptible animals, and the mixing and 

partitioning of stock into consignments. Further, outgoing consignments can potentially carry 

infection to multiple widely dispersed locations. At a saleyard, animals from different sources may 

be mixed and sorted such that a single infected consignment entering a saleyard may contribute to 

multiple infected consignments leaving the saleyard. The destination of each infected 

consignment leaving the saleyard (another farm or an abattoir) is determined via historical NLIS 

movement data. Infection is transmitted from infected consignments to destination herds with a 

force relative to the viral load in the consignment. Note that the likelihood of ASF transmission via 

saleyards will be relatively low in Australia given the very minor role that saleyards play in the pig 

industry (Hassall and Associates, 2007; East et al., 2014). 
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3.4.4 Vector-borne spread 

It is unclear whether soft ticks in Australia could act as a reservoir of ASFV and contribute to 

spread (Section 2.1.2.3) and tick vector-borne spread pathway was not included in the AADIS-ASF 

model. However, if competent tick vectors of ASF are identified in Australia, then the model could 

be revised during subsequent research and development activities.  

3.4.5 Feral pig spread 

If ASF was to enter the feral pig population it would be possible for infection to spillover into 

domestic pig farms via direct or indirect transmission. This pathway is described separately in 

Section 3.10. Conversely, if ASF was to enter the domestic pig population it would be possible. for 

infection to spillover into the feral pig population via direct or indirect transmission. This pathway 

is described separately in Section 3.19. 

3.4.6 Airborne Spread 

Airborne spread is not a recognised feature of ASF transmission and as such the airborne spread 

pathway is disabled for AADIS-ASF. It can easily be enabled in the future if required. Details of the 

implementation can be found in Bradhurst et al., 2015. 

3.5 Surveillance, detection, and control of ASF in domestic pigs 
Australia’s response strategy to an outbreak of ASF is outlined in the AUSVETPLAN Response 

Strategy for ASF (Animal Health Australia, 2020). The default ASF response is to control and 

eradicate ASF in the shortest time possible to regain ASF-free status, whilst minimising 

socioeconomic impacts. Response activities would be consistent with World Organisation for 

Animal Health (OIE) guidelines and include implementation of declared areas; movement controls 

in declared areas; tracing and surveillance to determine the source and extent of infection; 

valuation, destruction, and disposal of pigs on infected premises and potentially high-risk pigs; 

decontamination of infected premises; animal welfare management; and potentially zoning 

and/or compartmentalisation (Animal Health Australia, 2020). 

The AADIS-ASF simulated control measures are consistent with the approaches described in the 

AUSVETPLAN Response Strategy for ASF v5.1 (Animal Health Australia, 2020). The key simulated 

control measures are biosecurity and movement controls, surveillance, tracing, and infected 

premises operations (valuation, destruction, disposal, and decontamination). Control measures 

are configured and resourced per jurisdiction. Selected preliminary parameterisation of AADIS-ASF 

control measures is provided in Appendix C. 

3.5.1 Detection of the index case 

The control and eradication phase of an outbreak commences after the declaration of the index 

case i.e., the first declared infected premises (IP). The day of first detection is either determined 

stochastically (using pre-configured probabilities of reporting by herd type, and clinical 

prevalence), or occurs on a fixed day at a specific or randomly selected farm.  
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3.5.2 Movement Controls 

Declared areas are established around each IP to control the movement of pigs, pig products, and 

other material. The declared areas are defined and enforced per-jurisdiction, and may be 

designated areas (local administrative area, entire jurisdiction), or radius-based per IP. There are 

three declared areas: restricted areas (RAs) that enclose IPs, DCPs and as many SPs, TPs and DCPFs 

as practicable; control areas (CAs) that enclose RAs; and infected areas (IAs) that are defined when 

ASF is found in feral pigs. RAs have a higher level of control than CAs. AADIS-ASF models the 

imposition of declared areas in a staged manner. Larger declared areas are enforced at the start of 

an outbreak. As the control program progresses, the dimensions of the declared areas are 

amended according to jurisdictional preferences. Jurisdictional declared areas are clipped to fall 

within the jurisdiction boundaries of the subject IP. When IPs are clustered a meta-IA (if 

applicable), meta-RA and meta-CA are formed from the union of the constituent RAs and CAs. 

3.5.3 Tracing 

Tracing is the identification of movements onto and off IPs, DCPs and DCPFs to ascertain where 

infection may have come from or gone to. Tracing includes animals, products, equipment, 

vehicles, and people. Traced premises may be true cases (and thus infected), or false (not 

infected). AADIS-ASF can readily identify true traces by following infection chains during a 

simulation, allowing for variable tracing effectiveness by herd type and pathway (direct contact 

versus indirect contact), and tracing duration. False forward traces are obtained by applying the 

direct and indirect spread pathways to a premises of interest within the forward tracing window. 

False backward traces are obtained by reversing the direct and indirect spread pathways over the 

backwards tracing window (i.e., modelling movements onto the premises of interest). This 

approach results in a set of plausible false traces to premises (of a suitable type and location) that 

could well have been sources or destinations of movements of concern. Each false trace triggers a 

surveillance visit that utilises resources but does not progress the control program. The inclusion 

of false traces adds realism to AADIS-ASF simulations. 

3.5.4 Surveillance 

Surveillance is the process by which new infections are identified and declared. During an ASF 

outbreak, surveillance is used to detect new outbreaks, define the extent and source of infection, 

and demonstrate freedom in uninfected areas. In turn this will provide data to inform risk analyses 

and selection of appropriate control measures. 

Premises that require visits by surveillance teams are identified through tracing, active inspection 

of premises within declared areas, reporting of suspect premise and epidemiological analyses. 

Diagnostic samples are taken and tested when needed. AADIS-ASF maintains a resource-

constrained dynamic queue of premises awaiting a surveillance visit. Surveillance visits are 

prioritised according to a configurable scheme that considers premises classification, declared area 

and herd type. If multiple premises have the same priority, then arbitration is based on how long a 

premises has been waiting for a visit. The visit duration (based on herd type), visit frequency 

(based on priority), and overall surveillance period are configurable.  
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AADIS-ASF allows for the reporting of suspect cases on an ad hoc basis by pig owners/inspectors, 

or others. AADIS-ASF commences suspect case reporting the day after the first IP has been 

declared and allows for both true positive and false positive reports. False positive reports identify 

herds that are exhibiting consistent clinical signs but are not actually infected with ASF. True 

positive reports are generated stochastically based on an infected herd's clinical prevalence, the 

probability of reporting and the expected time to report. The latter two parameters are defined 

per herd-type in the AADIS-ASF configuration data. The number of false positive reports generated 

is proportional to an n-day (default n=3), moving average number of true positive reports. The 

modelling of both true and false reports facilitates more realistic modelling of surveillance as 

resources are consumed regardless of whether a surveillance visit yields a positive assessment or 

not. AADIS-ASF also models routine active surveillance of at-risk premises (ARPs) within RAs. All 

farms within a designated distance of IPs are subject to a configurable inspection schedule 

(number and frequency of visits). 

3.5.5 IP Operations 

IP Operations are the valuation, destruction (‘stamping out’) and disposal of animals, and 

decontamination of premises. Stamping out of IPs is the default policy for controlling an outbreak 

of ASF as it is considered the fastest way to reduce viral excretions, limit environmental 

contamination and dampen spread. AADIS-ASF also provides the option of ring culling farms within 

a configurable distance of each IP, and pre-emptive culling of farms that are deemed high risk 

because of a traced direct contact with an IP. 

All IP operations are prioritised based on the reason for destruction (stamping out takes 

precedence over ring culling and preemptive culling), herd type, herd size, proximity to an IP, and 

(in the case of ring culling and preemptive culling) distance to the nearest IP. The times required 

for a farm to undergo destruction, disposal and decontamination are defined by herd type in the 

AADIS-ASF configuration data.  

3.5.6 Vaccination 

A vaccine for ASF is not currently commercially available (Arias et al., 2017; Sánchez-Cordón et al., 

2018; Yoo et al., 2020; Borca et al., 2020), and as such the AADIS-ASF vaccination component is 

disabled. However, when a vaccine becomes available it will be relatively straightforward to 

enable and configure vaccination in the AADIS-ASF model. 

3.5.7 Post-outbreak surveillance 

Disease models often stop simulating once an outbreak has been controlled i.e., all infected herds 

have been found and the control program has concluded. However, from a disease manager’s 

perspective, additional surveillance must be undertaken to support the regaining of disease-free 

status. It can be challenging for a disease manager to decide when the final IP of an outbreak has 

been declared and processed, and post-outbreak surveillance should commence. AADIS represents 

this with a user-defined rolling countdown timer (e.g., 30 days) that starts whenever a new IP is 

declared and processed. If the countdown timer expires then the outbreak is assumed over, and 

post-outbreak surveillance activities commence.  
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Post-outbreak surveillance is conducted in terms of 'clusters' that represent discrete areas around 

previously declared infection (IPs and IAs). Post-outbreak surveillance is carried out independently 

in each cluster to provide statistical support for proof-of-freedom. A user-defined sampling regime 

determines the number of herds to test within a cluster, and the number of animals to test within 

a selected herd, to achieve statistical confidence that residual infection would be detected. For 

example, a 95:5 sampling regime implies that sufficient herds are randomly tested in a cluster to 

achieve 95% confidence that a residual infected prevalence of at least 5% would be detected 

(Cannon and Roe, 1982; Cannon, 2001).  

Testing regimes are defined in terms of test pairs [screening, confirmatory] that depend on herd 

type. Tests may be a clinical, serological, or virological, and are defined in terms of sensitivity, 

specificity, cost, throughput, and pooling rate (Bradhurst et al., 2021). The latter allows for the 

incorporation of pooled tests such as salivary ropes in domestic pigs. AADIS-ASF reports the 

number of true/false positives and true/false negatives, and the duration and cost of the post-

outbreak surveillance program. 

3.5.8 Resourcing 

The resources required to manage an emergency animal disease outbreak include personnel (e.g., 

veterinarians, animal health officers, control centre staff), equipment (e.g., vehicles), facilities 

(e.g., laboratories) and consumables (e.g., vaccine (when available and used), disinfectant, 

laboratory diagnostic reagents). Some aspects of disease control and eradication are resource-

intensive, and the lack of resources can severely hamper the response to an outbreak (Roche et 

al., 2014).  

AADIS-ASF models the resources required for key operational activities: surveillance, destruction, 

disposal, decontamination, and vaccination (when vaccines are available and used). An AADIS-ASF 

‘resource’ is abstract in that it can represent whatever is required to complete a specific task. For 

example, the resource required to conduct a surveillance visit might be a veterinarian, an 

assistant, sampling equipment, personal protective equipment, decontamination equipment, and 

a vehicle. As jurisdictions are responsible for emergency animal disease management, resources 

are allocated per jurisdiction, and organised into ‘pools’ (i.e., each jurisdiction has five resource 

pools, one for each key operational activity). 

When a field operation is scheduled, a resource is requested from the relevant pool of the 

jurisdiction. If a resource is available, then it is ‘borrowed’ from the pool and the field operation 

commences. If a resource is not available, then the field operation is queued until such time as a 

resource becomes available. Once a field operation has completed, the resource is ‘returned’ to 

the pool. 

It is anticipated that resource levels ramp up over time, so initially the pools are small and increase 

in a linear manner up to a maximum size. The starting point, duration of the ramp-up and 

maximum pool size are defined in the AADIS-ASF configuration data, by resource type and by 

jurisdiction. AADIS-ASF tracks the availability and allocation of resources to provide immediate 

feedback as to whether/where the control program is resource constrained.  
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Resource pools can be configured to be ‘unlimited’ in which case requested resources are always 

immediately granted. In this mode the resourcing profile of an outbreak is a model output, rather 

than a constraint on the efficacy of the control program. 

3.5.9 Outbreak costs 

AADIS-ASF keeps track of control costs (control centres, field operations, compensation, vaccine 

(when available and used), loss of trade), post-outbreak management costs (control centres, field 

operations, compensation), and loss of trade (estimated simply from the number of days from the 

declaration of the index case through to the end of the mandatory OIE waiting period). 

3.6 Representation of the feral pig population 
Options for modelling a feral pig population include: 

• An individual-based approach whereby the presence and movements of matriarchal family 

groups (sounders) and solitary boars are represented explicitly in time and space. This 

approach requires detailed ecological and environmental knowledge and data and is 

usually suited to smaller scale studies (Cowled et al., 2012; Leslie et al., 2014; Ward et al., 

2015; Toger et al., 2018; Croft et al., 2020).  

• A raster approach whereby an environment is represented as a lattice in which cells have 

individual densities/counts/probabilities of feral pigs. This approach greatly simplifies the 

underlying ecological mechanisms but scales well computationally for larger-scale 

modelling of habitat suitability and species distribution (Cowled et al., 2009; Froese et al., 

2017; Lewis et al., 2017; Pittiglio et al., 2018; Gentle et al., 2019). Examples of animal 

disease models that have represented feral populations with raster data include Doran & 

Laffan, 2005; Milne et al., 2008; Ward et al., 2009; Lange et al., 2012. 

As AADIS is a national-scale model that focuses on epidemiological processes and transmission risk 

(rather than ecological processes), it was decided to represent the feral pig population with a 

raster approach. Representing sounders and solitary boars as individual agents on a national scale 

would have resulted in a prohibitively high additional number of epidemiological units in the 

model. 

The AADIS modelling framework employs an individual-based modelling approach for livestock 

diseases (Bradhurst et al., 2013, 2015, 2020b) and a geographic automaton modelling approach 

for agricultural and environmental pests (Torrens & Benenson, 2005; Laffan et al., 2007; Bradhurst 

et al., 2020a). The AADIS-ASF model fuses these two approaches into a single model where agents 

can be point-based herds of domestic pigs or cell-based groups of feral pigs. 

3.6.1 Distribution and abundance 

An AADIS wildlife study area is represented by a grid delineated by lines of latitude and longitude. 

Each cell in the grid has environmental attributes such as elevation, average weekly temperature, 

annual rainfall, human population density, vegetation index, land use category, average weekly 

wind speed, etc. Each environmental attribute corresponds to a ‘layer’ of ascii raster data. Layers 
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can be purely spatial (such as elevation) or spatiotemporal (e.g., average weekly temperature) 

(Bradhurst et al., 2020a). 

The grid extent and cell dimensions are user configurable and facilitate regional studies (inside a 

localised grid) up to large-scale studies (inside a national grid). The choice of cell size largely 

depends on the pest/pathogen being modelled, the extent of the study area, and the granularity 

of the relevant environmental data. A large cell size will not capture within-cell spatial 

heterogeneities in vegetation, land use, elevation, temperature, etc. A small cell size captures 

spatial heterogeneities (data granularity permitting) but comes with a computational overhead for 

large grids. It is advisable to restrict the total number of grid cells to under 1,048,576 so that the 

raster data input CSV file (which is indexed row-major order on cell ID), can be opened by a 

standard desktop spreadsheet program.  

A cell size of 2 km x 2 km is employed in the AADIS-ASF wildlife raster to reflect the observation 

that sounders may interact with other sounders within 2 km but are unlikely to interact with other 

sounders 4-6 km away (Pepin et al., 2016; Podgórski et al., 2018). Any AADIS grid cell can have a 

feral pig count attribute that varies over time. The periodicity of the population counts is 

configurable and for AADIS-ASF is set to monthly over a 12-month period. This means that each 

cell has 12 ‘time slices’ reflecting monthly changes in population count and the 12th time slice 

wraps back to the 1st time slice. The time slices are visualised as ‘time-normalised’ meaning the 

counts are normalised relative to the maximum count for that cell over time (Figure 6). 

 

Figure 6. Population time slices for a cell over an 18-month timeframe 

3.6.2 Regional and seasonal heterogeneity 

For the purposes of capturing regional and seasonal heterogeneity in the feral pig population, 

AADIS partitions Australia into wildlife regions. The definition of the wildlife regions is flexible and 

is currently based on the Terrestrial Ecoregions described by the Department of Sustainability, 

Environment, Water, Population and Communities (2021) (Table 4 and Figure 7). This allows a 

range of feral pig ecology and disease transmission parameters to be defined per region and per 

season (Appendices D, E and F). 

Table 4. Wildlife regions used by the AADIS-ASF model (adapted from Department of 

Sustainability, Environment, Water, Population and Communities, 2021) 
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Region Name Description 

DES Deserts and xeric 

shrublands 

Annual rainfall varies greatly and generally is exceeded by 

evaporation. Temperature extremes are typical with searing daytime 

heat and cold nights due to limited insulation from humidity and 

cloud cover. 

MED Mediterranean forests, 

woodlands and shrubs 

Hot and dry summers, while winters tend to be cool and moist. 

MON Montane grasslands and 

shrublands 

High elevation (montane and alpine) grasslands and shrublands in 

south-eastern Australia including the Australian Alps and parts of 

Tasmania. 

TEF Temperate broadleaf 

and mixed forests 

Moderate climate and high rainfall that give rise to unique eucalyptus 

forests and open woodlands. 

TES Temperate grasslands, 

savannas and 

shrublands 

Cooler and wider annual temperatures than tropical grasslands. Much 

of this region has been converted to sheep rearing and wheat 

cropping, and only small fragments of the original eucalypt vegetation 

remains. 

TRS Tropical and subtropical 

grassland, savannas and 

shrublands 

Tropical areas with rainfall levels that do not support extensive tree 

cover. Examples are the Kimberley, Top End, and Cape York savannas. 

TRF Tropical and subtropical 

moist broadleaf forests 

Low variability in annual temperature and high levels of rainfall. 

Dominated by semi-evergreen and evergreen deciduous tree species. 

Australia has a small and scattered areas of this type of forest in 

Queensland and Norfolk Island. These forests are of particular 

interest for the high degree of endemism of their plant (many with 

ancient lineages) and animal species. 
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Figure 7. Wildlife regions used by the AADIS-ASF model (Department of Sustainability, 

Environment, Water, Population and Communities, 2021) 

3.6.3 Baseline Queensland feral pig population dataset 

The most recent high quality and nationally consistent data on feral pig distribution and 

abundance is described by West (2008). It is largely a compilation of previous state-based survey 

data, as well as surveys of institutional knowledge where data was absent (Woolnough, West et al. 

2004). Although the data is presented in a uniform 0.5x0.5 decimal degree national grid (equating 

to approximately 50x50 km cells), the original scale of the underlying source data varied from a 

5x5 km to 125x125 km grid cells which presents difficulties in the uniform use of the data. For 

example, resampling occurrence data from 125x125 km cells down to 5x5 km cells will lead to 

overestimation of the contiguity of the feral pig population. This in turn will lead to an 

overestimation of the potential role of feral pigs in the transmission of disease. 

The distribution and abundance data for Queensland feral pig population (Figure 8) was estimated 

using the West (2008) occurrence data taking into account regional studies on regional feral pig 

densities (Choquenot et al., 1996; Heise-Pavlov et al., 2003; Cowled et al., 2009), publicly available 

permanent water and vegetation data, and the wildlife regions defined in Section 3.6.2. If future 

studies on feral pig ecology in Australia produce better estimates of distribution and abundance, 

then it will be relatively easy to update the AADIS-ASF baseline feral pig raster data layer.  
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Figure 8. Screenshot of the AADIS-ASF-QLD model illustrating the baseline feral pig distribution 

and abundance data layer, wildlife regions, and commercial pig farm locations 

3.6.4 Monthly feral pig population estimates 

The baseline feral pig population layer was transformed into monthly layers by taking into account 

relative changes in the abundance of the feral pig population driven by regional and seasonal 

influences on mortality and births (e.g., rainfall, land use). The took the form of per-cell multipliers 

(Table 5) that were largely informed by instantaneous rates of increase observed by Giles (1980), 

Saunders (1993), Caley (1993), Dexter (1998) and Gentle et al. (2019). The resulting 12 data layers 

were used to populate the time slices described in Section 3.6.1. Note that the process of deriving 

the 12 monthly data layers of feral pig counts from the baseline layer is done offline when 

populating the Postgres relational database. When the model starts up, the 12 layers are read 

from the Postgres relational database into the in-memory relational database (Bradhurst, 2015). 

Table 5. Multipliers used to convert the baseline feral pig population into monthly counts 

Region Area Dec  Jan Feb Ma

r 

Apr May Jun Jul Aug Sep Oct Nov 

Summer Autumn Winter Spring 

MED South 0.8 1.0 1.0 1.0 1.0 0.9 0.8 0.7 0.6 0.6 0.6 0.7 

TEF South 0.8 1.0 1.0 1.0 1.0 0.9 0.8 0.7 0.6 0.6 0.6 0.7 
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DES Centre 0.8 1.0 1.0 1.0 0.9 0.8 0.7 0.6 0.6 0.7 0.7 0.7 

MON Centre 0.8 1.0 1.0 1.0 0.9 0.8 0.7 0.6 0.6 0.7 0.7 0.7 

TES Centre 0.8 1.0 1.0 1.0 0.9 0.8 0.7 0.6 0.6 0.7 0.7 0.7 

  Wet Dry Wet 

TRS North 0.6

5 

0.7 0.8 0.9 1.0 1.1 1.1 1.0 1.0 1.0 0.6 0.6 

TRF North 0.6

5 

0.7 0.8 0.9 1.0 1.1 1.1 1.0 1.0 1.0 0.6 0.6 

 

3.6.5 Statistical summary of the feral pig dataset 

The number of cells in each wildlife region that are deemed to have a feral pig population are 

summarised in Table 6. The modelled area of Queensland (i.e., the sum of the terrestrial cells) is 

1.845 million km2 and this aligns well with the reported figure of 1.853 million km2. The modelled 

occurrence of feral pigs in Queensland is 779,480 km2 or 42% of the land area. 

Table 6. Statistical summary of modelled feral pig distribution by wildlife region 

Wildlife 

region 

Part of 

Qld 

Number 

of cells 

Area (km2) Populated 

cells 

Populated 

cells (%) 

Populated 

area (km2) 

TRS North 290,283 1,161,132 158,390 55% 633,560 

TRF North 8,220 32,880 4,289 52% 17,156 

DES Central 86,503 346,012 4,252 5% 17,008 

TES South 54,443 217,772 23,118 42% 92,472 

TRF South 8,220 32,880 4,289 52% 17,156 

Total All 461,258 1,845,032 194,870 42% 779,480 

Note that Figure 8 and Table 6 are presenting the modelled occurrence of feral pigs in Queensland, 

not habitat suitability, which will be considerable broader. 

Figure 9 illustrates the modelled feral pig population in Queensland ranges from a minimum of 1.3 

million from October to November, up to a maximum of 2.3 million in May. The number of feral 

pigs is dominated by the heavily populated TRS wildlife region in the tropical north of the state 

(Figure 8). This is consistent with West et al., 2008 and Gentle et al., 2019. 
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Figure 9. Modelled feral pig population in Queensland by wildlife region by month 

Figure 10 illustrates the average number of feral pigs per cell, per month, by wildlife region 

(populated cells only). Figure 11 illustrates the 95th percentile number of feral pigs per cell per 

month, by wildlife region (populated cells only). The modelled population density ranges from 1.3 

pigs km2 in southern Qld up to 6.25 pigs km2 in northern Qld are consistent with Twigg et al. 

(2005), Gentle & Pople (2013), Hone et al. (2019) and Gentle et al. (2019). Within-cell populations 

(representing sounders) range in size from 5 to 25 which is consistent with Choquenot et al. 

(1996), Twigg et al. (2005) and Cowled et al. (2012). 

 

Figure 10. Average number of feral pigs per populated 4 km2 cell per month, by wildlife region. 
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Figure 11. 95th percentile number of feral pigs per populated 4 km2 cell per month, by wildlife 

region. 

3.7 Transmission of ASF within a group of feral pigs 
AADIS considers the feral pigs in a cell to be homogeneous and 'well-mixed' from a disease 

transmission point of view (Keeling and Rohani, 2008), i.e., all members of a cell are biologically 

equivalent and equally likely to contract ASF. In other words, the population of a cell is deemed to 

be a familial sounder. The same ODE system that models the within-herd spread of ASF is used to 

model the within-cell spread of ASF in feral pigs (Figure 12). A key difference to the domestic pig 

model is that infectious carcasses are allowed to pose a transmission risk to susceptible feral pigs. 

The D compartment represents not only the number of infectious carcasses in the cell but also the 

level of residual infectiousness of the environment near the carcass (Probst et al., 2017; Probst et 

al., 2019; Chenais et al., 2019; Probst et al., 2020). Carcasses remain infectious in the environment 

for a configurable period (1/ε), during which time they have the potential to infect susceptible 

feral pigs at a transmission rate of βd. The approach is adapted from an Ebola model described by 

Weitz and Dushoff (2015). βd and (1/ε) are configurable by region and by season as environmental 

conditions (heat, humidity, and precipitation) will influence carcass decomposition and virus 

viability (Probst et al., 2020). The EBM assumes that there will be no ‘healthy’ long-term carriers of 

ASFV that pose an ongoing risk of transmission (Stahl et al., 2019). Although recent research has 

demonstrated a carrier state (Eblé et al., 2019), this was only for historical and moderately virulent 

European isolates that are not associated with the current pandemic. 

The parameterisation of the within-cell EBM is provided in Appendix D. 
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Figure 12. Within-cell SEIRDC model employed by AADIS-ASF 

 

 

where  

S = number of animals in the cell that are susceptible 

E = number of latently infected animals in the cell 

I = number of infectious animals in the cell 

R = number of recovered animals in the cell 

N = total number of animals in the cell (= S + E + I + R) 

D = number of animals in the cell that have died from the disease 

C = number of animals in the cell with clinical signs 

βI = transmission rate (I to S) ( average contact rate × transmission probability) 

σ = infectiousness progression rate (1/σ = average duration of the latent period) 

γ = recovery rate (1/γ = average duration of the infectious period) 

m = average probability of ASF-related mortality 

ɷ = loss of immunity rate (1/ɷ = average duration of the immunity period) 

c = proportion of cases showing clinical signs 

λ = clinical disease rate (1/λ = average duration of the incubation period) 

φ = clinical recovery rate (1/φ = average duration of the clinical period) 

βD = carcass transmission rate (average contact rate × transmission probability) 

ε = carcass decay rate (1/ ε = average duration of carcass infectious period) 
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Figure 13. Example prevalence curves generated by the AADIS-ASF within-cell EBM 

3.8 Transmission of ASF between groups of feral pigs 

3.8.1 Short-range diffusive spread 

Although feral pigs are quite sedentary and in general stay within their home range (Saunders and 

Kay, 1996; Caley 1997; Saunders and McLeod, 1999; Truvé & Lemel, 2003; Mitchell et al., 2009; 

Podgórski et al., 2018), home ranges can overlap resulting in the possibility of direct and indirect 

contact between animals in adjoining groups. This could occur, for example, from shared 

food/water resources, roaming solitary males, female sounders occupying overlapping home 

ranges, or a home range expanding due to diminished resources. In the context of a geographic 

automata this equates to the risk that infectious animals in one cell (referred to as the ‘infectious 

cell’), might occasionally have direct or indirect contact with susceptible animals in neighbouring 

cells (referred to as ‘susceptible cells’). If a contact occurs with a susceptible cell it is referred to as 

an ‘exposed cell’. The set of neighbouring cells can be defined radially (i.e., all cells whose centroid 

lies within a configured radius Rr (km) of the centroid of the infectious cell), or as a Moore 

neighbourhood (of range Rm). 

The short-range diffusive spread of ASF between groups of feral pigs is modelled with a contact 

rate approach where the probability of transmission from an infectious cell to specific susceptible 

cells is dictated by a daily likelihood of a direct/indirect contact, in conjunction with a probability 

that the contact was effective. The number of daily contacts that a subject cell has with 

neighbouring cells is determined by sampling a Poisson distribution. This can, for example, be 

informed by studies on the number of direct/indirect contacts a matriarchal group might be 

expected to have with a nearby matriarchal group (Pepin et al., 2016; Podgórski et al., 2018). 

Whenever a contact is generated for an infectious cell, a candidate exposed cell is chosen from the 

set of neighbouring cells. The choice can be random or influenced by characteristics of the 

neighbouring cells (most suitable habitat or most populated). The probability that the contact is 

effective (i.e., results in the transmission of infection), is given by Equation 7.  

Pd = Pb di(t) p(t) ds(t) Wx      (Equation 7) 

where 
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pd = probability of transmission between an infectious cell and a neighbouring exposed cell 

Pb = average probability that a contact is effective (defined per region) 

di(t) = normalised population density of the infectious cell on day t 

p(t) = normalised infectious prevalence (including carcasses) of the infectious cell on day t 

ds(t) = normalised population density of the exposed cell on day t 

Wx = seasonal weight (reflecting how varying environmental conditions influence virus 

viability, defined per month, per region) 

The parameterisation of the between-cell diffusive spread pathway is provided in Appendix E. 

3.8.2 Longer-range sporadic spread 

It is possible for feral pigs to have longer range direct or indirect contact with other feral pigs 

through sporadic infrequent anthropogenic events such as hunters inadvertently transferring 

fomites or even purposely relocating animals (Spencer and Hampton, 2005; Chenais et al., 2017; 

Chenais et al., 2019). It is also possible for feral pigs (usually boars) to occasionally roam longer 

distances (Andrzejewski & Jezierski, 1978; Caley, 1997; Saunders & Bryant, 1988; Truvé & Lemel, 

2003). In the context of a geographic automata spread model, this equates to the risk of an 

infectious cell having effective direct or indirect contacts with distant susceptible cells.  

Longer range transmission of ASF between groups of feral pigs is modelled with a contact rate 

approach where the probability of transmission from an infectious cell to distant susceptible cells 

is dictated by a daily likelihood of a ‘jump’ contact, in conjunction with a probability that the 

contact was effective. The number of daily jump contacts that a subject cell has with non-adjoining 

cells is determined by sampling a Poisson distribution. Whenever a jump contact is generated for 

an infectious cell, a catchment area of candidate exposed cells is chosen by sampling distance and 

bearing distributions. An exposed cell is chosen from the catchment area either randomly or 

influenced by characteristics of the candidate cells (most suitable habitat or most populated). The 

frequency and distance of jumps might be informed by observations of unexpected satellite 

outbreaks during an actual outbreak (Schulz et al., 2019). The probability that the contact is 

effective is given by Equation 8.  

Pj = Pb di(t) p(t) ds(t) Wx      (Equation 8) 

where 

pj = probability of transmission between an infectious cell and a non-adjoining exposed cell 

Pb = average probability that a contact is effective (defined per region) 

di(t) = normalised population density of the infectious cell on day t 

p(t) = normalised infectious prevalence (including carcasses) of the infectious cell on day t 

ds(t) = normalised population density of the exposed cell on day t 

Wx = seasonal weight (reflecting how varying environmental conditions influence virus 

viability, defined per month, per region) 

The parameters for the between-cell jump spread pathway are provided in Appendix E. Note, 

however, that this pathway was disabled for the simulations undertaken for this project as there 

was no data to support parameterisation. 
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3.9 Transmission of ASF from domestic pigs to feral pigs 

Infectious domestic pigs can potentially transmit contagious diseases to feral pigs through direct 

contacts (e.g., interacting at shared water sources or boundary fences) and indirect contacts (e.g., 

infectious material such as effluent or other farm waste conveyed into feral pig habitat) (Guinat et 

al., 2016b). The likelihood of transmission will depend on:  

• the prevalence of ASF on the pig farm 

• the population density of nearby feral pigs 

• the opportunity for direct contact between feral and domestic pigs (e.g., indoor 

production systems vs free-range production systems) 

• the opportunity for infectious material to be conveyed outside a farm by natural 

means, e.g., via insects or wild birds/rodents interacting with effluent ponds 

• the opportunity for infectious material to be conveyed outside a farm by humans 

(influenced by the biosecurity practices in place on the pig farm) 

• seasonal influences on virus viability in the environment 

The potential transmission of ASF from domestic pigs to feral pigs is modelled with a spatial kernel 

approach where all susceptible cells, whose centroid lies within a specified range Rr (km) of an 

infectious herd are deemed at-risk on any given day. 

The daily probability of ASF transmission from an infectious source herd to a particular at-risk 

susceptible cell is given by Equation 9. 

Pt = Pdf p(t) ds(t) Wb Wi w(d) Wx     (Equation 9) 

where  

pt = daily probability of transmission between an infectious herd and an at-risk cell 

Pdf = average daily probability of transmission between an infectious herd and an at-risk 

cell (per region) 

p(t) = normalised infectious prevalence of the infectious herd on day t 

ds(t) = normalised population density of the at-risk cell on day t 

Wb = biosecurity weight of the herd (depends on herd type) 

Wi = infectivity weight of the herd (depends on herd type and herd size) 

w(d) = distance weight 

Wx = seasonal weight (environmental influence on virus viability, per month, per region) 

The distance weight w(d) decays over the spatial kernel radius Rr to reflect how the likelihood of 

transmission decreases as the distance increases between an infectious herd and a susceptible 

cell. The model provides a choice of tailorable decay profiles (linear, exponential, Gaussian or 

Hayama) that are illustrated in Figure 14. Hayama (2020) aggregates all risk factors into the kernel 

to generate probabilities of transmission in space. AADIS simply uses the w(d) kernel to shape the 

decay of the probability of transmission in space. 
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Figure 14. Examples of distance weight profiles over a 5 km (spatial kernel radial) distance 

A susceptible cell can be at risk of infection from multiple infectious herds concurrently (due to 

overlapping spatial kernel risk areas). The parameterisation of the domestic pig to feral pig spread 

pathway is provided in Appendix F. 

3.10 Transmission of ASF from feral pigs to domestic pigs 

Infectious feral pigs can potentially transmit ASF to domestic pigs through direct contacts (e.g., 

interacting at shared water sources or boundary fences) and indirect contacts (e.g., infectious 

material conveyed from feral pig habitat into a pig farm) (Guinat et al., 2016b). The likelihood of 

transmission will depend on:  

• the prevalence of ASF (including carcasses) of the feral pigs 

• the population density of feral pigs near at-risk herds 

• the opportunity for direct contact between feral and domestic pigs (e.g., indoor 

production systems vs free-range production systems) 

• the opportunity for infectious material to be conveyed into a farm by natural means 

(e.g., via insects or wild birds/rodents) 

• the opportunity for infectious material to be conveyed into a farm by humans 

(influenced by the biosecurity practices in place on the pig farm) 

• seasonal influences on virus viability in the environment 

The potential transmission of ASF from feral pigs to domestic pigs is modelled with a spatial kernel 

approach where all susceptible herds within a specified range Rfd of the centroids of infectious 

cells are deemed at risk on any given day. The daily probability of ASF transmission from an 

infectious cell to an at-risk susceptible herd is given by Equation 10. 

Pt = Pdf p(t) ds(t) Wb Wi w(d) Wx     (Equation 10) 
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where  

pt = daily probability of transmission between an infectious herd and a nearby at-risk cell 

Pfd = average daily probability of transmission between an infectious herd and a nearby at-

risk cell (per region) 

p(t) = normalised infectious prevalence (including carcasses) of the infectious cell on day t 

ds(t) = normalised population density of the infectious cell on day t 

Wb = biosecurity weight of the at-risk herd (depends on herd type) 

Wi = susceptibility weight of the at-risk herd (depends on herd type and herd size) 

w(d) = distance weight 

Wx = seasonal weight (environmental influence on virus viability, per month, per region) 

The distance weight w(d) decays over the spatial kernel radius reflecting how the probability of 

transmission decreases as the distance increases between an infectious cell and a susceptible 

herd. The model provides a choice of tailorable decay profiles (linear, exponential, Gaussian or 

Hayama) that are illustrated in Figure 14. The parameterisation of the feral pig to domestic pig 

spread pathway is provided in Appendix F. 

3.11  Surveillance, detection, and control of ASF in feral pigs 

3.11.1 Passive surveillance 

The feral pig passive surveillance component is preliminary and will be revisited during a follow-on 

project. Passive surveillance is a background process that constantly scans the set of cells that 

have infected live animals or carcasses to assess the likelihood that ASF is detected by an 

‘observer’. Observers are people that may encounter feral pigs or carcasses during their regular 

activities. Examples include hunters, landowners, national park rangers, state forest workers, fly-in 

fly-out mine workers, hikers, etc. The intensity (or degree) of observation is approximated by a 

raster data layer that can consider such things as human population density, land use, hunting 

activity, accessibility, etc. In the AADIS-ASF-QLD model this is currently proxied by the human 

population density data layer and will be refined during future work. The accuracy of the observer 

is characterised by sensitivity (likelihood of a true positive) and specificity (likelihood of a true 

negative). The likelihood of a passive surveillance detection depends on the feral pig population 

density in the cell, the ASF prevalence within the cell’s feral pig population and the intensity, 

sensitivity, and specificity of the observer. The daily probability of a true positive detection on day 

t is given by Equation 11. 

 ptp(t) = 1 – e[-d(t) p(t) In  Se]      (Equation 11) 

where  

d(t) = feral pig population density on day t (space normalised) 

p(t) = ASF infected prevalence (including carcasses) on day t 

In = intensity of observers in the cell 
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Se = sensitivity of the observer (defined separately for managed cells vs unmanaged cells. 

A managed cell is any cell that is undergoing, or has undergone, active surveillance or a 

control action) 

 

Figure 15. Probability of passive surveillance detection over a range of observer intensities for a 

cell with average infectious prevalence and observer sensitivity = 0.25 

A true/false positive detection triggers the formation of a treatment area (Section 3.11.2), a 

control action inside the treatment area and active surveillance around the treatment  area. The 

first passive detection may be stochastic (per Equation 11), fixed on a specified day, or fixed on a 

specified day and in a specified cell. The parameterisation of the feral pig passive surveillance 

component is provided in Appendix G. 

3.11.2 Control 

A feral pig ‘treatment area’ is formed when an ASF detection is made in a feral pig population or 

(optionally) when a detection is made in the domestic pig population (i.e., an IP is declared). A 

treatment area is an annulus with inner radius T1 and outer radius T2 (km) relative to the location 

of the detection (i.e., either the IP location or the centroid of the cell in which the detection was 

made). 
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Figure 16. Feral pig treatment and surveillance areas  

Control actions are conducted in each cell whose centroid lies inside a control area and are 

configurable in terms of duration, cost, periodicity, and effectiveness. The only control action 

currently implemented in AADIS-ASF is the removal of a proportion of the feral pig population 

(‘thinning’) to reduce the risk for ongoing transmission both within the feral pig population and 

into the domestic pig population (O’Neill et al., 2020). This includes destroying live pigs and the 

removal of carcasses and is represented by evenly reducing the SEIRD compartmental counts. The 

effectiveness of control (i.e., the resultant population knockdown) is configurable, but the actual 

method of thinning is not specified (e.g., ground baiting, ground shooting, aerial baiting, helicopter 

shooting, etc.). Control actions are costed and dynamically constrained by available resources 

(Section 3.11.5). The completion of control actions inside a control area triggers post-control 

surveillance. The parameterisation of the feral pig control component is provided in Appendix G. 

There is a concern that actively reducing the feral pig population during an ASF outbreak may in 

fact accelerate transmission as hunting and pest control measures may cause infected animals to 

disperse (EFSA, 2014b; Animal Health Australia, 2020). However, this may be debatable in an 

Australian context. The only local studies to examine the issue (Saunders and Bryant 1988; Dexter, 

1996) demonstrated no dispersal of collared feral pigs despite significant persecution (capture and 

collaring, monitoring and aerial shooting most of the population). In fact, only one pig was known 

to disperse from both studies, and this was detected sometime after the control program and 

therefore may not have been associated with control.  

3.11.3 Active surveillance 

A feral pig ‘surveillance area’ is formed when an ASF detection is made in a feral pig population or 

(optionally) when a detection is made in the domestic pig population (i.e., an IP is declared). A 

surveillance area is an annulus with inner radius S1 and outer radius S2 (km) relative to the 

location of the detection (i.e., either the IP location or the centroid of the cell in which the 

detection was made) (Figure 16). 
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Surveillance is carried out in each cell whose centroid lies inside a feral pig surveillance area. The 

user configures the duration, cost, and periodicity of surveillance. 

The likelihood of a detection depends on the feral pig population density in the cell, the ASF 

prevalence within the cell’s feral pig population and the intensity, sensitivity, and specificity of the 

observer. The probability of a true positive detection on day t is given by Equation 12. 

 ptp(t) = 1 – e[-d(t) p(t) In  Se]      (Equation 12) 

where  

p(t) = ASF infected prevalence (including carcasses) on day t 

In = intensity of observers in the cell 

Se = sensitivity of the observer (defined separately for managed cells vs unmanaged cells.  

The probability of a false positive detection is given by Equation 13. 

  pfp = 1 – Sp
      (Equation 13) 

where  

Sp = specificity of the observer  

 

 

Figure 17. Probability of active surveillance detection over a range of observer intensities for a cell 

with average infectious prevalence and observer sensitivity = 0.98 

A true/false positive detection triggers the formation of a treatment area around the new 

detection and further surveillance outside the new treatment area to delimit the extent of 

infection. Surveillance actions are costed and dynamically constrained by available resources 

(Section 3.11.5). The parameterisation of the feral pig active surveillance component is provided in 

Appendix G. Note that as part of future work, active surveillance may be split into two distinct 

processes: searching for carcasses and surveillance via sampling of live feral pigs. 
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3.11.4 Post-control surveillance 

Post-control surveillance in support of proof of freedom is triggered inside a feral pig treatment 

area (Figure 16) once all control actions have completed. The user configures the duration, cost, 

and periodicity of post-control surveillance. 

The likelihood of a detection depends on the feral pig population density in the cell, the ASF 

prevalence within the cell’s feral pig population and the intensity, sensitivity, and specificity of the 

observer. The probability of a true positive detection on day t is given by Equation 14. 

 ptp(t) = 1 – e[-d(t) p(t) In  Se]      (Equation 14) 

where  

p(t) = ASF infected prevalence (including carcasses) on day t 

In = intensity of observers in the cell 

Se = sensitivity of the observer 

The probability of a false positive detection is given by Equation 15. 

  pfp = 1 – Sp
      (Equation 15) 

where  

Sp = specificity of the observer  

A true/false positive detection triggers re-treatment plus active delimiting surveillance around the 

treatment area. Post-control surveillance actions are costed and dynamically constrained by 

available resources (Section 3.11.5). The parameterisation of the feral pig post-control surveillance 

component is provided in Appendix G. 

3.11.5 Resourcing 

All feral pig surveillance and control actions are configured in terms of the required resources. An 

AADIS ‘resource’ is a collection of whatever is required to complete the action. For example, the 

resources required to conduct a ground baiting control action might be personnel, traps, bait, and 

a vehicle. 

Resources are maintained in dynamic pools. A surveillance or control action can only occur if the 

required resource can be ‘borrowed’ from the pool, otherwise the action is queued until resources 

become available. Once an action has completed the resource is ‘returned’ to the pool. The 

capacity of resource pools can be configured to ramp up over time. Resourcing can operate in two 

modes: 

• limited: control actions that can’t be resourced are queued and control is constrained 

• unlimited: resources are always granted upon request and resourcing levels become a 

model output rather than an input 
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3.12  Feral pig population dynamics 
Any cell that has feral pigs present has a population model that predicts the within-cell abundance 

over time (Figure 6). If the feral pigs become infected with ASF then the cell also acquires an 

infection model (Figure 12). A potential conflict arises between the two models as they both seek 

to influence the cell population size – the population model via the monthly time slices and the 

infection model via ASF mortality. The conflict is resolved by allowing the population model to 

determine the population size when the cell is not infected and allowing the infection model to 

determine the population size while the cell is impacted by ASF. 

Once a cell is free of ASF (in both living and deceased animals) the population model regains 

control and allows the population to recover over time. The recovery profile is specified with a 

logistic growth equation with configurable recovery period, lag, and gradient. At the end of the 

period the population is once again determined by the population model time slices. An example 

of a population recovery is provided in Figure 18. The parameterisation is provided in Appendix D. 

 

 

Figure 18. A cell the day before infection (top) and the day after infection (bottom) illustrating the 

population being knocked down and then recovering over time 
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4 IMPLEMENTATION HIGHLIGHTS 
AADIS is an agent-based epidemiological modelling framework where agents have embedded 

equation-based models (representing the spread of a pathogen within the agent) and interact in a 

highly concurrent spatially explicit environment (Bradhurst, 2015). AADIS facilitates the modelling 

of contagious livestock disease (Bradhurst et al., 2015), insect vector-borne livestock disease 

(Kompas et al., 2018; Al-Riyami, 2021), transboundary livestock disease (Bradhurst et al., 2021b), 

plant and environmental pests (Bradhurst et al., 2021a), and human disease (Geard et al., 2021).  

Over the course of this project, the framework was expanded to accommodate the modelling of 

contagious disease in a wild population and the epidemiological interface between livestock and a 

wild population. From the (generalised) AADIS framework perspective, the term ‘wildlife’ is used 

to refer to any wild population and could refer to feral pigs, insect vectors, tramp ants, etc. From 

the specific AADIS-ASF-QLD perspective the wild population is specifically feral pigs. 

4.1 Agent-based model 
The agent-based model subsystem was expanded with: 

- new wildlife (cell-based) agents that can have both a population model and an infection 

model 

- new wildlife jump and diffusion spread pathways, each operating concurrently on 

dedicated Java threads 

- new wildlife passive surveillance, active surveillance, control, and post-control surveillance 

components, all operating concurrently on dedicated Java threads 

- new dynamic resource pools for the wildlife surveillance and control components 

- a new ‘directed’ option for the direct spread pathway that allows direct contacts between 

farms and saleyards to be either stochastically derived (via the legacy algorithm) or driven 

by the replay of historical NLIS movements 

4.2 Equation-based model 
The within-agent SEIR infection model (ODE system) was expanded with:  

- a new D (deceased) compartment (representing the number of infectious carcasses as 

driven by the configured case fatality rate) 

- a new relationship between the D and S (susceptible) compartments (representing the 

transmission risk to susceptible feral pigs from infectious carcasses and their surrounding 

contaminated environment) 

- a new D compartment decay rate (representing the predation and decomposition of 

infectious carcasses over time until they (and their immediate environment) no longer 

pose a transmission risk. 
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4.3 Population model 
Prior to this project, the only cell-based population model available in the AADIS framework was 

logistic growth (with optional temperature-dependent growth rate) (Bradhurst 2021a). A new 

AADIS population model was created that allows population counts to vary stepwise per cell over 

a configurable time interval (i.e., time slices). The new population model also provides 

configurable population recovery (based on 5-parameter logistic growth) after knockdown or 

control. 

4.4 Graphical user interface 
The AADIS Graphical user interface subsystem was updated with 

- new visualisations layers for wildlife habitat suitability, wildlife regions, wildlife presence, 

wildlife outbreaks, wildlife infection networks, and wildlife surveillance and control 

- new dialogs for configuring wildlife presence, within-cell transmission, between-cell 

transmission via diffusion and jumps, transmission to and from domestic animals, 

surveillance, and control 

- new monitors for visualising wildlife outbreaks, wildlife surveillance and control, and the 

resourcing profile for wildlife surveillance and control 

- expansion of the cell popup to display habitat, region, population, infection attributes 

- expansion of the cell population popup to display infection status 

A selection of screenshots is provided in Appendix H. 

4.5 Database 
The AADIS relational database subsystem was expanded with four new tables: 

- directed_movements – historical NLIS movements to inform the risk of transmission via 

direct contacts  

- management_group – allowing linkages of herds based on shared 

management/owenership 

- wildlife_population – population counts per cell (time slices) 

- wildlife_region – key wildlife ecology and epidemiology parameters per wildlife region and 

in some cases per season 

4.6 Configuration 
The AADIS Configuration subsystem was expanded to allow the configuration of all new model 

parameters via the disease and scenario configuration files. 

4.7 Reporting 
The AADIS reporting subsystem was updated with a new wildlife summary report that writes a 

variety of model outcomes for wildlife disease transmission, surveillance, and control.  
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5 SENSITIVITY ANALYSIS 
Sensitivity analysis is a technique of systematically varying model parameters to gauge their 

relative influence on scenario outcomes. It is particularly useful for assessing the influence of 

parameters that are naturally variable, subject to chance, or uncertain due to inadequate data 

(Taylor, 2003). It is important that modellers and the users of models know how the quality of 

specific data influences model outcomes. This helps funnel effort into improving the quality of key 

data, in lieu of data that does not materially impact the model outputs (Green and Medley, 2002; 

Taylor, 2003). The identification of parameters that strongly influence scenario outcomes is also 

useful from an epidemiological perspective, and can then inform planning and preparedness 

activities, such as a cost benefit analysis of proactive surveillance. 

5.1 The influence of regionality and seasonality on feral pig outbreaks 

5.1.1 Method 

The spread and control of ASF in domestic pigs was disabled. Diffusive spread of ASF in feral pigs 

was enabled and jump spread was disabled. ASF was seeded in each of the wildlife regions in cells 

with an average-sized feral pig population and a large feral pig population (relative to the region 

and the season). The model was allowed to run for a maximum of 720 days or until ASF had faded 

out. Each scenario was repeated 100 times for both summer and winter. 

5.1.2 Results 

Descriptive statistics are provided in Table 7 for each of the Queensland wildlife regions. The 

outbreak duration, outbreak size, spread distance, and spread rate outcomes pertain only to those 

outbreaks that had secondary spread (beyond the seed cell). Boxplots are provided in Figure 19 for 

the outbreak duration size in winter and summer for the high-density seed cells. The boxplots 

depict the mean (x), median (line), interquartile range, and outliers. 

Table 7. The influence of regionality and seasonality on diffusive ASF spread in feral pigs 

Region 1 (DES) - Deserts & xeric shrublands 

  summer winter summer winter 

seed cell density (pigs/km2) 1.8 1.3 3.3 2.0 

seed cell relative density average average high high 

outbreaks faded-out 100% 100% 100% 100% 

outbreaks with secondary spread 21% 41% 42% 41% 

   duration mean[range] (days) 45[36-62] 49[41-68] 67[47-155] 57[42-80] 

   size mean[range] (km2) 9[4-16] 9[4-16] 13[4-20] 11[4-28] 

   spread distance mean[range] (km) 2[2-3] 3[2-6] 3[2-8] 3[2-6] 

   spread rate mean[range] (km/year) 19[12-28] 22[14-34] 19[10-42] 20[11-45] 

simulation time per outbreak (secs) 13.4 15.5 16.7 16.4 

 
       

Region 4 (TEF) - Temperate broadleaf & mixed forest) 

  summer winter summer winter 

seed cell density (pigs/km2) 1.8 1.3 3.5 2.5 

seed cell relative density average average high high 

outbreaks faded-out 100% 100% 100% 100% 

outbreaks with secondary spread 18% 37% 36% 50% 
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   duration mean[range] (days) 48[44-56] 152[151-153] 80[54-157] 169[154-191] 

   size mean[range] (km2) 9[4-12] 9[4-16] 11[4-20] 12[4-24] 

   spread distance mean[range] (km) 2[2-3] 3[2-5] 3[2-7] 3[2-7] 

   spread rate mean[range] (km/year) 19[12-24] 6[5-11] 14[9-22] 7[4-15] 

simulation time per outbreak (secs) 15.3 38.4 19.1 39.6 

 
       

Region 5 (TES) - Temperate grasslands, savannas & shrublands 

  summer winter summer winter 

seed cell density (pigs/km2) 1.8 1.3 3.3 2.0 

seed cell relative density average average high high 

outbreaks faded-out 100% 100% 100% 100% 

outbreaks with secondary spread 24% 35% 30% 49% 

   duration mean[range] (days) 44[36-58] 152[151-153] 66[47-169] 158[153-184] 

   size mean[range] (km2) 9[4-12] 2[1-4] 10[4-28] 11[4-24] 

   spread distance mean[range] (km) 3[2-3] 3[2-3] 3[2-4] 3[2-6] 

   spread rate mean[range] (km/year) 20[13-29] 6[5-7] 15[8-25] 7[4-13] 

simulation time per outbreak (secs) 13.3 37.6 15.6 39.3 

 
      

Region 6 (TRS) - Tropical & subtropical grasslands, savannas & shrublands 

  summer winter summer winter 

seed cell density (pigs/km2) 2.3 3.0 3.8 5.3 

seed cell relative density average average high high 

outbreaks faded-out 100% 100% 100% 100% 

outbreaks with secondary spread 27% 43% 39% 60% 

   duration mean[range] (days) 49[37-92] 86[49-154] 60[39-176] 105[52-179] 

   size mean[range] (km2) 11[4-24] 17[4-64] 13[4-56] 25[4-84] 

   spread distance mean[range] (km) 3[2-6] 4[2-11] 4[2-12] 5[2-12] 

   spread rate mean[range] (km/year) 23[14-34] 18[10-33] 23[12-42] 18[9-32] 

simulation time per outbreak (secs) 12.6 18.5 14.7 23.2 

      
     

Region 7 (TRF) - Tropical & subtropical moist broadleaf forests 

  summer winter summer winter 

seed cell density (pigs/km2) 2.3 3.0 3.8 5.3 

seed cell relative density average average high high 

outbreaks faded-out 100% 100% 100% 100% 

outbreaks with secondary spread 32% 34% 54% 56% 

   duration mean[range] (days) 43[33-72] 48[38-60] 86[43-184] 105[54-227] 

   size mean[range] (km2) 9[4-12] 9[4-24] 19[4-76] 25[4-80] 

   spread distance mean[range] (km) 3[2-5] 3[2-5] 4[2-15] 5[2-10] 

   spread rate mean[range] (km/year) 24[13-43] 21[11-29] 19[10-36] 17[7-33] 

simulation time per outbreak (secs) 13.7 15.0 19.1 23.1 
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Figure 19. Duration (days) and size (km2) of simulated outbreaks per season, per region 

5.1.3 Discussion 

The simulated outbreaks in the northern tropical regions (TRS and TRF) were larger than those in 

the southern temperate (TEF and TES) regions and the desert and xeric shrubland region (DES). 

This is consistent with the high numbers and density of feral pigs in tropical north Qld and the 

density-dependent nature of diffusive spread. Winter outbreaks in the tropical grasslands, 

savannas and shrublands region (TRS) were much larger, longer, and more likely to involve 

secondary spread than summer outbreaks. The distinction between summer and winter outbreaks 

was less pronounced in the tropical moist broadleaf forests region (TRF) than the TRS region. This 

is reasonable as tropical forests provide a more consistent habitat for feral pigs than tropical 

grasslands and savanna (which experience greater seasonal variations). Winter outbreaks in the 

southern temperate regions (TEF and TES) were longer, and more likely to involve secondary 

spread than summer outbreaks. This is consistent with the cooler temperatures of winter leading 

to slower decay carcass decay and increased residual infectiousness in the environment (Schulz et 

al., 2019). The size and duration of outbreaks in the DES region appeared to be driven more by 

feral pig population density than season. This could be an artifact of the narrow distribution and 

low numbers of feral pigs in the desert and xeric shrublands of central Queensland (Figure 8, Table 

6, Figure 9). 

Spread rates were generally higher in the high feral pig density temperate southern regions (TEF 

and TES) than the lower density southern temperate (TEF and TES) and central desert (DES) 
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regions. This is consistent with observations of ASF in wild boar in Europe (EFSA, 2020). Spread 

rates were higher in summer in the temperate southern regions (TEF and TES) and northern 

tropical regions (TRS and TRF). The spread rates in the central desert/xeric region (DES) were 

marginally higher in winter than summer. The overall median spread rate was 19 km/year. This is 

consistent with overseas estimates of the non-anthropogenic spread rate of ASF in wild boar of 8-

24 km/year (Śmietanka et al., 2016; EFSA, 2018a; Wozniakowski et al., 2021; Podgórski & 

Śmietanka, 2018; Taylor et al., 2020). 

5.2 The influence of population density on feral pig outbreaks 

5.2.1 Method 

A high-density feral pig population layer was loaded into the model with abundance estimates 

four-times that of the baseline population layer (Section 3.6.3). This raised the number of feral 

pigs in Queensland from approximately 2 million to approximately 9 million. The spread and 

control of ASF in domestic pigs was disabled. Diffusive spread of ASF in feral pigs was enabled and 

jump spread was disabled. ASF was seeded in each of the wildlife regions in cells with an average-

sized feral pig population and a large feral pig population (both relative to the high-density 

population layer). This resulted in ‘very high’ and ‘extreme’ feral pig densities relative to the 

‘average’ and ‘high’ densities of the baseline population layer. The model was allowed to run for a 

maximum of 720 days or until ASF had faded out in the feral population. 

5.2.2 Results 

Descriptive statistics are provided in Table 8 for each of the Queensland wildlife regions. The 

outbreak duration, outbreak size, spread distance, and spread rate outcomes pertain only to those 

outbreaks that had secondary spread (beyond the seed cell). Boxplots are provided in Figure 20 for 

the outbreak duration size in winter and summer for the high-density seed cells. Boxplots are 

provided in Figures 21-23 for the duration and size of outbreaks for selected regions by feral pig 

density. The boxplots depict the mean (x), median (line), interquartile range, and outliers. 

 

Table 8. The influence of high-range population density on diffusive ASF spread in feral pigs 

Region 1 (DES) - Deserts & xeric shrublands 

  summer winter summer winter 

seed cell density (pigs/km2) 7.5 4.5 14.3 8.8 

seed cell relative density very high very high extreme extreme 

outbreaks faded-out 100% 100% 100% 100% 

outbreaks with secondary spread 46% 55% 65% 81% 

   duration mean[range] (days) 117[59-289] 108[62-200] 150[68-371] 132[69-224] 

   size mean[range] (km2) 23[4-160] 22[4-72] 31[4-144] 27[4-100] 

   spread distance mean[range] (km) 5[2-13] 5[2-167] 5[2-16] 5[2-12] 

   spread rate mean[range] (km/year) 14[6-28] 17[8-35] 12[5-20] 13[6-26] 

simulation time per outbreak (secs) 27.1 27.9 33.5 36.4 

     
Region 4 (TEF) - Temperate broadleaf & mixed forest 

  summer winter summer winter 

seed cell density (pigs/km2) 7.8 5.5 14.8 8.4 
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seed cell relative density very high very high extreme extreme 

outbreaks faded-out 100% 100% 99% 100% 

outbreaks with secondary spread 45% 55% 70% 92% 

   duration mean[range] (days) 138[70-396] 228[212-274] 369[86-720] 300[271-323] 

   size mean[range] (km2) 15[4-88] 12[4-44] 77[4-160] 59[4-136] 

   spread distance mean[range] (km) 4[2-19] 3[2-9] 8[2-13] 8[2-18] 

   spread rate mean[range] (km/year) 10[4-17] 5[3-13] 8[3-16] 10[3-21] 

simulation time per outbreak (secs) 30.8 60.9 69.4 79.4 

     
Region 5 (TES) - Temperate grasslands, savannas & shrublands 

  summer winter summer winter 

seed cell density (pigs/km2) 7.5 4.5 14.0 8.5 

seed cell relative density very high very high extreme extreme 

outbreaks faded-out 100% 100% 89% 100% 

outbreaks with secondary spread 40% 65% 61% 92% 

   duration mean[range] (days) 140[60-432] 243[204-275] 342[73-720] 302[251-364] 

   size mean[range] (km2) 20[4-128] 23[4-96] 134[4-676] 69[4-188] 

   spread distance mean[range] (km) 4[2-20] 5[2-12] 10[2-31] 8[2-15] 

   spread rate mean[range] (km/year) 12[4-20] 7[3-16] 11[5-24] 9[2-17] 

simulation time per outbreak (secs) 27.7 61.7 59.1 78.1 

     
Region 6 (TRS) - Tropical & subtropical grasslands, savannas & shrublands 

  summer winter summer winter 

seed cell density (pigs/km2) 9.5 13.3 15.8 22.5 

seed cell relative density very high very high extreme extreme 

outbreaks faded-out 100% 100% 99% 100% 

outbreaks with secondary spread 58% 69% 50% 80% 

   duration mean[range] (days) 117[52-373] 142[69-261] 170[56-720] 157[79-249] 

   size mean[range] (km2) 22[4-144] 36[4-152] 40[4-240] 40[4-120] 

   spread distance mean[range] (km) 5[2-19] 7[2-17] 7[2-22] 7[2-14] 

   spread rate mean[range] (km/year) 15[8-29] 16[7-36] 15[7-26] 15[6-29] 

simulation time per outbreak (secs) 27.6 35.7 34.0 40.5 

     
Region 7 (TRF) - Tropical & subtropical moist broadleaf forests 

  summer winter summer winter 

seed cell density (pigs/km2) 9.5 13.5 15.8 22.5 

seed cell relative density very high very high extreme extreme 

outbreaks faded-out 100% 100% 100% 100% 

outbreaks with secondary spread 60% 46% 75% 66% 

   duration mean[range] (days) 96[54-354] 114[62-266] 187[69-471] 172[77-270] 

   size mean[range] (km2) 15[4-68] 21[4-128] 46[4-204] 41[4-188] 

   spread distance mean[range] (km) 4[2-14] 4[2-15] 7[2-18] 7[2-18] 

   spread rate mean[range] (km/year) 14[7-20] 14[6-32] 13[6-24] 14[6-25] 

simulation time per outbreak (secs) 25.5 28.5 43.9 40.4 
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Figure 20. Duration (days) and size (km2) of simulated outbreaks per season per region for the 

high-density feral pig population layer 

 

  



 

58 
Technical report for CEBRA project 20121501 

 

  

Figure 21. Duration (days) and size (km2) of simulated outbreaks in the DES region for varying feral 

pig densities 

 

  

  

Figure 22. Duration (days) and size (km2) of simulated outbreaks in the TEF region for varying feral 

pig densities 
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Figure 23. Duration and size of simulated outbreaks in the TRS region for varying feral pig densities 

5.2.3 Discussion 

The seasonal outbreak patterns observed for the high-density feral pig population layer were 

broadly similar to those observed for the baseline feral pig population layer (Section 5.1.1). Winter 

outbreaks in the northern tropical regions (TRS and TRF) and the southern temperate regions (TEF 

and TES) were generally longer, larger, and more likely to involve secondary spread than summer 

outbreaks (Table 8). As before, the distinction between summer and winter outbreaks was less 

pronounced in the central desert and xeric shrubland region (DES) and the tropical & subtropical 

moist broadleaf forests region (TRF). Summer outbreaks tended to exhibit more variability than 

winter outbreaks. 

For all regions, as feral pig density increases, so too does the likelihood of secondary spread, larger 

outbreaks, and longer outbreaks. For brevity, only the DES, TES and TRF regions are presented in 

Figures 20-23. 

Average spread rates ranged 5-16 km/year with a median of rate of 14 km/year. Although lower 

than the rates observed for the baseline feral pig population, it is still consistent with overseas 

estimates of the non-anthropogenic spread rate of ASF in wild boar of 8-24 km/year. 

As the feral pig density increased, so too did outbreak size and duration. These results indicate 

density-dependent transmission of ASF between sounders (Podgórski et al., 2020). The model may 
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thus be useful in assessing how targeted reductions in feral pig density may influence the risk of 

transmission in the domestic pig population (EFSA, 2018b). 

5.3 The influence of feral pig density, contact rates, and spillover 

transmission on domestic outbreaks 

5.3.1 Method 

ASF was introduced into a small commercial farm (ID=59, number of pigs=1200) in June near the 

town of Dalby, Queensland in region TRS. The feral pig population density and the probability of 

transmission between domestic and feral pigs was varied to gauge the impact on the size and 

duration of domestic outbreaks. Detection of ASF in the domestic pig population was fixed at day 

28, at which point the default ASF control measures were applied (Appendix C). The feral pig 

diffusion pathway was enabled, and the jump pathway was disabled. Feral pig surveillance and 

control was disabled. The scenarios were run until there were no more IPs or infected cells, up 

until a maximum scenario length of 365 days. Each scenario variant was run 100 times. 

Note that this scenario was crafted to always have secondary spread from the seed herd (and thus 

consistent outbreaks) by timing the introduction of ASF into the herd the day before a known 

scheduled direct movement of animals out of the herd. This was done to allow differential 

patterns arising from the systematic variation of feral pig densities, contact rates, and spillover 

transmission probabilities to be clearer.  

5.3.2 Results 

Table 9. The influence of feral pig population density, contact rates, and spillover transmission on 

the size and duration of outbreaks in domestic and feral pigs 

Feral 

pig 

density 

Spillover 

transmission 

probabilities 

Inter-

sounder 

contact 

rates 

Infected 

farms mean 

[range] 

Domestic 

outbreak 

length (days) 

mean[range] 

Feral outbreak 

size (km2) 

mean[range] 

Feral 

outbreak 

length (days) 

mean[range] 

Feral  

fade 

out 

(%) 

zero 0 default6 15[7-30] 79[69-107] 0 0 100 

default1 default3 default6 18[8-39] 89[70-116] 29[0-80] 155[122-183] 100 

default1 medium4 default6 30[12-68] 102[79-148] 125[48-344] 172[149-210] 100 

default1 high5 default6 52[22-114] 116[84-211] 243[92-596] 176[145-189] 100 

high2 default3 default6 25[8-43] 125[69-247] 50[0-116] 265[126-336] 100 

high2 medium4 default6 46[23-92] 158[92-365] 196[88-404] 293[268-365] 98 

high2 high5 default6 68[18-161] 169[98-351] 351[96-796] 301[272-365] 95 

high2 high5 medium7 83[46-174] 211[115-365] 525[232-1056] 310[270-365] 87 

high2 high5 high8 96[48-277] 271[129-365] 873[356-2324] 335[287-365] 47 
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1default feral pig population (approx. 2M total in Qld) 
2high feral pig population (approx. 9M total in Qld) 
3default spillover transmission probabilities (0.025, 0.05) 
4medium-high spillover transmission probabilities (0.05, 0.1) 
5high spillover transmission probabilities (0.075, 0.15) 
6default inter-sounder contact rates (Appendix E) 
7medium-high inter-sounder contact rates (Appendix E x 2) 
8high inter-sounder contact rates (Appendix E x 3) 

 

 

  

  

Figure 24. The influence of feral pig population density and spillover transmission probabilities on 

the size and duration of outbreaks in domestic and feral pigs 
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Figure 25. The influence of spillover transmission probabilities on the sources of infection in 

domestic and feral outbreaks 

5.3.3 Discussion 

There is a clear signal in this scenario that the density of feral pigs, the level of direct/indirect 

contact between feral pigs, and the level of direct/indirect contact between domestic and feral 

pigs (proxied by spillover transmission probabilities), strongly influenced the size and duration of 

ASF outbreaks in domestic pigs. In the baseline case of no feral pig involvement, the domestic 

outbreaks involved on average 15 farms and lasted 79 days. Outbreaks worsened significantly as 

feral pig density, spillover transmission probability, and feral pig contact rates increased, ramping 

up to an average of 96 infected farms over a duration of 271 days. Perhaps more importantly, 

domestic outbreaks became more variable (i.e., unpredictable) with increases in feral pig density, 

contact between feral pig groups, and contact between domestic and feral pigs. The influence of 

feral pigs would probably increase even further in a region such as TEF which has longer periods of 

carcass infectiousness and/or the inclusion of feral pig anthropogenic transmission jumps. 

The size and duration of feral outbreaks of ASF were also highly sensitive to feral pig density, the 

level of direct/indirect contact between domestic and feral pigs, and the contact rate between 

sounders. The default values for feral pig density, spillover transmission probabilities, and inter-

sounder contact rates lead to outbreaks in feral pigs spanning 29 km2, lasting 155 days and 100% 

fade-out. Outbreaks worsened significantly as feral pig density, spillover transmission probability, 

and feral pig contact rates increased, ramping up to an average of 873 km2, an average duration of 

355 days, and only 47% fade-out.  

Figure 26 is a screenshot of AADIS-ASF-QLD configured with high feral pig densities, high spillover 

transmission probabilities, and high inter-sounder contact rates. The bottom left-hand corner of 

the screen depicts four discrete domestic outbreaks that have arisen through recurring spillover 

events. The bottom centre of the screen shows that the feral pig outbreak is still well established 

at the end of the simulation on day 365 and is in fact ramping up again.  

This scenario is of course very specific to the seed herd, the study area region, and the time of 

year. Ideally, the scenario would be repeated for a range of seed herd types, regions, and start 
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dates, however this was not possible due to time constraints. Nonetheless, the scenario 

demonstrates that feral pig density, spillover transmission probabilities, and intersounder contact 

rates are key model ‘dials’ and will influence emergent outbreak size, duration, and infection 

networks. This reinforces the critical requirement for the model to be informed by reliable 

localised data on feral pig distribution and abundance, inter-sounder contact rates, and the level 

of opportunity for direct and indirect contact between feral and domestic pigs.  

 

Figure 26. Screenshot of AADIS-ASF-QLD configured with high feral pig densities, high spillover 

transmission probabilities, and high inter-sounder contact rates. 
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6 VERIFICATION AND VALIDATION 
Verification is the process of ensuring that a model has been implemented correctly (Dent and 

Blackie, 1979; Sargent, 2013). It targets the mechanics of the software development process and 

helps assess whether 'the product has been built right'. Validation, on the other hand, looks at the 

bigger operational picture and helps assess whether 'the right product has been built' (Siviy et al., 

2007). It is very challenging to validate epidemiological models when the subject disease has never 

been detected in the subject country. The AADIS framework has been through extensive 

verification (Bradhurst, 2015) and validation (Bradhurst, 2015; Bradhurst et al., 2015; Bradhurst et 

al., 2016) in the context of FMD. Whilst these activities provide confidence in the underlying 

software processes and broad epidemiological principles of the model, every new disease that is 

modelled requires a separate validation activity to provide confidence in its fitness for purpose. In 

the absence of field data on ASF outbreaks in Australia, options for validating ADIS-ASF include: 

• adapting the model to a country that has experienced an ASF outbreak (such as Germany 

or South Korea) and comparing the modelled outcomes with field data 

• a comparative validation where several different ASF models are adapted to a common 

study area and the simulated outbreak results compared (for example, Rawdon et al., 

(2018) and Roche et al., (2015)). 

Adapting a data-driven model to a new study area is a complex process, particularly when both 

detailed livestock and wildlife data are required. The above validation options would be separate 

projects themselves and it was not feasible to include them in this project which was focussed on 

model design and development. Instead, some exploratory simulations and parameter sensitivity 

analyses were undertaken with the results assessed for congruency with literature on 

international outbreaks and modelling studies, and expectations of local experts. These activities 

included: 

• isolating the silent spread phase of an ASF outbreak to gauge the influence of production 

system characteristics and biosecurity on transmission mechanisms (direct movements, 

indirect movements, and feral pigs) (Section 6.1 and 6.2) 

• case studies that include transmission and control of ASF in the domestic and feral pig 

populations to assess the overall emergent behaviour of the model (Section 7) 

• sensitivity analysis on the influence of regionality, seasonality, population density, contact 

rates, and spillover events on ASF outbreaks (Section 5). 

6.1 Silent spread in domestic pig-only outbreaks 

6.1.1 Method 

ASF was randomly seeded into herds of each herd type and allowed to spread unchecked for 28 

days. Outbreaks were not seeded in SGT herds as there are only two herds of this type in the 

dataset and this would not provide an adequate sample space. The time of introduction was fixed 

to be 1st June (i.e., winter). 500 iterations were run for each herd type. Feral pig transmission was 

disabled.  
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6.1.2  Results 

Table 10. 28-day silent spread outbreaks in domestic pigs for different seed herd types 

seed herd type 

outbreak outcome 

 

VLC 

 

MLC 

 

SC 

 

SH 

 

PK 

number of infected farms (mean) 6.3 4.3 2.8 1.4 1.2 

number of infected farms (min, median, max) 1,6,19 1,3,18 1,2,17 1,1,14 1,1,8 

outbreaks with no secondary spread (%) 1.6 10.8 39.4 74.0 89.8 

local spread (%) 2.5 4.6 14.9 48.6 52.5 

direct spread (%) 30.6 37.4 37.5 21.2 16.3 

saleyard spread (%) 0.0 0.1 0.0 0.9 2.5 

indirect spread (%) 66.9 58.0 47.6 29.3 28.8 

transmissions into VLC herds (%) 26.1 20.6 11.0 4.1 3.8 

transmissions into MLC herds (%) 41.7 37.0 35.6 9.0 6.3 

transmissions into SC herds (%) 26.9 34.3 31.6 19.4 8.8 

transmissions into SH herds (%) 2.0 3.7 10.9 20.7 18.8 

transmissions into PK herds (%) 2.7 3.8 10.4 46.8 62.5 

simulation time per outbreak (secs) 1.5 1.5 2.4 1.6 1.4 

 

6.1.3 Discussion 

Outbreaks that began in commercial farms (VLC, MLC, SC) mainly involved other commercial farms 

and transmission was mainly due to indirect and direct spread. This is expected as commercial 

farms generally interact with other commercial farms and there are limited opportunities for 

direct or indirect contacts with non-commercial farms (smallholders and pig keepers). Outbreaks 

that began in non-commercial farms mainly involved other non-commercial farms and 

transmission was mainly due to local spread and indirect spread. This is expected as non-

commercial farms generally have fewer biosecurity measures in place and less pig movements 

than commercial farms. 

Outbreaks that began in commercial farms were larger than outbreaks that began in non-

commercial farms where there was a much higher probability of fade out with no secondary 

spread. This is expected as non-commercial farms generally have smaller herd sizes and less 

frequent and more irregular opportunities for direct and indirect contacts than commercial farms. 

These results are consistent with overseas experience (Bellini et al., 2016; Oļševskis et al., 2016; 

Chenais et al. 2019; Boklund et al.,2020) and local expectations.  
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6.2 Silent spread in outbreaks that involve domestic and feral pigs 

6.2.1 Method 

ASF was randomly seeded into herds of each herd type in winter and allowed to spread unchecked 

for 28 days. 500 iterations were run for each herd type. Feral pig transmission was enabled. 

6.2.2 Results 

Table 11. 28-day silent spread outbreaks in domestic & feral pigs for different seed herd types 

seed herd type 

outbreak outcome 

VLC MLC SC SH PK 

number of infected farms (mean) 6.6 4.2 3.4 1.8 2.0 

number of infected farms (min, median, max) 1,6,22 1,3,19 1,2,16 1,2,11 1,1,14 

outbreaks with no secondary spread (%) 1.2  12.6 26.6 48.8 56.8 

outbreaks that spilled over into ferals (%) 59.0 61.2 66.8 83.0 61.2 

mean infected cells when spillover occurred 2.2 2.2 2.7 2.2 3.8 

minimum, median, and maximum number of infected 

cells in outbreaks where spillover occurred 

1,2,12 1,2,12 1,2,11 1,2,8 1,3,17 

local spread (%) 2.3 4.7 9.1 2.7 13.1 

direct spread (%) 30.4 36.1 23.1 0.5 2.5 

saleyard spread (%) 0.1 0.1 0.0 0.5 1.0 

indirect spread (%) 64.7 52.9 39.0 27.0 16.9 

feral pig spread (%) 2.6 6.2 28.8 69.2 66.6 

transmissions into VLC herds (%) 26.4 18.2 8.9 0.0 0.8 

transmissions into MLC herds (%) 38.8 37.5 26.9 0.7 2.5 

transmissions into SC herds (%) 28.5 32.5 26.5 16.6 9.2 

transmissions into SH herds (%) 2.3 4.7 13.9 43.9 41.1 

transmissions into PK herds (%) 3.7 6.3 23.6 38.5 46.3 

% feral transmission into VLC herds 1.4 6.1 4.4 0.0 0.3 

% feral transmission into MLC herds 4.2 11.2 4.4 0.0 1.2 

% feral transmission into SC herds 47.9 21.4 27.9 15.4 11.8 

% feral transmission into SH herds 2.8 18.4 18.8 42.7 43.8 

% feral transmission into PK herds 43.7 39.8 43.8 41.9 42.7 

simulation time per outbreak (secs) 4.5 5.1 2.4 2.4 2.4 
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6.2.3 Discussion 

Spillover from domestic pigs into feral pigs was likely to occur regardless of the herd type where 

the outbreak began. When outbreaks began in non-commercial farms and spilled over to feral 

pigs, feral pig transmission was the dominant spread pathway. When outbreaks began in 

commercial farms and spilled over to feral pigs, the feral pig spread pathway was not a significant 

contributor to the overall outbreak.  

When spillover occurred from feral pigs into domestic pigs the affected farms were mainly non-

commercial and small commercial. This is expected behaviour as non-commercial and small 

commercial farms generally have less biosecurity measures in place and there is more likelihood of 

direct and indirect contacts with feral pigs than medium, large, and very large commercial farms. 

These results are consistent with overseas experience (Bellini et al., 2016; Oļševskis et al., 2016; 

Chenais et al. 2019; Boklund et al.,2020) and local expectations. 
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7 CASE STUDIES 
The case studies presented here are based on incursion scenarios provided by QDAF and adapted 

in consultation with industry and QDAF. They were selected to represent most likely or highly 

important potential routes of introduction of ASF into Queensland. ASF was explicitly seeded into 

areas with either high domestic pig populations and/or high feral pig densities (Figure 27). 

 

Figure 27. Map of scenario locations: DS1 - Cairns, DS2 – Laidley, DS3 – Kingaroy, FS1 – Princess 

Charlotte Bay, FS2 - Biloela 

7.1 Outbreak scenario DS1 
Illegal contaminated foodstuffs are brought into Australia by an airline passenger and fed to 

backyard pigs on a peri-urban acreage near Cairns, Queensland. An outbreak of ASF (Georgia 

2007/II strain) begins in June and is detected and reported to the authorities 42 days later. 

7.1.1 Method 

Five smallholder herds near Cairns were selected to represent the primary case (Table 12). ASF 

was introduced into each herd separately in June and allowed to spread silently for 42 days at 

which point the default ASF control program (Appendix C) was initiated. The feral pig diffusive 

spread pathway was enabled and the jump pathway disabled. Control in feral pigs was disabled. 

100 outbreaks were simulated for each of the five seed herds and all 500 runs were pooled into a 

single result. The process was repeated for a 60-day silent spread and for a November start date 

(i.e., there were four scenario variations: Jun 42d, Jun 60d, Nov 42d, Nov 60d). 
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Table 12. Seed herds - Scenario DS1 

Herd ID Herd type Size Longitude Latitude Region 

1977 Smallholder 2 146.005 -17.4866 TRF 

2177 Smallholder 2 145.555 -16.887 TRF 

2539 Smallholder 4 145.280 -17.383 TRF 

3378 Smallholder 30 145.555 -17.315 TRF 

4175 Smallholder 18 145.572 -17.4699 TRF 

 

7.1.2 Results 

7.1.2.1 Infection in domestic pigs 

There was a moderate likelihood (22-52%) that infection would die out before being reported. This 

was higher for November outbreaks compared to June outbreaks and for 60-day silent spread 

compared to 42 days. 

Table 13. Probability of disease not being detected - Scenario DS1 

Scenario variation Number of runs with no detection % 

Jun 42d 108 21.6% 

Jun 60d 179 35.8% 

Nov 42d 173 34.6% 

Nov 60d 260 52.0% 

 

Relatively few domestic pig herds were infected in this scenario, and this was to be expected given 

the low density of farms in the study area. When outbreaks did occur, they tended to be larger 

and last longer in June compared to November and for a 60 -day silent spread phase compared to 

42 days. Only in one run was infection still present at the end of the 365-day simulation period 

(from the June – 60-day silent spread series). 

Table 14. Number of IPs for Scenario DS1 

Scenario variation  mean median min max 

Jun 42d 7.8 4 1 42 

Nov 42d 6.4 4 1 31 

Jun 60d 11.0 4 1 73 

Nov 60d 8.2 5 1 44 
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Figure 28. Number of IPs - Scenario DS1 

 

Figure 29. Last day of control - Scenario DS1 

7.1.2.2 Infection in feral pigs 

There was a high likelihood (76-82%) that infection would spread from domestic to feral pigs in 

this scenario.  

Table 15. Spread to feral pigs – Scenario DS1 

Scenario variation Runs with spread to feral pigs % 

Jun 42d 411 82.2% 

Jun 60d 396 79.2% 

Nov 42d 394 78.8% 

Nov 60d 379 75.8% 

In only one run was infection still active at the end of the 365-day simulation period (June, 60-day 

silent spread series). When infection spread to feral pigs, it tended to spread further and persist 

for longer in June compared to November. 

 



 

71 
Technical report for CEBRA project 20121501 

 

 

Figure 30. Number of cells with infected feral pigs - Scenario DS1 

 

Figure 31. Last day of infection in feral pigs - Scenario DS1 

7.1.2.3 Source of infection 

When spread of infection occurred in domestic pigs, feral pigs were a major source of infection, 

accounting for 90% of all infections. Movement of live pigs either directly or via saleyards was a 

minor contributor to spread between herds. 

Table 16. Source of infection for domestic pig herds – Scenario DS1 

 Scenario variation local direct saleyard indirect  feral pig 

Jun 42d 4.35% 0.19% 0.06% 2.96% 92.44% 

Nov 42d 3.71% 0.36% 0.09% 2.13% 93.71% 

Jun 60d 3.65% 0.22% 0.15% 4.28% 91.71% 

Nov 60d 3.59% 0.40% 0.44% 5.24% 90.32% 

Average 3.82% 0.29% 0.19% 3.65% 92.04% 

 

Where ASF spread to the feral population, the source of infection for sounders (infected cells) is 

shown in Table 16. Feral pigs were more likely to be infected from other feral pigs in June, but 

contact with domestic pigs is relatively more important in November. 
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Table 17. Source of infection for feral pig sounders (cells) 

Scenario variation Feral-to-feral Farm-to-feral 

Jun 42d 52.81% 47.19% 

Nov 42d 41.38% 58.62% 

Jun 60d 51.37% 48.63% 

Nov 60d 41.28% 58.72% 

 

7.1.2.4 Effect of applying control to feral pigs 

Simulations were run in which pre-emptive feral pig control involving surveillance and population 

reduction was applied around IPs. This approach was evaluated using the June 42d outbreak 

simulations. For this scenario, there were relatively few IPs and including feral pig control had only 

a minor effect on these numbers. However, it did reduce the duration of the outbreak 

 

Figure 32. Number of IPs when feral pig control is adopted - Scenario DS1 

 

Figure 33. Last day of control when feral pig control is adopted - Scenario DS1 

Not surprisingly, applying control measures to feral pigs reduced infection in the feral pig 

population, both the number of infected cells and the duration of infection. This strategy will only 
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be effective after the first IP is detected and some sounders would have been infected before this 

time. 

 

Figure 34. Number of cells with infected feral pigs when feral pig control is used - Scenario DS1 

 

Figure 35. Last day of infection in feral pigs when feral pig control is adopted - Scenario DS1 

7.1.3 Discussion 

Outbreaks tended to be larger and last longer in June compared to November and this is 

consistent with the cooler winter months being favourable for virus viability in the environment. 

Outbreaks were also larger and longer when the time to detection was 60 days compared to 42 as 

the longer silent spread phase allowed ASF to reach more herds before control measures could be 

applied.  

When outbreaks spilled over into the feral pig population, feral pigs then became a significant 

source of infection back into domestic pig farms. This is consistent with the high proportion of 

farms in the study area that are non-commercial and have limited biosecurity measures in place.  

Feral pigs were more likely to be infected from other feral pigs in June whereas infection from 

domestic pigs was relatively more important in November. This is most likely due to the TRF feral 

pig population in the TRF region peaking in May/June and bottoming out in November (Table 5) 

and the density-dependent nature of transmission between sounders (Section1.4.2). 
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7.2 Outbreak scenario DS2 
Infected pork products are illegally imported into Queensland, Australia via mail from overseas. An 

outbreak of ASF (Georgia 2007/II strain) begins in November on a small commercial farm near 

Laidley and is detected and reported to the authorities 21 days later. 

7.2.1 Method 

Five small commercial herds near Laidley were selected to represent the primary case (Table 18). 

ASF was introduced into each herd separately in November and allowed to spread silently for 21 

days at which point the default ASF control program (Appendix C) was initiated. The feral pig 

diffusive spread pathway was enabled and the jump pathway disabled. 100 outbreaks were 

simulated for each of the five seed herds and all 500 runs were pooled into a single result. The 

process was repeated for a 42-day silent spread and for a June start date (i.e., there were four 

scenario variations: Jun 21d, Jun 42d, Nov 21d, Nov 42d). 

Table 18. Seed herds - Scenario DS2 

Herd ID Herd type Size Longitude Latitude Region 

52 Small commercial 1200 152.275 -27.7483 TEF 

711 Small commercial 20 152.507 -27.5324 TEF 

3659 Small commercial 17 152.254 -27.6339 TEF 

4001 Small commercial 162 152.234 -27.5558 TEF 

4147 Small commercial 403 152.277 -27.5153 TEF 

 

7.2.2 Results 

7.2.2.1 Infection in domestic pigs 

Infection was always detected when the silent spread period was 21 days. With a 42-day silent 

spread period, there was an 18-22% likelihood of infection dying out before detection (Table 19). 

Table 19. Probability of disease not being detected - Scenario DS2 

Scenario variation Number of runs with no detection % 

Jun 21d 0 0.0% 

Jun 42d 89 17.8% 

Nov 21d 0 0.0% 

Nov 42d 109 21.8% 

 

With delayed detection (42-day silent spread compared to 21 days) outbreaks in domestic pigs 

were larger and lasted longer (Table 14, Figures 36-37). Outbreaks in June tended to be slightly 

larger than those in November. 

Table 20. Number of IPs for Scenario DS2 

Scenario variation  mean median min max 
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Jun 21d 4.2 2 1 22 

Nov 21d 3.6 2 1 22 

Jun 42d 10.7 4 1 55 

Nov 42d 9.8 4 1 51 

 

 

Figure 36. Number of IPs - Scenario DS2 

 

Figure 37. Last day of control - Scenario DS2 

7.2.2.2 Infection in feral pigs 

There was a moderately high likelihood (40-66%) that infection would spread from domestic to 

feral pigs (Table 21). Infection persisted longer in June compared to November. 

Table 21. Spread to feral pigs – Scenario DS2 

Scenario variation Runs with spread to feral pigs % 

Jun 21d 267 53.4% 

Jun 42d 332 66.4% 

Nov 21d 199 39.8% 

Nov 42d 321 64.2% 
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When infection spread to feral pigs, it was more extensive with delayed detection, and in June 

compared to November. Infection persisted for much longer in June compared to November 

which can be attributed to reduced virus viability in the hotter summer months. Infection always 

died out in the feral pig population within 6 months if it was controlled in domestic pigs. 

 

Figure 38. Number of cells with infected feral pigs - Scenario DS2 

 

Figure 39. Last day of infection in feral pigs - Scenario DS2 

7.2.2.3 Source of infection 

Where spread of infection occurred in domestic pigs, feral pigs were relatively less important in 

this scenario, accounting for around 22% of all domestic herd infections. Movement of live pigs 

(43%) and indirect contacts (25%) were significant contributors to spread between herds. 

Table 22. Source of infection for domestic pig herds – Scenario DS2 

 Scenario variation local direct saleyard indirect  feral pig 

Jun 21d 12.12% 47.32% 0.12% 15.94% 24.49% 

Nov 21d 8.23% 59.96% 0.00% 17.22% 14.60% 

Jun 42d 9.45% 29.78% 0.27% 32.41% 28.08% 

Nov 42d 10.42% 33.50% 0.10% 35.20% 20.78% 

Average 10.06% 42.64% 0.13% 25.19% 21.99% 
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Where ASF spread to the feral population, the source of infection for sounders (infected cells) is 

shown in Table 23. In this region, feral pigs were more likely to be infected from contact with 

domestic pigs than from contact with other feral pigs. Infection from other feral pigs is higher in 

June compared to November. 

Table 23. Source of infection for feral pig sounders (cells) 

Scenario variation Feral-to-feral Farm-to-feral 

Jun 21d 12.60% 87.40% 

Nov 21d 7.58% 92.42% 

Jun 42d 13.85% 86.15% 

Nov 42d 7.04% 92.96% 

 

7.2.2.4 Effect of applying control to feral pigs 

Simulations were run in which pre-emptive feral pig control involving surveillance and population 

reduction was applied around IPs. This approach was evaluated using the June 21d outbreak 

simulations. 

There was little effect on the number of IPs and the duration of the outbreak which given the 

lower contribution that feral pigs make to infection of domestic herds in this scenario is not 

unexpected.  

 

Figure 40. Number of IPs when feral pig control is used - Scenario DS2 
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Figure 41. Last day of control when feral pig control is adopted - Scenario DS2 

Implementing feral pig control had a major impact on infection in the feral pig population. In 

addition to reducing the proportion of runs with spread to feral pigs from 53.4% to 42.6%, both 

the number of infected cells and duration of infection in the feral pig population were reduced. 

 

Figure 42. Number of cells with infected feral pigs when feral pig control is used - Scenario DS2 

 

Figure 43. Last day of infection in feral pigs when feral pig control is used - Scenario DS2 
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7.2.3 Discussion 

Outbreaks tended to be larger and last longer in June compared to November and this is 

consistent with the cooler winter months being favourable for virus viability in the environment. 

Outbreaks were also larger and longer when the time to detection was 42 days compared to 21 as 

the longer silent spread phase allowed ASF to reach more herds before control measures could be 

applied.  

Feral pigs played a relatively less important role in outbreaks than in Scenario DS1. Outbreaks 

tended to be driven more by movement of live pigs and indirect contacts between herds. Feral 

pigs were more likely to be infected from contact with domestic pigs than from contact with other 

feral pigs. This is due to the much smaller feral pig population and lower population densities in 

the TEF region compared to the TRF region (Section 7.2.5).  

Augmenting the domestic pig control program with a feral pig control program did not materially 

reduce the size or duration of outbreaks in domestic pigs. This is reasonable given that 

transmission from feral pigs was a minor contributor to outbreaks (due to relatively low feral pig 

densities in the TEF region). Implementing feral pig control did, however, reduce the size and 

duration of outbreaks in the feral pig population. This may be a consideration for domestic pig 

outbreaks that occur in areas with high feral pig densities.  

7.3 Outbreak scenario DS3 
Infected pork products are illegally imported into Queensland, Australia via courier from overseas. 

An outbreak of ASF (Georgia 2007/II strain) begins in June on a reasonably large commercial farm 

near Kingaroy and is detected and reported to the authorities 21 days later. 

7.3.1 Method 

Five medium-to-large-scale commercial herds near Kingaroy were selected to represent the 

primary case (Table 24). ASF was introduced into each herd separately in June and allowed to 

spread silently for 21 days at which point the default ASF control program (Appendix C) was 

initiated. The feral pig diffusive spread pathway was enabled and the jump pathway disabled. 100 

outbreaks were simulated for each of the five seed herds and all 500 runs were pooled into a 

single result. The process was repeated for a 42-day silent spread and for a November start date 

(i.e., there were four scenario variations: Jun 21d, Jun 42d, Nov 21d, Nov 42d). 

Table 24. Seed herds - Scenario DS3 

Herd ID Herd type Size Longitude Latitude Region 

17 Medium to large commercial 2500 151.796 -26.2812 TEF 

26 Medium to large commercial 4000 151.782 -26.5035 TRS 

40 Medium to large commercial 7000 151.914 -26.4411 TEF 

69 Medium to large commercial 7500 151.867 -26.6981 TEF 

89 Medium to large commercial 6500 151.783 -26.4238 TEF 
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7.3.2 Results 

7.3.2.1 Infection in domestic pigs 

In this scenario, ASF always established and did not die out before detection. Outbreaks were 

larger with the longer time to first detection (42 days compared to 21 days). The June outbreaks 

also tended to be larger than the November ones (Table 26). 

Table 25. Number of IPs for Scenario DS3 

Scenario variation  mean median min max 

Jun 21d 6.6 4 1 29 

Nov 21d 5.8 3 1 27 

Jun 42d 18.0 12 1 78 

Nov 42d 14.8 10 1 62 

 

 

Figure 44. Number of IPs - Scenario DS3 

 

Figure 45. Last day of control - Scenario DS3 
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7.3.2.2 Infection in feral pigs 

There was a high likelihood (50-93%) that infection would spread from domestic to feral pigs in 

this scenario. The likelihood increased with longer delays to detection.  

Table 26. Spread to feral pigs – Scenario DS3 

Scenario variation Runs with spread to feral pigs % 

Jun 21d 301 60.20% 

Jun 42d 463 92.60% 

Nov 21d 260 52.00% 

Nov 42d 433 86.60% 

 

When infection spread to feral pigs, it was more extensive with delayed detection, and for June 

outbreaks compared to November. Infection persisted for much longer in June compared to 

November which can be attributed to reduced virus viability in carcases in hotter months. 

Infection always died out in feral pigs in this scenario if it was controlled in domestic pigs. 

 

Figure 46. Number of cells with infected feral pigs - Scenario DS3 

 

Figure 47. Last day of infection in feral pigs - Scenario DS3 
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7.3.2.3 Source of infection 

Where spread of infection occurred in domestic pigs, feral pigs accounted for around 24% of all 

domestic herd infections. Movement of live pigs (42%) and indirect contacts (27%) were significant 

contributors to spread between herds in this scenario. 

Table 27. Source of infection for domestic pig herds – Scenario DS3 

 Scenario variation local direct saleyard indirect  feral pig 

Jun 21d 6.17% 45.09% 0.10% 17.39% 31.25% 

Nov 21d 6.52% 57.25% 0.00% 17.89% 18.34% 

Jun 42d 7.47% 28.46% 0.31% 34.61% 29.15% 

Nov 42d 8.25% 36.43% 0.12% 38.20% 17.01% 

Average 7.10% 41.81% 0.13% 27.02% 23.94% 

 

When ASF spread to the feral population, the source of infection for sounders (infected cells) is 

shown in the table. Similar to Scenario DS2, in this region, feral pigs were more likely to be 

infected from contact with domestic pigs than from contact with other feral pigs. Infection from 

other feral pigs is higher in June compared to November. 

Table 28. Source of infection for feral pig sounders (cells) – Scenario DS3 

Scenario variation Feral-to-feral Farm-to-feral 

Jun 21d 12.23% 87.77% 

Nov 21d 5.35% 94.65% 

Jun 42d 13.95% 86.05% 

Nov 42d 7.63% 92.37% 

 

7.3.2.4 Effect of applying control to feral pigs 

Simulations were run in which pre-emptive feral pig control involving surveillance and population 

reduction was applied around IPs. This approach was evaluated using the June 21d outbreak 

simulations. 

In this scenario, pre-emptive feral pig control reduced size and duration of the outbreak in 

domestic pigs. Compared to DS2, feral pigs contributed more to infection of domestic herds. 
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Figure 48. Number of IPs when feral pig control is used - Scenario DS3 

 

Figure 49. Last day of control when feral pig control is adopted - Scenario DS3 

Implementing feral pig control had a major impact on infection in the feral pig population. In 

addition to reducing the proportion of runs with spread to feral pigs from 60.2% to 47.4%, both 

the number of infected cells and duration of infection in the feral pig population were reduced. 

 

Figure 50. Number of infected cells when feral pig control is used - Scenario DS3 
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Figure 51. Last day of infection in feral pigs when feral pig control is used - Scenario DS3 

7.3.2.5 Effect of biosecurity in domestic pig herds 

The effect of enhanced or reduced biosecurity in domestic pig herds was simulated by  

(a) increasing a herd’s biosecurity risk score for all type 2 (medium-to-large commercial) and 
Type 3 (small commercial) pig herds, unless they already have the highest score (4).  

(b) Reducing a herd’s biosecurity risk score for all type 2 (medium-to-large commercial) and 
Type 3 (small commercial) pig herds, unless they already have the lowest score (1).  

 

This was applied to the Jun 21 day set of runs and compared to the baseline (with default 

biosecurity). Note that biosecurity changes only applied to two out of the six domestic pig herd 

types. 

Enhanced biosecurity increased the likelihood that infection did not spread beyond the seed herd 

from 25% to 36% and reduced the likelihood of infection spreading to feral pigs from 60% to 50%. 

Conversely, reduced biosecurity reduced the likelihood of ASF not spreading from the seed herd 

from 25% to 16% and increased the likelihood that it would spread to feral pigs from 60% to 72% 

Table 29. Impact of enhanced biosecurity, based on percentage of runs – Scenario DS3 

 Jun 21d  
baseline 

Jun 21d  
enhanced biosecurity 

Jun 21d  
reduced biosecurity 

Did not spread beyond seed herd 25.00% 35.60% 16.00% 

Spread to feral pigs 60.20% 49.60% 76.20% 

 

Enhancing biosecurity reduced both the size and duration of the domestic pig outbreaks. Reducing 

biosecurity increased the size and duration of outbreaks. 
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Figure 52. Number of IPs when biosecurity is enhanced/reduced - Scenario DS3 

 

Figure 53. Last day of control when biosecurity is enhanced/reduced - Scenario DS3 

In addition to reducing the likelihood of infection getting into feral pigs, enhanced biosecurity 

reduced the extent of infection in the feral pig population, reducing the number of infected 

sounders (cells) and slightly reducing the duration of infection. Reduced biosecurity had the 

opposite effect. 

 

Figure 54. Number of infected cells when biosecurity is enhanced/reduced - Scenario DS3 
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Figure 55. Last day of infection in feral pigs when biosecurity is enhanced/reduced - Scenario DS3 

7.3.3 Discussion 

As with Scenario DS1 and DS2, outbreaks tended to be larger and last longer in June compared to 

November and this is consistent with the cooler winter months being favourable for virus viability 

in the environment., outbreaks were also larger and longer when the time to detection was 42 

days compared to 21 as the longer silent spread phase allowed ASF to reach more herds before 

control measures could be applied. Outbreaks in this scenario (seeded in medium to large 

commercial farms) were larger and longer than outbreaks in Scenario DS2 (seeded in small 

commercial farms). As both scenarios were conducted in the TEF region the difference is likely due 

to medium and commercial farms having higher numbers of direct and/or indirect contacts than 

small commercial farms.  

There was a higher likelihood of spillover of ASF from domestic pigs into feral pigs in this scenario 

than Scenario DS2. This is likely due to the somewhat higher feral pig density in the Scenario DS3 

study area than the Scenario DS2 study area but is also influenced by the proximity of farms to 

feral pig populations and the biosecurity measures in place. As was the case with Scenario DS2, 

feral pigs in this scenario played a relatively less important role in outbreaks than in Scenario DS1. 

Outbreaks tended to be driven more by movement of live pigs and indirect contacts between 

herds. Feral pigs were more likely to be infected from contact with domestic pigs than from 

contact with other feral pigs. This is due to the much smaller feral pig population and lower 

population densities in the TEF region compared to the TRF region (Section 7.2.5).  

As was the case with Scenario DS2, augmenting the domestic pig control program with a feral pig 

control program did not materially reduce the size or duration of outbreaks in domestic pigs. This 

is reasonable given that transmission from feral pigs was a minor contributor to outbreaks (due to 

relatively low feral pig densities in the TEF region). Implementing feral pig control did, however, 

reduce the size and duration of outbreaks in the feral pig population. This may be a consideration 

for domestic pig outbreaks that occur in areas with high feral pig densities.  

Enhancing on-farm biosecurity measures decreased the likelihood of spillover transmission from 

domestic pigs to feral pigs, reduced the size and duration of domestic pig outbreaks, and reduced 

the size and duration of feral pig outbreaks. Conversely, reducing on-farm biosecurity measures 
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increased the likelihood of spillover transmission from domestic pigs to feral pigs, increased the 

size and duration of domestic pig outbreaks, and increased the size and duration of feral pig 

outbreaks. 

7.4 Outbreak scenario FS1 
A foreign national yacht lands at Princess Charlotte Bay and illegally dumps rubbish on a beach. 

The rubbish includes ASFV-contaminated pork products sourced from a country where ASF is 

present and is subsequently accessed by feral pigs in the area. An outbreak of ASF (Georgia 2007/II 

strain) begins in December in a group of feral pigs near Princess Charlotte Bay. 

7.4.1 Method 

Five cells populated with feral pigs near Princess Charlotte Bay were selected to represent the 

primary case (Table 30). ASF was introduced into each cell separately in June and allowed to 

spread via the feral pig diffusive spread pathway. 100 outbreaks were simulated for each of the 

five seed cells and all 500 runs were pooled into a single result. The scenario was run firstly for 

undetected outbreaks and then with detection after 30, 60 and 180 days. The process was 

repeated for a December start date. 

Table 30. Seed cells - Scenario FS1 

Cell ID Feral pig population December Feral pig population June Longitude Latitude Region 

175226 8 14 143.5745 -14.0195 TRS 

191036 10 17 143.2515 -14.3805 TRS 

196082 13 22 144.1635 -14.4945 TRS 

197732 14 24 143.8595 -14.5325 TRS 

203566 11 18 143.9165 -14.6655 TRS 

 

7.4.2 Results 

7.4.2.1 Secondary spread 

There was only a moderate likelihood that ASF would spread beyond the seed cell, lower in 

December compared to June. 

Table 31. Spread of ASF beyond seed cell - Scenario FS1 

Start date Number of runs with secondary spread % 

Jun 268 53.60% 

Dec 150 30.00% 

 

7.4.2.2 Infection in feral pigs 

Infection only spread slowly in the feral pig population. In all runs, ASF died out, with the longest 

outbreak lasting 212 days, with the average time being 72 days. Incursions in December were 

associated with small outbreaks involving an average of just two infected cells (maximum of 17 

cells) and dying out in around 35 days (maximum of 197 days). 
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Figure 56. Number of infected cells - Scenario FS1 

 

Figure 57. Last day of infection - Scenario FS1 

7.4.2.3 Infection in domestic pigs 

There was no spread to domestic herds. NB there are no domestic pig farms in the vicinity. 

7.4.2.4 Effect of applying control to feral pigs 

Simulations were run assuming ASF was detected in the feral population 30, 60 and 180 days after 

introduction. Early detection and implementation of control measures in the June simulations 

reduces the size of the outbreak in feral pigs; later detection and control was less effective. 

However, the average duration of an outbreak, in the uncontrolled simulations was only 73 days 

and only 5 runs (1%) lasted >180 days and 123 (24.6%) lasted >90 days. Therefore, it is not 

surprising that implementing control late in the outbreaks did not have a major impact. 

Table 32. Number of infected cells for different feral pig control start days - Scenario FS1 (June) 

 No control Control from day 30 Control from day 60 Control from day 180 

mean 3.6 2.6 3.5 3.4 

median 2 2 2 2 

min 1 1 1 1 
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max 39 13 25 32 

 

Table 33. Last day of infection for different feral pig control start days - Scenario FS1 (June) 

 No control Control from day 30 Control from day 60 Control from day 180 

mean 72.6 64.3 73.4 72.9 

median 54 55 58 60 

min 4 5 6 7 

max 212 119 174 199 

  

Feral pig control at 30 days is compared with outbreaks with no control in the figures below. 

Control at 90 days and 180 days gave no improvement over the no control simulations and are not 

shown. 

 

Figure 58. Number of infected cells when feral pig control starts on day 30 - Scenario FS1 (June) 

 

 

Figure 59. Last day of infection when feral pig control is adopted on day 30 - Scenario FS1 (June) 
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The results for the December start day simulations are not shown as those outbreaks were 

generally small and died out quickly, with an average last day of infection of 35 days. Only 27.4% 

of runs lasted >30 days, 2% lasted >60 days and 0.2% lasted >180 days. Implementing control 

measures produced no discernible benefit in terms of reducing the size or duration of the 

outbreaks in feral pigs. 

7.4.3 Discussion 

Outbreaks of ASF in feral pigs in the Princess Charlotte Bay area in June were more likely to involve 

secondary spread (beyond the seed cell) than those in December. Outbreaks started in June were 

larger and longer than those started in December. This is consistent with the December (summer) 

characteristics of the TRS region of lower feral pig population densities, faster carcass 

decomposition, and reduced viability of ASFV in the environment. 

As outbreaks in this scenario tended to fade out the only advantage from feral pig control was for 

a 30-day time to detection of outbreaks starting in June. Feral pig control might have had a bigger 

impact if there had have been domestic pigs in the vicinity of the outbreak or if the outbreak had 

‘jumped’ via anthropogenic transmission. 

7.5 Outbreak scenario FS2 
ASFV-contaminated food brought in by a European backpacker working in the Biloela area of 

Queensland is discarded at a rubbish tip that is accessible to feral pigs. An outbreak of ASF 

(Georgia 2007/II strain) begins in November in a group of feral pigs near Biloela. 

7.5.1 Method 

Five cells populated with feral pigs near Biloela were selected to represent the primary case (Table 

34). ASF was introduced into each cell separately in November and allowed to spread via the feral 

pig diffusive spread pathway. 100 outbreaks were simulated for each of the five seed cells and all 

500 runs were pooled into a single result. The scenario was run using passive detection of 

infection in domestic pigs. The process was repeated for a June introduction date. 

Table 34. Seed cells - Scenario FS2 

Cell ID Feral pig population December Feral pig population June Longitude Latitude Region 

629577 9 15 150.5285 -24.3745 TRS 

630411 9 15 150.5475 -24.3935 TRS 

631244 9 15 150.5475 -24.4125 TRS 

632075 9 15 150.5095 -24.4315 TRS 

632907 9 15 150.4905 -24.4505 TRS 

 

7.5.2 Results 

7.5.2.1 Infection in domestic pigs 

There was a high probability that the infection would spread to domestic pigs, particularly in June 

(Table 35).  
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Table 35. Transmission of ASF from feral pigs to domestic pigs - Scenario FS2 

Start date Number of runs with spillover into domestic pigs % 

June 484 96.8% 

November 415 83.0% 

 

The time from when ASF was first introduced to the feral pig population until it first infected 

domestic pigs ranged from 1 to 11 days, average 4 days. On average, it took 14.7 (range 7 to 35) 

days for ASF to be reported after being introduced into a domestic herd. Outbreaks in domestic 

pigs tended to be larger and last longer for June compared to November (Figures 60 and 61). 

 

Figure 60. Number of IPs - Scenario FS2 

 

Figure 61. Last day of infection - Scenario FS2 

7.5.2.2 Infection in feral pigs 

ASF was more likely to spread in feral pigs for outbreaks starting in June compared to November. If 

ASF was controlled in domestic pigs, it always died out in the feral population. 
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Figure 62. Number of infected cells - Scenario FS2 

 

Figure 63. Last day of infection in feral pigs - Scenario FS2 

7.5.2.3 Spread of infection 

When infection spread to domestic pigs, feral pigs were a major source of infection for domestic 

herds, accounting for 85-90% of infections in this scenario. 

Table 36. Source of infection in domestic pigs - Scenario FS2 

 local direct saleyard indirect  feral pig 

June 3.74% 1.21% 0.19% 5.15% 89.70% 

November 3.95% 3.95% 0.45% 6.64% 85.01% 

Mean 3.84% 2.58% 0.32% 5.90% 87.36% 

 

 Feral-to-feral Farm-to-feral 

June 51.16% 48.84% 

November 46.23% 53.77% 
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In feral pigs, around 50% of infections were due to contact with other feral pigs and 50% to 

contact with infected domestic herds. 

7.5.2.4 Effect of applying control to feral pigs 

Simulations were run in which feral pig control involving surveillance and population reduction 

was applied around IPs once infection had been reported. This approach was evaluated using the 

June outbreak simulations. 

Applying feral pig control measures had little effect on the size and duration of outbreaks in 

domestic pigs in this scenario. However, only small numbers of IPs were involved – on average 

only 4 per run. Not surprisingly, feral pig control did reduce infection in the feral pig population, 

reducing both the number of infected cells and the duration of infection. 

 

Figure 64. Number of infected cells with and without feral pig control - Scenario FS2 

 

Figure 65. Last day of infection with and without feral pig control - Scenario FS2 

7.5.3 Discussion 

There was a high likelihood of spillover transmission from feral pigs to domestic pigs. Feral pig 

transmission was the dominant spread pathway in domestic outbreaks. This a consequence of the 

high feral pig density in the TRS region and the high number of non-commercial farms in the study 
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area (with low levels of on-farm biosecurity and limited direct/indirect contacts with other pig 

farms). As with previous scenarios, outbreaks started in June were larger and longer than those 

started in December. This is consistent with the December (summer) characteristics of the TRS 

region of lower feral pig population densities, faster carcass decomposition, and reduced viability 

of ASFV in the environment. 

Feral pig control (in response to the declaration of infection in a domestic farm) reduced the size 

and duration of outbreaks in feral pigs but did not affect domestic outbreaks (which were 

generally small anyway). Feral pig control might have had a bigger impact if there had have been 

higher numbers of domestic pigs in the vicinity of the outbreak or if the outbreak had ‘jumped’ via 

anthropogenic transmission. 
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8 DISCUSSION 

8.1 General 
This report describes the development of a new AADIS-ASF model that simulates the spread and 

control of ASF in domestic pigs, feral pigs, and between domestic and feral pigs in Australia. A 

systematic review by Hayes et al., (2021) highlights the importance of including wild pigs in ASF 

simulation models to better understand spread and control. To the authors’ knowledge, AADIS-

ASF is one of the first models of livestock disease to incorporate a concurrent feral pig component 

that allows ASF spread to be modelled within domestic pigs, within feral pigs, and between 

domestic and feral pigs. More importantly, AADIS-ASF simulates a wide range of surveillance and 

control measures in both domestic and feral pigs and allows detailed experiments on spread, 

control, and resourcing of ASF outbreaks. Assessing and responding to the threat of an ASF 

outbreak in feral pigs is an integral part of Australia’s response strategy for ASF and a recent 

Animal Health Committee (AHC) working group concluded that feral pigs are likely to play a 

significant role in Australia’s ability to respond to an ASF incursion (Animal Health Committee, 

2020). 

AADIS-ASF can simulate the introduction of ASF into feral and/or domestic pig populations at 

configurable points in time and space. The model simulates ASF transmission through live pig 

movements, fomite and human movements, and local disease spread in addition to transmission 

between domestic and feral pigs. Control strategies for ASF in the domestic pig population are 

based on the AUSVETPLAN Response Strategy for ASF (Animal Health Australia, 2020) and include 

movement controls, surveillance, tracing, infected premises operations and post-outbreak 

surveillance to support the regaining of ASF-free status. Control strategies for feral pigs have also 

been included in the model and include a general destruction operation and surveillance. These 

options provide the flexibility and scope to help understand how ASF may establish and spread in 

domestic and feral pigs across different regions and seasons, and the success of using different 

control strategies in eradicating disease. 

8.2  Domestic pig outbreaks 
The AADIS-ASF model has only been parameterised for Queensland context and will be scaled up 

to a national model through Biosecurity Innovation Program project 182021. The initial goal of this 

project was to represent spread at the national scale however it became clear early in the project 

that acquisition of national level data was not possible in the timeframe needed for the project. 

This data has since been made available and will be subject to analysis for the follow on BIP 

project. Consequently, pig premises and movement data were provided by QDAF and reviewed in 

collaboration with industry representatives.  

The case studies presented are based on incursion scenarios provided by QDAF and adapted in 

consultation with industry and QDAF. They were selected to represent the most likely or highly 

important routes of introduction, and disease was seeded into areas with high domestic pig 

populations and/or high feral pig densities. For the study scenarios selected, on average, ASF is 

likely to be controlled in domestic pigs within 6 months of disease introduction (based on the 

configured assumptions in the model). The results suggest that the control measures used are 

sufficient to control disease and resources are adequate to complete all control activities. 
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However, the model assumes the declared areas are very large, with a Restricted Area (RA) the 

size of a local government area (LGA) and the Control Area (CA) the entire state of Queensland. In 

addition, the model does not consider special permits to allow movements in declared areas, nor 

does it consider movements from abattoirs that may impact premises classification. Provision of 

these movements in the model, particularly those from abattoirs, may change the course of 

disease spread, premises classifications and/or model outputs relating to control. The criteria for 

determining declared areas is currently an active area of discussion in government and industry. 

The nature of declared areas for a disease such as ASF, where aerosol spread is not an 

epidemiological feature, was considered in the latest AUSVETPLAN response strategy review. In a 

recent movement controls workshop for Exercise Razorback, a DAWE initiative to improve 

Australia’s preparedness to respond to an ASF outbreak, a key recommendation was to retain the 

flexibility afforded by considering criteria in determining declared areas in AUSVETPLAN rather 

than applying prescribed sizes of declared areas. Indeed, the latest draft version of the 

AUSVETPLAN Response Strategy – African swine fever (v5.1) moves away from the prescriptive 

declared areas described for diseases such as FMD and takes a more risk-based approach into 

consideration. Criteria such as the biosecurity of the farms, nearby feral and domestic pig 

populations, business continuity, and animal welfare require consideration in determining the 

most appropriate geographic extent of declared areas. Given the recent and active nature of these 

discussions implementing the findings into the model was not possible at the time of this project. 

This will be an active area of research following this project, and the assessment of small RAs, such 

as using the IP itself, and modifying the CA size to cover major pig producing areas are examples of 

some of the options to assess.  

Other key findings from the studies include the importance of indirect transmission of disease, the 

positive influence biosecurity measures play on disease spread, the relatively low likelihood of 

disease spread from non-commercial (smallholder and pig keeper) properties to other domestic 

pig properties (compared to commercial operators), and the limited size and duration of outbreaks 

in areas with a low numbers of pig farms. These results are broadly consistent with other ASF 

modelling studies with respect to the important contribution indirect spread plays on transmission 

(Lee at al., 2020) and the influence of high-density farming on disease spread (Andraud et al., 

2019). European studies have also shown that smaller scale piggeries with lower levels of 

biosecurity play an important role in spread (Halasa at al., 2016a; 2016b; Lee at al., 2020). Mur et 

al (2019) discussed the limited role of smallholders in spreading infection to other farms. ASF 

tends to fade out in the farm prior to detection (Andraud et al., 2019). 

The indirect spread pathway was difficult to parameterise due to the paucity of data available. 

Indirect spread is a catch all phrase describing the movement of fomites such as equipment, 

vehicles, semen, and people between pig farms. Whilst these movements were included in the 

indirect pathway, they were not separately modelled. Rather a risk category was assigned to each, 

and together with the likely number of movements, was converted into an overall daily number of 

indirect movements. Similarly, the spread of disease from abattoirs to other farms and areas was 

not considered in this study. Whilst this pathway is an important risk pathway for spread onto 

farms there is no available data to parameterise the model. More information on transport 

company movements and biosecurity practices is needed and is the subject of further research by 
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industry. Experiences from overseas outbreaks (Lee et al., 2020) suggest indirect routes of 

transmission are important contributors of disease spread.  

8.3  Feral pig outbreaks 
The potential influence by feral pigs on the size and duration of an ASF outbreak in Australia was 

demonstrated in many simulations undertaken during the project. Outbreaks in domestic pigs 

tended to be larger and longer when disease spread in feral pigs was included in the scenarios 

(Section 5.3). Disease transmission between domestic and feral pigs is far more likely to occur in 

the non-commercial sector (smallholders and pig keepers) (Section 6) where farms typically have 

limited on-farm biosecurity measures in place (Section 3.1). These findings are consistent with 

Chenais et al. (2019) who concluded that the outbreak in the Caucasus and Russian Federation was 

largely one of poor biosecurity pig farms with spillover to feral pigs. 

Under the study scenarios assessed (using the preliminary default parameterisation of the model), 

disease is unlikely to establish in feral pig populations for longer than a year assuming the 

outbreaks are controlled in the domestic sector. These findings held irrespective of whether 

control measures were used in feral pigs, although implementing a targeted control program in 

feral pigs reduced the duration of the outbreak in domestic pigs. These are preliminary findings as 

there is significant uncertainty associated with several parameters that may influence the nature 

of disease spread both within and between feral and domestic pigs.  

Feral pig density, contact rates, and the probability of disease transmission between feral and 

domestic pigs are highly uncertain given the lack of data available under Australian conditions. A 

sensitivity analysis was undertaken to assess the influence of these parameters on the nature of 

an outbreak (Section 5). There was a clear signal that the density of feral pigs, the level of 

direct/indirect contact between feral pigs, and the level of direct/indirect contact between 

domestic and feral pigs (proxied by spillover transmission probabilities), strongly influenced the 

size and duration of ASF outbreaks in both domestic and feral pigs. This reinforces the critical 

requirement for the model to be informed by reliable localised data on feral pig distribution and 

abundance, inter-sounder contact rates, and the level of opportunity for direct and indirect 

contact between feral and domestic pigs. Outbreaks of ASF are likely to be larger and longer in 

cooler temperatures which are favourable for virus viability in the environment (including feral pig 

carcasses) (Schulz et al., 2019; Probst et al., 2020). This was observed to be a model outcome 

throughout the case studies (Section 7), the sensitivity analysis (Section 5) and the validation 

activities (Section 6). 

The natural spread of ASF in feral pigs is simulated by the diffusive pathway described in Section 

3.8. Factors driving this are feral pig densities, between-group contact rates, and seasonal 

influences on the viability of ASFV in carcasses and in the environment. A sensitivity analysis was 

undertaken to determine the emergent rates of spread in different regions at different times of 

the year (Section 5.1). Spread rates were generally higher in the high feral pig density temperate 

southern regions (TEF and TES) than the lower density southern temperate (TEF and TES) and 

central desert (DES) regions. This is consistent with observations of the spread of ASF in wild boar 

in Europe (EFSA, 2020). The overall median spread rate was 19 km/year which is consistent with 

overseas estimates of the non-anthropogenic spread rate of ASF in wild boar of 8-24 km/year 



 

98 
Technical report for CEBRA project 20121501 

 

(Śmietanka et al., 2016; EFSA, 2018a; Wozniakowski et al., 2021; Podgórski & Śmietanka, 2018; 

Taylor et al., 2020). Further work is needed in this area as it is not known how relevant the 

European spread rates are to Australia. Also, as the focus of this project was Queensland, further 

work is needed under different seasonal conditions, particularly in cooler southern Australia 

where virus viability in the environment and in feral pig carcases will be much longer than in the 

hot climate that is typical of Queensland.  

Section 5 demonstrated the density-dependent transmission of ASF between sounders (Podgórski 

et al., 2020) and the model may thus be useful in assessing how targeted reductions in feral pig 

density may influence the risk of transmission in the domestic pig population (EFSA, 2018b). 

8.4 Limitations & future work 
The new model already provides insights into how ASF may spread in the Australian context, but 

these are preliminary findings only. Further review and validation work is required to gain 

confidence in model outcomes prior to adoption into decision making and policy. The limitations 

of the project and potential future work are detailed in this section.  

8.4.1 Expansion to other jurisdictions 

The AADIS-ASF model has only been parameterised for Queensland and will be scaled up to a 

national model through Biosecurity Innovation Program project 182021. It is expected that the 

conceptual model, assumptions, and implementation will be broadly suitable for other 

jurisdictions, however, it is possible that refinements to the conceptual model and/or 

implementation will be triggered during the expansion to national scale. 

8.4.2 Within-herd spread 

The model considers different herd or farm types and their unique movement patterns and 

biosecurity practices (Section 3.1). There is a mathematical assumption that disease spreads within 

a pig herd homogenously at a constant rate, i.e., the epidemiological unit of interest is a well-

mixed herd. In reality, the sheds, pens and yards characteristic of pig farming means that disease 

spread is likely to be multiscale, i.e., fast within a shed and slower between sheds. The model 

indirectly addresses this issue through modified transmission parameters to reflect the potentially 

longer and less intensive infectious periods of the farm. The alternative is to explicitly model the 

spread of disease within individual sheds on a pig farm. A review of this approach will be carried 

out as part of a follow-on project. 

8.4.3 Post-outbreak management 

The post-outbreak management module is available in AADIS-ASF but was not enabled and 

parameterised for the case studies. Estimating market damages and trade losses from an ASF 

outbreak was beyond the scope of this project. 

8.4.4 Feral pig surveillance and control 

The AADIS-ASF-QLD implementation of feral pig passive surveillance, active surveillance, and 

control is preliminary and needs to be refined. The outcomes of the 2019 AHC ASF task force feral 



 

99 
Technical report for CEBRA project 20121501 

 

pig working group surveillance sub-group and the latest AUSVETPLAN ASF response strategy 

should be considered. This work will allow the model to help assess the potential cost/benefits of 

feral pig surveillance and control strategies with respect to the domestic pig industry. 

8.4.5 Feral pig distribution and abundance raster data  

The feral pig distribution and abundance raster layer used in the AADIS-ASF-QLD model will be 

improved to better align with current understanding and literature e.g., Hone et al., 2020. A 

review is underway of the national feral pig population including the density and distribution of 

feral pigs considering the more recent research. The current work of the ABARES pest 

management group and the North Australia Quarantine Strategy will provide more information on 

feral pig abundance and distribution and will be useful to cross reference and ground truth 

population estimates in the model. 

When expanding AADIS-ASF to a national scale it may be necessary to revisit the cell size chosen 

for the grid. The 2x2 km grid cell used in the Qld model will not scale well nationally, so either a 

larger cell size will need to be used (e.g., 5x5 km) or mega-region models created (e.g., WA, 

QLD+NSW, NSW+VIC, NT+QLD) rather than a single national model. Note that if the cell size 

changes then the model’s assumptions on sounder ranges, feral pig population dynamics and 

contact rates between adjoining cells and will also need to be revisited. As part of this work, 

additional raster layers such as land use and terrain accessibility should be derived to better 

inform passive and active surveillance. 

8.4.6 Raster vs agent-based modelling approach to representing feral pigs 

A decision was made during the development of the AADIS-ASF-QLD model to use a geographic 

automaton modelling approach for representing the feral pig population (i.e., each (atomic) cell 

has a count of feral pigs that changes monthly). This approach scales well nationally but has 

limitations representing the ecology, mobility, and contact patterns of sounders. The alternative is 

to represent sounders and solitary males as individual agents that organically interact with each 

other. This approach captures feral pig ecology and epidemiology accurately but doesn’t scale up 

(as it results in millions of extra agents). The AADIS framework could be used to create a local-

scale agent-based feral pig model by defining sounder and solitary male agents (i.e., ‘herd types’) 

and the localised outcomes of this model could help parameterise the larger scale main model. It 

might be useful to allow AADIS to represent wild populations as either point-based (e.g., sounder 

groups) or raster-based (e.g., midges as vectors of livestock disease). 

8.4.7 Feral pig jump contacts 

The model includes an option to simulate longer distance sporadic jumps in disease transmission 

among feral pigs. This could include anthropogenic spread (e.g., due to feral pig hunter 

movements), or natural spread (e.g., longer distance movements of lone males). These longer 

distance movements are not well understood and were not included in the simulation studies. 

Further information is needed to better understand the nature of these movements and the 

probability of associated disease transmission. The inclusion of this pathway of transmission in the 

model may contribute to larger and more lengthy outbreaks of disease, as infection may seed into 

unexpected areas and make control in feral pigs more problematic and lengthier. It may also result 
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in increased likelihood of disease spread to domestic pig herds. Further work is needed to 

parameterise the jump pathway. Can genomic, qualitative (e.g., hunter surveys), or trace 

elemental studies provide clues on the origins and movement pattern of feral pigs? Is any data 

available on pigs being purposely relocated for hunting purposes? What is the likelihood of 

infected carcasses or fomites being moved around by hunters? What sort of distances do solitary 

males cover in Australia when looking for mates? AADIS supports multiple concurrent jump 

pathways, so it would be possible to model natural jumps separately to human-mediated jumps. 

8.4.8 The domestic/feral pig epidemiological interface 

The epidemiological interface between domestic and feral pigs was difficult to parameterise in the 

AADIS-ASF-QLD. There is a shortage of local empirical data available on direct/indirect contacts 

between feral and domestic pigs. There is a need for local field work (e.g., camera traps, collaring, 

satellite tracking, genomics, pathogen surveillance, trace elemental studies) on direct/indirect 

contacts between feral and domestic pigs to directly inform the model. How and under what 

conditions do we see interactions (contacts)? How does this vary over space and time? How likely 

is it that different types of contact would result in transmission? Are there situations where ASF 

becomes established in feral pigs? Under what conditions, if any, do we see large outbreaks that 

are difficult to control? Government and industry are very interested in better understanding the 

domestic/feral epidemiological interface and reducing the likelihood of spill-over transmission 

events. 

8.4.9 Compartmentalisation 

An incursion of ASF in Australia would result in significant damage to the pig industry through 

closure of international markets for pork and pig products. There is strong interest in the 

establishment of biosecurity-based compartments during ‘peacetime’ that may allow business 

continuity in the face of an ASF outbreak (Ausvet, 2019). It may be useful for AADIS-ASF to be 

extended to assist investigations into the mechanics, costs, and benefits of compartmentalisation. 

Although modelling compartmentalisation was beyond the scope of this project, the AADIS 

database schema was updated to allow the definition of company-linked producer networks. 

• A new ManagementGroup database table with interim attributes groupID and 

groupName. Other attributes can be defined as needed. 

• A new groupID attribute in the Herd database table that indexes into the 

ManagementGroup table. 

This allows each herd to be (optionally) associated with a specific management group and can be 

used to identify integrated production systems and multi-site piggeries. A future implementation 

of compartmentalisation could make use of the management linkages to identify herds that 

conform to specified biosecurity measures (thus qualifying the linked premises to a compartment). 

8.4.10 Indirect contacts 

The AADIS-ASF-QLD model represents direct contacts by replaying NLIS movements. Indirect 

contacts are harder to quantify. The risk of indirect transmission could be better understood 
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through focussed field studies and/or data analysis. For example, truck movement leaving 

abattoirs, feed and feed trucks, semen movements, shared trucks (both within and between 

industries) with inadequate decontamination between consignments. Abattoirs are not currently 

agents in the AADIS model. Infected consignments sent to an abattoir are logged and are 

considered a dead-end for disease transmission. By explicitly representing abattoirs as agents, it 

would be possible to model indirect transmission out of abattoirs via contaminated trucks. This 

would also facilitate identification of (indirect) trace premises allowing movement controls (and 

implications thereof) and resolution priorities to be better reported. Trace premises, of which 

there may be many, are a potential response bottleneck - they will need resourcing and a 

prioritisation process to assess as negative to be able to move pigs. If not assessed negative, this 

will very rapidly lead to negative welfare outcomes due to over-stocking. 

8.4.11 Domestic declared areas 

The domestic pig declared areas in AADIS-ASF are largely inherited from the AADIS-FMD model. 

Declared areas can be jurisdictional (CA=state, RA=LGA) or radial (e.g., CA=10 km, RA=5 km), but 

cannot be a combination of jurisdictional and radial (e.g., cannot have CA=state, RA=5 km). A more 

flexible approach may be required in the model, for example, restricting the CA to the South-East 

area of Qld where most of the pig farms are. A review is needed of the application and designation 

of movement controls in the model to reflect the current proposals in AUSVETPLAN for declared 

areas and premises classifications. A new more flexible concept needs to be discussed and 

developed to allow testing of alternative ASF and pig industry specific control strategies to help 

understand the potential impact on an outbreak. 

8.4.12 Model validation 

It’s challenging to validate epidemiological models when the subject disease has never been 

detected in the subject country. One option is to adapt the AADIS-ASF model to a country that has 

experienced an ASF outbreak (such as Germany or South Korea) and compare the modelled 

outcomes with field data.  

Another option is a comparative validation where multiple ASF models are adapted to a common 

study area and the simulated outbreak results comparted. The QUADs emergency management 

group Epiteam, representing the US, Canada, UK, NZ, and Australia, provides technical advice to 

chief veterinary officers on key animal health policy issues. The group have previously conducted 

model comparison studies for validation and to assist contingency plans (Sanson et al., 2011; 

Roche et al., 2015; Rawdon et al., 2018) and could provide a forum for future validation studies for 

AADIS-ASF. 

8.4.13 User interface and model outputs 

A review of the user interface (user guide, database files, configuration files and graphical user 

interface) and model outputs (report files and visualisation) is required to ensure fitness for 

purpose. 
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8.4.14 Stakeholder engagement 

The project focussed on developing a new modelling capability to support Australian preparedness 

and planning for ASF and this required significant engagement with federal and state 

governments, and industry. Further stakeholder engagement, including communication of project 

outcomes, is planned for the follow-on Biosecurity Innovation Program project 182021 which will 

scale the AADIS-ASF model up to a national context. 

8.5 Conclusions 
The new AADIS-ASF model is a successful proof of concept that an agent-based domestic pig 

disease spread model can interoperate with a geographic automata-based feral pig disease spread 

model. The preliminary findings of the project’s simulation studies suggest ASF is likely to be 

controlled in domestic pigs within 6 months of disease introduction (based on the configured 

assumptions of the scenarios). Indirect transmission of ASF (such as fomites, trucks, and people 

movements) is an important aspect of outbreaks and on-farm biosecurity plays a critical role in 

reducing ASF spread. The simulations suggest feral pigs have the potential to amplify the size and 

duration of an outbreak, but their influence will depend on the region, the time of year, the 

density of the feral pig population, and the extent of on-farm biosecurity measures. Spillover 

between domestic and feral pigs is far more likely to involve non-commercial farms (smallholders 

and pig keepers) than commercial farms. 

The new AADIS-ASF model is a flexible and powerful decision support tool for preparedness for a 

potential incursion of ASF in Australia. The model will help answer questions about the potential 

size of an outbreak, the risk of transmission spillover events between domestic and feral pigs, 

appropriate control and eradication measures, and resource requirements. The model will also 

help identify knowledge and data gaps, support preparedness and training exercises, and inform 

strategic decision making. 
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APPENDIX A 

DOMESTIC PIG WITHIN-HERD EBM PARAMETERISATION 
 

Table 37. Domestic pig within-herd EBM parameterisation for ASFV Georgia 2007/1 

EBM parameter 

(Figure 4) 

VLC MLC SC SGT SH PK References 

transmission rate (β) 1.5 1.5 1.2 0.6 0.8 0.8 Adapted from Gulenkin et al., 2011; Guinat et 

al., 2016; Nielsen et al., 2017; Guinat et al., 

2018; Oberin 2020 

average latent 

period (1/σ) 

4 days Penrith & Vosloo, 2009; Blome et al., 2013; 

Guinat et al., 2014; Pietschmann et al., 2015; 

Guinat et al., 2016a; Beltrán-Alcrudo et al., 

2017 average infectious 

period (1/γ) 

5 days 

carcass tx rate (BD) 0 It is assumed that carcasses are removed 

promptly from domestic pig herds and do not 

play a role in transmission carcass infectious 

period (1/ε) days 

0 

R0 (derived) 7.5 7.5 6.0 3.0 4.0 4.0 Pietschmann et al., 2015; Guinat et al., 2019; 

Schultz et al., 2019 

probability of death 

after infection (m) 

0.95 Gallardo et al., 2015; Halasa et al., 2016a 

average incubation 

period (1/λ) 

5 days Costard et al., 2015; Guinat et al., 2016a 

Gallardo et al., 2018; Walczak et al., 2020 

proportion clinical (c) 1.0 Spickler, 2018 

average clinical 

period (1/ϕ) 

7 days Gallardo et al., 2018 

natural immunity BetaPert1 (120, 180, 360) days Sereda et al., 2020 

 

1variant of the Beta distribution with parameters minimum, most likely and maximum values (Vose, 2008) 
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APPENDIX B 

DOMESTIC PIG BETWEEN-HERD SPREAD PATHWAY PARAMETERISATION 
 

Table 38. Selected parameterisation for the AADIS-ASF local spread pathway 

Local spread parameter (Equations 1-3) Value 

average daily probability of local spread transmission between an 

infectious herd and a neighbouring herd 0 km apart (defined per 

mega- region) 

pastoral = 0.027 

north-east = 0.031 

south-east = 0.031 

south-west = 0.031 

local spread kernel radius 3 km 

local spread decay mode exponential 

decay constant -6 

infectivity power 0.3 

susceptibility power 0.3 

risk category (reflects on-farm biosecurity measures) herd-dependent 

biosecurity weight (dampens the probability of local/indirect 

transmission) 

see Table 2 

seasonal weight (reflects environmental influence on ASFV viability) see Table 11 

Detection weight (reflects reduced probability of local spread once an 

outbreak has been declared) 

0.66 

number of transmissions from an effective contact  BetaPERT1 (1, 2, 5) 

 

1variant of the Beta distribution with parameters minimum, most likely and maximum values (Vose, 2008) 

 

The red curve in Figure 66 depicts the daily probability of silent local spread from an averagely 

infectious average-sized small commercial pig herd in north-east Queensland in May, to a 

neighbouring susceptible average-sized small commercial pig herd. The yellow curve depicts the 

dampened probability once an outbreak has been declared. The blue curve depicts the local 

spread probability curve used by Halasa and colleagues (2016a). Note that the Halasa curve is over 

a 2 km spatial kernel radius and the AADIS-ASF curve has been temporarily scaled down from a 3 

km radius to 2 km radius for comparative purposes. Note that the AADIS-ASF probability of local 

spread is far more complex than the Halasa probability as it considers the dynamic (daily) 
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prevalence of the infectious herd, infectivity of the infectious herd (dependent on herd size), 

susceptibility of the susceptible herd (dependent on herd size), biosecurity measures in place on 

the susceptible farm, seasonal environmental effects, and distance between the infectious and 

susceptible herds relative to 3 km spatial kernel. In contrast, the Halasa and colleagues’ 

probabilities are from a simple static distance-based step function that aggregates contributing 

risk factors across the kernel radius. Comparisons are also difficult given (i) the generally higher 

density of pig farms in Europe than Australia, and (ii) cultural-based smallholdings of pigs in 

Europe will have quite different direct/indirect contact profiles than hobbyist smallholdings of pigs 

in Australia. 

 

Figure 66. Example of AADIS-ASF probability of local spread between small commercial pig farms 

during the silent spread phase (red) and during the control program (yellow) 

 

Table 39. Seasonal weights reflecting environmental influence on ASFV transmission 

Mega 

region 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

PL 0.7882 0.8641 0.9767 1.1419 1.1936 1.2057 1.1994 1.1845 1.0692 0.8443 0.7526 0.7798 

NE 0.9648 0.9870 0.9987 1.0190 1.0191 1.0279 1.0367 1.0272 1.0273 1.0009 0.9549 0.9364 

SE 0.9262 0.9713 1.0014 1.0306 1.0243 1.0211 1.0211 1.0243 1.0180 1.0125 0.9744 0.9748 

SW 0.8645 0.8911 0.9458 1.0431 1.0581 1.0440 1.0581 1.0581 1.0581 1.0390 0.9984 0.9415 

References: adapted from Mazur-Panasiuk et al., 2019 
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Table 40. Selected parameterisation for the AADIS-ASF indirect spread pathway 

Indirect spread parameter VLC MLC SC SGT SH PK 

Poisson distribution of average daily number of 

indirect contacts 

1.166 0.544 0.339 0.190 0.177 0.177 

distribution of distance in km of indirect contacts 

BetaPert1 (minimum, most likely, maximum) 

3 

100 

350 

3  

70 

1000 

3  

70 

 600 

3 

50 

100 

3 

70 

400 

3  

25 

100 

destination herd type for an indirect movement contact matrix (dependent on source and destination 

herd types) 

probability of infection from an indirect contact Pastoral = 0.010 

North-east = 0.011 

risk category (reflects on-farm biosecurity 

measures) 

herd-dependent 

biosecurity weight (dampens the probability of 

local/indirect transmission) 

See Table 2 

seasonal weight (reflects environmental influence 

on ASFV viability) 

See Table 39 

number of transmissions resulting from an 

effective indirect contact 

BetaPERT1 (1, 2, 5) 

 

1variant of the Beta distribution with parameters minimum, most likely and maximum values (Vose, 2008) 

References: QDAF 
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Table 41. Selected parameterisation for the AADIS-ASF direct spread pathway. This only applies to pig 

keepers as the direct movements for all other herd types are driven by historical NLIS movements. 

Direct spread parameter (pig keepers only) Value 

daily number of direct contacts Poisson (0.0082) 

distance of a direct movement BetaPERT1 (3, 65, 600) km 

destination premises type probabilities farm=0.1108, saleyard=0.2429, abattoir=0.6463 

destination mega-region for a direct movement contact matrix 

(dependent on source mega-region and herd type) 

destination herd type for a direct movement contact matrix 

(dependent on source and destination herd types) 

consignment size (proportion of herd size) BetaPERT1 (0.002, 0.059, 1.0)  

 

1variant of the Beta distribution with parameters minimum, most likely and maximum values (Vose, 2008) 
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APPENDIX C 

DOMESTIC PIG CONTROL MEASURES PARAMETERISATION 
 

Table 42. Selected parameterisation for domestic pig control measures 

Component  Parameterisation 

movement 

controls 

• state-wide CA for 28 days followed by 10 km radial CAs. Saleyard movements stopped. 

Direct movements dampened by 95%. Indirect movements dampened by 50%. 

• LGA-based RAs for 28 days followed by 3 km radial RAs. Saleyard movements stopped. 

Direct movements dampened by 98%. Indirect movements dampened by 85%. 

• declared areas lifted 28 days after all enclosed IP operations have completed. 

IP 

Operations 

• destruction of all susceptible animals on IPs, followed by disposal and decontamination 

of premises. 

• no ring destruction or preemptive destruction. 

• 1 destruction team ramping up to 25 between days 3 and 28 of the response 

• 4 disposal teams ramping up to 28 between days 7 and 30 of the response 

• the number of decontamination teams were configured to not be a limiting constraint 

tracing • direct and indirect movements onto and off all IPs (15-day tracing window) 

• tracing effectiveness: direct = 0.95, indirect = 0.80 

surveillance • investigation of all reported SPs, DCPs and TPs 

• periodic visits to at-risk premises (ARPs) inside RAs 

• lab test required for confirmation of infection 

• 2 false positive reports of clinical signs for every true positive report 

• 5 surveillance teams ramping up to 40 between days 3 and 21 of the response 

 

References: AUSVETPLAN, 2020; estimates based on discussions with QDAF 
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Table 43. Duration and costing parameterisation for domestic pig control measures 

Parameter VLC MLC SC SGT SH PK 

surveillance duration (days) 1 1 1 1 1 1 

direct tracing duration (days) BetaPert1 (1, 2, 3) 

indirect tracing duration (days) BetaPert1 (1, 3, 3) 

destruction duration (days) 4.2 0.9 0.6 0.6 0.5 0.5 

disposal duration (days) 4.9 0.9 0.6 0.6 0.6 0.5 

decontamination duration (days) 8.0 1.2 0.6 0.6 0.6 0.6 

surveillance cost (A$ per herd) $1725 $1150 $850 $850 $625 $625 

destruction cost (A$ per pig) $4 $4 $4 $4 $4 $4 

disposal cost (A$ per pig) $9 $9 $9 $9 $9 $9 

decontamination cost (A$ per herd) $116,847 $77,898 $15,580 $15,580 $7790 $7790 

compensation cost (A$ per pig) $223 $223 $223 $223 $150 $150 

 

1variant of the Beta distribution with parameters minimum, most likely and maximum values (Vose, 2008) 

References: Adapted from Slayter et al., 2021. 
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APPENDIX D 

FERAL PIG WITHIN-GROUP EBM PARAMETERISATION 
Table 44. Feral pig within-group EBM parameterisation for ASFV Georgia 2007/1 per region 

EBM parameter  

(Figure 12) 

DES 

(1) 

TEF 

(4) 

TES 

(5) 

TRS 

(6) 

TRF 

(7) 

References 

transmission rate (βI) 0.6 Penrith & Vosloo, 2009; Blome et al., 

2013; Guinat et al., 2014; Pietschmann 

et al., 2015; Guinat et al., 2016a; 

Beltrán-Alcrudo et al., 2017 

latent period (1/σ) 4 days 

infectious period (1/γ) 5 days 

carcass transmission rate (BD) 0.6 Taylor et al., 2020 

carcass infectious period (1/ε) days 

    summer 

    autumn 

    winter 

    spring 

 

10 

12 

14 

12 

 

15 

30 

60 

30 

 

10 

30 

60 

30 

 

7 

10 

10 

7 

 

10 

10 

10 

10 

 

Adapted from Twigg et al., 2005; 

Dautartas et al. 2018; Blome et al., 

2020; Carlson et al., 2020; Fischer et 

al., 2020; Tharle, 2021; 

R0 (including carcasses) 

    summer 

    autumn 

    winter 

    spring 

 

6 

7 

8 

7 

 

9 

18 

36 

18 

 

6 

18 

36 

18 

 

4.2 

6 

6 

4.2 

 

6 

6 

6 

6 

 

Penrith & Vosloo, 2009; Blome et al., 

2013; Guinat et al., 2014; Pietschmann 

et al., 2015; Guinat et al., 2016a; 

Beltrán-Alcrudo et al., 2017 

probability of death after infection 

(m) 

0.90 Gallardo et al., 2015; Halasa et al., 

2016a; Guinat et al., 2016a; Gallardo 

et al., 2018 

incubation period (1/λ) 5 days 

proportion clinical (c) 1.0 Spickler, 2018 

clinical period (1/ϕ) 7 days Gallardo et al., 2018 

natural immunity (days) BetaPert1 (120, 180, 360) Sereda et al., 2020 

recovery period Rp (days) 730 Adapted from Giles, 1980; Caley, 

1993; Saunders 1993; Dexter 

(1998); Gentle et al. (2019) recovery lag Rl (days) 365 

recovery gradient summer and autumn 1.0 

winter and spring 1.2 
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APPENDIX E 

FERAL PIG BETWEEN-GROUP SPREAD PATHWAY PARAMETERISATION 
Table 45. Parameterisation of the feral pig between-group diffusive spread pathway 

Parameter  

(Equation 7) 

DES 

(1) 

TEF 

(4) 

TES 

(5) 

TRS 

(6) 

TRF 

(7) 

References 

contact rate  

    summer 

    autumn 

    winter 

    spring 

 

0.07 

0.14 

0.14 

0.07 

 

0.07 

0.14 

0.14 

0.07 

 

0.07 

0.14 

0.14 

0.07 

 

0.07 

0.07 

0.07 

0.07 

 

0.07 

0.07 

0.07 

0.07 

Adapted from 

Podgorski et al., 2018; 

Taylor et al., 2020; 

Taylor et al., 2021; J. 

Vicente pers. comms 

2021 

diffusion mode (Moore or radial) Moore  

diffusion range (radial distance in 

km or Moore neighbourhood 

range) 

r=1 Pepin et al., 2016 

Podgorski et al., 2018 

Scherer et al., 2020 

contact choice (most suitable, 

most populated, random) 

random  

probability of effective contact 0.75 Adapted from Cowled 

et al., 2012 

seasonal weight 

    summer 

    autumn 

    winter 

    spring 

 

0.8 

1.0 

1.2 

0.9 

 

0.8 

1.0 

1.2 

0.9 

 

0.8 

1.0 

1.2 

0.9 

 

0.8 

1.0 

1.2 

0.9 

 

1.0 

1.0 

1.0 

1.0 

 

Adapted from Mazur-

Panasiuk et al., 2019 
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Table 46. Parameterisation of the feral pig between-group jump spread pathway (disabled) 

Parameter  

(Equation 8) 

DES 

(1) 

TEF 

(4) 

TES 

(5) 

TRS 

(6) 

TRF 

(7) 

References 

contact rate  

    summer 

    autumn 

    winter 

    spring 

 

0.00 

0.00 

0.00 

0.00 

 

0.00 

0.00 

0.00 

0.00 

 

0.00 

0.00 

0.00 

0.00 

 

0.00 

0.00 

0.00 

0.00 

 

0.00 

0.00 

0.00 

0.00 

 

N/A 

 jump mode (directed or random) random N/A 

jump distance (km) BetaPert1 (0, 0, 0) N/A 

catchment radius (km) 0 N/A 

contact choice (most suitable, 

most populated, random) 

random N/A 

probability of effective contact 0.0 N/A 

seasonal weight N/A N/A 

 

1variant of the Beta distribution with parameters minimum, most likely and maximum values (Vose, 2008) 
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APPENDIX F 

DOMESTIC PIG AND FERAL PIG SPREAD PATHWAY PARAMETERISATION 
 

Table 47. Parameterisation of the domestic pig to feral pig spread pathway 

Parameter 

(Equation 9)  

DES 

(1) 

TEF 

(4) 

TES 

(5) 

TRS 

(6) 

TRF 

(7) 

References 

spatial kernel radius 5 km N/A 

average daily probability of 

transmission 

0.025 0.025 0.025 0.025 0.025 Adapted from Cadenas-Fernández 

et al., 2019; Taylor et al., 2020; 

Taylor et al., 2021 

decay mode (linear, 

exponential, gaussian, 

Hayama) 

Hayama Hayama et al., 2020 

decay alpha 2.81 Adapted from Hayama et al., 2020 

decay r0 2.5 Adapted from Hayama et al., 2020 

biosecurity weight (dampens 

the probability of 

transmission) 

See Table 2 N/A 

seasonal weight See Table 45 N/A 
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Table 48. Parameterisation of the feral pig to domestic pig spread pathway 

Parameter 

(Equation 10)  

DES 

(1) 

TEF 

(4) 

TES 

(5) 

TRS 

(6) 

TRF 

(7) 

References 

spatial kernel radius 5 km N/A 

average daily probability of 

transmission 

0.05 0.05 0.05 0.05 0.05 Adapted from Cadenas-Fernández et 

al., 2019; Taylor et al., 2020; Taylor et 

al., 2021 

decay mode Hayama Hayama et al., 2020 

decay alpha 2.81 Adapted from Hayama et al., 2020 

decay r0 2.5 Adapted from Hayama et al., 2020 

biosecurity weight (dampens 

the probability of transmission) 

See Table 2  

seasonal weight See Table 45  
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APPENDIX G 

FERAL PIG SURVEILLANCE AND CONTROL PARAMETERISATION 
 

Table 49. Parameterisation of the feral pig surveillance and control components (test data only) 

Parameter 

(Section 3.5) 

Passive 

surveillance 

 

Control 

Active 

surveillance 

Post control 

surveillance 

trigger ongoing domestic IP or 

detection in feral 

pigs 

domestic IP or 

detection in feral pigs 

completion of 

control 

treatment/ 

surveillance area 

Qld 0 km inner radius 

5 km outer radius 

5 km inner radius 

10 km outer radius 

0 km inner radius 

5 km outer radius 

duration ongoing 21 days 21 days 21 days 

effectiveness sensitivity 0.25 70% knockdown sensitivity 0.98 

specificity 1.0 

sensitivity 0.98 

specificity 1.0 

cost per area A$ $0 $60,000 $60,000 $30,000 

number of actions ongoing 1 1 1 

resources required 

per action 

N/A 1 1 1 

resource pool initial 

size 

N/A 15 15 15 

resource pool final 

size 

N/A 60 60 60 

resource pool ramp 

lag (days) 

N/A 5 5 5 

resource pool ramp 

duration (days) 

N/A 14 14 14 
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APPENDIX H 

VISUALISATION AND GRAPHICAL USER INTERFACE 

 

Figure 67. AADIS-ASF-QLD domestic pig infection visualisation 
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Figure 68. AADIS-ASF-QLD feral pig infection visualisation 
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Figure 69. AADIS-ASF-QLD feral pig surveillance and control visualisation 
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Figure 70. AADIS-ASF-QLD feral pig diffusion dialog Figure 71. AADIS-ASF-QLD feral pig jump dialog 
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Figure 72. AADIS-ASF-QLD feral pig EBM dialog Figure 73. AADIS-ASF-QLD feral & domestic transmission dialog 
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Figure 74. AADIS-ASF-QLD feral pig surveillance dialog Figure 75. AADIS-ASF-QLD feral pig control dialog 
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Figure 76. AADIS-ASF-QLD feral pig resource profiler (unlimited resources) Figure 77. AADIS-ASF-QLD feral pig resource profiler (limited resources) 

 

 


