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Abstract 

The overall objective of this thesis was to determine the importance of hydatid disease to 

the Australian beef industry and to gain a deeper epidemiological understanding of this disease. 

In doing so, the diagnostic accuracy of routine meat inspection for hepatic hydatid disease was 

estimated and the burden of hydatid disease in individual cattle was investigated. Apparent and 

true prevalence of hydatid disease in beef cattle were estimated and risk factors associated with 

infection identified. Direct economic losses associated with hydatid disease were estimated and 

the knowledge, attitudes and practices of Australian beef producers was described.  

Routine post-mortem meat inspection at an eastern Australian abattoir (the ‘focus 

abattoir’) for hepatic hydatid disease was found to have a very low sensitivity (24.9%), but a 

very high specificity (98.9%). The low sensitivity of routine meat inspection indicated that 

prevalence reported by the abattoir was underestimated, but the high specificity indicated that 

truly uninfected livers were generally correctly reported. The sensitivity of routine meat 

inspection was higher with a greater number of cysts.  Burden (number and size) of cysts in 

individual cattle had not changed since previous studies. Cattle typically had few and small 

cysts, but the size and number of cysts were positively correlated with dentition (age) of the 

animal. 

A retrospective study using data from 2010 to 2018 on 1,178,329 cattle slaughtered at 

the focus abattoir was conducted. Apparent prevalence of hydatid disease using the abattoir 

data was 8.8% (95% confidence interval [CI] 8.8–8.9%). However, when accounting for 

sensitivity and specificity of routine meat inspection, true prevalence, was estimated to be 

33.0% (95% CI 24.4–44.4%), which is higher than previously recognised. The identification 

of infected cattle in almost all sampled regions demonstrated that the geographic distribution 

of hydatid-infected cattle is also wider than previously thought. Multilevel regression showed 

that the odds of hydatid disease were highest in eight-tooth cattle (>42 months) and cattle that 

were grass-fed.  

The median estimated direct loss to the focus abattoir between 2011 and 2017 was 

AU$655,560 (95% CI AU$544,366–787,235). This equated to approximately AU$6.70 (95% 

CI AU$5.56–8.05) lost per infected animal. This estimate is most likely an underestimate, 
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therefore, these losses indicate that hydatid disease has a substantial economic impact on the 

Australian beef industry.  

The knowledge, attitudes and practices survey demonstrated that knowledge of hydatid 

disease among beef producers, and their attitudes towards the disease are associated with 

practices that could influence transmission of Echinococcus granulosus. The study also 

demonstrated that improving knowledge and awareness of hydatid disease among beef 

producers is required and would be well received by beef producers. 

These results demonstrate that abattoir data should be validated prior to being used in 

epidemiological studies, and the accuracy of abattoir data collection needs to be improved to 

facilitate both surveillance and research. It is likely that results from these studies are 

generalisable to the entire beef cattle population of eastern Australia due to the wide geographic 

catchment of the focus abattoir, the large study population, and the long duration of data 

collection. However, further studies to estimate the prevalence and economic losses in other 

beef abattoirs are required to determine this and support development of further control 

strategies (such as vaccination to prevent hydatid infection). Hydatid disease in beef cattle has 

important epidemiological and economic impacts on the Australian beef industry. Improved 

knowledge and awareness of hydatid disease among Australian beef producers is required, and 

practical and cost-effective control measures need to be identified. 
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Photo: The author examining a bovine liver for hydatid cysts. Source: David Jenkins. 
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 Background and objectives 

Hydatid disease (cystic echinococcosis, hydatidosis, or echinococcosis), caused by 

tapeworms of the genus Echinococcus, is a globally distributed parasitic zoonosis of livestock, 

wildlife and humans. Echinococcus has an indirect lifecycle involving a predator/prey 

relationship between definitive and intermediate hosts. Definitive hosts are always carnivores: 

domestic and wild dogs, dingoes, foxes, and felids in some parts of the world. Intermediate 

hosts are either herbivores or omnivores: macropods, sheep, cattle, camels, goats, pigs, and 

humans (Romig, 2003; Romig et al., 2017; Thompson, 1986; Urquhart et al., 1996). Adult 

tapeworms reside in the small intestine of the definitive host, and eggs excreted in the faeces 

are ingested by the intermediate host. The eggs then develop into fluid-filled hydatid cysts in 

various organs, mainly the liver and lungs (Thompson, 1995). 

In Australia, the only species of Echinococcus known to occur is Echinococcus 

granulosus sensu stricto. Since its introduction, hydatid disease has become endemic on 

mainland Australia being maintained in two life cycles: a sylvatic cycle, involving wild dogs 

and dingoes, and macropods; and, a domestic cycle involving domestic dogs and mainly sheep, 

but also cattle (Durie & Riek, 1952). Consequently, the number of potential definitive and 

intermediate hosts in Australia is very high, allowing for the widespread distribution of E. 

granulosus. However, current prevalence of the disease and the burden of disease in individual 

animals, as well as risk factors at population level, have not been extensively or recently 

investigated (Banks et al., 2006b; Gemmell, 1958). 

Currently, routine post-mortem meat inspection is the only practical method to monitor 

hydatid disease prevalence in populations of beef cattle. Previous studies have indicated that 

routine meat inspection has a low sensitivity for some diseases (Bonde et al., 2010; Stärk et al., 

2014). However, the diagnostic accuracy of meat inspection for hydatid disease in cattle is 

unknown and therefore, prevalence based on abattoir data might be inaccurate. Despite this, 

hydatid cysts are frequently identified in the organs of cattle at slaughter. Infected organs are 

subsequently removed from the human food chain resulting in an economic loss. The losses 

resulting from hydatid disease in the Australian beef industry have not been thoroughly or 

recently evaluated in Australia, and the knowledge, attitudes and practices of beef producers 

with regards to this disease in cattle are unknown.  
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 Objectives and aims 

The overall objective of this thesis was to determine the importance of hydatid disease to 

the beef industry in eastern Australia and to gain a deeper epidemiological understanding of 

this disease. To achieve this objective, the specific aims were:  

1. estimate the diagnostic accuracy of routine meat inspection for hydatid disease, 

2. describe the characteristics of hydatid disease infection in individual Australian 

beef cattle,  

3. estimate the true prevalence of hydatid disease in beef cattle slaughtered at a major 

Australian abattoir, describe the geographic distribution of infected cattle, and 

identify the risk factors associated with infection,  

4. estimate the economic impact of hydatid disease to a major Australian abattoir, 

5. describe the knowledge and attitudes of Australian beef producers with regards to 

hydatid disease and identify farm management practices that could influence 

transmission and impacts. 

 Overview of thesis structure 

The thesis begins with a literature review (Chapter 2) outlining the Australian beef 

industry and hydatid disease. Hydatid disease is described both in general and within the 

Australian context.  

The overall objective of this research is addressed in research Chapters 3 through to 7. 

Each chapter has individual aims which contribute to the overall objective. The first aim is 

addressed in Chapter 3. The second and third aims are addressed in Chapters 4 and 5, 

respectively. The fourth aim is addressed in Chapter 6. Finally, the fifth aim is addressed in 

Chapter 7. All research chapters are presented in ‘thesis by publication’ format. Chapters 3, 4, 

5 and 6 are presented as they are published, and Chapter 7 is presented as it was submitted to 

Preventive Veterinary Medicine. To produce a thesis with consistency, the referencing of this 

entire thesis is APA 6th and the bibliography is presented at the end of this thesis.  

Finally, the discussion chapter (Chapter 8) highlights the key findings of the research, 

identifies limitations that were encountered, and provides recommendations to the Australian 

beef industry and for future research. 
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The appendices contain all supplementary material associated with published chapters 

(Appendices A through F). An additional refereed journal article (Appendix G) that further 

demonstrates the geographic distribution and impacts of Echinococcus granulosus in 

Australian beef cattle is also included. 
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Chapter 2  
 

Literature Review 

 

 

 

Photo: Australian beef cattle. Source: Cara Wilson. 
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 Australian beef industry 

Australia is the third largest exporter of beef and produces approximately three percent 

of the world’s beef supply (United States Department of Agriculture, 2017). As of June 2018, 

Australia had a total of 26 million cattle, 90% of which were meat cattle (ABS, 2018a). 

Australia produces approximately 2.3 million tonnes of beef and veal annually, 48.0% and 

22.7% of which is slaughtered in Queensland and New South Wales, respectively (ABS, 2019b, 

2019d). Table 2.1 depicts the total number of cattle and the number of cattle slaughtered in 

each Australian state and territory between July 2017 and June 2018. 

Table 2.1 Total numbers of Australian cattle and number slaughtered between July 2017 and June 2018. 

Region Total cattle 
(million) 

Meat calves 
<1year 
(million) 

Meat cows and 
heifers ≥1year 
(million) 

All other meat 
cattle 

Total meat 
cattle 
slaughtereda 

Queensland 12.1 2.3 5.9 3.7 3.5 
New South Wales 4.7 1.1 2.3 1.0 1.6 
Victoria 3.8 0.6 1.0 0.5 1.4 
Western Australia 2.0 0.5 1.0 0.4 0.4 
Northern Territory 2.1 0.4 1.4 0.4 0.0b 

South Australia 1.0 0.3 0.4 0.2 0.3 
Tasmania 0.7 0.1 0.2 0.1 0.2 
Australian Capital 
Territory 

0.005 0.002 0.004 0.0004 0.0c 

Totals 26.4 5.4 12.2 6.2 7.5 
Source: (Australian Bureau of Statistics, 2018a, 2018b, 2018c, 2018d, 2018e, 2018f, 2018g, 2018h, 2019a, 2019c) 
a Excluding calves 
b The ABS collects data from the Northern Territory, but due to respondent numbers, data is not published at the state level 
c There are no abattoirs in the Australian Capital Territory 

Export of beef cattle and meat products is an important part of the Australian beef 

industry. Approximately 19% of the total value of Australian farm export income is accounted 

for by the beef industry (ABARES, 2020). Recent reports show that Australia exports 

approximately 865,000 live feeder/slaughter cattle each year (including buffalo) and 

approximately 1,092 kt (shipped weight) of beef and veal annually (ABARES, 2017).  

There are a variety of different types of cattle enterprises throughout Australia. These 

include enterprises where cattle are bred and finished on a single property, combined systems 

involving cropping and beef, smallholders, commercial farmers and enterprises where cattle 

are finished at a feedlot. In the southern parts of Australia, a greater diversity of livestock 

production practices is the result of high-quality pasture, and a large number of small properties 

(Iglesias & East, 2015; Martin et al., 2006).  
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The Australian beef industry has changed since the 1970s. Changes to the industry 

include an increase in lot-feeding, more producers who are specialised in a particular facet of 

production (such as breeding or finishing), genetic improvement, cattle breeds (such as the 

change from predominantly British breeds to predominantly Bos indicus in northern Australia), 

improved property and public infrastructure, improved stock segregation practices, pasture 

improvements, and improved integration of the cattle industry throughout Australia (Martin et 

al., 2006; Whan et al., 2006). Factors that have driven change include live export, prolonged 

drought, eradication of diseases (such as bovine tuberculosis), increased use of environmentally 

adapted breeds, and selection of cattle for meat quality (Martin et al., 2006). 

 Demographics of a typical herd 

The average size of a beef herd in southern Australia is 431 and in northern Australia 

1,580 (range throughout Australia 1≥5,000) head of cattle (ABARES 2018b; Ashton et al., 

2016). Although crossbred cattle are relatively common throughout Australia, herds in 

southern Australia are typically Bos taurus breeds, whereas herds in northern Australia are 

typically Bos indicus or Bos indicus crosses (Martin et al., 2006).  

In typical herds, 60–70% of cows and bulls are less than seven years of age. The 

maximum age of cows and bulls varies between northern and southern Australia. The 

maximum age of cows in northern Australia is 12–16 years, whereas the maximum age in the 

south is 8–10 years. For bulls, the maximum age is 6–10 years in southern Australia and is 

higher in northern Australia (Martin et al., 2006). Most steers throughout Australia are sold or 

slaughtered before they reach three years of age (Martin et al., 2006).  

 Livestock management 

As a normal part of livestock management, many Australian cattle are periodically 

moved between properties. Most movements remain within a single livestock production 

region with other movements usually remaining within the same state or territory. These 

movements are generally between producers, sale yards and abattoirs. In some regions, the 

movements are seasonal, particularly in the northern regions of Australia where weather 

patterns influence when producers can muster and transport their livestock (Iglesias & East, 

2015; Martin et al., 2006).  
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Although moving both domestic and wild animals might be financially beneficial, the 

risk of disease spread is increased which might have important public health and economic 

impacts. Tracing these movements is imperative to control and investigate disease outbreaks 

(Fèvre et al., 2006; Iglesias & East, 2015) and allows identification of areas for targeted disease 

surveillance or control, and exotic disease preparedness (Ammendrup & Barcos, 2006; Iglesias 

& East, 2015; Martin et al., 2006; Mweu et al., 2013). 

The National Livestock Identification System (NLIS) was introduced in 1999 to improve 

the identification and traceability of livestock throughout Australia and also allows tracing of 

cattle if a disease incident occurs. Individual cattle can be traced back to their properties of 

origin because they are each marked with a unique identification number on a radiofrequency 

identification device (RFID) or tag that contains a property identification code (PIC). Before 

moving cattle off the property on which they were born, cattle must have a white RFID tag 

applied which carries a machine-readable identifier. Tags must not be removed or used on 

another animal. In the case of lost or damaged tags, an orange “post-breeder” RFID tag is 

applied to the cow. All owners or managers of properties where livestock are held must obtain 

a PIC. However, depending on the state or territory’s legislation, there is some variation in the 

way PICs are managed (for example, whether or not a fee is charged, whether the PIC is 

allocated to the owner or the property itself, and whether multiple land parcels owned by the 

same individual can be registered under the same PIC). Each time cattle are moved or sold to 

another property with a different PIC, the movement must be recorded on the central NLIS 

database and the PIC of those animals updated (NLIS, 2017; NLIS Cattle Advisory, 2016). 

 Echinococcus 

The genus Echinococcus is a small (3–5 mm) endoparasitic tapeworm that possesses an 

elongated, dorsoventrally flattened body (strobila) consisting of segmented reproductive 

organs (proglottids), and a specialised attachment organ (scolex; Thompson, 2017). The scolex 

has a rostellum armed with two rows of hooks, below which are four muscular suckers. The 

eggs of Echinococcus are round with a radially striated hardened embryophore and contain a 

six-hooked oncosphere. Echinococcus has an indirect lifecycle with sexual reproduction 

occurring in the hermaphroditic adult tapeworm and asexual reproduction occurring in the 

cystic metacestode (hydatid cyst). Hydatid cysts are fluid-filled structures that can contain 

thousands of protoscoleces (Thompson, 1995, 2017).  
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Echinococcus consists of ten taxonomical species: Echinococcus granulosus, E. equinus, 

E. ortleppi, E. Canadensis, E. intermedius, E. felidis, E. multilocularis, E. oligarthra, E. vogeli, 

and E. shiquicus (Rausch & Bernstein, 1972; Thompson, 1995, 2017; Thompson & McManus, 

2002; Xiao et al., 2005). The various species of Echinococcus are further diversified by 

genotypes, and differ in lifecycle patterns, geographic range, morphology, development, host 

specificity and infectivity, chemical composition, host-parasite relationship, and metabolism 

(Table 2.2; Thompson, 2017; Thompson & McManus, 2002; Xiao et al., 2005). However, all 

species of Echinococcus require two mammalian hosts for the completion of their lifecycle: a 

carnivorous definitive host in which the adult tapeworm resides in the small intestine, and an 

omnivorous or herbivorous intermediate host in which the hydatid cysts develop in the viscera 

(commonly the liver and lungs). Currently, E. granulosus sensu stricto is the only species of 

the genus Echinococcus known to be present in Australia (Jenkins, 2004; Jenkins et al., 2014; 

Schantz et al., 1995).  

 Echinococcus granulosus sensu stricto 

In Australia, definitive hosts for Echinococcus granulosus include domestic and wild 

dogs, dingoes, and foxes. Intermediate hosts include macropodid marsupials, a range of 

ungulates such as cows and sheep, and humans. Two lifecycle transmission patterns exist in 

Australia: a domestic cycle involving domestic dogs and livestock, and a sylvatic cycle 

involving dingoes and wild dogs, and macropods (Durie & Riek, 1952; Jenkins & Macpherson, 

2003; Jenkins & Morris, 1991; Lidetu & Hutchinson, 2007). Hosts in the sylvatic cycle act as 

potential reservoirs for infection of domestic livestock, dogs and humans, as transmission 

between the two cycles has been shown to occur (Gemmell, 1979; Herd & Coman, 1975; 

Jenkins, 2005). 

The only strains of E. granulosus previously known to occur in Australia were the 

common sheep strain (G1) and the Tasmanian sheep strain (G2; Banks, 1984; Bowles & 

McManus, 1993). However, more recent reports have suggested that the buffalo strain (G3) 

might also be present in Australia (Alvarez Rojas et al., 2016; Guo et al., 2011). The G3 strain 

was found in sheep in Queensland, New South Wales and the Australian Capital Territory 

(Alvarez Rojas et al., 2016), and in cattle imported to Japan from Australia (Guo et al., 2011). 

Although it is possible that water buffalo imported from Asia to Australia in the 19th century 

could have introduced the genotype, it is also possible that the cattle infected with the G3 
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genotype in the study by Guo et al. (2011) might have become infected while being fattened in 

Japan. Since these studies, it has been demonstrated that the Tasmanian sheep strain is not a 

separate strain or genotype, and instead is a microvariant of E. granulosus sensu stricto G3 

(Kinkar et al., 2017).  

 Lifecycle of Echinococcus granulosus 

2.2.2.1 Adult 

Adult E. granulosus tapeworms reside in the small intestine of the definitive host (Fig. 

2.1). The scolex attaches to the crypts of Lieberkühn between the villi. Adult worms develop 

3–5 proglottids that contain eggs. Eggs are generally produced within 34–58 days following 

initial infection (however, this varies between definitive hosts and strains of E. granulosus) and 

one gravid segment is shed every 7–14 days (Gemmell & Lawson, 1986; Thompson, 1995). 

The eggs are then passed into the environment via the faeces of the definitive host (Gemmell 

& Lawson, 1986; Thompson, 1995). A single E. granulosus tapeworm can produce 200–1000 

eggs every two weeks (Arundel, 1972; Wachira et al., 1991).  

2.2.2.2 Egg 

E. granulosus eggs are spherical to slightly ellipsoid in shape measuring approximately 

30–50 × 22–44 μm. They are morphologically indistinguishable to the eggs of other species of 

Echinococcus and Taenia species. The wall possesses several layers and membranes. Each egg 

contains a single embryo (oncosphere) which is protected by the embryophore (Morseth, 1965; 

Thompson, 1995). The embryophore is composed of keratin-like protein (Morseth, 1965), 

enabling the egg to withstand a wide variety of environmental conditions (Gemmell & Lawson, 

1986).  
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Table 2.2 Echinococcus granulosus sensu lato genotypes with their intermediate hosts and geographical range.  

Modified from Barnes (2007) and Deplazes et al. (2017) with additional data from Alvarez Rojas et al. (2016), Boufana 
et al. (2012), Casulli et al. (2019), Jenkins et al. (2019), and Urach Monteiro et al. (2016).  

Species Genotype (strain) Intermediate 
hosts 

Geographical range 

Echinococcus granulosus 
 G1  Antelope Tunisia 
 (Common sheep strain) Buffalo India, Italy, Nepal, Australia  
  Camelids Algeria, China, Egypt, Ethiopia, Iran, Kenya, Libya, 

Morocco, Oman, Peru, Tunisia, Turkey 
  Cattle Algeria, Argentina, Armenia, Australia, Brazil, Bulgaria, 

Chile, China, Ethiopia, Italy, Jordan, Kenya, Moldova, 
Morocco, Peru, Romania, Spain, UK, Uruguay 

  Cervid UK 
  Equine Iran, Morocco, Tunisia, Turkey 
  Goat Argentina, China, Ethiopia, Greece, Iran, Kenya, Morocco, 

Nepal, Oman, Portugal, Spain, Tunisia  
  Human Algeria, Argentina, Armenia, Australia, Austria, Bhutan, 

Bolivia, Brazil, Chile,  China, Egypt, Greece, Holland, 
India, Iran, Iraq, Italy, Jordan, Kenya, Lebanon, Libya, 
Mongolia, Morocco, Nepal, Pakistan, Peru, Poland, 
Portugal, Romania, Russian Federation, Serbia, South 
Africa, South Sudan, Turkey, Tunisia, Yemen  

  Macropods Australia 

  Monkey UK 
  Sheep Algeria, Argentina, Armenia, Australia, Brazil, Bulgaria, 

China, Egypt, Ethiopia, France, Greece, Iran, Italy, Jordan, 
Kenya, Lebanon, Libya, Moldova, Morocco, Nepal, Oman, 
Palestine, Peru, Portugal, Romania, Spain, Tibet, Tunisia, 
Turkey, Uganda, UK, Uruguay 

  Swine Argentina, Brazil, Bulgaria, China, Ethiopia, Greece, Italy, 
Kenya, Mexico, Nepal, Peru, Spain, Tunisia, Uganda 

  Warthog Uganda 
  Yak Bhutan, China, Tibet 
 G3  Buffalo India 
 (Buffalo strain) Camelids Ethiopia, Iran, Kenya 
  Cattle Armenia, Australia, Brazil, Chile, Ethiopia, Kenya, 

Moldova, Morocco, Romania 
  Goat Greece, Italy, Kenya, Portugal 
  Human Armenia, Bhutan, Brazil, Bulgaria, China, France, India, 

Iran, Italy, Kenya, Nepal, Portugal, Romania, Russian 
Federation, South Sudan, South Africa, Tunisia, Turkey   

  Sheep Argentina, Armenia, Ethiopia, Greece, Iran, Italy, Kenya 
Moldova, Morocco, Palestine, Portugal, Turkey 

  Swine Greece, India, Nepal 
  Yak Bhutan 
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Table 2.2 (cont) Echinococcus granulosus sensu lato genotypes with their intermediate hosts and geographical 
range. 

Species Genotype (strain) Intermediate 
hosts 

Geographical range 

Echinococcus equinus 
 G4  

(Horse strain) 
Equine Egypt, Iran, Ireland, Italy, Spain, Switzerland, Tunisia, Turkey, 

UK 
  Lemur UK 
Echinococcus ortleppi 
 G5  Buffalo India, Nepal 
 (Cattle strain) Camelids Egypt, Sudan 
  Cattle Argentina, Brazil, Ethiopia, Holland, Kenya, Namibia, South 

Sudan, Sudan, Switzerland, Uruguay, Zambia  
  Cervids UK 
  Goat Kenya, Nepal  
  Human Argentina, Brazil, France, Holland, India, Mexico, South Africa   
  Sheep Kenya, Nepal  
  Swine Ethiopia, India, Kenya 
Echinococcus intermedius 
 G6  Buffalo Egypt 
 (Camel strain) Camelids Algeria, China, Egypt, Ethiopia, Iran, Kenya, Libya, Mauritania, 

Morocco, Oman, Somalia, Sudan, Tunisia 
  Cattle China, Ethiopia, Kenya, Mauritania, South Sudan, Sudan  
  Cervids Russian Federation 
  Equine Iran 
  Goat Argentina, China, Ethiopia, Iran, Kenya, Peru, South Sudan, 

Sudan 
  Human Afghanistan, Argentina, Chile, China, Egypt, Ghana, India, 

Kenya, Mauritania, Mongolia, Nepal, Peru, Russian Federation, 
South Africa, Tunisia, Turkey 

  Sheep Egypt, South Sudan, Sudan 
  Swine Egypt, France, Kenya 
 G7  Cattle Brazil, Ethiopia, Lithuania, Kenya, South Sudan  
 (Pig strain) Cervids Romania 
  Goat Greece, Iran, Kenya, Spain, South Sudan,  
  Human Austria, China, Egypt, Lithuania, Mongolia, Poland, Romania, 

Serbia, Slovakia, Turkey, South Africa  
  Sheep Greece, Turkey 
  Swine Argentina, Armenia, Brazil, Egypt, Ethiopia, France, Italy, 

Kenya, Lithuania, Mexico, Peru, Poland, Romania, Slovakia, 
Spain, Ukraine 

Echinococcus borealis 

 G8  Cervids Canada, Estonia, Russian Federation, USA 
 (Cervid strain) Human USA 
Echinococcus Canadensis 
 G10  Cervids Canada, Estonia, Finland, Russian Federation, USA  
 (Cervid strain) Human China, Mongolia, Russian Federation 
Echinococcus felidis 

 Ef  Warthog Namibia, Uganda 

 (Lion strain)   
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Echinococcus eggs do not need a period of time to develop in the environment before 

they become infective. Therefore, when eggs pass out of the definitive host, they are 

immediately infective to potential intermediate hosts. Intermediate hosts become infected by 

accidentally consuming eggs whilst either grazing contaminated vegetation, drinking 

contaminated water, coprophagia, or in the case of humans, accidental ingestion of eggs 

through close interaction with infected dogs or by handling infected dog faeces (Fig. 2.1; 

Grainger & Jenkins, 1996; Rausch, 1975; Schiller, 1954; Wachira et al., 1991). Following 

ingestion, proteolytic enzymes break down the embryophore releasing the oncosphere. Using 

hooks, rhythmic body movements, and possible gland secretions, the oncosphere penetrates the 

villi of the small intestine, enters the lymphatic or venous system (Heath, 1971; Thompson, 

1995), and travels to various organs, such as the liver and lungs, where, over several months, 

it gradually develops into a fluid-filled hydatid cyst (metacestode; Abebe & Jobre, 2012; 

Schantz et al., 1995). During the first 14 days after reaching its site of predilection, the 

oncosphere rapidly undergoes post-oncospheral development, whereby the oncospheral hooks 

degenerate, a central cavity forms, and the germinal and laminar layers develop (Heath & 

Lawrence, 1976). 

2.2.2.3 Metacestode 

Hydatid cysts of E. granulosus are subspherical, unilocular, fluid-filled, and consist of 

two inner layers (inner germinal epithelial layer and laminated cuticle layer) which are both of 

parasite origin; and a host-derived outer adventitial layer which is composed of several layers 

(Cameron & Webster, 1969; Heath & Osborn, 1976; Thompson, 1995). The germinal 

epithelium is thin and translucent but can be seen with the naked eye (Banks et al., 2006b; 

Cameron & Webster, 1969). All species of Echinococcus possess a laminated cuticle layer 

which is elastic and tough, allowing passage of nutrients but preventing bacterial invasion 

(Cameron & Webster, 1969; Thompson, 1995). The laminar layer is a useful diagnostic marker 

for Echinococcus (Kilejian et al., 1961). As a result of the immune response of the host, many 

cysts are surrounded by a granulomatous layer (Aziz et al., 2011). Occasionally, daughter cysts, 

which have their own laminar and germinal layer, develop within the primary cyst (Cameron 

& Webster, 1969; Thompson, 1986, 1995). In fertile cysts, brood capsules develop asexually 

from the germinal epithelium and produce protoscoleces. When fully developed, protoscoleces 

have an invaginated rostellum with hooks (Cameron & Webster, 1969; Galindo et al., 2002; 
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Thompson, 1995). A single, fertile, hydatid cyst can contain thousands of protoscoleces, each 

one capable of developing into a mature tapeworm (Cameron & Webster, 1969; Jenkins & 

Morris, 2003; Thompson, 1995; Thompson & McManus, 2001). Cysts have been reported to 

remain viable in a human for up to 53 years (Spotswood & Spruance, 1974), but many 

degenerate within a few months or years. The lifecycle is completed when definitive hosts 

consume offal infected with fertile (containing protoscoleces) hydatid cysts (Fig. 2.1; Banks et 

al., 2006b; McManus & Thompson, 2003; Rausch, 1986; Taylor et al., 2007; Urquhart et al., 

1996).  

 

Fig. 2.1 Lifecycle of Echinococcus granulosus. Source: Cara Wilson. 

 Global distribution 

Hydatid disease is distributed globally and is endemic in many regions (Deplazes et al., 

2017) including the Middle East (Harandi et al., 2012; Sariozkan & Yalcin, 2009), North 
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America (Rodriguez-Prado et al., 2014; Thompson et al., 2006), South America (Boufana et 

al., 2015; Moro et al., 2011), Africa (Boufana et al., 2015; Regassa et al., 2010), Europe 

(Boufana et al., 2015; Umhang et al., 2014; Umhang et al., 2013), Asia (Singh et al., 2014; 

Yang et al., 2008), and Australia (Barnes et al., 2007a; Jenkins et al., 2006; Jenkins et al., 2019). 

The relocation of domestic animals and the availability of susceptible wildlife species has 

allowed the global spread and distribution of the cestode (Macpherson, 2005).  

 Hydatid disease in Australia 

Echinococcus granulosus in definitive and intermediate hosts has been reported in each 

state and territory of Australia (Banks et al., 2006b; Constantine et al., 1991; Gemmell & 

Brydon, 1960; Lymbery et al., 1995; McIntyre, 1971; Pullar & Marshall, 1958; Seddon, 1950). 

However, the prevalence and exact distribution of E. granulosus is not accurately known. 

2.2.4.1 Echinococcus granulosus in Australian definitive hosts 

2.2.4.1.1 Wild and domestic dogs 

Wild dogs described in this section are either dingoes (Canis lupus dingo), feral dogs 

(Canis lupus familiaris), or dingo/dog hybrids. Although infection of domestic and wild dogs 

with the adult E. granulosus tapeworm causes a benign infection in the gastrointestinal tract, 

dogs infected with E. granulosus pose a risk to public health and are a source of infection to 

livestock and wildlife intermediate hosts (Grainger & Jenkins, 1996; Jenkins & Morris, 2003).  

Wild dogs inhabit approximately 83% of Australia and are present in all states and 

territories except Tasmania (West, 2008). Echinococcus granulosus infection in wild dogs has 

been widespread and common for many years with estimated prevalences ranging from 22–

100% (Coman, 1972a; Durie & Riek, 1952; Jenkins et al., 2000a; Jenkins & Morris, 1991, 

2003). Worm burdens can range from 100 to more than 300,000 in an individual (Durie & 

Riek, 1952; Gemmell, 1959; Jenkins et al., 2000b; Jenkins & Morris, 1991). Subsequently, 

wild dogs are thought to be the primary source of infection to livestock, particularly cattle 

(Banks et al., 2006a; Gemmell, 1959), but also sheep (Grainger & Jenkins, 1996).  

It has previously been shown that wild dogs mostly contract E. granulosus from eating 

macropods (Arundel, 1972; Banks et al., 2006a). Investigations into the diet of wild dogs have 
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identified macropod species as a common dietary preference (Banks et al., 2006a; Davis et al., 

2015; Newsome et al., 1983). Feet and ears identified in the stomachs of dingoes indicates they 

mostly prey on joeys and probably prefer juveniles and smaller species (Banks et al., 2006a; 

Shepherd, 1981).  

In Australia, dogs are commonly kept on rural properties as pets, for hunting, and as 

working dogs to herd sheep and cattle (Jackson & Arundel, 1971). Previously, the prevalence 

of hydatid disease in domestic dogs was highest in sheep raising areas, and in areas where dogs 

were fed raw offal or allowed to scavenge dead carcasses (Banks et al., 2006a; Gemmell, 1957; 

Jackson & Arundel, 1971). Gemmell (1958) found that in New South Wales, the number of 

properties with domestic dogs infected with E. granulosus correlated with the number of 

properties with hydatid-infected sheep. Early studies using purgation of farm dogs showed high 

prevalences of up to 31.5% (Ross, 1926). These high prevalences posed a critical public health 

risk due to the potential for transmission of the parasite from dogs to humans. More recent 

studies have shown that this prevalence has declined. In a study conducted in four farming 

areas in New South Wales and two farming areas in Victoria, Jenkins et al. (2006) reported 

29% and 17.5% of domestic dogs from New South Wales and Victoria, respectively, were 

coproantigen positive for E. granulosus. In a later study, Jenkins et al. (2014) reported that 

1.9% of 1,119 faecal samples from rural domestic dogs were coproantigen positive for E. 

granulosus. This decline in E. granulosus transmission via the domestic cycle is most likely 

due to the widespread availability of the anthelmintic drug praziquantel in generic deworming 

products for domestic dogs, farmer education, and the development of dry dog food (Jenkins 

et al., 2014). However, E. granulosus-infected domestic dogs can still pose an infection risk to 

humans and livestock because some farmers still feed raw offal to their dogs and most dog 

owners do not treat their dogs with anthelmintics as directed to ensure the animals are entirely 

free of the parasite (Jenkins et al., 2014).  

2.2.4.1.2 Foxes 

Foxes have spread rapidly throughout Australia since their introduction from the United 

Kingdom in the 1870s. They are now found in most parts of Australia (except the tropical 

north), inhabiting approximately 76% of the country (Jenkins & Macpherson, 2003; Rolls, 

1969; Saunders et al., 1995; West, 2008).  
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Unlike in many other parts of the world, prior to 1986, foxes were not considered to be 

suitable hosts for E. granulosus in Australia despite a number of studies examining the 

intestinal contents of foxes in New South Wales and Victoria (Coman, 1973; Dent & Kelly, 

1976; Gemmell, 1959; Pullar, 1946; Ryan, 1976). Several studies have since been conducted 

in Australia demonstrating that foxes are suitable hosts for the parasite (Jenkins & Craig, 1992; 

Jenkins & Morris, 2003; Reichel et al., 1994) and that the rate of parasite development is similar 

to that in dogs (Thompson, 1983). However, the worm burden in foxes rarely exceeds 50 

worms (Jenkins & Craig, 1992; Jenkins & Morris, 2003) and in some areas, such as southwest 

Western Australia, infected foxes have not been reported (Dybing et al., 2013). With such a 

small infection rate in the wild, and considering the typical diet of small rodents, birds, rabbits, 

lambs (which are unlikely to have fertile cysts), and lizards (Davis et al., 2015; Gemmell, 

1959), foxes are unlikely to contribute significantly to transmission in Australia. However, 

foxes might still pose an important public health risk in urban areas (Jenkins & Craig, 1992). 

2.2.4.1.3 Other species 

Cats in Australia are an unsuitable host for E. granulosus (Gemmell, 1959). Experimental 

infections have revealed that E. granulosus tapeworms appear to establish in cats but are 

expelled before sexual maturity (Gemmell, 1959; Smyth & Smyth, 1968). However, cats have 

been identified as intermediate hosts (Burgu et al., 2004; Konyaev et al., 2012). A recent report 

in Russia, identified a cat with cyst-like structures. Mitochondrial DNA analysis identified 

Echinococcus granulosus (G1) as the causative agent (Konyaev et al., 2012). To the authors’ 

knowledge, cats in Australia have not been identified as an intermediate host. 

2.2.4.2 Echinococcus granulosus in Australian intermediate hosts 

2.2.4.2.1 Cattle 

Although E. granulosus is found in areas of extensive sheep farming all over the world, 

cattle are often identified as the farm species with the highest prevalence of hydatid disease 

(Acosta-Jamett et al., 2010; Azlaf & Dakkak, 2006; Cringoli et al., 2007; Fromsa & Jobre, 

2011; Getaw et al., 2010; Thompson et al., 1988). However, in Australia, very few infected 

cattle have fertile cysts (Baldock & Arthur, 1985; Durie & Riek, 1952; Lymbery et al., 1995) 
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and cattle are infrequently predated on by wild dogs. Therefore, Australian cattle are considered 

accidental intermediate hosts that have a minimal role in the transmission of E. granulosus 

(Arundel, 1972; Gemmell & Brydon, 1960).  

Many surveys have been conducted to determine the prevalence of hydatid disease in 

Australian beef cattle (Table 2.3). For example, Banks et al. (2006b) investigated the 

prevalence in cattle slaughtered north of the Tropic of Capricorn in Queensland over nine 

months, and Gemmell and Brydon (1960) investigated the prevalence of hydatid disease in 

cattle slaughtered at New South Wales abattoirs. However, the duration of these studies has 

usually been short, sample sizes have been small, and studies have been confined to specific 

regions of the country (Baldock et al., 1985a; Banks et al., 2006b; Durie & Riek, 1952).  

Although hydatid disease occurs widely in Australian cattle, there are defined regions 

where the parasite appears to have a higher prevalence. These are generally coastal areas, or 

areas associated with the Great Dividing Range (Baldock et al., 1985a; Banks et al., 2006b; 

Gemmell & Brydon, 1960; Jenkins & Macpherson, 2003). For example, Banks et al. (2006b) 

reported a prevalence of 28% east of the Great Dividing Range, and 3% to the west in northern 

Queensland. 

Less than 1% of both sheep and cattle have been reported infected with E. granulosus in 

Western Australia (Thompson, 1979). In this state, hydatid infection in cattle is reported more 

commonly than infection in sheep. Historically, infection rates were highest in the south-west 

of the state (Lymbery et al., 1995) and rare in the Kimberley region (Seddon, 1950). Lymbery 

et al. (1995) found that 78% of hydatid-infected cattle were from the Kimberly region, and 

suggested a sylvatic cycle might be present in the Kimberley region. However, Jenkins (2015, 

unpublished) examined the intestines of 21 dingoes from the Kimberley region in 2015 and did 

not recover E. granulosus. Lymbery et al. (1995) considered cattle to have contracted infection 

on a property if they had resided there for the 12 months before slaughter, but hydatid cysts 

take many years to develop. If cysts were large, it is not realistic to assume they contracted 

infection on that property within that time frame. Therefore, further research needs to be 

conducted in the Kimberly region and in other parts of Western Australia to determine the 

current status of hydatid disease in the state is.  

In the 1960s, a hydatid control program was introduced in Tasmania (1966–67) and it 

was found that 52.2% of sheep were infected with E. granulosus (Bramble, 1974). By 1974, 



19 

 

the prevalence of hydatid disease in Tasmanian sheep had dropped to 7.0% (Bramble, 1974). 

Since 1996, when provisional eradication of hydatid disease was declared in Tasmania, 200 

cattle have been identified as infected with hydatid cysts. Most of these cattle were imports 

from the mainland. However, some cattle had never left the island indicating that local 

transmission is still occurring (Jenkins et al., 2014). 

The prevalence of hydatid disease in the Northern Territory has previously been reported 

to be low. Seddon (1950) reported hydatid disease on two stations in the Alice Springs district. 

However, no Northern Territory-bred cattle or pigs were found to be infected in Darwin or 

Alice Springs abattoirs by Rose (1948, unpublished, cited in Seddon, 1950) or Small and Pinch 

(2003). Infected cattle identified by Small and Pinch (2003) were cattle imported to the territory 

from Queensland. 

The presence of hydatid disease in exported cattle could have implications for Australia’s 

export markets. The prevalence of live hydatid-infected cattle imported to Japan from Australia 

has been reported to be 1.8% (Guo et al., 2011). However, anecdotal reports suggest that the 

prevalence of hydatid disease found in cattle slaughtered in Australian abattoirs is increasing 

(Jenkins, 2004) which could also result in a higher prevalence in Australia’s exported live 

cattle. Therefore, studies need to be conducted to confirm the current prevalence in Australian 

cattle and determine whether new control strategies need to be implemented. 
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Table 2.3 Reported prevalence of hydatid disease in cattle in different regions throughout Australia. 

Region Period Reported 
prevalence 
(%) 

Number 
of cattle 
sampled  

Age of 
cattle 

Source 

Western Australia 1985–87    0.8   Thompson et al. (1988) 
 State-wide (excluding 

Kimberleys) 
1965–67 0.3   Austen (1967) 

 South-west 1965–67  2.1   Austen (1967) 
 Fremantle 1906–07  2.0 17,171  Cleland and Cumpston 

(1908) 
Queensland 1950–51  31.0 39,242  Durie and Riek (1952) 
 Esk, south east QLD 1980–81  53.4 208 2.5yo Roberts (1982) 
 Texas, south east QLD 1980–81  1.6 262 2.5yo Roberts (1982) 
 South-east (total) 1981–82  14.6 22,916  Baldock et al. (1985a) 
 East coast 1981–82 4.3 4,260 1yo Baldock et al. (1985a) 
 East coast 1981–82 52.2 1,279 4yo Baldock et al. (1985a) 
 East coast 1981–82 55.7 1,002 >6yo Baldock et al. (1985a) 
 Western limit of endemic area 1981–82 1.4 932 1yo Baldock et al. (1985a) 
 Western limit of endemic area 1981–82 10.8 324 4yo Baldock et al. (1985a) 
 Central 

 
5.9 8,116 2–4yo Gemmell and Brydon 

(1960) 
 North of the Tropic of 

Capricorn 
1981 15.6 10,383  Banks et al. (2006b) 

 West of Great Diving Range, 
north of Tropic of Capricorn 

1981 3.0 
  

Banks et al. (2006b) 

 East of Great Diving Range, 
north of Tropic of Capricorn 

1981 28.0  
 

Banks et al. (2006b) 

New South Wales      
 Tablelands and Slopes  0.0 108 <1yo Gemmell and Brydon 

(1960) 
 Tablelands and Slopes  

 
13.0 8,187 2–4yo Gemmell and Brydon 

(1960) 
 Coastal Districts 

 
2.7 783 <1yo Gemmell and Brydon 

(1960) 
 Coastal Districts 

 
12.8 24,402 2–4yo Gemmell and Brydon 

(1960) 
 Plains 

 
7.3 3,760 2–4yo Gemmell and Brydon 

(1960) 
 NSW Abattoir (cattle sourced 

from all over the country) 
2013–15 5.5 781,873 All Fotheringham (2015, 

unpublished) 
 Central and Southern 

Tablelands 
 37.1   Ross (1926) 

 Monaro District  36.3 11  Ross (1926) 
 Bega District  50.0 6  Ross (1926)  
 Bathurst, Goulburn, Mudgee, 

Young-Harden, Gundagai 
1925 33.3 18  Ross (1925) 

  1929 37.0 37  Ross (1929) 

D 
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Table 2.3 (cont) Reported prevalence of hydatid disease in cattle in different regions throughout Australia. 

Region Period Reported 
prevalence 
(%) 

Number 
of cattle 
sampled  

Age of 
cattle 

Source 

Northern Territory 2000 0.0 3,244 2–9yo Small and Pinch (2003) 
 Darwin 1946–47  0.0 4,830  Rose (1948, unpublished, 

cited in Seddon, 1950) 
 Darwin 1957–59 0.0 12,986  Smeal (1995) 
 Alice Springs 1946–47 0.0 1,070  Rose (1948, unpublished, 

cited in Seddon, 1950) 
 Alice Springs 1957–58 2.5   Smeal (1995) 
 Alice Springs 1958–59 1.3   Smeal (1995) 
Victoria 1947–48 15.1 686  Tinney (1948, unpublished, 

cited in Seddon, 1950) 
  1928 23.9 4,922  Fairley and Penrose (1929) 
  1956 12.0 17,316  Pullar and Marshall (1958) 
Tasmania      
 Smithton abattoir 1972–73  0.13 3,161 <3yo Bramble (1975) 
 Smithton abattoir 1972–73  15.5 1,526 >3yo Bramble (1975) 

D 

2.2.4.2.2 Sheep 

As at 30 June 2018, the Australian sheep flock had 70.6 million head of sheep (Australian 

Bureau of Statistics, 2018a). Sheep have been reported to be the most commonly affected 

intermediate host of E. granulosus in New South Wales, Victoria, Tasmania, and South 

Australia (Durie & Riek, 1952; Thompson, 1979). A survey of 374,165 sheep killed at 13 

abattoirs throughout New South Wales found that 11.6% of sheep were infected with hydatid 

cysts (Gemmell, 1958). A later study in 1964, examined 87,581 sheep and lambs from 23 

abattoirs in New South Wales and found that the overall prevalence had increased to 26.1% 

(Howkins, 1966). Although the prevalence has been shown to vary between particular areas, 

Howkins (1985) found that the overall prevalence in New South Wales had decreased to 5.4% 

in sheep following a pilot study conducted in 1983–1984. This reduction was believed to have 

been influenced by the drought of 1982–1983.  
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2.2.4.2.3 Wildlife and feral species 

Populations of macropods in New South Wales, Queensland, South Australia and 

Western Australia in 2009 were estimated to be 27 million and had risen to 45 million in 2016 

(Department of the Environment and Energy, 2016).  

In macropods, hydatid cysts are situated mainly in the lungs, rendering the animal 

susceptible to predation and sometimes causing death (Barnes et al., 2008; Durie & Riek, 1952; 

Jenkins & Morris, 2003). Macropods are considered important in the transmission of E. 

granulosus throughout Australia, mainly because their cysts become fertile within a few 

months and contain large numbers of protoscoleces (Banks et al., 2006a; Barnes et al., 2011). 

Additionally, macropods constitute a large portion of the diet of dingoes and wild dogs 

(Coman, 1972a). 

Black-striped wallabies (Macropus dorsalis) were the species identified as the primary 

intermediate host in a study conducted in northern Queensland with a prevalence of 22% in the 

area surveyed (Banks et al., 2006a). This species was also the most commonly identified in the 

gut contents of dingoes from the same area. In the same study, swamp wallabies (Wallabia 

bicolor) were not considered to be important in the lifecycle of E. granulosus in northern 

Queensland due to the low rates of infection in these animals. Out of 44 macropods (species 

consisting of: M. giganteus [eastern grey kangaroo, n = 41], W. bicolor [swamp wallaby, n = 

2] and M. robustus robustus [wallaroo, n = 1]) from the Canberra area examined by Jenkins 

and Craig (1992), none was found to be infected with hydatid cysts. Comparatively, other 

studies have found a high prevalence of 25% in swamp wallabies (W. bicolor) in Victoria and 

Queensland (Coman, 1972b; Durie & Riek, 1952) and up to 69% in New South Wales (Jenkins 

& Morris, 2003).  

Feral pigs (Sus scrofa) are an introduced species in Australia. Population estimates of at 

least 23.5 million feral pigs have been recorded. In the 1990s, feral pigs were found across 

nearly 40% of Australia (Choquenot et al., 1996). Feral pigs are a suitable intermediate host 

for E. granulosus in both eastern and Western Australia (Jenkins & Morris, 2003; Thompson, 

1987; Thompson et al., 1988). Prevalences of between 9–49% in New South Wales (Banks et 

al., 2006a; Jenkins & Morris, 2003), 9–31% in Queensland (Banks, 1984; Lidetu & 

Hutchinson, 2007), and 46% in Western Australia (Thompson et al., 1988) have been reported. 
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Fertility of hydatid cysts in pigs is reported to be low (less than 22%) in New South Wales 

(Jenkins & Morris, 2003). No cysts in infected feral pigs have been identified as fertile, so pigs 

are considered unimportant in the transmission of E. granulosus in Western Australia 

(Thompson & Kumaratilake, 1982). In comparison, in Queensland, Banks et al. (2006a) found 

that approximately half the cysts in feral pigs were fertile. However, Banks et al. (2006a) 

suggested that wild dogs have a dietary preference for macropods because they found no 

evidence that wild dogs ate pigs. Therefore, the importance of feral pigs in the transmission of 

E. granulosus might be limited.  

Although rabbits (Oryctolagus cuniculus) are widespread, they do not appear to be 

naturally involved in E. granulosus transmission in Australia. Previous reports of hydatid 

infection were considered to have been misidentifications of Taenia serialis cysts (Jenkins, 

2006). Jenkins and Thomson (1995) infected five rabbits with the eggs of E. granulosus, and 

only one rabbit developed cysts. Three of the rabbits died two weeks following infection from 

unrelated causes. Although these rabbits did not appear to be infected, it is possible that it was 

too early to detect cysts. Despite thousands of wild rabbits caught, killed and eviscerated, 

hydatid disease has never been confirmed in a wild rabbit. Therefore, rabbits are not considered 

to be an intermediate host in wildlife transmission in Australia. 

Rangeland goats in Queensland, New South Wales, and Western Australia were recently 

investigated for the presence of Taeniid metacestodes. Of the 375,000 goats inspected via 

routine meat inspection at abattoirs, one was reported infected with E. granulosus. However, 

this was probably a false positive. Therefore, rangeland goats are not considered important in 

the transmission of E. granulosus in Australia (Jenkins et al., 2018). 

2.2.4.2.4 Humans 

Echinococcus granulosus is of major public health importance in Australia and many 

parts of the world. Humans act as accidental intermediate hosts, usually playing no part in 

transmission. However, infection with hydatid cysts is of clinical significance and in extreme 

cases, can prove fatal (Davies et al., 1977; Meldrum & McConnell, 1968; Thompson, 2008). 

Cysts in the lungs can cause respiratory dysfunction and cysts in the liver disrupt liver function 

causing jaundice and abdominal pain (Barnett, 1939; Barros, 1978; Berenson et al., 1974; 

Budke et al., 2013; Schneider et al., 2010). Hydatid disease in humans not only causes 
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morbidity and mortality but can also have economic impacts on patients and society through 

inability to work, lost wages and treatment costs (Baldock et al., 1985b; Craig et al., 2007a; 

Craig et al., 2007b). 

Risk factors for human infections include: living closely with dogs, home slaughter of 

animals, feeding raw offal to dogs, allowing domestic dogs to wander, unsanitary living 

conditions, travel to endemic areas, and poor personal hygiene. Direct contact with infected 

dogs and their faeces is believed to be the most important source of human infection, in 

particular, the close contact of children with their pets (Acosta-Jamett et al., 2014; Barnett, 

1939; Keong et al., 2018; Schantz et al., 1995). Eggs of E. granulosus can be found on hairs 

around the anus, muzzle, and paws of infected dogs (Schantz et al., 1995). Human infection 

can also arise from ingesting contaminated water and food (Schantz et al., 1995). 

Despite being a notifiable disease Australia-wide for some years, hydatid disease in 

humans has now ceased to be notifiable in New South Wales, Victoria, South Australia, and 

the Australian Capital Territory (Department of Health, 2016). Additionally, not all patients 

show signs of the disease (Beard, 1979) and data on the incidence of human hydatid disease on 

the mainland of Australia are limited and dated. Under-reporting has been identified as a 

problem and contributes to the lack of funding for research and control because hydatid disease 

is not recognised as a serious public health risk (Beard, 1979; Jenkins & Power, 1996; 

Schreuder, 1990). Therefore, the true prevalence of hydatid disease in humans in Australia is 

not known (Jenkins & Power, 1996). Between 1987 and 1992 the mean annual reported 

prevalence of hydatid disease was 2.6 cases per 100,000 people in rural New South Wales 

(Jenkins & Power, 1996). Hospital morbidity rates showed that the annual incidence in Victoria 

was 0.46 cases per 100,000 in 1970–1974 (Davies et al., 1977). The incidence in Victoria 

appeared to be declining. Many of the new patients were migrants who could have become 

infected before arriving in Australia (Davies et al., 1977). Between 1941 and 1950, the annual 

incidence for Tasmania was 9.3 per 100,000 people. However, the incidence in rural Tasmania 

was 27.4/100,000 people (Beard, 1979). Between 1996 (when provisional eradication was 

declared) and 2012, twenty-five new cases of hydatid disease were diagnosed in Tasmania. 

However, none was considered to have contracted the disease since provisional eradication was 

declared (O'Hern & Cooley, 2013). 
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Historically, in Australia, incidence rates in humans were higher in areas where dogs had 

access to raw offal or dead carcasses, where dogs were kept for livestock work, and where 

livestock production, particularly sheep, was extensive (Beard, 1979; Schantz et al., 1995). 

Although the prevalence of E. granulosus in domestic dogs has decreased in Australia (section 

2.2.4.1.1 above), human infection from domestic dogs is still a potential risk. Infected wildlife 

definitive hosts might also present a risk to the public in some places because encroachment of 

urban development into natural habitats has led to increased chances of contact between 

humans and the faeces of wildlife definitive hosts of E. granulosus (Carmena & Cardona, 

2014). Additionally, infected wildlife can be present in areas used by the public such as 

camping and picnic sites (Jenkins & Andrew, 1993; Jenkins & Craig, 1992; Jenkins et al., 

2000a). Therefore, the potential public health risks of E. granulosus in Australia should not be 

ignored and further surveillance studies should be conducted to determine the current incidence 

in Australians. 

 Epidemiology of Echinococcus granulosus in Australia 

2.2.5.1 Geographic risk factors for hydatid disease 

Several authors have indicated that geographic location is important to the maintenance 

and transmission of Echinococcus granulosus in host populations (Banks et al., 2006b; 

Gemmell & Brydon, 1960; Torgerson et al., 2003). However, geographic location encompasses 

a range of risk factors that might influence E. granulosus maintenance and transmission. 

Influential factors include: climate; the presence of susceptible intermediate and definitive 

hosts; the strain of E. granulosus present; hydatid control measures in place; level of education 

and the economic status of the population (Banks, 1984; Gemmell, 1958; Roberts, 1982; 

Schantz et al., 1995).  

2.2.5.1.1 Climate 

Climate influences the survival time of E. granulosus protoscoleces in dead animals as 

well as E. granulosus eggs in the environment. Diker et al. (2008) demonstrated that 

protoscoleces of E. granulosus could remain infective for one to four weeks when the 

maximum temperatures are approximately 0–10°C. Similarly, Andersen and Loveless (1978) 

reported protoscoleces of E. granulosus surviving up to 16 days at 1°C and 10°C. At higher 
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temperatures, protoscoleces in lung cysts survived longer than those in liver cysts (40°C, 2 

days, 16 hours, respectively; Andersen & Loveless, 1978). These results suggest protoscoleces 

can survive and remain infective to definitive hosts for extended periods following the death 

of an infected intermediate host.  

In favourable conditions, taeniid eggs can remain viable in the environment from several 

months to a year (Coman, 1975; Gemmell et al., 1987; Gemmell & Lawson, 1986; Ilsoe et al., 

1990; Sweatman & Williams, 1963b; Thompson, 1979; Veit et al., 2009; Wachira et al., 1991). 

The eggs of E. granulosus are resilient and can withstand a wide range of environmental 

temperatures but are susceptible to high temperatures and desiccation. Hydatid disease in 

Australia was believed to be restricted to defined regions because the climate is unsuitable for 

the survival of eggs in the hotter, more arid areas (Gemmell & Lawson, 1986; Laws, 1968; 

Schantz et al., 1995; Seddon, 1950). Previous Australian studies have referred to the results of 

Gemmell (1958) who suggested the eggs of Echinococcus survive much better, and a higher 

incidence of hydatid disease in sheep could be anticipated, in areas where the temperature 

remains below 26.7°C for 10 or more months of the year and where at least 25 mm/month of 

rainfall at least 4–6 months of the year. Although these results explain the higher prevalence in 

coastal areas or areas associated with the Great Dividing Range (cooler climate with higher 

rainfall), and decreased prevalence west of the coast (Durie & Riek, 1952), Gemmell (1958) 

only studied sheep from four districts in New South Wales. A more recent study conducted in 

Patagonia, Argentina revealed that eggs of E. granulosus could survive and remain infective in 

an arid climate for 41 months in an environment where the annual temperatures ranged between 

-3–37°C and there was a low level of precipitation (under 300mm/year; Thevenet et al., 2005). 

Echinococcus granulosus eggs kept at -10 to -30°C for 24 hours have also been found to be 

just as infective to rodents as eggs kept at 4°C for 24 hours (Colli & Williams, 1972). Although 

climate is an important factor in the survival of E. granulosus eggs in the environment, it is 

likely not the only factor influencing the geographic distribution of hydatid disease. 

2.2.5.1.2 Definitive and intermediate host distribution 

The presence (distribution and density) of intermediate and definitive hosts will also 

affect the geographic distribution of hydatid disease because this dictates whether transmission 

can occur in the area (Banks et al., 2006b; Cringoli et al., 2007). Banks et al. (2006a) suggested 
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that hydatid disease in Queensland cattle was associated with the distribution of wallabies. The 

black striped wallaby and the feral pig were the intermediate hosts most often infected in 

northern Queensland, and these species are often implicated with dingoes in contributing to the 

maintenance of a sylvatic cycle (Banks et al., 2006a). As mentioned earlier, there are large 

populations of these definitive and intermediate hosts throughout Australia, therefore 

increasing the opportunity for infection in livestock.  

Egg production in the definitive host determines the availability of eggs in the 

environment for exposure to the intermediate host. Domestic dogs were once thought to be the 

main disseminators of E. granulosus throughout Australia. However, in the last 30–40 years, 

the domestic cycle appears to have become a much less common transmission pathway for E. 

granulosus transmission to livestock (Arundel, 1972; Jenkins et al., 2014). Epidemiological 

evidence suggests wild dogs and dingoes play a pivotal role in the transmission of E. 

granulosus to cattle in Queensland (Baldock et al., 1985a; Baldock et al., 1985c; Durie & Riek, 

1952), New South Wales (Gemmell, 1959; Gemmell & Brydon, 1960), Victoria (Coman, 

1972a, 1972b), and Western Australia (Lymbery et al., 1995). In some areas, transmission via 

the sylvatic cycle is believed to be the most important route of transmission of E. granulosus 

to cattle because they are commonly grazed in areas of rough pasture that might also be 

inhabited by wild dogs (Gemmell & Brydon, 1960; Thompson & Jenkins, 2014). To 

demonstrate that dingoes are important for transmission to cattle, Banks (1984) infected 24 

cattle of varying age groups with E. granulosus eggs from dingoes. Cysts developed in 21 of 

the cattle. Baldock et al. (1985c) and Gemmell (1959) attributed the prevalence and distribution 

of hydatid disease in cattle to the number of wild dogs in the area. Gemmell and Brydon (1960) 

reported a difference in the incidence of hydatid disease in cattle from the upper and lower 

North Coast in Eastern Australia. They concluded that this was a result of the large dingo 

population in the lower north coast compared to the upper north coast where contact between 

cattle and dingoes is less frequent. Similarly, Durie and Riek (1952) suggested that the high 

levels of pasture contamination with E. granulosus eggs in Queensland was due to dingoes. 

The diet of wild dogs combined with the high incidence of E. granulosus observed by Coman 

(1972a) is consistent with the idea that a sylvatic cycle is important in perpetuating E. 

granulosus in Australia (Durie & Riek, 1952; Gemmell, 1959). If the sylvatic cycle is the most 

important for infection in cattle, conventional methods for controlling hydatid disease, such as 

treating domestic dogs, would have little effect on the prevalence in cattle.  
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2.2.5.2 Livestock risk factors for hydatid disease 

With respect to beef cattle, there are indications that age, animal husbandry practices (in 

relation to domestic dog and livestock management), feed-type (grass- or grain-fed), and breed 

are factors associated with contraction of hydatid disease (Baldock et al., 1985a; Banks, 1984; 

Bekele & Butako, 2011; Fotheringham, 2015, unpublished; Gemmell, 1958; Roberts, 1982; 

Ross, 1929). Sex has also been reported as being associated with susceptibility to infection 

with hydatid disease, but there are conflicting reports regarding this variable (Baldock et al., 

1985a; Banks et al., 2006b; Roberts et al., 1986). 

2.2.5.2.1 Age 

In intermediate hosts, a common feature of hydatid infection is that prevalence varies 

with age (Baldock et al., 1985a; Banks et al., 2006b; Budke et al., 2013; Lymbery et al., 1995; 

Regassa et al., 2010; Roberts et al., 1986). Prevalence of hydatid disease in cattle has been 

shown to increase with age at least up to four years (Baldock et al., 1985a; Banks et al., 2006b; 

Fairley & Penrose, 1929; Pullar & Marshall, 1958). Only a small proportion of cattle less than 

one year old are reported infected with hydatid cysts (<2.5%; Gemmell & Brydon, 1960; Pullar 

& Marshall, 1958). In comparison, in another study, 3.1% of 17-month-old cattle had hydatid 

cysts (Baldock et al., 1985a), and 98% of infected cattle in a study by Lymbery et al. (1995) 

were 3.5 years or older. This increase in infection frequency with age is potentially due to older 

cattle having had more exposure to contaminated pasture, and hence a greater opportunity for 

infection, than younger cattle.  

2.2.5.2.2 Animal husbandry 

The global distribution of E. granulosus is closely related to animal husbandry (Schantz 

et al., 1995). Animal husbandry practices vary between properties and regions and might 

contribute to variations in the prevalence of hydatid disease. In rural endemic areas throughout 

the world, common livestock management practices include the use of domestic dogs for 

livestock herding and protection, feeding of raw offal to dogs following home-slaughter, and 

not disposing of offal in a way that prevents scavenging by domestic dogs, wild dogs and foxes. 

As a result of these practices, infection in canines can be maintained and the environment 

continuously contaminated with eggs of Echinococcus (Macpherson, 2005; Schantz et al., 
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1995). Previously, the highest prevalence of hydatid disease was found on properties where 

home slaughtering was practiced, and domestic dogs were fed raw offal (Broadbent, 1972; 

Gemmell, 1958). However, Jenkins et al. (2014) found that although some farmers still feed 

raw offal to their dogs, it is less common than a decade ago due to a better understanding of 

the transmission of E. granulosus by farmers.  

Animal husbandry practices that might also influence hydatid disease prevalence include 

stocking rate, location of stock, and stock movements. Although stocking rate is important in 

managing many pests and diseases, Gemmell (1958) found that stocking rate had minimal 

effect on the prevalence of hydatid disease in New South Wales. The location of stock on a 

property could be more important. For example, cattle kept in boundary paddocks adjacent to 

bushland could be more likely to become infected due to the greater potential for contact with 

faeces of wild dogs. Banks et al. (2006a) found prevalence of hydatid disease was much higher 

in cattle from properties with substantial areas of dense, closed scrub (41%) compared to those 

from properties with little or no scrub (3%). Although sale yards are a place where infectious 

disease transmission occurs due to the mixing and re-organisation of livestock from different 

farms and regions and then redistribution to new regions (Durr et al., 2010), it is unlikely that 

hydatid disease would spread in this setting. Hydatid disease is not transmissible between cattle 

and many cattle leaving sale yards are destined for the abattoir in which case further 

transmission is unlikely (Iglesias & East, 2015). Seddon (1947) stated that stock movement has 

been the cause of spread of many parasitic diseases throughout Australia. Seasonal stock 

movements such as those carried out in the tropical and subtropical north (Martin et al., 2006), 

could contribute to parasite transmission to a new environment. Additionally, seasonal grazing 

of summer alpine pastures has been suggested as a contributing factor for transmission of E. 

granulosus between the sylvatic and domestic cycles in remote areas of New South Wales and 

Victoria (Jenkins, 2005). Further studies need to be conducted to evaluate current farm 

management practices that might influence transmission of E. granulosus and its impacts. 

Grass-feeding has also been proposed as a risk factor for hydatid disease in cattle (Banks, 

1984; Roberts, 1982). For example, a study conducted by Roberts (1982) identified a 

prevalence of 18.9% and 3.3% in grass- and grain-fed cattle, respectively. This is expected 

because grain-fed cattle are less likely to come into contact with contaminated pasture or 

infected dogs. Infected grain-fed cattle are likely to have contracted infection before arriving 

at the feedlot. 
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2.2.5.2.3 Breed 

Breed of cattle has been shown to influence the susceptibility of infection for some 

parasites. For example, Brahmans have been reported to be resistant to cattle ticks (Francis, 

1964; Frisch et al., 2000). However, Banks et al. (2006b) indicated that breed could be 

geographically restricted, and therefore, could confound risk factor analyses. Further studies to 

evaluate the association of breed with hydatid disease in cattle are required. 

2.2.5.2.4 Sex 

There have been conflicting reports about the influence of sex on the susceptibility of 

cattle to hydatid disease. Previous studies have determined that prevalence does not vary 

between sexes of cattle (Baldock et al., 1985a; Banks et al., 2006b; Gemmell & Brydon, 1960). 

Although sixty-seven percent of cattle infected with E. granulosus in a study by Lymbery et 

al. (1995) were female, and a higher prevalence of hydatid disease was reported in females 

when compared to steers in a study by Pullar and Marshall (1958), in both studies, the 

association between sex and hydatid disease was more likely a reflection of the age at which 

males and females were slaughtered. Females and males are generally separated on-farm, and 

a greater proportion of older female cattle are culled compared to older males (Baldock et al., 

1985a). However, Roberts et al. (1986) stated that, compared to males of the same age, females 

tend to have a greater prevalence and mean number of cysts. This might be confounded by 

differences in management practices. For example, dairy cows are more likely to come into 

contact with domestic dogs and their faeces because they are brought in to be milked regularly 

whereas steers would be more likely to be kept in paddocks further away from areas where 

domestic dogs are present (Pullar & Marshall, 1958). Similarly, beef cows are managed 

separately to beef steers and bulls.  

2.2.5.3 Transmission of hydatid disease to cattle 

Banks (1984) observed the habits of dingoes and wild dogs and the reactions of cattle to 

dingo faeces in two areas of northern Queensland. They found that cattle showed no interest in 

the faeces despite potentially being near them multiple times throughout the day. They 

suspected it would be unlikely that cattle would become infected by eating contaminated 

pastures in tropical Queensland. Eggs are near the surface of faeces and faeces dry out within 
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a few hours in the dry months or are washed into the soil during heavy rainfall (Sweatman & 

Williams, 1963b). However, flies on the faeces were disturbed by passing cattle and were seen 

to alight on cattle as they passed – cattle could ingest eggs when they groomed and licked their 

coats (Banks, 1984). In addition, taeniid eggs can be dispersed up to 10 km from the faecal 

mass with coprophagous flies and retain their infectivity (Gemmell, 1978). Overall, it is 

considered that flies are likely to be a mechanism of dispersal and transmission of 

Echinococcus eggs in the environment (Gemmell & Lawson, 1986; Lawson & Gemmell, 1990; 

Schiller, 1954).  

 Pathophysiology of hydatid disease in Australian intermediate hosts 

Infection of cattle and other livestock species with hydatid disease is generally subclinical 

and infection is usually only detected at slaughter. Infection with hydatid cysts is a common 

reason for condemnation and downgrading of offal (Brydon, 1960; Fotheringham, 2015, 

unpublished; Roberts, 1982).  

2.2.6.1 Predilection sites for hydatid cysts 

Hydatid cysts mainly affect the liver and lungs of intermediate hosts (Baldock et al., 

1985a; Small & Pinch, 2003). Although cysts might also develop in the spleen, heart, kidneys, 

skeletal muscle, brain, bone and tongue, infection in these organs is less common or rare 

(Alldred & Nisbet, 1964; Baldock et al., 1985a; Fotheringham, 2015, unpublished; Loudiye et 

al., 2003; Moazeni et al., 2015; Perl et al., 1972; Regassa et al., 2010). In sheep and cattle, the 

liver is more commonly infected than the lungs (Baldock et al., 1985a; Thevenet et al., 2005). 

Table 2.4 shows the proportion of organs condemned and downgraded due to hydatid cysts in 

cattle reported by previous surveys. 

Baldock et al. (1985a) found that the percentage of liver-only infections decreased with 

age, whereas lung-only infections remained constant and infections involving both organs 

increased with age. In contrast, Guo et al. (2011) found that Australian cattle imported into 

Japan had significantly more cysts solely in the lungs (85.4%; Table 2.4). Baldock et al. (1985a) 

explained that conflicting reports on the predilection site of hydatid cysts should be treated 

with caution because small hydatid cysts are much easier to identify in liver tissue compared 

to pulmonary tissue. Therefore, small cysts in the lungs might be missed by meat inspectors 
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and the increase in detection of lung cysts with age might reflect improved detection as cysts 

grow. Alternatively, conflicting reports could be a result of co-infection of F. hepatica (liver 

fluke) and E. granulosus. Stoore et al. (2018) found a significantly higher (P <0.001) proportion 

of lung-only infections in cattle with co-infection of liver fluke and hydatid disease compared 

to cattle that only had hydatid cysts. They suggested that co-infection of F. hepatica could 

affect the predilection site, leading hydatid cysts to localise in the lungs rather than the liver. 

However, Stoore et al. (2018) examined organs using meat inspection protocols; cysts in the 

livers of cattle with co-infection might have been missed.  

Site predilection of hydatid cysts might be influenced by the species of intermediate host 

or parasite strain. Migration of oncospheres appears to be via the venous system or the 

lymphatic system, and oncospheres appear to remain in the organ which they encounter first 

(Heath, 1971). However, the size of the oncosphere in relation to the lymphatic lacteal and 

venules of the villi in various intermediate hosts will ultimately determine the predilection site 

of the cyst (Heath, 1971).  

Table 2.4 Percentage of condemned or downgraded cattle offal reported to have hydatid disease in Australia. 

Organ  Number of hydatid-positive 
cattle 

Percent infected 
(%) 

Source 

Lung-only 304 40 Lymbery et al. (1995) 
Lung-only 3,331 17.7 Baldock et al. (1985a) 
Lung-only 15 13.3 Small and Pinch (2003) 
Lung-only 103 85.4 Guo et al. (2011) 
    
Liver-only 304 40 Lymbery et al. (1995) 
Liver-only 3,331 46.5 Baldock et al. (1985a) 
Liver-only 15 73.3 Small and Pinch (2003) 
Liver-only 103 8.7 Guo et al. (2011) 
    
Both Liver and Lungs 304 20 Lymbery et al. (1995) 
Both Liver and Lungs 3,331 35.8 Baldock et al. (1985a) 
Both Liver and Lungs 15 13.3 Small and Pinch (2003) 
Both Liver and Lungs 103 5.8 Guo et al. (2011) 

 

 

2.2.6.2 Number and size of hydatid cysts 

The number and size of cysts found in infected animals appear to vary between 

intermediate host species and anatomical site. Small and Pinch (2003) found that the lungs 



33 

 

contained fewer cysts than the liver in cattle. This was similar in the first report of an infected 

buffalo in Australia, where four cysts were identified in the liver and two were identified in the 

lungs (Jenkins et al., 2019). As explained above, a greater number of cysts reported in the liver 

could be due to easier identification of cysts in the liver tissue compared to lung tissue (Baldock 

et al., 1985a). Overall, cattle generally appear to have few cysts (Banks, 1984; Guo et al., 2011; 

Small & Pinch, 2003) compared to other species (Barnes et al., 2007a). Although most cattle 

have less than ten cysts detected (Guo et al., 2011; Lymbery et al., 1995; Small & Pinch, 2003), 

the number of cysts in naturally infected cattle has been shown to range between 1–80 cysts 

(Banks, 1984). In a vaccination trial, the number of cysts in 10-month-old control calves (non-

vaccinated) experimentally infected with 10,000 eggs of E. granulosus ranged between 7–193 

cysts (mean 61). However, this might reflect the large number of eggs dosed experimentally 

compared to lower dose infections that might be more likely to occur naturally. Although we 

would expect an increased number of cysts in older cattle, resulting from natural infection, an 

association between age and number of cysts was not identified by Banks (1984).  

Size of cysts in cattle has been shown to range from <1–108 mm in diameter (Banks et 

al., 2006b; Guo et al., 2011; Small & Pinch, 2003). Cysts in cattle are mostly between 6–30 

mm (Banks et al., 2006b; Guo et al., 2011). However, studies have found that cysts in the lungs 

are larger than those in the liver (Guo et al., 2011; Small & Pinch, 2003). Similar results have 

been reported in buffalo in Australia, where cysts were small (<15mm), but those in the lungs 

were comparatively larger than those in the liver (Jenkins et al., 2019). 

The duration of growth and maturation of hydatid cysts differs depending on the species 

of intermediate host (Sweatman & Williams, 1963a). Cysts as large as 50 mm have been 

reported three months post infection, and 100 mm five months post infection in pigs (Dew, 

1925). Growth rates in sheep are reported to be between 2–20 mm per year (Turner et al., 1937; 

Yamashita et al., 1957). In wallabies, cysts develop much faster than sheep, with volumes of 5 

cm3, 27.62 cm3, 47.7 cm3, nine months, 14 months and 16 months post infection, respectively 

(Barnes et al., 2007a). In humans, the average increase in cyst diameter can be highly variable 

with some growing at a rate of 8.7 mm per year and some 160 mm per year (Romig et al., 1986; 

Romig, 1990, cited in Ammann and Eckert, 1995).  

There is very little information on the growth and development of hydatid cysts in cattle. 

A study conducted by Banks (1984) observed the growth rate of hydatid cysts in a small group 
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of cattle (n = 28). The size of the cysts increased linearly with time with a growth rate of 0.3 

mm per month. Therefore, a 5 mm cyst is likely to be approximately one to two years old. As 

is the case in humans (Romig, 1990, cited in Ammann and Eckert, 1995), it is possible that the 

growth rate of hydatid cysts in cattle is highly variable. It is also possible that cysts might grow 

at different rates in different breeds. 

2.2.6.3 Fertility of hydatid cysts 

Hydatid cysts can be described as fertile (containing the next generation of tapeworms 

[protoscoleces]) or sterile (not containing protoscoleces; Pawlowski et al., 2001). Hydatid cysts 

in Australian cattle are rarely fertile (<1–5%; Baldock et al., 1985a; Banks et al., 2006b; Durie 

& Riek, 1952; Lymbery et al., 1995; Schantz et al., 1995). Therefore, cattle are not considered 

important in the transmission of hydatid disease in Australia (Banks, 1984). Fertile cysts appear 

to be more common in the lungs compared to livers. Small and Pinch (2003) only found 

protoscoleces in lung cysts of one animal out of 15 infected cattle, and Banks et al. (2006b) 

reported a ratio of 1:3 for fertile cysts in the liver and lungs. In other countries, hydatid cysts 

in cattle are highly fertile compared to cysts in Australia (Regassa et al., 2010; Thompson et 

al., 1984) but this is potentially a result of factors such as breed of cattle and strain of E. 

granulosus sensu lato. However, in Argentina, hydatid cysts of the common sheep strain (E. 

granulosus sensu stricto genotype G1, also found in Australia) are often fertile (Andresiuk et 

al., 2009; Andresiuk et al., 2013; Kamenetzky et al., 2002).  

The reasons for the low fertility of hydatid cysts in Australian cattle are unknown. 

However, differences in the levels of apoptosis and increased cellular stress have been reported 

between fertile and sterile cysts and suggested as the mechanism (Aziz et al., 2011; Paredes et 

al., 2007). Bortoletti and Ferretti (1978) reported differences in the thickness of the laminar 

layer between fertile and sterile cysts. Sheep cysts which were fertile had a much thicker 

laminar layer compared to hydatid cysts in cattle which were sterile. They also reported sterile 

bovine cysts with stunted germinal membranes. They suggested that the thickness of the 

laminar layer could affect the permeability of antibodies, and therefore, be a determinant of 

fertility. It is speculated that Immunoglobulin G identified in hydatid cysts in cattle induces a 

humoral immune response that inhibits the development of protoscoleces (Paredes et al., 2011). 

In sheep, maturation can take more than six years (Gemmell et al., 1986b; Slais, 1980), whereas 

in wallabies, maturation is much faster, taking only 8–9 months (Barnes et al., 2007a). Barnes 
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et al. (2011) demonstrated different host-parasite relationships in experimentally infected 

tammar wallabies (Macropus eugenii) and sheep. Marked differences in size at different time 

points, the location of cysts, and gross and microscopic appearance of hydatid cysts were 

observed. These differences were suggested as factors that might affect maturation of hydatid 

cysts (Barnes et al., 2011).  

Protoscoleces have been identified in sheep with cysts measuring 30–100 mm in diameter 

(Aziz et al., 2011; Bortoletti & Ferretti, 1978). At 9–10 months post infection, hydatid cysts in 

wallabies were fertile and 2.5–6 times larger than ovine cysts which were not fertile (Barnes et 

al., 2011). Banks et al. (2006a) found that 83% of cysts larger than 5 mm were fertile and all 

cysts greater than 20 mm were fertile in macropods. Torgerson et al. (2009) developed a model 

that demonstrated the variation in the number of protoscoloces in hydatid cysts in sheep of 

different ages. The model demonstrated that the number of protoscoloces in hydatid cysts in 

sheep was proportional to the volume of the cyst. Cyst volume, as well as the number of cysts 

increased linearly with age of the sheep. Young sheep typically had very few protoscoloces 

(average 16 protoscoloces), but sheep at ≥6 years of age had >9700 protoscoloces. Maturation 

appears to occur later in cattle compared to sheep and wallabies. Almost all (97%) sterile cysts 

found by Banks et al. (2006b) were less than 20 mm. A study conducted by Guo et al. (2011) 

found the three largest cysts to be fertile. If size is a determinant of fertility of hydatid cysts 

(Barnes et al., 2011; Torgerson et al., 2009), it might explain why cattle are rarely found to 

have fertile cysts. Although many young cattle might be infected at slaughter, they are unlikely 

to have cysts large enough to have become fertile (Guo et al., 2011).   

2.2.6.4 Mechanisms of hydatid cyst degeneration 

Hydatid cysts can be described as viable (growing, filled with liquid), degenerating 

(containing pus or partially solidified or calcified), or non-viable (inactive, completely 

solidified or calcified; Pawlowski et al., 2001). Previous research has found that cattle mostly 

have degenerating or non-viable cysts (Baldock et al., 1985a; Banks et al., 2006b; Regassa et 

al., 2010). Cyst degeneration appears to occur at any time point, but the factors dictating the 

progression from viable to non-viable cysts are unclear (Rogan et al., 2006).  

Echinococcus granulosus proteins and host proteins have been found within hydatid 

cysts suggesting that there is some mechanism of protein transfer across the cyst wall. Proteins 
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that are not usually abundant in the plasma have been identified suggesting a host response to 

infection (Aziz et al., 2011). Small and Pinch (2003) found that hepatic cysts in cattle had 

inflammation surrounding mineralised and caseous content. In a study by Slais (1980), cysts in 

sheep that were surrounded by an active inflammatory capsule appeared to stop growing, and 

some had begun to degenerate. Barnes et al. (2011) reported a layer of granulation tissue 

surrounding hydatid cysts and degenerative changes, possibly due to hypoxia (Via et al., 2008) 

in sheep, and pro-inflammatory mechanisms such as those caused by leucocytes, in wallabies. 

Barnes et al. (2011) speculated that the restricted proximity of the germinal membrane to the 

vascular tissue could limit the availability of nutrients to the parasite and thus hinder its growth 

rate. Slais and Vanĕk (1980) suggested that an early intense immune response with associated 

eosinophilic infiltration could be responsible for the death of the parasite and subsequent 

granuloma formation.  

 Effect of hydatid disease on productivity of cattle 

Several reports have suggested that hydatid disease affects production. For example, 

decreased growth, reduced fecundity, depressed production of milk and wool, and reduced 

working ability in draught animals have been reported in affected animals (Polydorou, 1981; 

Shul'ts, 1968). Impacts on carcass and hide weight, meat quality, and other aspects of 

production might also be important (Abuladze et al., 1971; Polydorou, 1981; Shul'ts, 1968; 

Valieva et al., 2014).  

2.2.7.1 Mechanisms of reduced production 

Parasites are believed to affect the absorption of proteins, carbohydrates, lipids, fatty 

acids, vitamins and minerals (Hawkins, 1993; Vessal et al., 1972), which can result in 

productivity losses and affect the quality of meat. Valieva et al. (2014) found that the quality 

of sheep meat was reduced as a result of hydatid disease. Destructive changes in muscle tissue 

and decreases in the amounts of protein, calcium, and fat were identified in animals infected 

with hydatid cysts. However, co-morbidity of other conditions which might have led to these 

destructive changes in these animals were not accounted for. Further studies need to be 

conducted to evaluate the impacts hydatid disease has on meat quality.  
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Few studies have been conducted to estimate the productivity losses resulting from 

infection with hydatid cysts. Although a study by Fotheringham (2015, unpublished) found 

reduced weight associated with cattle in which hydatid cysts were detected, the influence of all 

potential confounders (for example, breed and co-morbidities) was not assessed. Multiple 

studies refer to the reductions reported by Polydorou (1981) who reported a reduction of 2.5–

20% reduction in livestock carcass weight as a result of hydatid disease. However, Polydorou 

(1981) does not describe the species in which this reduction was reported or the methods or 

citations from which this estimate was obtained. Banks et al. (2006b) did not find a significant 

difference in the carcass weights of infected cattle compared to non-infected cattle of the same 

age, sex, breed and property of origin. However, the sample of infected cattle for which weight 

was measured was small (63 infected cattle out of 1186). Therefore, any differences would 

have been difficult to detect reliably with such a small number of infected cattle.  

The number and size of cysts is likely to determine whether the weight of the carcass will 

be affected. A single small cyst is unlikely to impede the weight gain of an animal, compared 

to multiple large cysts. Additionally, reductions in productivity are not likely to be detectable 

until a few years after initial infection with E. granulosus due to the slow development of cysts, 

so effects on growth are unlikely to be evident in younger cattle. Further studies need to be 

conducted to evaluate the productivity losses caused by hydatid disease. 

 Post-mortem meat inspection procedures 

The purpose of post-mortem meat inspection in Australian abattoirs is to remove 

unwholesome meat from the human food chain. Therefore, carcasses or carcass parts that are 

affected, or suspected of being affected, by an abnormality or disease are removed from the 

food processing chain. Meat safety inspectors must be present during the slaughter and dressing 

of every animal and slaughter of an animal must be conducted in a way that ensures an accurate 

post-mortem disposition can be given to the whole of a carcass. Procedures for carcass and 

offal inspection must enable any disease or abnormality to be detected physically through 

smell, sight, and/or touch (Australia and New Zealand Food Regulation Ministerial Council. 

Food Regulation Standing Committee, 2007). 

In accordance with Schedule 2 of the Australian standard for the hygienic production and 

transportation of meat and meat products for human consumption (Australia and New Zealand 
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Food Regulation Ministerial Council. Food Regulation Standing Committee, 2007), lungs are 

to be palpated and if they are to be saved for human consumption the bronchi and internal 

surfaces are observed. The heart is palpated, and the internal musculature is incised three to 

four times. The liver is palpated, and the main bile ducts are incised transversely to observe the 

contents. The spleen is observed, and the kidney is palpated. In accordance with Schedule 3 of 

the Australian standard for the hygienic production and transportation of meat and meat 

products for human consumption (Australia and New Zealand Food Regulation Ministerial 

Council. Food Regulation Standing Committee, 2007), organs affected by echinococcosis are 

to be condemned.  

2.2.8.1 Disease monitoring and surveillance 

In addition to removing unwholesome meat from the line of human consumption, meat 

inspection at slaughter has also been recognised as a useful source of animal health data and 

can contribute to the control and surveillance of a broad spectrum of diseases and conditions. 

For example, meat inspection data can include information on zoonoses, notifiable diseases, 

animal welfare concerns and endemic disease frequency. The collection of meat inspection 

data also allows abattoirs to identify producers that require animal health advice, therefore 

giving producers the opportunity to improve on their production (Stärk et al., 2014).  

Collection of detailed information on individual cattle (such as age, sex, carcass quality, 

offal inspection outcomes) has been enabled by the installation of electronic data recording 

equipment in some Australian abattoirs. However, although meat inspection is mandatory at 

Australian abattoirs, collection and storage of the associated data is not. Additionally, meat 

inspection data is not consistently collected among those abattoirs that do collect data. In many 

cases, pathogens and lesions that are commonly seen at an abattoir might be specified in the 

data, but other, less common pathogens or lesions might be grouped together in a single 

category. Therefore, broader epidemiological information on diseases throughout the country 

and from multiple abattoirs is difficult or impossible to obtain. 

2.2.8.2 Sensitivity and specificity of routine meat inspection to detect hydatid cysts 

Several studies have investigated the strengths and weaknesses of abattoir surveillance 

for detecting diseases and abnormalities in animals and their respective populations (Berends 
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et al., 1993; Jansen et al., 2017; Uzal et al., 1998). Although meat inspection has been identified 

as a useful source of data, it is reported to have a low sensitivity for some diseases (Bonde et 

al., 2010; Fairley & Penrose, 1929; Hathaway & Richards, 1993; Jansen et al., 2017; Stärk et 

al., 2014). A test should ideally have high sensitivity and specificity to identify as many true 

positives, and as few false positives as possible (Dohoo et al., 2014). However, many factors 

might impact on the sensitivity and specificity of meat inspectors diagnosing lesions. For 

example: system functionality and reporting methods (for example, the possibility to record 

co-morbidities), the training and previous experience of meat inspectors, motivation and 

dedication of inspectors, abattoir layout and slaughter speed, number of inspectors, and disease 

manifestation (Berends et al., 1993; Enøe et al., 2003; Stärk et al., 2014; Uzal et al., 1998).  

Baldock et al. (1985a) found that 3.8% of 133 infected cattle had lesions misdiagnosed 

as hydatid cysts based on visual diagnosis and 9% had lesions of uncertain aetiology. Similarly, 

Small and Pinch (2003) found a number of lesions in the liver that looked like hydatid cysts 

but on histological examination the lesions were diagnosed as bacterial pyogranulomas (hepatic 

abscess), developmental or congenital causes, club forming pyogranulomas, possible liver 

fluke or chronic active cholangiohepatitis. Therefore, it is possible that organs reported to have 

hydatid disease by meat inspection might actually be infected with another disease or lesion, 

decreasing the specificity. 

Hydatid disease in some cattle, particularly young cattle, might be beyond the detection 

capacity of meat inspection protocols, and therefore, undetectable (i.e. infections with few cysts 

or cysts that are small). In tammar wallabies, most cysts were located on the surface of the 

organ (Barnes et al., 2007a). However, some cysts can be deep within the liver tissue and 

impossible to detect by palpation. Additionally, hydatid cysts can be more difficult to detect in 

pulmonary tissue when compared to liver tissue. Therefore, small cysts in the lungs might be 

missed, potentially explaining why more cysts are reported in the liver (Gemmell, 1966). 

Hydatid cysts in cattle are rarely fertile and small cysts that are undetectable are highly unlikely 

to be fertile (Baldock et al., 1985a; Banks et al., 2006b). Therefore, livers infected with hydatid 

cysts that are beyond the detection capacity of meat inspection protocols are unlikely to pose a 

risk to public health if fed to dogs.  

Bonde et al. (2010) found a low sensitivity (0.16) of inspection for parasitic disorders 

and a high sensitivity (0.92) for respiratory diseases in Danish slaughter pigs. In horses and 
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donkeys, the post-mortem detection probability for hydatid disease was 0.73 (Stärk et al., 

2014). Although authors found that a combination of meat inspection with other surveillance 

techniques, such as on-farm clinical surveillance, was more effective than meat inspection 

alone, for some diseases, such as hydatid disease, meat inspection is the only practical means 

of detection (Stärk et al., 2014). Enøe et al. (2003) found that sensitivity of traditional meat 

inspection techniques for visceral and parietal chronic pleuritis increased when more time was 

allowed for inspection. Other techniques for detection such as serology and ultrasound lack 

sufficient sensitivity and specificity to improve or replace current meat inspection techniques 

for hydatid disease (Bulashev et al., 2017; Craig et al., 2015; Sage et al., 1998). Overall, the 

prevalence of hydatid disease when measured by current meat inspection protocols, could be 

underestimated. 

 Economic impact of hydatid disease in livestock 

Hydatid disease in the livestock industry has been reported as a cause of economic loss 

(Gemmell & Brydon, 1960) with most losses being attributable to offal condemnation and 

downgrading. Although hydatid disease is generally subclinical in livestock, the potential 

production losses as described above could exacerbate the economic losses resulting from 

organ condemnation and downgrading caused by hydatid disease. 

 Global economic impact of hydatid disease in livestock 

Globally, the minimum annual estimated loss due to hydatid disease in livestock was 

US$141,605,195 (Budke et al., 2006). This conservative estimate is based on multiple livestock 

species (cattle, sheep, pigs, goats and camels), only includes liver condemnations, and does not 

account for underreporting. When underreporting and additional factors such as reduced 

carcass weight, reduced hide weight, decreased milk production and decreased fecundity were 

accounted for, the estimated economic impact increased to US$2,190,132,464 per year (Budke 

et al., 2006).  

A number of other, country-specific studies have been conducted to assess the economic 

impact of hydatid disease (Table 2.5). It should be noted that the studies conducted in Peru, 

Turkey and Iran (presented in Table 2.5) used data from government reports and the literature 

for epidemiological and economic information. Therefore, estimates might not have been 
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accurate or current. Also, these studies did not account for home slaughter or differing 

prevalence in subgroups of animals (for example zero-tooth cattle versus eight-tooth cattle) 

and therefore, might under- or over-estimate losses (Harandi et al., 2012; Moro et al., 2011; 

Sariozkan & Yalcin, 2009). The variations in economic losses between countries most likely 

reflect where livestock were sourced, the species of livestock included in the studies, breeds 

examined, the species of Echinococcus involved, the number of livestock slaughtered, the 

economy in the country or region in which the study took place, and the market prices at the 

time. These variations make it difficult to compare economic losses between countries and 

regions. Additionally, there is no standard method for evaluating losses associated with hydatid 

disease in livestock. For example, some studies evaluated organ losses based on liver 

condemnations alone (Moro et al., 2011) and others evaluated losses from all affected organs 

(Harandi et al., 2012; Regassa et al., 2010). Those studies that also include productivity losses 

vary in the productivity losses included in their analyses. For example, Moro et al. (2011) 

evaluated productivity losses but did not include losses due to decreased fecundity. In 

comparison, Harandi et al. (2012) included reduced fecundity and decreased hide value (Table 

2.5). Therefore, studies need to be conducted in each country or region to determine the 

economic impact of hydatid disease on the specified livestock industry. 
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Table 2.5 Total annual losses due to hydatid disease in livestock throughout the world. 

Study location Species Included losses Annual losses  Reference 
Peru Cattle, 

sheep, goats, 
alpacas, 
pigs, llamas 

Liver condemnation, 
reduced carcass weight, 
wool losses, decreased 
milk production 

US$3.8 million Moro et al. (2011) 

Turkey Cattle, 
sheep, goats 

Organ losses, meat losses, 
wool losses, decreased 
milk production, reduced 
fecundity 

US$89.2 
million 

Sariozkan and Yalcin (2009) 

Iran Cattle, 
sheep, goats, 
buffalo, 
camels 

Liver and lung 
condemnation, reduced 
carcass weight, wool 
losses, decreased milk 
production, reduced 
fecundity, decreased hide 
value 

US$132 million Harandi et al. (2012) 

Uruguay Cattle Liver condemnation, meat 
losses, wool losses, 
decreased milk production, 
reduced fecundity 

US$10.4 
million 

Torgerson et al. (2000) 

Ethiopian 
abattoir 

Cattle Liver, lung, heart, kidney 
and spleen condemnation, 
and reduced carcass 
weight 

US$138,563 Regassa et al. (2010) 

Northern 
Ethiopia 

Cattle Liver and lung 
condemnation, and 
reduced carcass weight 

US$2,807  Kebede et al. (2009) 

Spain Cattle, 
sheep, goats, 
pigs 

Liver and lung 
condemnation, reduced 
carcass weight, decreased 
milk production, reduced 
fecundity 

US$19.3 
million (in 
2005) 

Benner et al. (2010) 

Australian 
abattoir 

Cattle Liver, lung, heart, kidney 
and spleen downgrades 
and condemnation, and 
reduced carcass and hide 
weight 

AU$1.7 million 
 

Fotheringham (2015, 
unpublished) 

Northern 
Queensland, 
Australia 

Cattle Liver, lung, spleen 
condemnation 

AU$0.5 million 
(in 1981) 

Banks et al. (2006b) 

Queensland, 
Australia 

Cattle Liver condemnation AU$6 million Rural Management Partners 
(2004) 

Australia Cattle Liver and kidney 
downgrades 

AU$40.8 
million 

Uzal et al. (1998) 

New South 
Wales, Australia 

Cattle Carcass and liver 
condemnation 

AU$263,555 Gemmell and Brydon (1960) 
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 Economic impact of hydatid disease in Australian livestock 

The Australian beef industry has a significant export market with an international 

reputation for high quality meat products. Hydatid disease in the Australian beef industry could 

have a negative impact on live cattle trade from Australia through potentially reduced meat 

quality and the potential for transmission of the parasite to naïve animal populations in recipient 

countries (Kumaratilake & Thompson, 1982; Valieva et al., 2014). 

Although little has been published on the economic impact of hydatid disease in 

Australian cattle, previous studies and anecdotal reports have identified economic losses 

through condemnation and downgrading of offal due to a high prevalence of hydatid infection 

(Table 2.5; Banks et al., 2006b; Thompson & Jenkins, 2014). Productivity losses have not been 

widely considered when estimating economic losses due to hydatid disease in Australian cattle.  

 Control and prevention of hydatid disease 

The most important part of a parasite control program is the interruption to transmission 

between hosts (Schantz et al., 1995). Additionally, controlling and tracing the movements of 

livestock can also be an important part of investigating and reducing disease transmission 

within and between livestock (Fèvre et al., 2006; Iglesias & East, 2015).  

Approaches to limit hydatid disease transmission include: meat inspection to remove 

infective offal from the food chain, public education to sensitise the population to the disease, 

washing hands after handling dogs, utilising diagnostic techniques to detect infection in dogs, 

treating dogs with anthelmintic drugs such as praziquantel, and preventing dogs from 

consuming raw offal (Gemmell et al., 1986a; Gemmell & Roberts, 1995; Jiménez et al., 2002; 

Schantz et al., 1995). Strategies that have proven effective in controlling the spread of hydatid 

disease include a combination of these approaches (Schantz et al., 1995). Unfortunately, 

Jenkins et al. (2006) found that Australian dog owners did not deworm their dogs regularly 

enough to preclude occasional infection. Many dogs were under- or over-dosed due to owners 

guessing weights and not treating dogs frequently enough or as prescribed. This should be 

considered when conducting control programs because rural dogs could still transmit E. 

granulosus for short periods. The development of cestode resistance to incorrectly or under-

dosed anthelmintics in dogs is not currently a problem, but the possibility of resistance of 

canine cestodes to praziquantel developing in the future should not be ignored. Jenkins et al. 
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(2006) also discovered that some rural dog owners do not understand that “offal” includes the 

lungs and heart and therefore might unintentionally feed hydatid-infected offal to their dogs. 

The results of Jenkins et al. (2006) emphasise that public education is a critical component in 

any control program. 

Globally, control strategies for hydatid disease have been implemented in a number of 

regions including Iceland, New Zealand, Cyprus, Chile, Argentina and Tasmania. Elimination 

of E. granulosus has been demonstrated in New Zealand and Iceland (Gemmell & Roberts, 

1995; Schantz et al., 1995). Iceland was declared free of echinococcosis in the 1950s. Control 

strategies in Iceland, Tasmania, and New Zealand relied heavily on community education and 

a change in the practice of home slaughtering either by strict control or elimination of the 

practice. In Cyprus, elimination of stray dogs and strict control of domestic dogs was a focus 

of the control program. Surveillance techniques such as diagnostic purging of dogs with 

arecoline hydrobromide were used in all of these control strategies to monitor the progress of 

the program and also to identify problem areas (Schantz et al., 1995). The Tasmanian hydatid 

control campaign focused on the identification of infected rural dogs, with onsite diagnosis 

helping to educate dog owners. Compulsory measures to eliminate E. granulosus included 

restricted movement of infected dogs, restricted movement of infected livestock, and restricted 

movement of livestock from properties with infection rates that exceeded the state average. 

The anthelmintic drug praziquantel (previously bunamidine) was a crucial part of effective 

control programs carried out in Tasmania, Chile and Argentina (Schantz et al., 1995).  

The control program in Tasmania was highly successful with a steady decrease in 

infected dogs throughout the campaign, and subsequently, a reduction in infected livestock and 

humans (McConnell & Green, 1979; Schantz et al., 1995). An important difference between 

Tasmania and the Australian mainland is that there are no wild dogs present in Tasmania and 

there are no data to suggest that foxes are widespread in Tasmania. Thus, the transmission cycle 

in Tasmania is considered to be solely domestic and consequently, much easier to control. 

Elimination of the parasite on mainland Australia is unlikely due to the extensive sylvatic 

reservoir that provides constant “spill-over” to domestic livestock and domestic dogs with 

access to the offal of macropods (Thompson & Kumaratilake, 1982). 

When considering control strategies, it is not only important to measure the effectiveness 

of the control strategy but also to measure the costs involved in running a control program 
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(salaries, administration costs, delivery, research costs etc.) to assess economic feasibility 

(Gemmell & Roberts, 1995; Hotson, 1963; Lee et al., 2015). Control schemes for helminths in 

sheep using conventional methods (involving the use of anthelmintics) have proven profitable 

and cost-effective (Anderson et al., 1976). In Chile, one economic benefit of the hydatid control 

program was an increase in the number of sheep and cattle livers fit for export to European 

countries (Schantz et al., 1995). Budke et al. (2005) suggested that a vaccination program in 

sheep and goats in the Tibetan Plateau would be beneficial even if it reduced a small percentage 

of livestock cases. 

Although cattle are unlikely to contribute to transmission of hydatid disease in Australia, 

a vaccine that prevents infection in cattle could reduce the number of organs condemned or 

downgraded due to hydatid disease and potentially lead to a considerable economic saving for 

the Australian beef industry. The EG95 vaccine, an experimental vaccine against E. granulosus 

originally developed for sheep in the late 1990s (Gauci et al., 2005; Lightowlers et al., 1996), 

has been modified for administration to cattle (Heath et al., 2012b) and is currently registered 

for use in China and Argentina (Craig et al., 2017). Vaccination does not eliminate established 

cysts but can prevent subsequent infection from occurring in cattle. When used in cattle at five 

times the dose for sheep (50μg EG95+ 1mg Quil A), and administered twice with one month 

between dosages, the vaccine achieved 90% protection (fewer cysts) in cattle experimentally 

infected with E. granulosus compared to unvaccinated cattle. Protection was shown to last for 

12 months. A third vaccination administered 12 months after the first two vaccinations 

increased the protection to 99% compared to unvaccinated cattle and maintained protection for 

a further 11 months (Heath et al., 2012b). Heath et al. (2012b) recommended that a vaccination 

program in cattle should begin when cattle are six months old. However, if their mothers are 

not vaccinated, it is possible that calves exposed to eggs prior to their first vaccination could 

develop hydatid cysts. Heath et al. (2012a) demonstrated that calves were partially protected 

(fewer cysts) for at least 17 weeks if their mother was vaccinated with EG95 prior to calving. 

Calves from both vaccinated and unvaccinated cows should be vaccinated no earlier than 16 

weeks to attain full protection (no cysts). However, it is important to consider that different 

parties may have varying interests in a control program. Vaccination in cattle might be 

economically advantageous for processors but might not be of direct benefit to producers.  
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 Conclusion 

Hydatid disease poses important epidemiological and economic concern both in 

Australia and globally; however, the importance of this disease to the Australian beef industry 

has not been evaluated.  

Widespread studies of the epidemiology of hydatid disease have not been conducted in 

Australia. Previous studies have focussed on particular regions of Australia and have generally 

used small sample sizes of cattle or data collected through routine meat inspection. Therefore, 

the current prevalence and geographic distribution of infected cattle in Australia is unknown. 

Additionally, specific risk factors for hydatid disease in beef cattle are poorly understood. 

Previous research indicates that age, being grass-fed, and origin are associated with hydatid 

disease. However, the cattle industry has changed since the majority of these studies were 

undertaken and findings might no longer be accurate. Determining the current prevalence, 

geographic distribution and risk factors for hydatid disease in Australian beef cattle will help 

identify cattle at risk, the types of cattle (age, feed-type, and sex) and regions in which cattle 

are predominantly infected and might assist with targeting control strategies. Additionally, 

cattle are sentinels for the definitive hosts of E. granulosus and therefore, the use of abattoir 

data could be useful to identify geographic regions where human infection could occur. 

It is hypothesised that hydatid disease is widespread throughout much of eastern 

Australia and that the economic impact of hydatid disease is substantial. Although hydatid 

disease is generally sub-clinical in cattle, potential reductions in the growth and development 

of infected cattle combined with condemnation and downgrading of offal, could have 

significant economic impacts on the Australian beef industry. Studies on economic impact have 

been conducted in Australia but are no longer current, and studies conducted in other countries 

are not comparable due to market and economic variations, the breeds examined, the species 

of Echinococcus involved, and the different methods for calculating economic losses. 

Economic losses of a disease are a useful indicator of the importance of a disease to a region 

and can be used to indicate whether intervention would be beneficial and supported. 

Control options for hydatid disease currently include, treating domestic dogs with 

praziquantel, preventing access of dogs to offal and carcasses, and feeding commercially 

produced food to domestic dogs. The current uptake of these on-farm management practices 

and the knowledge of beef producers with respect to hydatid disease and their attitudes towards 
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this disease is unknown. This needs to be investigated to determine whether further education 

relating to currently available control practices is required or whether new control strategies 

for hydatid disease in beef cattle should be implemented.  

An aim of this project was to investigate the importance of hydatid disease to the beef 

industry in eastern Australia by collecting information on the characteristics, prevalence, 

geographic distribution, risk factors and economic impact of hydatid disease in eastern 

Australian beef cattle. Another aim of this study was to investigate the knowledge and attitudes 

of beef producers with respect to hydatid disease and their management practices that might 

influence transmission of the parasite. This information will enable improved delivery of 

targeted hydatid control programs. 
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Chapter 3  
 

Evaluation of the diagnostic sensitivity and specificity of meat 

inspection for hepatic hydatid disease in beef cattle in an 

Australian abattoir 

 

Photo: Bovine liver infected with both liver fluke (Fasciola hepatica) and 

hydatid cysts (Echinococcus granulosus). Source: Cara Wilson. 

This chapter has been published: 

Wilson, C. S., Jenkins, D. J., Barnes, T. S., & Brookes, V. J. (2019). Evaluation of the 
diagnostic sensitivity and specificity of meat inspection for hepatic hydatid disease in 
beef cattle in an Australian abattoir. Preventive Veterinary Medicine, 167, 9-15. doi: 
10.1016/j.prevetmed.2019.03.014 
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 Abstract 

Hydatid disease, caused by Echinococcus granulosus, is a widespread, endemic disease 

of Australian livestock, wildlife, and occasionally, humans. In the Australian beef industry, the 

disease is believed to have a substantial economic impact. The reference standard test (gold 

standard) for detection of hepatic hydatid cysts is gross identification of cysts following cutting 

of livers into 5–6 mm slices with histological identification in the case of equivocal cysts. This 

test is not feasible in abattoirs because it takes too long, destroys inspected livers which have 

monetary value, and could require laboratory facilities. Therefore, routine meat inspection in 

abattoirs comprises visualisation of the organ surface and palpation to detect hydatid cysts. In 

this study, we aimed to evaluate the diagnostic sensitivity and specificity of current routine 

meat inspection processes in an abattoir to detect hepatic hydatid disease (the index test) in 

comparison to the reference standard test. Both the index and reference standard tests were 

performed on a systematic random sample of 636 livers from 5023 cattle slaughtered during 

the study period. Relative proportions of the true positives and false negatives were calculated 

for categories age, sex, feed-type (grass- or grain-fed), number of cysts, and size of cysts. 

Pearson’s Chi-squared analyses were used to assess the significance of these proportions.  

Relative diagnostic sensitivity and specificity of the index test were determined whilst 

accounting for the sampling fraction.  

The relative proportion of true positives to false negatives in livers with one cyst (True 

Positives [TP] = 30.2%) was significantly lower than in livers with 2–5 cysts (TP = 59.2%; P 

< 0.05), and livers with more than ten cysts (TP = 75%; P < 0.001). The diagnostic sensitivity 

and specificity of the index test was 24.9% (95% Confidence Interval [CI] 18.9–32.3) and 

98.9% (95% CI 97.6–99.6), respectively. The high specificity demonstrates that truly 

uninfected livers are generally correctly reported. However, the low sensitivity of the index test 

indicates that prevalence reported by the focus abattoir is underestimated. Although the 

intended use of routine meat inspection for hydatid disease – to remove “unwholesome” meat 

from the line of human consumption – is conducted, the results of this study demonstrate that 

the prevalence of E. granulosus might be higher than reported in abattoir data.  
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 Introduction 

Hydatid disease is a parasitic zoonosis of livestock, wildlife and humans. In Australian 

cattle, the disease is caused by the metacestode stage of Echinococcus granulosus, a tapeworm 

that infects domestic and wild dogs, and foxes (Baldock et al., 1985c; Jenkins et al., 2008). 

Hydatid disease in intermediate hosts such as cattle, is characterised by formation of cysts in 

the internal organs (mainly the liver and lungs) which are commonly identified at slaughter 

(Baldock et al., 1985a; Durie & Riek, 1952; Roberts, 1982). Although hydatid disease is not 

transmitted to humans directly from cattle, and therefore, poses no risk to abattoir workers or 

people who consume infected offal, the disease is believed to have a significant financial 

impact to the beef industry due to the condemnation and downgrading of infected offal (Banks 

et al., 2006b; Thompson & Jenkins, 2014), and potentially through decreased productivity of 

cattle (Abuladze et al., 1971; Polydorou, 1981; Shul'ts, 1968). Identification of all infected 

carcasses at slaughter would play a vital role in determining hydatid disease prevalence and 

associated risk factors, as well as underpin a financial impact analysis of losses to the Australian 

cattle industry.  

Routine meat inspection involves inspection of all offal and carcasses according to the 

Australian Standard for the Hygienic Production and Transportation of Meat Products for 

Human Consumption (Australia and New Zealand Food Regulation Ministerial Council. Food 

Regulation Standing Committee, 2007). The purpose of meat inspection is to ensure that meat 

and meat products are ‘wholesome’ – for example, hygienic, and free from defects, prohibited 

additives and contamination – and comply with food safety requirements. During routine meat 

inspection, livers are examined visually, palpated, and the main bile ducts are incised. The 

installation of electronic data recording equipment in many abattoirs has enabled collection of 

detailed information about individual cattle (for example, age, sex, and origin), carcass quality, 

and carcass and offal inspection outcomes.  

Gross examination of livers to detect hydatid cysts by cutting thin (5–6 mm) slices and 

palpating the liver slices followed by identification of a germinal membrane (and in the case 

of equivocal cysts, histological confirmation of a laminar layer) is considered the reference 

standard (gold standard) for detection of hydatid cysts (Banks et al., 2006b; Lymbery et al., 

1995; Thompson, 1995). These methods have been used in multiple studies to determine the 

presence of hydatid cysts in the organs of cattle (Banks et al., 2006b; Small & Pinch, 2003). 
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These methods are not logistically feasible in abattoirs because they are time consuming, they 

require laboratory facilities if the cysts are small, and slicing renders the liver unfit for 

commercial sale. Therefore, current routine abattoir meat inspection methodology remains the 

only practical means of detecting hydatid disease in livestock at slaughter.  

Previous studies of hydatid disease in cattle have relied on the collection of abattoir data 

to determine the prevalence of hydatid disease in populations and propose potential risk factors 

(Banks et al., 2006b). The sensitivity and specificity of routine meat inspection is dependent 

on the reporting system (for example, reporting one type of defect despite the presence of 

multiple other types of defects) and disease priorities (such as zoonotic diseases reported in 

preference to non-zoonotic), as well as the time available to examine organs. In the case of 

disorders that affect animal welfare or are a risk to public health, a high sensitivity of detection 

(truly positive cases are identified as positive) is preferable. A high specificity of detection 

(few false positives) is beneficial to reduce wastage and increase financial return.  

Previous studies have found routine meat inspection for parasitic lesions has low 

sensitivity (Bonde et al., 2010; Stärk et al., 2014). Therefore, the apparent prevalence of 

parasitic diseases as determined using current abattoir data, could greatly underestimate true 

prevalence. Low diagnostic sensitivity of tests could be due to differing meat inspector 

thresholds for defining positive cases of disease compared to experts in the field. Also, 

detection by meat inspectors might improve with increased visibility of pathological lesions. 

To the authors’ knowledge, no studies have been conducted to determine the diagnostic 

accuracy of routine meat inspection for hepatic hydatid disease. 

The purpose of the current study was to evaluate relative sensitivity and specificity of 

routine meat inspection methods to detect hepatic hydatid disease in beef cattle, using a two-

stage approach and the accepted reference standard test (Dohoo et al., 2014). Using information 

obtained from this study, future studies will estimate the true prevalence of hydatid disease and 

thus the burden in beef cattle from selected locations in Australia. 
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 Materials and methods 

 Study design 

A two-stage approach using a gold-standard reference test (Dohoo et al., 2014) was used 

to evaluate diagnostic sensitivity and specificity of routine meat inspection (the index test) for 

hepatic hydatid cysts in cattle in a commercial abattoir (the ‘focus abattoir’) in eastern 

Australia. For the purpose of this study we have hereafter referred to the gold-standard test as 

the reference standard test according to the STARD guidelines (Bossuyt et al., 2015). The focus 

abattoir was purposively selected due to the large number of cattle slaughtered each week 

(approximately 6000 cattle) and the wide geographic range over which cattle are sourced (all 

states and territories of Australia). Collection of data for the purpose of this study was approved 

by the Charles Sturt University Human Ethics Committee (protocol number 400/2016/12). 

Animal ethics approval was not required because cattle were slaughtered as part of the normal 

operations of the abattoir and not for the purpose of this study.  

Due to the practical constraints of working in a commercial abattoir (high-speed 

processing of animals [90–140/h] and limited space), only livers were examined for the 

presence of hydatid cysts in this study even though multiple organs could have been infected 

with hydatid cysts (Banks et al., 2006b; Regassa et al., 2010; Small & Pinch, 2003). Previous 

studies have shown hydatid cysts are more commonly found in the liver of infected beef cattle 

and are easier to identify in the liver tissue than in other organs (Baldock et al., 1985a; Pullar 

& Marshall, 1958; Small & Pinch, 2003; Uzal et al., 1998).  

 Stage 1 

The Stage 1 sample population was all cattle slaughtered at the abattoir over five 

consecutive days in December 2016, and five consecutive days in April 2018. Cattle were only 

included in the Stage 1 sample if they were slaughtered during the time that we sampled livers 

for the reference standard test (the ‘study periods’). All cattle slaughtered during each study 

period were screened with the test being evaluated (‘routine’ meat inspection for hepatic 

hydatid disease – the index test) and included in the Stage 1 sample. Data relating to the index 

test and each carcass were recorded electronically throughout the slaughter process and 

collected at the conclusion of each study period. 
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3.3.2.1 Routine meat inspection (the index test) 

During routine meat inspection (the index test), each liver is classified as either fit for 

human consumption (hereafter referred to as ‘clean’) or condemned or downgraded (hereafter 

referred to as ‘defected’) if one of the following lesions is detected: abscessation, liver fluke, 

and hydatid cysts, or the organ is contaminated (for example, with gut contents). Pathological 

lesions which are not mentioned above are classed as ‘other’. At the focus abattoir, only one 

lesion is recorded per organ regardless of whether it is affected by one or multiple lesions.   

Once abattoir data recorded by meat inspectors were collected following the study 

periods, we allocated Stage 1 samples to the following three groups: 1. clean livers (‘hydatid 

negative’ by the index test), 2. livers with any other defect (‘hydatid negative’ by the index 

test), and 3. livers with hydatids (‘hydatid positive’ by the index test). Note that during Stage 

1 meat inspection, we could not differentiate the latter two groups (both groups were classified 

as defected by meat inspectors). 

 Stage 2 

Immediately after the index test, a subsample of livers from the Stage 1 sample were 

submitted to the reference standard test for detection of hydatid disease. Sample size for Stage 

2 was determined using 10% desired precision, assuming 50% sensitivity, and 50% specificity 

(Banoo et al., 2010). The calculated sample size was 97 for each meat inspection group (clean, 

other defect, hydatid positive). The total required sample size was calculated as 291.  

A systematic random sampling strategy was used to collect the livers for Stage 2 from 

the livers classified by meat inspectors as ‘clean’ or ‘defected’. Based on the expected number 

slaughtered during Stage 1 sampling (estimated 3000–4000 cattle each week), every fifteenth 

liver or the next liver available after 15 livers (according to logistic constraints) was collected 

from the ‘clean’ livers. Given the number of animals slaughtered each week, the logistic 

constraints involved in working in a functioning abattoir, and the proportion of livers expected 

to be infected with hydatid cysts, we aimed to collect every fifth defected liver or the next 

defected liver after 15 min if five defected livers had not passed in that time frame. The target 

sample size for this latter group was twice the calculated sample size (194) to account for the 

combined group of hydatid positive livers and livers condemned or downgraded due to other 



54 

 

causes, so that the calculated sample size of hydatid positive livers (97) examined using the 

reference standard was likely to be achieved.  

Reference standard inspection of each Stage 2 sampled liver was carried out by D. J. and 

a trained assistant (A. P.), using methods previously described by Banks et al. (2006b). Each 

liver was initially grossly examined then sliced (5–6 mm width slices) and palpated to detect 

cysts embedded within the liver tissue and therefore, invisible from the surface. Hydatid disease 

was confirmed by examining the lesions grossly for the presence of a pathognomonic central 

cavity with an identifiable germinal membrane. Lesions of uncertain aetiology were placed in 

70% or 90% ethanol, or 10% neutral buffered formalin, and later examined histologically at 

the Charles Sturt University Veterinary Diagnostic Laboratory. Hydatid cyst tissue was 

processed using standard methods. The tissue was processed in a Tissue-tek®VIP™Jr tissue 

processor, embedded using a Thermo Electron Corporation Shandon Histocentre 3, sections 

were cut at 5µ on a Leica®RM2125RT microtome and stained with haematoxylin and eosin 

using a Leica® Autostainer XL.  

 Analysis 

The data were collated and checked for inconsistencies in Excel (Microsoft, 2016) and 

the statistical program R (R Core Team, 2018) and stored in a database management system 

(PostgreSQL; The pgAdmin Development Team, 2016). All analysis was conducted using R 

(R Core Team, 2018) with packages epiR (Stevenson et al., 2017), plyr (Wickham, 2011), dplyr 

(Wickham et al., 2018), lme4 (Bates et al., 2015), nlme (Pinheiro et al., 2017), arm (Gelman & 

Su, 2016), tibble (Müller & Wickham, 2017), and ggplot2 (Wickham, 2009).  

Counts of the total number of cattle slaughtered during each five day period, the total 

number slaughtered during Stage 1 sampling, the total number of cattle in each dentition group 

(used as a crude estimate for age; zero-teeth [<18 months], two-teeth [18–30 months], four-

teeth [24–36 months], six-teeth [30–42 months], eight-teeth [>42 months]; Meat and Livestock 

Australia, 2014), the total number of males and females, and the total number of grass- and 

grain-fed cattle (referred to as ‘feed type’) were described. The number of infected (with 

hydatid disease) and uninfected livers in each group detected by the index test (Stage 1), the 

total number sampled for Stage 2, and the number of infected (with hydatid disease) and 

uninfected livers detected by D. J. and A. P. (Stage 2) were calculated. Hydatid cysts detected 
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during Stage 2 were described. The proportion of true positives and false negatives were 

calculated for hepatic hydatid disease in groups stratified by number of cysts (classified as ‘no 

cysts’, ‘one cyst’, ‘2–5 cysts’, ‘6–10 cysts’, ‘more than ten cysts’) and size of the largest cyst 

present in the liver (classified as ‘no cysts’, ‘less than 3 mm’, ‘3–10 mm’, ’11–20 mm’, ‘more 

than 20 mm’) and presented as bar plots. Pearson’s Chi-squared analyses were used to estimate 

the significance of these proportions. To assess the significance of the levels within each 

category a post hoc analysis was run using the “fifer” (Fifer, 2017) package in R (R Core Team, 

2018) using the Bonferroni method of adjustment.  

Relative diagnostic sensitivity and specificity of the index test were determined using 

Eqs. 1 and 2 in which Se and Sp is the sensitivity and specificity, respectively, of detection of 

hepatic hydatid disease by routine meat inspection, a is the number of true positives, b is the 

number of false positives, c is the number of false negatives (c1 clean livers, c2 livers with any 

other defect), d is the number of true negatives (d1 clean livers, d2 livers with any other defect), 

!"#$	is the fraction (sf) of the verified test positives, and !"#& is the fraction of verified test 

negatives. These equations were modified from Dohoo et al. (2014) to account for the different 

sampling fractions of the three meat inspection groups (livers with hydatid [!"#$], clean livers 

[!"#&'], and livers with any other defect [!"#&(]). Confidence intervals for sensitivity and 

specificity were calculated in the “binom” package (Dorai-Raj, 2014) in R (R Core Team, 

2018) using the expected number of cases and the Wilson method (Wilson, 1927).  

)*	 = 	 ,/./01
,/./01$2'/./03'$	2(/./03(	

        (1)  

)4	 = 	
5'/./03'$	5(/./03(

5'/./03'	$5(/./03($6/./01
       (2)  

Additionally, Eqs. 1 and 2 were also used to calculate the diagnostic sensitivity and 

specificity of routine meat inspection for hepatic hydatid disease in groups stratified by each 

dentition group and sex (classified as ‘male’ or ‘female’). We also investigated the sensitivity 

and specificity of cattle stratified by dentition and sex, sex and feed-type, and dentition and 

feed-type.  

This study has been reported in accordance with the STARD initiative (Bossuyt et al., 

2015). 
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 Results 

 Stage 1 

Fig. 3.1 shows the number of livers sampled and diagnosed with and without hydatid 

disease during each stage of the study. A total of 3193 cattle were slaughtered in 2016 and 3337 

were slaughtered in 2018. In the 2016 and 2018 five day periods, 2237 and 2786 cattle 

underwent the index test (Stage 1 sample), respectively. The proportion of male cattle (69.7%) 

was higher than female cattle (30.3%). All dentition groups were represented. Zero-tooth cattle 

comprised the greatest proportion (n = 2354; 47%) and six-tooth cattle comprised the smallest 

proportion (n = 369; 7%) of the Stage 1 sample. Sixty-four per cent of the cattle were grain-

fed. Cattle in the Stage 1 sample were sourced from Queensland (n = 1758), New South Wales 

(n = 3197) and Victoria (n = 40). Twenty-eight animals were of unknown origin. 

 Stage 2 

A total of 636 livers were collected for the Stage 2 sample (323 collected in 2016 study 

period, 313 collected in 2018 study period). Of these, 615 livers were diagnosed grossly and 

21 livers (each with one small white lesion and without other definitive hydatid lesions) were 

diagnosed based on histology.  

Seventy percent of the Stage 2 sample were males (n = 444) and 30% were females (n = 

192). The sample included livers from cattle of all dentition groups (mode zero teeth [age less 

than 18 months], n = 263; 41%; Table 3.1). Sixty-five per cent of the cattle were grain-fed. 

Cattle were sourced from Queensland (n = 220), New South Wales (n = 405) and Victoria (n 

= 7). The remaining four animals were of unknown origin. 

Of the livers examined in Stage 2, reference standard meat inspection identified 156 

infected livers and 480 uninfected livers. The results of the reference standard inspection 

compared to the index test for hepatic hydatid disease are given in Fig. 3.1. The index test 

correctly identified 55.1% (86/156) livers with hydatid cysts (true positives), and 96.3% 

(462/480) without hydatid cysts (true negatives). The index test misclassified a very small 

proportion (3.8%, 18/480) as hydatid cyst positive when they were not (false positives). When 

compared to the reference standard, the index test failed to detect 44.9% (70/156) of the hydatid 

infected livers (false negatives). Many livers that were false negatives by the index test  
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Fig. 3.1 Flow chart of the number of livers collected and their diagnosis during each stage in a study to evaluate the diagnostic accuracy of routine meat inspection for 
hepatic hydatid disease (RS = Reference standard). 
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contained only one cyst (42.9%, 30/70). Nine (12.9%) false-negative livers contained 

more than ten cysts. Another four livers that were false negatives were found to have cysts that 

were deep within the liver tissue. Cysts were more commonly undetected in livers of zero-tooth 

cattle (22.9%, 16/70). Most livers with undetected cysts were diagnosed as ‘clean’ by the index 

test (60.0%, 42/70) and the rest (40.0%, 28/70) were condemned or downgraded due to a lesion 

other than hydatid cysts.  

The proportion of reference standard positive livers diagnosed correctly by the index test 

was lowest in livers that had only one hydatid cyst (n = 43, True positives [TP] = 30.2%) and 

was highest when large numbers of cysts (> 10 cysts n = 36, TP = 75.0%) were present. The 

relative proportion of true positives to false negatives in livers with one cyst was significantly 

lower than in livers with 2–5 (n = 49, TP = 59.2%) cysts, and livers with more than ten 

cysts (Pearson’s pairwise comparison with Bonferroni correction: X2 = 17.2, df = 3, P < 0.05; 

X2 = 17.2, df = 3, P < 0.001, respectively). 

The proportion of reference standard positive livers diagnosed correctly by the index test 

was lowest in livers that had cysts with a maximum diameter of 3–10mm (n = 65, TP = 46.2%) 

and highest when cysts that were of a size that might affect productivity (largest cyst > 20 mm 

n = 29, TP = 62.1%) were present (Fig. 3.2). However, the differences in these proportions 

were not significant (X2 = 3.7, df = 3, P = 0.30). 

The relative proportions of livers diagnosed correctly by the index test was lowest in 

livers from zero-tooth animals (n = 29, TP = 44.8%) and highest in livers from eight-tooth 

animals (n = 46, TP = 67.4%; Fig. 3.2), but this was not significantly different (X2 = 5.4, df = 

4, P = 0.25).  

Although, the relative proportion of true positive livers to false negative livers was higher 

in females (female n = 60, TP = 63.3%; male n = 96, TP = 50%; Fig. 3.2), this was not 

significantly different (X2 = 2.7, df = 1, P = 0.12). The relative proportion of true positives to 

false negatives was higher in grass-fed cattle (grass-fed n = 89, TP = 61.8%; grain-fed n = 67, 

TP = 46.3%), and was significantly different (X2 = 3.7, df = 1, P = 0.05). 
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Fig. 3.2 Bar plots of the percentage of true positive (TP), true negative (TN), false positive (FP), and false 
negative (FN) livers according to a) number of cysts, b) size of cysts, c) dentition (age), d) sex in a study 
evaluating the diagnostic accuracy of routine meat inspection for hepatic hydatid disease. 

 Diagnostic sensitivity and specificity of routine meat inspection 

The diagnostic sensitivity and specificity of the index test for hepatic hydatid cysts in this 

study were 24.9% (95% Confidence Interval [CI] 18.9–32.3%) and 98.9% (95% CI 97.6–

99.6%), respectively. Although sensitivity increased with dentition (age) overall, it was lowest 

in four-tooth cattle (13.0%, 95% CI 5.9–32.5%). All estimated specificities, except for the 

eight-tooth dentition group, were > 97.8% (Table 3.1). 

The dentition group with maximum sensitivity was eight teeth (n = 64; 43.3%; 95% CI 

30.2–57.8%; Table 3.1); this was further maximised if only female cattle were selected within 

this age range (n = 51; 46.5%; 95% CI 32.0–63.0%; Supplementary Table 3.1, Appendix A). 

Supplementary Table 3.2 (Appendix A) shows the sensitivity and specificity of groups 

stratified by dentition (age) and feed-type. 
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Table 3.1 Sensitivity and specificity of routine meat inspection to detect hepatic hydatid cysts in cattle, in 
comparison to a reference standard test. Dentition was used as an estimate for age. 

 Number of animals  
(% positive by reference standard) 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) 

Dentition    
   Zero-teeth 263 (11) 13.8 (5.5—30.6) 99.7 (97.6—99.9) 
   Two-teeth 143 (23) 23.1 (12.8—41.0) 98.8 (95.0—99.8) 
   Four-teeth 97 (28) 13.0 (5.9—32.5) 100 (94.8—100) 
   Six-teeth 69 (30) 25.4 (10.6—45.1) 97.8 (89.1—99.6) 
   Eight-teeth 64 (72) 43.3 (30.2—57.8) 90.7 (67.2—96.9) 
Sex    
   Male 444 (22) 17.1 (10.5—25.4) 99.2 (97.5—99.7) 
   Female  192 (31) 38.1 (27.1—51.0) 98.6 (94.6—99.6) 
Feed-type    
   Grass-fed 225 (40) 31.6 (22.8—41.7) 98.0 (93.7—99.2) 
   Grain-fed 411 (16) 14.9 (8.3—25.3) 99.8 (97.1—99.8) 

 

 Discussion 

The results of this study demonstrate that routine meat inspection for hepatic hydatid 

disease (the index test) has a low sensitivity, but a very high specificity compared to the 

reference standard in which livers were examined grossly and then sliced (5–6 mm) to detect 

hydatid cysts embedded within the liver tissue. Histological examination was conducted on 

equivocal lesions. This indicates that prevalence of hepatic hydatid disease based on abattoir 

data alone is likely to be underestimated. However, the high specificity demonstrates that truly 

uninfected livers are generally reported correctly, therefore reducing wastage and increasing 

financial return.  

Although the primary objective for meat inspectors is to determine whether meat is fit 

for human consumption, routine meat inspection is currently the only practical method used to 

monitor hydatid disease prevalence in the Australian cattle population. Current serological 

techniques are still too insensitive and lack sufficient specificity to replace or improve current 

routine meat inspection (Craig et al., 2015). Although hydatid cysts are rarely fertile in 

Australian cattle, it is still important to identify infected cattle so that farmers can be alerted to 

hydatid disease in their cattle and can take the appropriate steps to prevent potential 

transmission to domestic dogs, and subsequently, humans. Also, from a consumer perspective, 

it is important that cysts are identified prior to being sold as edible offal.  



61 

 

Routine meat inspection has been recognised as a useful disease surveillance system for 

all livestock species including cattle due to the availability of data and the ability to identify an 

extensive number of conditions and diseases (Stärk et al., 2014). However, many factors impact 

accuracy of meat inspection data such as the experience of each inspector, rotation of inspectors 

throughout the day, motivation, dedication, and line speed (Enøe et al., 2003; Stärk et al., 2014). 

A study conducted in pigs found that agreement of diagnoses of gross lesions of lungs, livers 

and nasal turbinates between inspectors was highest when they had repeated training (Davies 

et al., 1996). To the authors’ knowledge, no studies have been conducted to assess the 

variability amongst meat inspectors diagnosing hydatid cysts in Australia, but periodic re-

training of meat inspectors could reduce potential variability and improve sensitivity.  

At the focus abattoir, the line speed is 90–140 cattle per hour which allows only 26–40 

seconds to inspect the organs of an animal. Enøe et al. (2003) showed that sensitivity of meat 

inspection for visceral and parietal chronic pleuritis was as low as 28.8% using traditional post-

mortem meat inspection procedures but increased if there was more time available to inspect 

organs. If more time was provided for meat inspectors to inspect organs at the focus abattoir, 

the sensitivity might increase. 

A study in cattle and pigs slaughtered in eastern Australia found that parasitic lesions 

(particularly Fasciola hepatica) involving the liver accounted for the majority of lesions that 

were undetected by meat inspection (McMahon et al., 1987). Bonde et al. (2010) found lower 

sensitivity (16%) than the current study for parasitic lesions (for example, liver cirrhosis caused 

by migrating parasites) in Danish slaughter pigs. Stärk et al. (2014) found that early or 

subclinical cases of various diseases and welfare conditions in a number of species were 

generally “non-detectable” at slaughter using routine meat inspection protocols. These results 

indicate that the low sensitivity of routine meat inspection is not an abattoir- or disease-specific 

issue and rather a reflection of the protocol for routine meat inspection. 

Whilst some hepatic hydatid cysts were easily identified (such as large hydatid cysts 

identified through palpation and those visible on the surface), others were beyond the detection 

capacity of routine meat inspection protocols (for example livers with less than six cysts or 

those with cysts deep within the liver tissue). It is possible that cysts undetected by routine 

meat inspection are noticed further along the processing chain and removed as they are not 

‘wholesome’. Additionally, livers that were false negatives might have been reported to have 
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fluke so were removed from the line of human consumption anyway. The significantly higher 

proportion of true positives in livers infected with a greater number of cysts indicates that a 

greater number of cysts in the liver are more obvious to the meat inspectors than a small number 

of cysts that might require detection by slicing of the liver or histology. If hydatid disease 

affects the productivity of cattle, it is likely that these livers with a greater number of cysts are 

more likely to affect the productivity of the animal than livers with few or small cysts. If 

abattoir meat inspection protocols are not improved and abattoir data remains the main resource 

for monitoring disease prevalence, abattoir data should be interpreted as ‘presence of visual 

and palpable indications of disease at slaughter’ rather than disease itself. 

Sensitivity was higher in grass-fed cattle and those that were older. The proportions of 

true positives to false negatives was significantly higher in grass-fed cattle. This was 

unsurprising as grass-fed cattle are more likely to be infected than grain-fed cattle (Roberts, 

1982). Grass-fed cattle potentially have more opportunities for infection and subsequently 

might have more cysts than grain-fed cattle. Although sensitivity was higher in older cattle, 

assessment of the proportions of true positives to false negatives showed that this was not 

significant. Hydatid disease is known to be more prevalent in older cattle (Baldock et al., 1985a; 

Banks et al., 2006b). However, the higher sensitivity in older cattle is more likely due to the 

higher number of cysts found in the older dentition groups (Baldock et al., 1985a; Banks et al., 

2006b). Early or subclinical cases of multiple diseases in various species (for example swine, 

poultry, bovines, solipeds) have previously been described as ‘non-detectable’ (Stärk et al., 

2014). Therefore, the time at which cattle become infected will affect the sensitivity of 

detection (Greiner & Gardner, 2000). For example, an animal infected years before slaughter 

would have more and/or larger cysts than an animal infected a few months prior to slaughter 

that have few and small cysts that are undetectable with routine meat inspection. Sensitivity 

generally increased with the age of animals, except in the four-tooth group. This is potentially 

due to other lesions, such as fluke being reported instead of hydatid cysts in this age group. 

The recording system at the focus abattoir does not currently allow recording of information 

about comorbidity in a single organ. However, researchers did note upon reference standard 

meat inspection that some hydatid positive livers also had other lesions such as liver fluke and 

abscesses.  If comorbidity could be recorded for each organ the sensitivity of meat inspection 

might be improved.  
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Very few livers were misclassified as infected with hepatic hydatid cysts (false positives). 

The eight-tooth dentition group was found to have the lowest specificity. At the time of Stage 

2 sampling and reference standard inspection, the diagnoses of the index test for defected livers 

were not known; therefore, the reasons for false positive misclassification are unknown. 

However, cyst-like structures, such as abscesses and fluke lesions were present that were 

determined not to be hydatid cysts on reference standard inspection. These were likely to be 

most common in older animals that had a range of lesions within their livers. Small and Pinch 

(2003) conducted histological analysis on cysts of unknown aetiology and found that some 

misclassified lesions were hepatic abscesses, cholangiohepatitis, developmental or congenital 

lesions, and liver fluke. Alternatively, human error could have resulted in incorrect data entry 

on the electronic recording apparatus.  

This study used a single abattoir due to the large number of beef cattle slaughtered and 

the wide geographic range of sourced animals. The data covered two five-day study periods 

from two seasons, and the sample included a range of dentition groups, both sexes, and cattle 

from a wide geographic range. A previous study with similar results (reported above) was also 

conducted using a single abattoir over four days (Bonde et al., 2010). Another potential 

limitation of this study is that only livers were examined. Most cattle are infected only in the 

liver (40–73%). However, some cattle have been reported to be infected only in the lungs (13–

40%) and others reported to have both organs affected (13–36%; Baldock et al., 1985a; 

Lymbery et al., 1995; Small & Pinch, 2003). It is possible animals reported with cysts only in 

the lungs also had cysts in the liver but these were missed. Although it is likely that the 

prevalence of hepatic hydatid disease is underestimated in other regions of Australia and other 

countries, these results should not be generalised to other regions or countries because 

diagnostic tests should be evaluated within the context of their use. Future studies should 

attempt to examine multiple abattoirs and multiple types of organs. 

We attempted to use a systematic sampling strategy, but the logistics of working adjacent 

to the processing line in a functioning abattoir sometimes made this difficult to achieve; for 

example, limited space to store collected livers. However, the Stage 2 sample was 

representative of the total populations with regards to sex and sufficient cattle in each dentition 

group were sampled to enable estimation of sensitivity and specificity of meat inspection 

detection of hepatic hydatid disease in different age groups. The two-stage approach used in 

this study allowed us to account for differences in the proportions of hydatid-positive and 
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hydatid-negative animals selected from the Stage 1 sample (Dohoo et al., 2014). At the time of 

conducting the reference standard test, researchers had some awareness of the results of the 

index test due to markings made on some livers by the meat inspectors. However, such 

markings were not consistently applied across all livers so are unlikely to have biased the 

results of the reference test. When applying the findings of this study to other groups of cattle, 

the proportions of age groups should also be considered. Overall, caution must be used if 

extrapolating this data to the abattoir population. 

 Conclusion 

The aim of this study was not to criticise the abattoir or the meat inspectors. Rather, this 

is an evaluation of meat inspection protocols for detecting hydatid disease. The low sensitivity 

overall of routine meat inspection (index test in this study) for detection of hepatic hydatid 

disease indicates that abattoir data obtained through routine meat inspection processes are 

likely to underestimate the true prevalence of hepatic hydatid disease in the cattle population. 

However, the high specificity of routine meat inspection indicates that there is minimum 

wastage of livers due to hydatid disease and therefore, minimised financial losses. The results 

presented here indicate that abattoir data should be validated prior to being used in surveillance 

studies. 
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Chapter 4  
 

Revisiting cyst burden and risk factors for hepatic hydatid disease 

(Echinococcus granulosus sensu stricto) in Australian beef cattle 

 

Photo: Bovine liver that is heavily infiltrated with large hydatid cysts. Liver taken 

from eight-tooth female cow. Source: Cara Wilson. 

 

This chapter has been published: 

Wilson, C. S., Brookes, V. J., Barnes, T. S., Woodgate, R. G., Peters, A., & Jenkins, D. J. 
(2019). Revisiting cyst burden and risk factors for hepatic hydatid disease 
(Echinococcus granulosus sensu stricto) in Australian beef cattle. Preventive 
Veterinary Medicine, 172. doi: 10.1016/j.prevetmed.2019.104791 
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 Abstract 

The characteristics and risk factors associated with hepatic Echinococcus granulosus 

sensu stricto infection (hydatid disease) were investigated in beef cattle slaughtered at an 

abattoir in eastern Australia. Sampled cattle were sourced from all eastern states, 

predominantly from regions associated with the Great Dividing Range. Livers and 

corresponding demographic data were collected from 601 carcasses. Livers were examined for 

the number, size, viability, and fertility of hydatid cysts. Mixed effects logistic regression was 

used to evaluate associations of sex, feed-type (grass- or grain-fed), and dentition (age) on 

hydatid disease. 

Hydatid cysts were detected in all dentition groups. The most commonly sampled 

dentition group was zero-tooth cattle (less than 18 months). Twenty-nine percent of infected 

livers had only one cyst, and 48% of infected livers contained viable cysts. Thirty-seven percent 

of infected livers had cysts that were 3–10 mm in diameter. The size and number of cysts were 

positively correlated with age of the animal. Regression analysis showed that the odds of 

hydatid disease were highest in eight-tooth cattle (> 42 months; OR 26.9; 95% CI 11.8–61.6; 

reference level [ref] zero-tooth). Being grass-fed was also significantly associated with the 

presence of hydatid disease (total effect; OR 3.0; 95% CI 1.7–5.5; ref grain-fed). Although 

there was no evidence of a total effect of sex across the study population, males of a given 

dentition group and feed-type (grass- or grain-fed) were more likely to be infected than 

respective females. Despite changes in Australian agriculture in the last 30 years, the burden 

(number, size, and viability of cysts) of hydatid disease in individual infected animals remains 

similar to previous Australian studies.   

 Introduction 

Hydatid disease, a parasitic zoonosis, affects livestock, wildlife and humans in many 

parts of the world (Deplazes et al., 2017). In these animal and human intermediate hosts, 

disease is caused by infection with the larval stage of Echinococcus, of which there are several 

species. In Australia the disease is caused by Echinococcus granulosus sensu stricto 

(Kumaratilake & Thompson, 1984; Thompson & Kumaratilake, 1982), while other species of 

E. granulosus sensu lato have not been detected in Australia (Deplazes et al., 2017). Cattle 

become infected as a result of accidental ingestion of E. granulosus eggs whilst grazing 
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pastures contaminated with faeces of E. granulosus-infected canids (dingoes, domestic and 

wild dogs, and foxes). Following ingestion, the eggs hatch in the gut. Each egg releases a single, 

six-hooked oncosphere which penetrates the gut wall, enters a blood vessel and is passively 

transported via the blood stream to various organs, most commonly the liver and lungs, where, 

over several years they develop into fluid-filled hydatid cysts (Baldock et al., 1985a; Lymbery 

et al., 1995; Small & Pinch, 2003). 

Although hydatid disease is usually asymptomatic in livestock and is an incidental 

finding during routine abattoir post-slaughter inspections, the burden (number, size, and 

viability of cysts) of disease in individual infected Australian cattle has not been described for 

over a decade. The most recently published study by Banks et al. (2006b) arose from data 

collected during the 1980s in northern Queensland and estimated prevalence to be 16%. 

Animals with hepatic hydatid disease had six or fewer cysts that ranged from <5 mm to >50 

mm. Banks et al. (2006b) found that the age of experimentally infected cattle correlated with 

the size but not the number of cysts. This study, among others, also reported hydatid cysts in 

Australian cattle are commonly viable (contain clear cyst fluid) but only a small proportion 

(less than 5%) are fertile (contain protoscoleces) (Baldock et al., 1985a; Banks et al., 2006b; 

Durie & Riek, 1952; Lymbery et al., 1995). Although Regassa et al. (2010) found similar 

results in Ethiopia, they identified a much higher proportion of fertile liver cysts (25%). In 

Argentina, the mean number of cysts per animal was 12.2 cysts per infected animal (Andresiuk 

et al., 2013). These variations could be attributed to different species or strains of E. granulosus 

sensu lato complex that exist in different parts of the world, or other factors such as cattle breed 

or husbandry. If the viability and fertility of hydatid cysts in cattle has changed in Australia, or 

new strains have been introduced, transmission patterns might have changed and the burden of 

disease in individual infected cattle might have also changed. Due to raised awareness of the 

public health issues associated with hydatid disease in rural Australia, control strategies in rural 

domestic dogs such as treating with praziquantel, feeding dry dog food and preventing access 

to offal have been incorporated into dog management practices, particularly during the last two 

decades. Subsequently, the prevalence of E. granulosus in rural domestic dogs was reduced 

(Jenkins, 2005; Jenkins et al., 2014). Therefore, we could also expect the burden of hydatid 

cysts in individual cattle to have decreased in both number and potentially size of cysts.  

There are a number of proposed risk factors for hydatid disease in cattle. For example, 

previous studies have found that prevalence of hydatid disease in intermediate hosts is closely 
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associated with age and place of origin of the animal, but not sex (Baldock et al., 1985a; Banks 

et al., 2006b; Lymbery et al., 1995). Prevalence estimates have differed between regions, 

ranging from 3% west of the Great Dividing Range in Queensland (Banks et al., 2006b) to 52% 

to the east of the Great Dividing Range in Queensland (Baldock et al., 1985a). Additionally, 

hydatid disease has been reported to be more common in grass-fed cattle with prevalences of 

19% compared to 3% in grass- and grain-fed cattle, respectively (Roberts, 1982). Other 

proposed risk factors include season, breed, and stocking density (Banks, 1984; Gemmell, 

1958). Season might impact when cattle are exposed to the eggs of Echinococcus and become 

infected. However, seasonal impact is difficult to quantify because infection is generally 

identified at slaughter and it is impossible to know when an animal became infected. Breed of 

cattle might also influence susceptibility to infection. However, breed is often a confounding 

factor in risk factor analysis due to particular breeds commonly being geographically restricted 

(Banks et al., 2006b). In contrast, stocking density has not been found to affect prevalence 

(Gemmell, 1958; Schantz et al., 1995). Identifying the risk factors for hydatid disease would 

help elucidate current transmission patterns and could assist future targeted control strategies. 

The last two decades have seen many changes to the Australian beef industry with 

improved technologies, developments in nutrition and increased animal welfare awareness 

(Arthington, 2016; Hocquette et al., 2014; Lamb et al., 2010; Spears, 1996). These changes 

have also been associated with altered management of cattle; for example, the use of techniques 

such as artificial insemination are now common. Animals with desirable genes can be selected 

and sourced from greater distances than previously possible (Lamb et al., 2010). Therefore, 

parasite resistance traits which have been shown in breeds such as Brahmans (Frisch & O'Neill, 

1998; Frisch et al., 2000), might be more common and subsequently affect the burden of 

infection in individuals and the relative importance of risk factors for hydatid disease. 

Therefore, the objectives of the study were to provide current information on the burden of 

hepatic hydatid cysts in individually infected cattle and to identify associations between animal 

and management-level predictor variables and hydatid disease in cattle slaughtered in an 

eastern Australian abattoir. 

 

 



69 

 

 Materials and methods 

 Study design 

The source population was beef cattle slaughtered at an abattoir in eastern Australia (the 

‘focus abattoir’) over four consecutive days in December 2016 and five consecutive days in 

April 2018. This abattoir was purposively selected based on the large number of animals 

slaughtered each year (approximately 300,000) and the wide geographic range of origin of 

these cattle (all states and territories). Collection of data for the study was approved by the 

Charles Sturt University Human Ethics Committee (protocol number 400/2016/12). Animals 

were slaughtered as a part of normal abattoir process. Although multiple organs might be 

infected with hydatid cysts (Banks et al., 2006b; Regassa et al., 2010; Small & Pinch, 2003), 

we examined livers only in this study due to logistic constraints of conducting the study on the 

processing floor of a functioning abattoir. Cysts are easier to identify in the liver and studies 

have shown that hydatid cysts are more commonly found in the liver of hydatid-positive cattle 

(Baldock et al., 1985a; Pullar & Marshall, 1958; Small & Pinch, 2003; Uzal et al., 1998). 

Livers from all animals slaughtered during the study period were available for inclusion 

in the study. This study was complimentary to another study designed for diagnostic test 

evaluation which used a two-stage sampling strategy (Dohoo et al., 2014; Wilson et al., 2019b). 

We aimed to collect 300 livers using a systematic random sampling strategy. Two groups of 

livers are identified by meat inspectors – those that are fit for human consumption and those 

that are not (‘downgraded’ or ‘condemned’). We expected a higher proportion of hydatid 

infected livers in the latter group. Therefore, we selected every fifth liver that was condemned 

or downgraded and every fifteenth liver that was fit for human consumption (to identify livers 

with very small or few hydatid cysts). The first liver in each group was selected using a random 

number from the start of daily study (1–5 or 1–15 for each group).  

The body number of each of the selected carcasses was recorded when the liver was 

collected. This was used to obtain the corresponding carcass data collected routinely by the 

abattoir. Carcass data included identification information (National Livestock Identification 

System [NLIS] tags, most recent Property Identification Code [PIC]), sex, dentition (used as 

an estimate for age; classified as zero-teeth [<18 months], two-teeth [18–30 months], four-teeth 

[24–36 months], six-teeth [30–42 months], seven-teeth [36–48 months], eight-teeth [>42 
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months]; Meat and Livestock Australia, 2014), hot standard carcass weight (the weight of the 

carcass within two hours of slaughter following standard trim; hereafter referred to as carcass 

weight), hide weight, date and time of slaughter, and feed-type (grass- or grain-fed; minimum 

70 days on grain up to 500 days on grain). Animals with seven-teeth were categorised with 

eight-tooth cattle due to the small number of seven-tooth animals, similar age range, and the 

possibility that these were older eight-tooth cattle that had lost one tooth. In Australia, all cattle 

are identified under the National Livestock Identification System (NLIS) and have an 

accredited tag or device with an identification number including a Property Identification Code 

(PIC). Property Identification Codes are unique identification codes assigned to any property 

where one or more livestock are located and must be updated whenever an animal is transferred 

to a location with a different PIC (NLIS Cattle Advisory, 2016). Incorporated into the PIC is 

an alpha-numeric code representing a contiguous area of land called the PIC region. The 

abattoir data included both the animals PIC at birth and the most recent PIC immediately prior 

to slaughter. The most recent PIC region associated with each animal was used for analysis in 

this study and is hereafter referred to as ‘origin’. 

 Examination of livers 

The external surface of each liver was examined grossly and the liver palpated to detect 

hydatid cysts. Livers were then sliced (slices 5–6 mm thick) to detect cysts embedded within 

the liver tissue and therefore, invisible from the surface. Cases of hydatid disease were defined 

as livers containing at least one confirmed (by researchers) hydatid cyst. Cysts were cut open 

and examined grossly for the presence of a central cavity, cyst fluid, and germinal membrane. 

Cysts of uncertain aetiology were placed in 70% or 90% ethanol, or 10% neutral buffered 

formalin (due to travel constraints and logistics), and later processed for histological 

examination in the veterinary diagnostic laboratory at Charles Sturt University. 

If cysts were present in the liver, the number, maximum size, and viability of the cysts 

was recorded. The number of cysts was classified into six categories: no cysts, one cyst, 2–5 

cysts, 6–10 cysts, 11–20 cysts, and >20 cysts. The maximum diameter of the smallest and 

largest cyst found in each infected liver was measured using digital callipers and recorded to 

determine the range of diameters of cysts. The maximum diameter of the largest cyst was 

categorised as: ≤2 mm, 3–10 mm, 11–20 mm, 21–40 mm, and >40 mm. Viability of cysts was 

also categorised: all non-viable, all viable, both viable and non-viable cysts present, and 
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unknown viability. Viable cysts were those that contained clear cyst fluid, or if very small, the 

absence of calcification and the early presence of cavity development seen histologically. Non-

viable cysts were those that contained caseous and/or calcified material. Viability could not be 

determined in some cysts that were very small and thus, these were classified as ‘unknown 

viability’. Additionally, larger (>20 mm), viable cysts were also placed in ethanol and assessed 

microscopically for the presence of protoscoleces to determine fertility (Banks et al., 2006b; 

Guo et al., 2011). 

 Statistical analysis 

Carcass and offal data collected by the abattoir were cleaned and checked for missing 

data and inconsistencies in Excel (Microsoft, 2016) and the statistical program R (R Core 

Team, 2018) then stored in a database management system (PostgreSQL; The pgAdmin 

Development Team, 2016). 

All analyses were conducted using R (R Core Team, 2018). Initial descriptive analysis 

(packages: epiR (Stevenson et al., 2017), plyr (Wickham, 2011), dplyr (Wickham et al., 2018), 

plotrix (Lemon, 2006), ggplot2 (Wickham, 2009), RcmdrMisc (Fox, 2017) and scales 

(Wickham, 2017)) provided summary statistics of the total number of animals sampled, the 

number of animals diagnosed with hydatid cysts, carcass and hide weights, sex, dentition (age), 

and the number of livers condemned and downgraded due to hydatid disease. All descriptive 

data were presented as mean ± standard deviation (SD) unless stated otherwise.  

A causal diagram was constructed using DAGitty® (Textor et al., 2011) to describe 

potential relationships between possible predictor variables and the outcome of hydatid disease 

in the liver. Detailed explanations of causal diagrams are available in Dohoo et al. (2014). 

Briefly, each arrow in the causal diagram represents a potential causal pathway. A direct effect 

of a predictor variable is one in which a single arrow connects the variable and the outcome. 

In contrast, an indirect effect of a predictor variable is one in which there are one or more 

intervening variables on the pathway to the outcome. The combined effect of the direct and 

indirect pathways is the total effect of a variable. The total effect is usually the effect of most 

interest but comparisons between total and direct effect can be useful to develop a better 

understanding of causal pathways (Dohoo et al., 2014; Westreich & Greenland, 2013). The 
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pathway for breed, which is biologically plausible but for which there were no available data, 

was included in the causal diagrams to assess its influence as a potential confounder. 

The DAGitty® software (Textor et al., 2011) was used to identify minimal sufficient 

adjustment sets of variables for logistic regression models to estimate the total and direct effects 

of the predictor variables — dentition, sex, and feed-type (grass- or grain-fed) on the outcome 

(presence or absence of hydatid disease in the liver as diagnosed by researchers) (package: 

lme4 (Bates et al., 2015)). Interactions between feed-type and dentition; feed-type and sex; and 

sex and dentition were considered biologically plausible and assessed to determine whether 

these interaction terms should be fitted within the models. The associations between hydatid 

disease and predictor variables were expressed as odds ratios (OR) with 95% confidence 

intervals (CI) and Wald-P values. Odds ratios were presented to represent the odds of a 

potential risk factor given the presence of disease. 

Origin was included as a random effect to account for clustering of disease at the origin 

level. Origin was not available for seven cattle because they had no NLIS information, most 

likely due to lost tags, and therefore, these animals were removed for the risk factor analysis. 

The extent of clustering of hydatid disease at the origin level was assessed by calculating the 

intra-class correlation coefficient (ICC) and associated confidence intervals for the null (no 

predictor variables fitted) and full models (all predictor variables fitted) with origin fitted as a 

random effect (package: sjstats (Lüdecke, 2017)).  

 Results 

 Hydatid infections 

A total of 617 livers were collected and examined (296 livers collected in the 2016 study 

period, 321 collected in the 2018 study period). Twenty-one small white lesions from 21 livers 

(without other definitive hydatid lesions) were suspected to be developing hydatid cysts and 

examined histologically. Two of the histologically-examined lesions had evidence of a cystic 

structure with intact cyst membrane and infiltrating mixed inflammatory cells including 

palisading macrophages and eosinophils consistent with hydatid cysts (Fig. 4.1). Histology 

revealed an intense immune response surrounding the hydatid lesions indicated by marked 

lymphoplasmacytic and granulomatous inflammation. Three lesions were not hydatid cysts and 
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these livers were classified as hydatid negative. The rest of the lesions could not be definitively 

identified as hydatid cysts (n = 16). These livers were removed from the analysis. Overall, 

hydatid cysts were found in 151 livers and no cysts were found in the remaining 450 livers.   

The most commonly sampled dentition group was zero-teeth (<18 months; 42% of 

sample, range zero–eight teeth; Fig. 4.2). Twenty-eight percent of the sample were females 

(171 females, 430 males). The mean carcass and hide weights of sampled cattle were 322.7 ± 

78.3 kg (range 126.6 kg–543.4 kg) and 37.5 ± 8.3 kg (range 15.1 kg–66.0 kg), respectively. 

Sixty-three percent of the cattle included in this study were grain-fed animals. Animals 

included in this study were sourced from thirty-four origins prior to slaughter (Queensland 

[14], New South Wales [18] and Victoria [2]; Fig. 4.3). The mean number of cattle per PIC 

region was 18 (range 1–155 cattle). Twenty-four percent of cattle (143/594) remained in the 

same PIC region from birth until slaughter. 

A greater proportion of female cattle (32%) were infected with hydatid cysts than males 

(22%). Eight-tooth cattle were more commonly infected (76%, 51/67, Fig. 4.4). In contrast, 

only 12% (29/252) of zero-tooth cattle (<18 months) were infected. Fig. 4.7 describes the 

relationship between sex, dentition group, and feed-type, and the proportion of animals infected 

in each group. Males were more likely to be younger at slaughter compared to females. 

Infection was highest in older animals for both sexes, but the proportion of infected males was 

higher than females for each dentition group. The grain-fed group was predominantly male and 

consisted mainly of younger animals. The grass-fed group, had similar proportions of males 

and females and mostly zero-tooth animals but also a large proportion of eight-tooth animals. 

The grass-fed group had a higher proportion of infected animals overall with eight-tooth grass-

fed animals having the highest proportion of infected animals.     
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Fig. 4.1 Panel A: Small superficial cyst in bovine liver with the early development of the cyst cavity 
(arrow). 

Panel B: Larger hydatid cyst embedded in liver tissue with a well-developed cyst cavity and clearly defined 
germinal membrane (arrow). 
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Fig. 4.2 Bar plot of the number of cattle sampled from each dentition group for the detection of hepatic 
Echinococcus granulosus (hydatid cysts) in beef cattle slaughtered at an eastern Australian abattoir. Zero-
teeth (<18 months), two-teeth (18–30 months), four-teeth (24–36 months), six-teeth (30–42 months), 
seven/eight-teeth (>42 months; Meat and Livestock Australia, 2014). 

 

Twenty-nine percent of infected livers had only one cyst detected (Fig. 4.5). The diameter 

of detected cysts ranged from <1 mm to 115 mm. The largest cyst size in most infected livers 

was 3–10 mm in diameter (37%; Fig. 4.6). Younger dentition groups generally had fewer and 

smaller cysts compared to the older groups; there was a positive correlation between the 

number and size of cysts and dentition of infected animals (ρ = 0.43, 95% CI 0.28–0.55, P < 

0.01; ρ = 0.50, 95% CI 0.37–0.61, P < 0.001, respectively).  Livers with more than 20 cysts 

were only found in cattle with more than two-teeth (>2 years). Livers with individual cysts >40 

mm were only found in eight-tooth cattle. Zero-tooth cattle did not have cysts larger than 20 

mm.  
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Seventy-two livers contained only viable cysts (48% of infected livers), 45 livers (30% 

of infected livers) were infected with both viable and non-viable cysts, and 32 (21% of infected 

livers) were infected with only non-viable hydatid cysts. Two livers (1% of infected livers) 

were infected with cysts of unknown viability. 

Five cysts were examined for fertility. One cyst was fertile and viable at the time of the study. 

Another cyst was non-viable at the time of the study but the presence of daughter cysts provided 

evidence that the cyst was once fertile. Both cysts were removed from the livers of eight-tooth 

female cattle. The non-viable cyst was 115 mm in diameter. 

 

Fig. 4.3 Map of Property Identification Code (PIC) regions containing cattle with and without hydatid 
disease. 
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Fig. 4.4 Bar plot of proportion of hydatid-infected and non-infected beef cattle in dentition groups. Zero-
teeth (<18 months), two-teeth (18–30 months), four-teeth (24–36 months), six-teeth (30–42 months), 
seven/eight-teeth (>42 months; Meat and Livestock Australia, 2014). 

 

Table 4.1 Number of cattle and the proportion infected with hydatid cysts in each group. 

 Females                        
(% infected) 

Males                                
(% infected) 

Grass-fed                  
(% infected) 

Grain-fed                      
(% infected) 

Zero-tootha 55 (10.9) 197 (11.7) 81 (13.6) 171 (10.5) 

Two-tootha 22 (9.1) 110 (24.5) 38 (34.2) 94 (17.0) 

Four-tootha 19 (5.3) 68 (35.3) 26 (38.5) 61 (24.6) 

Six-tootha 21 (23.8) 42 (28.6) 20 (40.0) 43 (20.9) 
Seven/Eight-tootha 54 (75.9) 13 (76.9) 60 (83.3) 7 (14.3) 

Grass-fed 116 (43.1) 109 (38.5)   

Grain-fed 55 (9.1) 321 (16.8)   

a Zero-teeth (<18 months), two-teeth (18–30 months), four-teeth (24–36 months), six-teeth (30–42 months), seven/eight-teeth 
(>42 months; Meat and Livestock Australia, 2014). 
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Fig. 4.5 Bar plot to demonstrate the number of cysts found in the livers of beef cattle infected with hydatid 
disease slaughtered at an eastern Australian abattoir. 

 

Fig. 4.6 Bar plot to demonstrate the size of the largest cysts found in the livers of beef cattle slaughtered 
at an eastern Australian abattoir. 
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 Risk factors associated with hydatid disease 

Analysis of causal pathways (Fig. 4.7) indicated that sex and breed could confound 

effects observed between the variable ‘feed-type’ and hydatid disease; and that breed, feed-

type, and sex could confound effects observed between dentition and hydatid disease. 

Therefore, these potential confounders were included in models to assess the direct effect of 

predictors. Breed was not measured and so could not be included in the analysis. The potential 

influence of breed is discussed later. Although there was some evidence of an interaction 

between feed-type and dentition — with eight-tooth grass-fed cattle (>42 months) being more 

likely to be infected with hydatid cysts than grain-fed cattle within the same dentition group — 

the estimates were imprecise due to the small sample size. Therefore, we did not include this 

interaction in the final models in this study. 

 

Fig. 4.7 Causal diagram to identify potential associations between breed, sex, grass- or grain-fed and age at 
slaughter with hepatic hydatid infection found post mortem in beef cattle. Solid lines indicate potential 
causal pathways used to inform variable selection for logistic regression models. Dashed lines indicate 
potential causal pathways that could not be considered in logistic regression models due to the lack of data. 
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Estimated total and direct effects of variables of interest for hydatid disease identified at 

slaughter are presented in Table 4.2 as odds ratios. Note that, based on the causal diagram 

which shows the associations between variables (Fig. 4.7), the models for direct and total 

effects for dentition were equivalent. Overall, regression analysis indicated that the most 

influential predictor for the presence of hydatid disease was the dentition group of the cattle. 

Hydatid disease was significantly associated with dentition group, (eight-tooth cattle [>42 

months]: OR 26.91, 95% CI 11.75–61.62, reference level [ref] zero-tooth [<18 months]), and 

feed-type (grass-fed total effect: OR 3.04, 95% CI 1.68–5.50, ref grain-fed). The direct effect 

for feed-type was attenuated compared to the total effect, indicating that the pathway was partly 

mediated by the intervening variable, dentition, but a strong effect still remained. The total 

effect of sex (male total effect: OR 1.04, 95% CI 0.59–1.84, ref female) indicated that in the 

study population as a whole, the likelihood of being infected with hydatid disease was similar 

in males and females. However, the direct effect of sex (male direct effect: OR 2.63, 95% CI 

1.35–5.13, ref female) which is adjusted for intervening variables, dentition and feed-type, 

indicated that males of a given age and feed-type were more likely to be infected than 

equivalent females.  

The null model ICC showed significant clustering of hydatid disease at the origin level 

(0.24, 95% CI 0.09–0.39, P < 0.001). However, in the full model, ICC was reduced (0.03; 95% 

CI -0.14–0.21, P = 0.05) suggesting that the inclusion of other predictors as fixed effects (feed-

type, sex, dentition) accounted for some of the variation in the occurrence of hydatid disease 

between origins. Supplementary Fig. 4.1 (Appendix B) illustrates the random effects in the null 

(A) and full (B) models.  
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Table 4.2 Distribution of variables and estimated odds ratios for their total and direct effects on the occurrence 
of hydatid disease in cattle, whilst accounting for clustering by origin, based on models derived from the causal 
diagram shown in Fig. 4.7. 

Predictor Effect 
type 

Covariates No. of 
animals (% 
infected) 

β (se) Odds Ratio  
(95% CI) 

P-value  

Sex      0.888 
  Female Total None 171 (32) Ref   
  Male   430 (22) 0.041 (0.291) 1.0 (0.6, 1.8)  
Sex      0.005 
  Female Direct Dentition,  171 (32) Ref   
  Male  Feed-type 430 (22) 0.966 (0.341) 2.6 (1.4, 5.1)  
Dentition      <0.001 
  Zero-teetha Total,  Sex, 252 (12) Ref   
  Two-teetha Direct Feed-type 132 (22) 0.808 (0.302) 2.6 (1.2, 4.1)  
  Four-teetha   87 (29) 1.198 (0.330) 3.3 (1.7, 6.3)  
  Six-teetha   63 (27) 1.059 (0.381) 2.9 (1.4, 6.1)  
  Seven/Eight-teetha   67 (76) 3.292 (0.423) 26.9 (11.8, 61.6)  
Feed-type      <0.001 
  Grain-fed Total Sex 376 (16) Ref   
  Grass-fed   225 (41) 1.113 (0.302) 3.0 (1.7, 5.5)  
Feed-type      <0.001 
  Grain-fed Direct Sex,  376 (16) Ref   
  Grass-fed  Dentition 225 (41) 0.948 (0.272) 2.6 (1.5, 4.4)  

a Zero-teeth (<18 months), two-teeth (18–30 months), four-teeth (24–36 months), six-teeth (30–42 months), seven/eight-teeth (>42 
months; Meat and Livestock Australia, 2014). 

 Discussion 

A key finding of this study was that the burden of hydatid disease in individual animals 

has not changed since previous reports (Banks et al., 2006b; Guo et al., 2011; Lymbery et al., 

1995). Consistent with the current study, Lymbery et al. (1995) found that most infected cattle 

in Western Australia had only one cyst. Although the cysts found in the current study ranged 

in size from <1 mm to 115 mm, the maximum size of cysts found in the livers of beef cattle 

were mostly small and within the range reported by other studies (Banks et al., 2006b; Small 

& Pinch, 2003). However, large cysts, up to 108 mm have previously been reported in the liver 

and lungs of Australian cattle (Guo et al., 2011). The largest cysts found in our study were only 

recovered from older female cattle. The relationship between dentition and size of cysts is 

discussed below. The results of the current study are consistent with previous reports that 

demonstrated cattle generally have few and small cysts (Banks et al., 2006b; Lymbery et al., 

1995; Small & Pinch, 2003). Domestic and wild definitive hosts become infected via 
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consuming offal after either killing livestock (predominantly sheep) or wildlife, or scavenging 

whole dead carcasses that have been left to decompose.   

The results of this study demonstrate that despite preventive measures implemented by 

farmers, including the use of canine anthelmintics that are effective against E. granulosus, and 

prevention of dogs having access to raw offal (Jenkins et al., 2014), cattle are still becoming 

infected. This suggests that wild dogs remain an important source of hydatid infection of 

Australian cattle. This theory is supported by previous studies which also identified the sylvatic 

cycle as predominantly responsible for infection in cattle (Banks et al., 2006b; Durie & Riek, 

1952). Consistent with this theory is that hydatid disease in the current study is associated with 

being grass-fed. We expect that grass-fed cattle are more likely to come into contact with faeces 

from infected dogs (wild or domestic) simply due to a longer exposure period, than grain-fed 

animals. Additionally, grain-fed cattle are generally younger (Table 4.1). Therefore, infected 

grain-fed cattle might not be detected due to small and few cysts. A previous study has also 

indicated hydatid disease is associated with cattle being grass-fed (Roberts, 1982). Further 

studies should be conducted to investigate the current management practices of beef cattle 

producers and their attitudes towards hydatid disease to determine what practices are 

perpetuating this disease. Additionally, further research to investigate the distribution of 

domestic hosts (such as sheep and domestic dogs) and wild hosts (such as wild dogs and 

macropods) that might influence transmission to cattle, would be interesting to explain the 

maintenance of hydatid disease in the Australian cattle population and to determine which 

cycle, domestic or sylvatic, is more important for transmission to cattle in Australia. 

Dentition group, which is a crude surrogate for age, was a significant risk factor for 

hydatid disease and was correlated with the number and size of cysts. Although previous 

studies have also shown that hydatid disease is associated with increased age (Baldock et al., 

1985a; Banks, 1984; Banks et al., 2006b; Pullar & Marshall, 1958; Roberts et al., 1986; 

Torgerson et al., 2003), the reasons behind the correlation between hydatid cyst burden in 

infected cattle and age is debated. In our study in which cattle had been naturally exposed, the 

correlation between age and the number and size of cysts found in infected livers could be due 

to duration of exposure to E. granulosus eggs in the environment rather than age-associated 

susceptibility to infection. In an experimental study, Banks (1984) found that the size of hepatic 

hydatid cysts was correlated with age but did not find a significant difference between age and 

the number of cysts. The results of Banks (1984) could be explained by the single experimental 
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infection with a large number of eggs (in contrast to naturally occurring trickle infections which 

are more likely to be low-dose and occur over several weeks, months or years). However, the 

lack of correlation between age and number of cysts, and plateauing of infection after four 

years of age, could alternatively be due to either age-dependant immunity or an acquired 

resistance to infection (Banks et al., 2006b). However, Torgerson et al. (2003) found no 

evidence to suggest parasite-induced immunity occurs in cattle. An immune response 

surrounding lesions has been described in previous studies (Banks et al., 2006b; Small & Pinch, 

2003) and was also observed in the current study. Therefore, some degree of acquired 

resistance to infection is plausible. However, we do not know when cattle became infected or 

whether they experienced multiple exposures, and therefore we could not determine if cattle 

developed immunity to subsequent infections. 

The growth of hydatid cysts is known to differ between intermediate hosts. For example, 

the growth rate in sheep was reported to be approximately 1–2 cm diameter per year (Gemmell, 

1966; Turner et al., 1937; Yamashita et al., 1957), whereas tammar wallabies were reported to 

have cyst volumes greater than 5 cm3 within 9 months (Barnes et al., 2007a). Hepatic cysts in 

cattle have been estimated to grow at a rate of 0.3 mm diameter per month (<5 mm/year) 

(Banks, 1984). Our study identified 18 month old cattle with cysts that had exceeded this 

growth rate. However, the exact growth rate of hydatid cysts found in older cattle in this study 

could not be determined because the time of infection of individual cattle was unknown. Host 

factors, such as increased weight gain (influenced by improved nutrition and breeding), as well 

as changes in the distribution of cattle or definitive hosts (resulting in exposure of cattle at a 

younger age and therefore larger cysts at a given age), might account for these observations.  

Our study also showed that there was evidence of clustering of hydatid disease at the 

origin level partly explained by grouping of variables, such as dentition, at the origin level. 

This was expected because previous studies have suggested that the occurrence of hydatid 

disease varies with geographic origin of cattle. For example, Banks et al. (2006b) found that 

the prevalence of hydatid disease in northern Queensland was 28% to the east of the Great 

Dividing Range and 3% to the west, and a study in southern Queensland found that the 

prevalence was 52.2% on the coast and 6.9% in the far west (Baldock et al., 1985a). The effect 

of climate and the distribution of sylvatic hosts (dingoes, wild dogs and macropods) is believed 

to be responsible for the geographic distribution of hydatid disease (Baldock et al., 1985a; 

Banks et al., 2006b; Gemmell, 1958). Gemmell (1958) suggested that climate was important 
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as the eggs of Echinococcus are susceptible to desiccation in areas of high temperatures and 

low rainfall. However, Banks et al. (2006b) did not find a direct relationship between hydatid 

disease and climate and therefore concluded that the distribution of macropods might be more 

important. Additionally, a previous survey of hydatid disease in macropods also found a high 

degree of clustering of infection in macropods at the property level (Barnes et al., 2007b). The 

geographic range in the current study was limited mainly to areas associated with the Great 

Dividing Range and therefore, we suspect the variation in factors such as climate and host 

species was too small to detect differences in hydatid disease prevalence. A more detailed 

investigation of clustering using a wider geographic range is warranted. 

The lack of evidence of a total effect of sex indicates that in the population of cattle 

entering the focus abattoir the likelihood of males and females being infected is similar. 

However, the direct effect of sex indicates that for a given age and feed-type, males are more 

likely to be infected than females. The relatively strong direct effect but neutral total effect 

indicates that one or more of the two indirect pathways (via dentition group and feed-type) 

must be acting in the opposite direction (be dominated by female cattle). Both are supported 

because in the study population, females were more likely to be older than males and more 

likely to be grass-fed and both increasing dentition group and grass feeding have been 

identified as risk factors for hydatid disease (Baldock et al., 1985a; Banks et al., 2006b; 

Roberts, 1982). Fairley and Penrose (1929) found that in younger sheep, it was uncastrated 

males who were more likely to be infected, and in older sheep it was females that were more 

likely to be infected. We were unable to discern between cattle that were and were not castrated 

in the abattoir data. However, most cattle included in our study would predominantly have been 

castrated males. Whilst early studies suggested that sex was associated with hydatid disease 

(Fairley & Penrose, 1929; Pullar & Marshall, 1958; Roberts et al., 1986), later studies, using 

more advanced statistical techniques, showed that this association was most likely confounded 

by true risk factors such as age and origin (Banks, 1984; Gemmell & Brydon, 1960). It is 

possible that the significance of the direct effect in the current study is confounded by variables 

unavailable in the abattoir data such as breed. The influence of breed on parasite susceptibility 

is documented; for example, Brahman cattle exhibit resistance to infection with cattle ticks 

(Frisch & O'Neill, 1998; Frisch et al., 2000). Breed data were not available in the current study 

and previous authors have noted that evaluation of breed as a risk factor for hydatid disease is 

difficult due to the strong association between breed and region (Banks et al., 2006b). Despite 
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this, we believe investigation of any association between breed and susceptibility to infection 

with hydatid cysts is worthy of investigation because rearing of cattle with even modest 

resistance to hydatid disease could be a useful control measure in high risk regions.  

Cattle are considered accidental intermediate hosts in the lifecycle of E. granulosus 

because they rarely contain fertile cysts and are unlikely to play a significant role in the 

transmission of this parasite (Arundel, 1979; Banks, 1984; Banks et al., 2006b; Durie & Riek, 

1952; Small & Pinch, 2003). The onset of cyst fertility in livestock is likely determined by size 

of the cyst (Barnes et al., 2011; Barnes et al., 2007a; Guo et al., 2011). For example, hydatid 

cysts in sheep were 2–5 mm in diameter by 9 months and not fertile until 21 months following 

infection (Heath, 1980). Gemmell et al. (1986b) reported only half of the cysts observed in 

sheep were fertile 6.65 years post infection. In Australian cattle, protoscoleces have been 

detected in cysts greater than 18 mm (Banks et al., 2006b; Guo et al., 2011). Although hydatid 

cysts in Australian cattle are rarely fertile (Durie & Riek, 1952), it is likely that most cattle in 

our study, considering most animals have zero-teeth at slaughter, are slaughtered before 

hydatid cysts attain sufficient size to contain protoscoleces. Additionally, the lack of fertility 

in Australian cattle cysts might be attributable to the predominant genotype (G1) found in 

Australia as fertility of hydatid cysts in intermediate hosts has been reported to be E. 

granulosus-genotype dependent (Eckert & Thompson, 1997). However, studies conducted in 

Argentina have shown significantly higher rates of cyst fertility in cattle infected with the G1 

genotype of E. granulosus (Andresiuk et al., 2013). Although only one fertile cyst was 

identified at the time of slaughter and another was identified as having been previously fertile, 

our data show that cattle do have fertile cysts. This has important implications for public health, 

particularly if animals with viable, fertile cysts are slaughtered at home or die on the property 

and domestic dogs gain access to infected organs. A possible limitation associated with this 

study was that the systematic random sampling approach was difficult to maintain given the 

logistics of conducting this study in a working abattoir. However, we collected data from cattle 

of both sexes, all dentition groups and from different geographical regions due to the high-

volume throughput (approximately 5800 cattle/week) of cattle slaughtered at the focus abattoir; 

we therefore expect that selection bias was minimised. Information bias related to exposure is 

also possible due to misclassification of origin of cattle when using the most recent PIC. Unless 

cattle have remained on the same property from birth until slaughter, it is impossible to know 

where they might have become infected.  
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 Conclusion 

This study contributes to the current knowledge of the biological features of 

Echinococcus granulosus sensu stricto in Australia. This study demonstrates that the burden of 

hepatic hydatid disease in individual infected cattle is similar to previous reports. This indicates 

exposure events and subsequent infection experienced by individual animals are unchanged, 

despite industry changes that could potentially reduce the level of exposure or change 

susceptibility of cattle to hydatid disease. One fertile cyst was identified at the time of the study 

and another was identified as having been previously fertile. Although cattle rarely have fertile 

cysts, an older infected animal that is slaughtered at home could pose a risk to human health if 

domestic or wild dogs gained access to hydatid-infected organs. It is important to determine 

the prevalence of hydatid disease in Australian cattle, to enable an assessment of the potential 

public health risks. Once these risks have been determined, focussed control activities in areas 

of highest transmission can be instigated. 
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Chapter 5  
 

An eight-year retrospective study of hydatid disease 

(Echinococcus granulosus sensu stricto) in beef cattle slaughtered 

at an Australian abattoir  

 

Photo: Wild cattle in Kosciuzsko National Park, New South Wales, Australia.  

Source: Cara Wilson. 

 

This chapter has been published: 

Wilson, C. S., Jenkins, D. J., Brookes, V. J., & Barnes, T. S. (2019). An eight-year retrospective 
study of hydatid disease (Echinococcus granulosus sensu stricto) in beef cattle 
slaughtered at an Australian abattoir. Preventive Veterinary Medicine, 173. doi: 
10.1016/j.prevetmed.2019.104806 
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 Abstract  

A retrospective study was conducted on 1,178,329 cattle slaughtered at an eastern 

Australian abattoir between 2010 and 2018. The data were searched for records in which a 

diagnosis of hydatid disease was made by routine meat inspection and apparent prevalence was 

calculated. True prevalence of hydatid disease in any organ was then estimated using 

previously reported sensitivity and specificity for diagnosis of hepatic hydatid disease by 

routine meat inspection. Mixed effects logistic regression was conducted to assess putative 

associations between dentition (age), sex, and feed-type (grass- or grain-fed), and hydatid 

disease reported at slaughter, with origin (Property Identification Code [PIC] region) included 

as a random effect. Regression was also conducted on subsets stratified by dentition and feed-

type to account for measurement bias resulting from differences in sensitivity and specificity 

between groups of cattle. Discrete-Poisson models (SaTScan, v.9.5) were used to detect spatio-

temporal clustering of hydatid-positive cattle within PIC regions. 

The apparent prevalence of hydatid disease reported in any organ was 8.8% (n = 104,038; 

95% confidence interval [CI] 8.8–8.9%). The liver, lungs, heart, spleen, and kidneys were 

reported infected with hydatid cysts. Of cattle reported infected with hydatid cysts, 75.6% had 

both the liver and lungs reported infected. True prevalence was estimated to be 33.0% (95% 

CI 24.4–44.4%). Significant interaction between dentition and feed-type was identified. Risk 

of reported hydatid disease was highest in both eight-tooth grass- and eight-tooth grain-fed 

cattle (OR 17.5, 95% CI 17.0–18.1, reference level [ref] zero-tooth; OR 4.8, 95% CI 4.4–5.2, 

ref zero-tooth, respectively). Sex was also significantly associated with reported cases of 

hydatid disease at slaughter, with the highest odds in females (two-tooth group, OR 1.2, 95% 

CI 1.1–1.2, ref male). Three spatio-temporal clusters of hydatid-positive regions were 

identified. The most likely cluster was located in north eastern New South Wales from June 

2012 to September 2015 (log likelihood ratio 4774, P<0.001).  

This study indicates a higher prevalence of hydatid disease than previously recognised 

and demonstrates that an effect of sex cannot be ruled out. The identification of clusters could 

indicate periods when hosts of Echinococcus were more abundant, or localised climatic events 

that facilitated transmission to cattle. Given the high prevalence, the financial impact of hydatid 
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disease on the Australian beef industry and risk factors associated with variation in spatial 

distribution should be determined to target interventions. 

 Introduction 

Hydatid disease is a parasitic zoonosis caused by the tapeworm Echinococcus. There are 

several species of Echinococcus worldwide; however, in Australia, only Echinococcus 

granulosus sensu stricto has been reported. The tapeworm has an indirect lifecycle involving a 

canid definitive host which harbours the adult tapeworm, and herbivorous or omnivorous 

intermediate hosts in which fluid-filled (hydatid) cysts, formed by the larval stage of the 

parasite, develop in the viscera (offal). Although hydatid disease is generally subclinical in 

cattle, hydatid cysts are regularly identified in the offal at slaughter (Baldock et al., 1985a; 

Wilson et al., 2019b).  

In Australia, all offal and carcasses are inspected at the abattoir by meat inspectors 

according to the Australian Standard for the Hygienic Production and Transportation of Meat 

Products for Human Consumption (Australia and New Zealand Food Regulation Ministerial 

Council. Food Regulation Standing Committee, 2007). In cattle, hydatid cysts have been 

reported primarily in the liver and lungs (Baldock et al., 1985a; Banks et al., 2006b; Lymbery 

et al., 1995), but cysts have also been reported in the heart, kidneys, spleen, brain, and skeletal 

muscle (Baldock et al., 1985a; Lidetu, 1992; Moazeni et al., 2015; Regassa et al., 2010). The 

condemnation and downgrading of infected offal are suspected to have a major financial impact 

on the Australian beef industry (Banks et al., 2006b; Roberts, 1982). 

Hydatid disease information based on routine meat inspection of slaughtered cattle is 

generally communicated with reference to crude estimates of apparent prevalence, without 

accounting for sensitivity and specificity of routine meat inspection or differences between 

subpopulations, for example male versus female cattle. A recent study by Wilson et al. (2019b) 

found that routine meat inspection for hepatic hydatid disease has a low sensitivity (24.9%; 

95% CI 18.9–32.3) and a high specificity (98.9%; 95% CI 97.6–99.6). This low sensitivity 

indicates that apparent prevalence of hydatid disease derived from abattoir data might be 

underestimated.  

Many studies have been conducted to determine hydatid disease prevalence in Australian 

cattle, but these studies have either been confined to specific geographic regions, included 
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small numbers of cattle, or both (Baldock et al., 1985a; Banks et al., 2006b; Durie & Riek, 

1952). Additionally, the prevalence of hydatid disease in the Australian beef industry has not 

been investigated for over a decade. The most recently published study describing the 

prevalence and distribution of hydatid disease in Australian cattle used data from northern 

Queensland collected in the 1980s (Banks et al., 2006b). Since that time, the Australian beef 

industry has undergone a number of changes. For example, there has been a decrease in pasture-

based finishing due to prolonged drought and increasing land values (Martin et al., 2006). 

Additionally, hydatid control measures such as regular de-worming of domestic dogs with 

praziquantel, feeding dry dog food, and reduced feeding of offal to domestic dogs have greatly 

reduced opportunities for domestic transmission of E. granulosus on Australian farms (Jenkins 

et al., 2014; Jenkins et al., 2005). Therefore, we would expect the overall prevalence of hydatid 

disease in cattle to have fallen. To assess the current importance of hydatid disease on the 

Australian beef industry, it is important to obtain estimates of the true prevalence of disease. 

Previous studies indicate that prevalence of hydatid disease increases with age and varies 

with feed-type (grass- or grain-fed) and geographic origin (Baldock et al., 1985a; Banks et al., 

2006b; Roberts, 1982). Although hydatid cysts have been detected in cattle less than a year old, 

the prevalence of hydatid disease in these animals is low (< 3%; Gemmell & Brydon, 1960; 

Pullar & Marshall, 1958). Prevalence in animals four years or older has been reported to be 

comparatively higher (up to 39.5%; Baldock et al., 1985a; Banks et al., 2006b; Pullar & 

Marshall, 1958). There have been conflicting reports about the association of sex with hydatid 

disease (Baldock et al., 1985a; Banks et al., 2006b; Wilson et al., 2019a). 

There also appear to be defined regions where infected cattle are more prevalent (Baldock 

et al., 1985a; Banks et al., 2006b; Gemmell & Brydon, 1960). In Queensland, prevalence of 

infection in cattle has been reported to be higher in areas east of the Great Dividing Range 

(52.2%) compared with those to the west of the range (10.8%; Baldock et al., 1985a). The 

spatial distribution of E. granulosus has been attributed to climatic conditions and distributions 

of wild dogs and macropods (particularly wallabies; Banks et al., 2006b; Gemmell & Brydon, 

1960). The identification of spatio-temporal clusters from data about infected cattle collected 

from a wide geographic area over eight years further defines the geographical and temporal 

distribution of hydatid disease in beef cattle and generates more information about factors that 

might influence the occurrence of E. granulosus in these regions. 
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All cattle in Australia are identified under the National Livestock Identification System 

(NLIS), enabling individual animals to be traced back to their property of origin. Each animal 

is identified with a radiofrequency identification device or tag that consists of a unique number 

and a property identification code (PIC), which is a unique identification number assigned to 

any property where one or more livestock are held. The PIC must be updated whenever an 

animal is moved or sold to a property with a different PIC. Incorporated into each PIC is an 

alpha-numeric code which represents a contiguous area of land, generally referred to as a PIC 

region, where the property is located. There are two types of tags: white breeder tags, used for 

livestock that have been bred on a property; and orange post-breeder tags, used on livestock 

that arrive at a new property without a tag, or as replacements for lost tags. Post-breeder tags 

allow animals to be traced from that point onwards but indicate that those animals were not 

born on that property (National Livestock Identification System, 2017; NLIS Cattle Advisory, 

2016). Identifying where cattle have been sourced can improve identification of risk factors 

associated with location. 

By using data from an abattoir in eastern Australia that sources many cattle from a wide 

geographic area, we aim to describe bovine hydatid disease occurrence (reported by routine 

meat inspection at slaughter), identify risk factors associated with the disease, and identify 

spatio-temporal clusters of hydatid disease in Australian beef cattle.  

 Materials and methods 

 Abattoir data 

A retrospective cross-sectional study was conducted using data from a major abattoir (the 

‘focus abattoir’) in eastern Australia between October 2010 and April 2018. This abattoir was 

selected based on the number of cattle slaughtered each year (approximately 300,000) and the 

wide geographic range from which cattle are sourced (all states and territories). The focus 

abattoir slaughters cattle on two lines: beef (cattle with eruption of permanent incisor teeth or 

carcass weight > 150 kg), and veal (cattle with no evidence of eruption of permanent incisor 

teeth, carcass weight < 150 kg; Aus-Meat Limited, 2006). The source population for this study 

was cattle slaughtered on the beef line at the focus abattoir. The Charles Sturt University 

Human Ethics Committee approved the study protocol (protocol number 400/2016/12). As 
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cattle were slaughtered as part of normal abattoir process, animal ethics approval was not 

required. 

Meat inspectors at the focus abattoir condemn and downgrade organs for defects 

including (but not limited to) abscesses, contamination, liver fluke, hydatid cysts, and nephritis.   

Only one type of defect is recorded for each organ regardless of whether it is affected by 

multiple lesions. Viscera infected with hydatid cysts are either condemned (unsuitable for 

consumption) or downgraded to the pet food industry if there are few lesions that can easily be 

removed. Hydatid cysts reported in this study refer to the lesion identified and reported by 

routine meat inspection at the focus abattoir. The diagnostic accuracy of routine meat 

inspection for hepatic hydatid cysts at the focus abattoir was investigated in a previous study 

(Wilson et al., 2019b). 

Data collected by the focus abattoir on the carcass and organ defects are recorded 

electronically and stored by the abattoir. The following information was collected for analysis: 

animal identification (National Livestock Identification System [NLIS] identification number, 

the most recent Property Identification Code [PIC]), date of slaughter, dentition (classified as 

zero-, two-, four-, six-, seven-, and eight-tooth), sex (classified as male, female, and unsexed), 

hot standard carcass weight (weight of the carcass within two hours of slaughter following 

standard trim, hereafter referred to as ‘carcass weight’), hide weight, feed-type (grass- or grain-

fed [sourced from an accredited feed-lot, ≥150 days on grain]), condemned or downgraded 

organs, and the lesions present. The estimated age ranges for each dentition group are: zero-

teeth, <18 months; two-teeth, 18–30 months; four-teeth, 24–36 months; six-teeth, 30–42 

months; seven-teeth, 36–48 months; eight-teeth, >42 months (Meat and Livestock Australia, 

2014). Seven-tooth cattle were combined with eight-tooth cattle due to the small number of 

seven-tooth cattle and their similar age range. The focus abattoir collects data on both the 

animals’ PIC region at birth and the PIC region immediately prior to slaughter. The latter was 

used (hereafter referred to as ‘origin’) for regression analyses in this study.  

 Inclusion criteria 

All cattle slaughtered on the beef line during the study period were available for inclusion 

in the study. The veal line was excluded in this study due to the low prevalence of hydatid 

disease in young cattle and because the sensitivity and specificity parameters reported by 
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Wilson et al. (2019b) were based on the beef line at the focus abattoir. Additionally, cattle were 

excluded from the analysis if sex was not specified (unsexed), or if sex and dentition 

information was missing or inconsistent with the specified categories. Further, hide weights <5 

kg or >100 kg were changed to “NA” because such hide weights were considered implausible 

and were most likely data entry errors (pers. comm. Dr Michael Campbell, Charles Sturt 

University). Cattle with carcass weights <50 kg were removed from the analysis because they 

were likely either <4–6 months old or a data entry error. Cattle were excluded from the risk 

factor analysis if they did not have NLIS information (due to lost tags). For spatio-temporal 

cluster analysis, only cattle with matching PIC region information at birth and slaughter were 

included. These cattle were considered very likely to have remained within that region for their 

entire lives.  

 Statistical analysis 

Carcass and offal data collected by the abattoir were checked for missing data and 

inconsistencies in Excel (Microsoft, 2016) and the statistical program R (R Core Team, 2018), 

then stored in a database management system (PostgreSQL, 2016). All statistical analyses were 

conducted using R (R Core Team, 2018) and packages: epiR (Stevenson et al., 2017), plyr 

(Wickham, 2011), dplyr (Wickham et al., 2018), plotrix (Lemon, 2006), ggplot2 (Wickham, 

2009), RcmdrMisc (Fox, 2017), and scales (Wickham, 2017). Property Identification Code 

information and shapefiles of PIC regions were sourced from the relevant government body in 

each state. Shapefiles were prepared (for example, consistently projected) and aggregated to 

one Australian PIC region shapefile (EPSG: 3577, GDA94/Australian Albers).  

Descriptive analysis was used to show the total number of cattle slaughtered during the 

study period, distributions of dentition (age), sex, carcass and hide weights, and the total 

number of cattle reported with hydatid cysts and the organs reported infected with hydatid 

cysts. Pearson’s Chi-squared analyses were used to assess the significance of proportions of 

liver-only, lung-only and liver-lung infections in cattle. All descriptive data were presented as 

mean ± standard deviation (SD) unless stated otherwise.  

A geographical information system (QGIS v 2.18.3) was used to produce choropleth 

maps of apparent prevalence of reported infected cattle in PIC regions from which they had 

been sourced (origin) and for those that had remained within the same PIC region from birth 
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until slaughter. Only prevalence in PIC regions with >20 cattle were displayed on the 

choropleth maps. 

Apparent prevalence (AP) of hydatid disease reported by the abattoir and associated 95% 

confidence intervals (CI) were calculated. True prevalence (TP) and 95% confidence intervals 

of hydatid disease in the abattoir population was estimated using a Monte Carlo simulation 

(50,000 iterations) of the method described by Rogan and Gladen (1978) in which TP is true 

prevalence, AP is apparent prevalence, Se is sensitivity, and Sp is specificity (Eq. 1). Overall 

sensitivity (24.9%) and specificity (98.9%) of routine meat inspection for hepatic hydatid 

disease derived from Wilson et al. (2019b) were included in the calculations to determine 

overall true prevalence. When calculating true prevalence for the dentition (age), sex, and feed-

type (grass- or grain-fed) groups, group specific sensitivities and specificities estimated by 

Wilson et al. (2019b) were used.  

!" = $%&'()*
'+&'()*           (1) 

Minimal sufficient adjustment sets for the total and direct effects of the predictor 

variables (age, sex, feed-type) on the outcome (hydatid disease reported at slaughter) were 

identified using a causal diagram (Supplementary Fig. 5.1, Appendix C) constructed in 

DAGitty® (Textor et al., 2011). The causal diagram included proposed relationships between 

the variables available in the data as well as breed. Not all postulated risk factors were included 

in the diagram. Although breed was not available in the data, it was included in the causal 

diagram to evaluate its influence as a potential confounder.  Predictor variables that were 

available in the data were then fitted in regression models (package: lme4 (Bates et al., 2015)). 

Biologically plausible interactions between feed-type and sex, sex and dentition, and dentition 

and feed-type were assessed by fitting each of them separately and examining plots of the 

predicted probabilities to determine whether these interaction terms should be fitted within the 

final models (package: effects (Fox, 2003; Fox & Weisberg, 2018)). Individual contrasts of the 

interaction terms were produced (package: psycho (Makowski, 2018)). Associations were 

expressed as odds ratios (OR) with 95% confidence intervals (CI). To account for clustering of 

disease, origin was included as a random effect in risk factor models. Model fit was assessed 

by visualising the distribution of individual residuals using Q-Q (quantile-quantile) plots and 

covariate pattern residuals using index plots. The Normality of the random effect was also 

assessed by visualising random effects in Q-Q plots in R. Intra-class correlation coefficients 
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(ICCs) were calculated to assess the extent of clustering at the origin level for the null (no 

predictor variables fitted) and full models (all predictor variables fitted) with origin fitted as a 

random effect (package: sjstats (Lüdecke, 2017)).  

 Spatio-temporal cluster analysis 

A discrete Poisson model in SaTScan (Version 9.5) was used to detect clustering of 

hydatid-positive cattle between October 2010 and April 2018. To achieve a high sensitivity to 

detect clusters, the spatial and temporal windows were set to 40% of the population at risk and 

50% of the study period, respectively. Clusters were defined if a significantly (P < 0.05) greater 

number of cases were reported within the spatio-temporal window than would be expected 

based on the total number of cases in the study area reported during the study period given the 

population at risk.  

 Results 

Data on 1,178,329 cattle killed on the beef line at the focus abattoir were collected during 

the study period. The mean number of cattle slaughtered on the beef line was 12,949 ± 3,388 

(range 7,654–20,372) and 156,851 ± 35,674 (range 124,844–208,516) each month and year, 

respectively. The proportion of male cattle was 53.6%. The age structure (zero-, two-, four-, 

six-, and seven/eight-teeth) of the population was 40.1%, 23.6%, 14.0%, 7.6%, and 14.7% 

respectively. The mean carcass and hide weights of the population were 281.0 ± 86.0 kg (range 

50.0–694.8 kg) and 34.3 ± 9.0 kg (range 6.0–93.0 kg), respectively. Most of the population 

were grass-fed (n = 682,305; 57.9%). Cattle were sourced from 194 PIC regions (origin) 

immediately prior to slaughter located in all states and territories (range 1–137,597 cattle per 

PIC region). Most cattle were sourced from New South Wales (n = 647,846; 55.0%) and 

Queensland (n = 495,397; 42.0%) immediately prior to slaughter (Supplementary Table 5.1, 

Appendix C). Property Identification Code regions at birth (excluding animals with post-

breeder tags) comprised 316 PIC regions with a range of 1–98,128 animals per PIC region. 

Four per cent (n = 42,078) of the population had post-breeder tags and 0.9% (n = 10,226) had 

missing or lost tags. Thirty-four per cent (n = 394,928) of the population were assumed to have 

remained within the same PIC region from birth until slaughter. These cattle were from 172 

PIC regions (range 1–78,026 cattle per PIC region). 
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Hydatid disease in any organ was reported in 103,823 of the 1,178,329 beef cattle 

examined during the study period (apparent prevalence [AP] 8.81%, 95% CI 8.76–8.86%). The 

mean number of cattle reported infected with hydatid disease on the beef line each year was 

13,976 ± 6,971 (range 7,658–27,879). The mean number of cattle reported infected on the beef 

line each month was 1,167 ± 801 (range 2–3,470; Supplementary Fig. 5.2, Appendix C). True 

prevalence (TP) of hydatid disease (in any organ) for the population slaughtered was estimated 

to be 33.0% (95% CI 24.4–44.4%). 

Table 5.1 summarises the apparent and true prevalence for each age and sex category. 

Cattle of all age groups and both sexes were reported infected and the proportion of cattle 

reported infected increased with age. Apparent and true prevalence was highest in the eight-

tooth dentition group (AP: 34.8%, 60,007/172,682; TP: 78.4%; 95% CI 42.4–100%) and lowest 

in the zero-tooth dentition group (AP: 2.4%, 11,224/472,465; TP: 16.9%; 95% CI 7.5–39.9%). 

Apparent prevalence of reported infection was higher in female cattle (12.6%) compared to 

male cattle (5.5%). However, true prevalence in females and males was similar (31.5%, 95% 

CI 22.4–44.4%; 30.2%, 95% CI 18.7–48.5%, respectively).  

 

Table 5.1 Sex- and dentition-specific prevalence of hydatid disease in cattle slaughtered on the beef line at an 
eastern Australian abattoir between October 2010 and April 2018. 

Sex Dentition group 
(age) Number Infected Apparent 

prevalence (%) 
True Prevalence 
 (95% CI) 

Female 

Zero-teeth 215,591 5,709 2.6 12.3 (3.6–46.6) 
Two-teeth 91,180 4,440 4.9 19.0 (6.4–67.8) 
Four-teeth 65,657 4,404 6.7 12.3 (6.7–37.7) 
Six-teeth 37,467 4,335 11.6 41.4 (17.0–100) 
Seven/Eight-teeth 136,437 49,892 36.6 76.5 (55.5–100) 

Total  546,332 68,780 12.6 31.4 (22.3–44.4) 

Male 

Zero-teeth 256,874 5,515 2.1 16.5 (6.3–44.8) 
Two-teeth 187,410 6,891 3.7 14.9 (7.5–29.8) 
Four-teeth 98,850 6,466 6.5 58.4 (20.7–100) 
Six-teeth 52,618 6,056 11.5 46.5 (19.7–100) 
Seven/Eight-teeth 36,245 10,115 27.9 85.6 (40.3–100) 

Total  631,997 35,043 5.5 30.1 (18.5–48.1) 

Grand total  1,178,329 103,823 8.8 33.0 (24.4–44.4) 
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Fig. 5.1 Apparent prevalence (%) of hydatid disease, based on disease reported at routine post-mortem 
meat inspection in cattle in PIC regions containing ≥20 animals. Cattle represented in this map had the 
same PIC at birth and pre-slaughter identification code and were therefore assumed to have remained 
within the same PIC region from birth until immediately prior to slaughter. 

 

Cattle reported to be infected with hydatid cysts were sourced from New South Wales, 

Queensland, Victoria, South Australia, the Australian Capital Territory, and the Northern 

Territory. Cattle that had remained within the same PIC region for their entire lives, and 

therefore were assumed to have become infected within these regions, were reported in almost 

all sampled regions (Fig. 5.1). However, prevalence was highest in coastal areas and areas 

associated with the Great Dividing Range. The lowest apparent prevalence reported in a PIC 

region (after regions with <20 animals were removed) was 0.8% (1/127) and the highest 

apparent prevalence reported in a PIC region was 37.9% (11/29). A greater proportion of grass-

fed (AP: 13.4%, 91,506/682,305; TP: 39.8%, 95% CI 27.6–56.9%) cattle were reported 

infected than grain-fed cattle (AP: 2.5%, 12,317/496,024; TP: 16.4%; 95% CI 9.5–29.1%). 
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Overall 1,115,766 organs were condemned or downgraded from the 1,178,329 cattle 

examined. Of these, 17% (187,159/1,115,766) were condemned or downgraded due to hydatid 

disease. The organs reported infected with hydatid cysts included the liver, lungs, spleen, heart, 

and kidneys (Table 5.2). The prevalence of infection in each organ (out of all slaughtered 

animals) was 8.5%, 7.2%, 0.1%, and 0.1% in the liver, lungs, spleen, and heart, respectively. 

In the time in which kidneys were reported to have hydatid cysts (from May 2016) the 

prevalence in the kidneys was 0.1%.  

The number of organs in each animal reported infected with hydatid cysts increased with 

age (Table 5.3). Most infected cattle had at least two organs reported infected (75.8%, 

78,744/103,823). The proportion of cattle with only one organ infected was highest in the two-

tooth dentition group (28.4%, 3,222/11,331). The proportion of cattle with two, three, four or 

five organs infected were all highest in the eight-tooth dentition group (Table 5.3). 

Table 5.2 Number of organs condemned and downgraded and percentage of condemned and downgraded 
organs reported to have hydatid disease in cattle slaughtered at an eastern Australian abattoir between 
October 2010 and April 2018. 

Organ Number organs 
condemned (% reported 
to have hydatid disease) 

Number organs 
downgraded (% reported 
to have hydatid disease) 

Total (%) 

Liver 146,694 (45.2) 272,102 (12.2) 418,796 (23.8) 
Lungs 116,670 (56.9) 23,541 (77.7) 140,211 (60.4) 
Spleen 39,934 (3.9) 649 (21.7) 40,583 (4.2) 
Heart 28,926 (2.5) 726 (22.3) 29,652 (3.0) 
Kidneys* 1,414 (1.3) 17,425 (1.5) 18,839 (1.5) 

*Kidneys included in this table are those condemned and downgraded since May 2016. 
 

Table 5.3 Number and percentage of organs reported infected with hydatid disease in different dentition (age) 
groups of beef cattle slaughtered at an eastern Australian abattoir. 

Dentition 
group 

Number of 
cattle with 
one organ 
affected (%) 

Number of 
cattle with 
two organs 
affected (%) 

Number of 
cattle with 
three organs 
affected (%) 

Number of 
cattle with 
four organs 
affected (%) 

Number of 
cattle with 
five organs 
affected (%) 

Total 

Zero-teeth 2,969 (26.5) 8,132 (72.5) 117 (1.0) 6 (0.05) 0 (0) 11,224 
Two-teeth 3,222 (28.4) 8,003 (70.6) 102 (0.9) 4 (0.04) 0 (0) 11,331 
Four-teeth 2,959 (27.2) 7,770 (71.5) 138 (1.3) 3 (0.03) 0 (0) 10,870 
Six-teeth 2,475 (23.8) 7,724 (74.3) 181 (1.7) 11 (0.1) 0 (0) 10,391 
Seven/Eight-
teeth 

11,236 (18.7) 47,115 (78.5) 1,528 (2.5) 124 (0.2) 4 (0.01) 60,007 

Total 22,861 78,744 2,066 148 4 103,823 
 

 



99 

 

Table 5.4 shows the number of liver-only, lung-only, and liver-lung infections in cattle 

for each dentition group. The majority of cattle (76%) had both the liver and lung reported 

infected with hydatid cysts. The proportion of liver-only and lung-only infections were highest 

in zero-tooth cattle and lowest in eight-tooth cattle and were significantly different (X2 = 170.9, 

df = 1, P < 0.001; X2 = 184.6, df = 1, P < 0.001, respectively). Contrastingly, the proportion of 

liver-lung infections were lowest in two-tooth cattle and highest in eight-tooth cattle. These 

proportions were also significantly different (X2 = 267.1, df = 1, P < 0.001).  

Table 5.4 Variation in the number and percentage of liver and/or lungs reported to be infected with hydatid 
cysts in different dentition (age) groups of beef cattle slaughtered at an eastern Australian abattoir. 

Dentition group Number infected Number liver-only 
(%) 

Number lung-only 
(%) 

Number liver-lung 
(%) 

Zero-teeth 11,224 2,325 (20.7) 603 (5.4) 8,110 (72.3) 
Two-teeth 11,331 2,538 (22.4) 650 (5.7) 7,982 (70.4) 
Four-teeth 10,870 2,371 (21.8) 559 (5.1) 7,750 (71.3) 
Six-teeth 10,391 2,052 (19.8) 413 (4.0) 7,703 (74.1) 
Seven/Eight-teeth 60,007 9,435 (15.7) 1,731 (2.9) 46,914 (78.2) 

Total 103,823 18,721 (18.0) 3,956 (3.8) 78,459 (75.6) 
 

 Risk factor analyses 

The directed-acyclic graph of the relationships between predictor variables (those that 

were available in the data) and hydatid disease indicated that there were no proposed 

confounders of the association between sex and hydatid disease, but that dentition and feed-

type were intervening variables on the indirect pathways (Supplementary Fig. 5.1, Appendix 

C). The total and direct effects for dentition were equivalent as there were no indirect pathways, 

with sex and feed-type potentially confounding the effects observed between dentition and 

hydatid disease. The effect of feed-type was confounded by sex, and dentition was an 

intervening variable on the indirect pathway. A significant interaction was observed between 

dentition and feed-type (Fig. 5.2). Therefore, both variables and this interaction term were 

included in all models that would have otherwise included just one or both of these main 

effects. Covariates included in the models are shown in Table 5.5.  

A total of 1,168,103 cattle were available for inclusion in the risk factor analysis. The 

full dataset was used for the total effect model for sex, but due to non-convergence (resulting 

from a low prevalence and insufficient variation between random effects (Moineddin et al., 

2007)), a random subset of data from 700,000 cattle was used for models including the 
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interaction term. Eight-tooth cattle were at a markedly increased risk compared to zero-tooth 

cattle across both feed-types, with the highest risk observed in eight-tooth grass-fed cattle (OR 

17.5, 17.0–18.1, reference level [ref] zero-tooth; Table 5.5). Grass-fed cattle were at an 

increased risk compared to grain-fed cattle across all dentition groups except the zero-tooth 

group (Fig. 5.2). The direct effect for sex was attenuated compared to the total effect, indicating 

that the pathway was partly mediated by the interaction between dentition and feed-type. Both 

the total (OR 1.9, 95% CI 1.8–1.9, ref male; Table 5.5) and direct effects (OR 1.2, 95% CI 1.1–

1.2, ref male) indicated that females were at a modestly increased risk compared to males. No 

extreme covariate pattern residuals were observed in model checking and random effects were 

approximately Normally distributed.  

 

Fig. 5.2 Predicted probability plot of the interaction observed between feed-type and dentition in a model 
investigating the associations with hydatid disease reported in beef cattle at slaughter. 
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Table 5.5 Distributions and estimated odds ratios for the total and direct effects of variables on the occurrence 
of hydatid disease in beef cattle reported at slaughter. An interaction term between dentition and feed-type 
was fitted for all models except for the total effect of sex. Clustering by origin was accounted for within all 
models. 

Predictor Number of 
animals 
included in 
model 

Number of 
animals (% 
infected) 

Effect 
type 

Covariates β (se) Odds Ratio 
(95% CI) 

Sex 1,168,103        
  Male  626,201 (6) Total None Ref   
  Female  541,902 (13)   0.627 (0.007) 1.9 (1.8–1.9) 
Sex 700,000        
  Male  375,049 (6) Direct Feed-type: 

Dentition 
Ref   

  Female  324,951 (13)   0.147 (0.011) 1.2 (1.1–1.2) 
Dentition when Feed-
type = grass-fed 

700,000        

  Zero-teeth  176,823 (3) Total, Sex Ref   
  Two-teeth  72,266 (7) Direct  1.144 (0.021) 3.1 (3.0–3.3) 
  Four-teeth  41,227 (12)   1.635 (0.022) 5.1 (4.9–5.4) 
  Six-teeth  24,610 (20)   2.147 (0.022) 8.6 (8.2–8.9) 
  Seven/Eight-teeth  89,525 (39)   2.863 (0.016) 17.5 (17.0–18.1) 
Dentition when Feed-
type = grain-fed 

700,000        

  Zero-teeth  104,510 (1) Total, Sex Ref   
  Two-teeth  93,036 (2) Direct  0.413 (0.036) 1.5 (1.4–1.6) 
  Four-teeth  56,283 (3)   0.649 (0.038) 1.9 (1.8–2.1) 
  Six-teeth  29,194 (4)   0.953 (0.041) 2.6 (2.4–2.8) 
  Seven/Eight-teeth  12,526 (8)   1.564 (0.044) 4.8 (4.4–5.2) 
Feed-type when 
Dentition = zero-tooth 

700,000        

  Grain-fed    104,510 (1) Total, Sex Ref   
  Grass-fed  176,823 (3) Direct  –0.032 (0.034) 1.0 (0.9–1.0) 
Feed-type when 
Dentition = two-tooth 

700,000        

  Grain-fed    93,036 (2) Total, Sex Ref   
  Grass-fed  72,266 (7) Direct  0.700 (0.030) 2.0 (1.9–2.1) 
Feed-type when 
Dentition = four-tooth 

700,000        

  Grain-fed    56,283 (3) Total, Sex Ref   
  Grass-fed  41,227 (12) Direct  0.953 (0.032) 2.6 (2.4–2.8) 
Feed-type when 
Dentition = six-tooth 

700,000        

  Grain-fed    29,194 (4) Total, Sex Ref   
  Grass-fed  24,610 (20) Direct  1.162 (0.035) 3.2 (3.0–3.4) 
Feed-type when 
Dentition = 
seven/eight-tooth 

700,000        

  Grain-fed    12,526 (8) Total, Sex Ref   
  Grass-fed  89,525 (39) Direct  1.267 (0.036) 3.6 (3.3–3.8) 
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The null (no explanatory variables fitted) and full model (all explanatory variables fitted 

including interaction between feed-type and dentition) ICCs, calculated using a subset of 

700,000 animals, showed significant clustering of hydatid disease at the origin level (0.24 and 

0.17, respectively). The reduced ICC in the full model indicated that some of the variation in 

occurrence of hydatid disease between origins was accounted for by the inclusion of fixed 

effects (feed-type, sex, dentition; Supplementary Fig. 5.3, Appendix C). The percentage of 

variance explained by the fixed effects was 19.8%. 

The results for these models are influenced by measurement bias resulting from the 

varying sensitivities between groups of cattle, according to sex, feed-type and dentition. The 

results for dentition and feed-type are as expected (odds of hydatid disease being reported at 

slaughter are higher in older cattle and those that are grass-fed), are biologically plausible, and 

align with results from a previous study (Wilson et al., 2019a). However, the results for sex 

were unexpected. The previous study (Wilson et al., 2019a) reported an increased odds ratio 

for males, the opposite of what we found here, so we investigated the influence of sex further 

using subsets in which the sensitivity and specificity were similar for males and females (Table 

5.6). The two-tooth dentition group had the closest sensitivity and specificity for males and 

females (Wilson et al., 2019b). Due to the varying sensitivity and specificity of feed-type, only 

sex was initially included in this model. Sex was significantly associated with hydatid disease 

(OR 1.2, 95% CI 1.1–1.2, ref male; Table 5.6) and indicated that two-tooth females were at an 

increased risk compared to two-tooth males. 

To account for confounding that might result from differences in sensitivity and 

specificity of feed-type, we then stratified the data to dentition and feed-type groups.  The only 

group in which sensitivity remained similar for males and females was the six-tooth grass-fed 

group, and females were still significantly associated with hydatid disease (OR 1.1, 95% CI 

1.1–1.2, ref male; Table 5.6).  
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Table 5.6 Distributions and estimated odds ratios for the associations between predictor variables and hydatid 
disease in subsets of beef cattle reported at slaughter at an eastern Australian abattoir. Clustering by origin was 
accounted for within the models. 

Subset Predictor Sensitivity Specificity No. of 
animals  
(% infected) 

β (se) Odds Ratio 
(95% CI) 

Two-tooth       
 Sex      
   Male 23.1  

(10.6–40.8)a 
98.7 (93.7–99.8)a 185,594 (4) Ref  

   Female 21.4  
(3.0–56.4)a 

99.1 (86.2–100)a 90,546 (5) 0.175 (0.021) 1.2 (1.1, 1.2) 

Two-tooth        
grass-fed Sex      
   Male 45.5  

(21.3–72.0)b 
99.3 (90.6–100)b 71,770 (7) Ref  

   Female 100  
(34.2–100)b 

98.0 (72.2–100)b 48,483 (7) 0.174 (0.026) 1.2 (1.1, 1.3) 

Two-tooth        
grain-fed Sex      
   Male 14.7  

(3.5–36.0)b 
98.4 (92.3–99.7)b 113,824 (3) Ref  

   Female 11.9  
(0–49.0)b 

100 (78.5–100)b 42,063 (3) 0.110 (0.041) 1.1 (1.0, 1.2) 

Six-tooth       
 Sex      
   Male 22.5  

(8.9–53.2)a 
99.0 (88.6–100)a 52,029 (11) Ref  

   Female 24.9  
(6.3–54.7)a 

95.8 (74.2–99.0)a 37,167 (12) 0.115 (0.024) 1.1 (1.1, 1.2) 

Six-tooth        
grass-fed Sex      
   Male 21.8  

(3.0–56.4)b 
96.6 (77.2–100)b 21,641 (21) Ref  

   Female 21.8  
(4.6–69.9)b 

92.9 (56.6–100)b 19,198 (18) 0.129 (0.028) 1.1 (1.1, 1.2) 

Six-tooth        
grain-fed Sex      
   Male 16.6  

(3.0–56.4)b 
100 (85.7–100)b 30,388 (4) Ref  

   Female 27.8  
(3.6–62.4)b 

97.7 (77.2–100)b 17,969 (4) 0.011 (0.048) 1.0 (0.9, 1.1) 

a Derived from Wilson et al. (2019b). 
b Derived from unpublished data. 

 Spatio-temporal cluster analysis 

Significant (P < 0.001) clustering of hydatid disease in space-and-time was detected. 

Three clusters of hydatid-positive regions were identified. The most likely cluster occurred 
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between June 2012 and September 2015 in north eastern New South Wales (log likelihood ratio 

4,774, P < 0.001, Fig. 5.3). This cluster consisted of 22,141 cases (11,885 expected). The 

second most likely cluster was detected in central Queensland (August 2014–April 2016, log 

likelihood ratio 670, P < 0.001). This cluster consisted of 1,931 reported cases of hydatid-

infected cattle (742 expected). Finally, the third most likely cluster consisted of PIC regions in 

south eastern Queensland between February 2013 and June 2013 (log likelihood ratio 181; P < 

0.001). This cluster consisted of 1,616 reported cases of hydatid-infected cattle (973 expected). 

 

Fig. 5.3 Spatio-temporal clusters of hydatid disease reported at routine post-mortem meat inspection in 
cattle. Cattle represented in this map (yellow shading) had the same birth and pre-slaughter identification 
code and were therefore assumed to have remained within the same PIC region from birth until 
immediately prior to slaughter. Cluster 1 June 2012–September 2015, P < 0.001; Cluster 2 August 2014–
April 2016, P < 0.001; Cluster 3 February 2013–June2013, P < 0.001 (For interpretation of the references 
to colour in this figure legend, the reader is referred to the web version of this article). 
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 Discussion 

This study investigated the prevalence and risk factors associated with hydatid disease 

reported in any organ of beef cattle slaughtered over a period of eight years at the focus abattoir. 

This study demonstrates that assessing abattoir detection of disease is worthwhile and should 

be considered when using abattoir data for surveillance studies throughout the world. Crude 

estimates of apparent prevalence of hydatid disease in any organ derived from the abattoir data 

were much lower than estimates of true prevalence, indicating underreporting of hydatid 

disease in the slaughtered population. Due to the low sensitivity and high specificity reported 

by Wilson et al. (2019b), results presented in this study, and other abattoir surveys (both 

national and international), should be interpreted as ‘presence of visual and/or palpable hydatid 

disease’ and can be considered a minimum estimate of hydatid prevalence in a given group of 

inspected cattle.  

Earlier estimates of hydatid disease prevalence in cattle, also based largely on abattoir 

data, have suggested that the prevalence of E. granulosus in cattle is 14.6–15.6% (Baldock et 

al., 1985a; Banks et al., 2006b; Roberts, 1982). As meat inspection has been reported to have 

a low sensitivity for a number of diseases and lesions (Bonde et al., 2010; Stärk et al., 2014; 

Wilson et al., 2019b), it is possible that the prevalence derived from abattoir data in previous 

studies is also underestimated. However, the present study reported a lower overall apparent 

prevalence compared to previous studies. An explanation is that a much larger population of 

cattle, dispersed over a greater geographical area, was surveyed in the current study compared 

to previous studies (Baldock et al., 1985a; Banks et al., 2006b). Previous studies focussed on 

smaller geographic areas such as northern and southern Queensland (Baldock et al., 1985a; 

Banks et al., 2006b). The higher prevalence reported in these studies might be attributed to 

factors such as higher rainfall or the presence of suitable hosts in these regions.  

Similar to previous studies, coastal areas and higher altitude areas (such as the Great 

Dividing Range), appeared to have the highest prevalence of hydatid disease in cattle (Baldock 

et al., 1985a; Banks et al., 2006b). However, the parasite was found to be present in almost all 

regions sampled in this study. Clustering at the origin level was initially detected in regression 

models. The null model ICC (0.24) estimated in the current study was the same as a previous 

study by Wilson et al. (2019a) who also observed hydatid disease in cattle, but lower than the 

ICC (0.32) reported by Barnes et al. (2007b) who investigated clustering of hydatid disease in 
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macropods. The full model ICC (0.17) was reduced by the addition of variables. This combined 

with the proportion of variance explained by the fixed effects (19.8%) indicated that some of 

the variance at the origin level is explained by sex, dentition and feed-type. However, the ICC 

was not reduced to the same extent as the previous study (0.03) by Wilson et al. (2019a). This 

is possibly explained by the significantly smaller sample size and geographic range, and the 

exclusion of the interaction between feed-type and dentition in the models. Clustering at the 

origin level in the current study and previous studies indicates that origin-level risk factors 

(such as climate or distribution of hosts) are influencing infection in cattle. 

The identification of spatio-temporal clusters indicates periodic higher-than-expected 

prevalence of hydatid disease. These clusters could be representative of localised climatic 

events or periods when definitive hosts, and hence eggs, of Echinococcus were more abundant 

in the environment in these areas. Clusters 1 and 3 largely comprise PIC regions located in the 

Great Dividing Range and on the coast. This is expected based on the results of Baldock et al. 

(1985a); Banks et al. (2006b), and Gemmell (1958). However, Cluster 2 predominantly 

contains PIC regions located west of the Great Dividing Range where the climate is very 

different (dryer) to that in the aforementioned two areas. A previous study conducted in 

Argentina, reported that the eggs of Echinococcus could survive for up to 41 months in an arid 

environment where there was low precipitation (<300mm/year) and annual temperatures 

ranged between -3–37°C (Thevenet et al., 2005). Cluster 2 and the wide geographic range of 

hydatid-infected cattle reported in the current study support the results of Thevenet et al. (2005) 

and demonstrate that eggs and protoscoloces of Echinococcus granulosus might survive in 

more arid areas than described by Gemmell (1958). Alternatively, although climate has been 

shown to influence the spatial distribution of Echinococcus (Gemmell, 1958), other factors 

such as definitive host distribution or the presence of the sylvatic cycle might be more 

important. It is important to note that cattle reported infected at slaughter have most likely been 

infected for some time because hydatid cysts take several months to develop. Therefore, 

temporal trends based on abattoir data are difficult to interpret as it is impossible to know when 

the animal became infected.  

In the current study, an assumption was made that cattle with matching PIC region 

information for both their tag at birth and their tag at slaughter had remained within this PIC 

region for their entire lives. Therefore, we also made the assumption that these cattle became 

infected within these regions. Despite being relatively confident that positives reported by the 
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abattoir are true positives due to the high specificity reported by Wilson et al. (2019b), the 

measurement bias caused by the low sensitivity means that some PIC regions might have a 

greater prevalence or, although being reported as having no apparently infected cattle, might 

have truly infected cattle. Additionally, data collected were aggregated to PIC regions, some 

of which are very large with large climatic variation, making selection of climatic variables 

difficult. Therefore, we did not attempt to evaluate spatial risk factors for disease. Further 

studies are required to investigate the spatial distribution and spatial risk factors for hydatid 

disease in beef cattle using abattoir data in which the presence or absence of hydatid disease 

has been verified (for example, by using a reference standard diagnosis) and for which more 

precise locations of the cattle are known (Wilson et al., 2019b).  

Consistent with previous reports, prevalence of hydatid disease in beef cattle increased 

with age in this study (Baldock et al., 1985a; Banks et al., 2006b). Baldock et al. (1985a) 

reported a prevalence of 3% in 17-month-old cattle and 36% in four-year-old cattle. The 

apparent prevalence reported in the current study for both age groups was similar (zero-tooth 

= 2%; eight-tooth = 35%). Banks et al. (2006b) and Baldock et al. (1985a) reported an increase 

in prevalence with age up until four years, after which prevalence remained stable. We could 

not investigate this in the current study because dentition was used as an estimate for age. 

Consequently, prevalence could only be estimated to 3.5 years of age because the upper age 

limit of the eight-tooth group was not defined. The increase in prevalence with age is likely a 

reflection of the extended duration of exposure of an older animal to the eggs of Echinococcus 

in the environment, rather than an increased susceptibility to infection.  

Apparent and true prevalences of hydatid disease were higher in grass-fed cattle 

compared to grain-fed cattle, and models demonstrated the increased odds of meat inspectors 

reporting hydatid disease in grass-fed cattle. This is consistent with previous studies (Roberts, 

1982; Wilson et al., 2019b). Previous studies investigating abattoir data for the prevalence of 

liver disorders in grass- and grain-fed cattle reported hydatid disease in 19% of grass-fed cattle 

and 3% in grain-fed cattle (Roberts, 1982). These results are similar to apparent prevalence 

reported in the current study (grass-fed = 13%; grain-fed = 3%). It is possible that although 

apparent prevalence estimated by Baldock et al. (1985a) and Roberts (1982) might be 

underestimated, the similarities between the apparent prevalence reported in the current study 

and in previous studies for age and feed-type demonstrate that prevalence might not have 

changed since previous studies.  
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There are conflicting reports about the association between sex and hydatid disease 

(Banks, 1984; Fairley & Wright-Smith, 1929; Gemmell & Brydon, 1960; Guo et al., 2011; 

Pullar & Marshall, 1958). Despite studies suggesting that sex is not associated with hydatid 

disease (Banks et al., 2006b; Gemmell & Brydon, 1960), Wilson et al. (2019a) demonstrated 

that the direct effect of sex was a potential risk factor for hydatid disease with the odds of 

hydatid disease being increased in male cattle. Sex was also found to be associated with hydatid 

disease in the current study, but in contrast, females were more likely to be reported infected. 

Wilson et al. (2019a) reported on true cases of hydatid disease. Although the current study was 

based on hydatid disease reported at slaughter, the study included many more animals from a 

larger geographical area than the previous work and we attempted to account for 

misclassification bias in the data by stratifying to groups in which the sensitivity and specificity 

were similar. Sex was associated with hydatid disease in all stratified groups, except the six-

tooth grain-fed group. We suspect that the switch in association of males with hydatid disease 

(Wilson et al., 2019a) to females presented here is due to the influence of unmeasured variables 

(such as breed, management factors, or climate) and not sex. However, we cannot rule out an 

effect of sex. The association of sex with hydatid disease has been investigated in a number of 

species, but there are still conflicting reports in the various species affected by hydatid disease. 

Multiple studies throughout the world have identified female sheep, eastern grey kangaroos 

and humans as more likely to be infected than males, with some even reporting higher intensity 

infections in females (Barnes et al., 2007b; Bekele et al., 1988; Dowling & Torgerson, 2000; 

French, 1980). However, some studies have reported male sheep, goats and humans as more 

likely to be infected than females (Erbeto et al., 2010; Matsaniotis et al., 1983), and another 

found the ratio between males and females to be similar (Aribas et al., 2002). Although studies 

have suggested that differences in parasite infection rates and intensities between the sexes 

could be physiological (for example hormonal; Alexander & Stimson, 1988; Harder et al., 

1992), we believe that the variation between male and female cattle is more likely to be 

ecological and that female cattle are unlikely to be more susceptible to infection than male 

cattle. Sociological variations of infection between sexes in humans exist due to cultural 

differences in the occupations and roles of men and women across the globe (Bundy, 1988; 

Zuk & McKean, 1996). In cattle, males tend to be slaughtered earlier due to faster growth and 

heavier carcass weights, and more males are sent to the feedlot than females, therefore, male 

cattle do not have the same opportunities for infection as female cattle. Barnes et al. (2007b) 

reported similar differences in kangaroos and Pullar and Marshall (1958) also reported 
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differences in the management of male and female cattle and attributed this to the difference in 

prevalence between the sexes. Unfortunately, variables such as management, breed, climate or 

host distribution that could have confounded this association of sex with hydatid disease were 

unmeasured and could not be accounted for within our models. Further research is required to 

investigate the effect of sex, including these potential confounders, on hydatid disease, and 

future studies should use data that have been collected using the reference standard for meat 

inspection for hydatid disease rather than routine meat inspection (Wilson et al., 2019b).  

Our study demonstrated that most cattle with hydatid disease have hydatid cysts reported 

in both the liver and lungs. This is consistent with multiple studies globally that have also 

shown that the liver and lungs are the main predilection sites for hydatid cysts in intermediate 

hosts (Ammann & Eckert, 1995; Barnes et al., 2007a; Lymbery et al., 1995; Regassa et al., 

2010). In Australian cattle, most studies report that infection solely in the liver occurs more 

often than infection solely in the lungs (Baldock et al., 1985a; Banks et al., 2006b; Small & 

Pinch, 2003). However, this finding is not always consistent, 85% of 870 infected cattle 

exported from Australia to Japan had cysts solely in the lungs (Guo et al., 2011). The increase 

in the proportion of cattle with both liver and lungs reported infected and the decrease in the 

proportion of liver-only infections with age is consistent with the findings of Baldock et al. 

(1985a). In our study, the proportion of reported lung-only infections decreased with age 

whereas, in the study by Baldock et al. (1985a), lung-only infections remained constant. One 

potential explanation for this is that cysts in the liver tissue are easier to identify than in 

pulmonary tissue, and, as cysts grow, they become easier to identify, and are therefore, reported 

more commonly in both the lungs and liver (Baldock et al., 1985a). Alternatively, Stoore et al. 

(2018) argued that comorbidity of liver fluke (Fasciola hepatica) and hydatid disease might 

influence the predilection site of hydatid cysts, leading to more cysts developing in the lungs 

instead of the liver. Although this latter argument is plausible, infection with liver fluke might 

also affect the detectability of hydatid cysts in the liver.   

Most cattle in our study had at least two organs infected with hydatid disease, therefore 

increasing the financial loss per animal. Although hydatid disease was not the main reason for 

the condemnation or downgrading of livers, it is possible that some livers had comorbidity with 

liver fluke which was reported instead of hydatid disease. Additionally, kidneys infected with 

hydatids were only reported from May 2016; prior to this they were categorised in the ‘other’ 
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category. Therefore, the proportion of cattle with more than one organ infected for the duration 

of the study period is probably underestimated. 

One limitation of the current study was the focus on one abattoir and consequently that 

the cattle are not a true random sample of the population at risk (healthy cattle selected for the 

human food-chain). An abattoir study was chosen because it is an economical method to collect 

large amounts of information on individual animals and disease, and there is currently no 

accurate method to detect hydatid disease in live cattle (Pullar & Marshall, 1958). However, 

the large number of cattle from all dentition groups, both sexes and cattle from many regions 

throughout Australia (Supplementary Table 5.1, Appendix C), as well as the long duration of 

the study, are likely to make this survey more representative than previous surveys (Baldock 

et al., 1985a; Banks et al., 2006b; Small & Pinch, 2003). Enøe et al. (2003) suggested that 

sensitivity and specificity of meat inspection is abattoir specific. The sensitivity and specificity 

parameters used to estimate true prevalence in this study were derived from livers of cattle 

slaughtered at a single abattoir, albeit the same abattoir. It is possible that the sensitivity and 

specificity of routine meat inspection to diagnose hydatid disease in organs other than the liver 

could give a different overall result to that from just focussing on infection in the liver. 

Additionally, the measurement bias arising from varying sensitivities and specificities in 

different groups of cattle made regression results difficult to interpret. However, we attempted 

to overcome this limitation by stratifying to groups of cattle in which sensitivity and specificity 

were similar. Overall, our results must be interpreted considering these limitations. 

 Conclusion 

As this study has demonstrated, abattoirs produce large amounts of data on individual 

cattle and the slaughter population. Results from this study have shown that apparent 

prevalence of hydatid disease derived from abattoir data is underestimated and the true 

prevalence of hydatid disease could be much higher than previously recognised. This study 

also demonstrated that sex might be associated with hydatid disease, but further 

characterisation of this association requires more research. The identification of infected cattle 

in almost all sampled regions, suggests that hydatid disease in Australian beef cattle might be 

more widespread than previously thought. The subsequent identification of clusters indicated 

periodic higher-than-expected prevalence of hydatid disease and might be the result of climatic 

events or periods when hosts of Echinococcus were more abundant. Improvement of hydatid 
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disease detection and reporting during post-mortem meat inspection is needed to increase the 

sensitivity and improve the accuracy of surveillance data. Consideration of measurement bias 

when analysing abattoir data is important to avoid under- or over-estimating prevalence, and 

misinterpreting risk factors for hydatid disease. Knowledge of the true prevalence, the organs 

affected, and the risk factors involved will be useful in determining the financial impact of this 

disease to the Australian beef industry and will assist in identifying high risk groups and 

interventions. 
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Chapter 6  
 

Assessment of the direct economic losses associated with hydatid 

disease (Echinococcus granulosus sensu stricto) in beef cattle 

slaughtered at an Australian abattoir 

 

Photo: Spleen, lungs and liver all removed from the same bovine animal and 

all infected with hydatid cysts. Source: Cara Wilson. 

Please note that the abattoir referred to in this chapter is the same abattoir as that in Chapters 3 

through 5. 

 

This chapter has been published: 

Wilson, C. S., Jenkins, D. J., Brookes, V. J., Barnes, T. S., & Budke, C. M. (2020). Assessment 
of the direct economic losses associated with hydatid disease (Echinococcus granulosus 
sensu stricto) in beef cattle slaughtered at an Australian abattoir. Preventive Veterinary 
Medicine. 176. doi: 10.1016/j.prevetmed.2020.104900 
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 Abstract 

Bovine hydatid disease, characterised by fluid-filled hydatid cysts, is regularly found in 

the offal of beef cattle at slaughter. Organs found to be infected at slaughter are removed to 

preclude them from entering the human food chain. The organs are either downgraded to pet 

food or condemned. Previous studies have focussed on total economic losses, but have not 

calculated the cost of disease per animal, which would be useful information for producers 

when determining how best to manage hydatid disease. This study estimated the direct losses 

associated with hydatid disease in beef cattle slaughtered at an Australian beef abattoir both at 

the population (all cattle slaughtered) and individual animal level. 

Data on annual prevalence of hydatid disease in beef cattle were obtained from an 

Australian abattoir for the years 2011–2017. The direct losses resulting from the condemnation 

and downgrading of offal infected with hydatid cysts at the abattoir were estimated using data 

stratified by age, sex and feed-type. Official and literature-based sources of organ weight and 

price were used to estimate direct losses associated with hydatid disease in beef cattle 

slaughtered at the abattoir. Uncertainty and variability in input parameters were represented 

using uniform distributions and Monte Carlo sampling was used to model output parameter 

uncertainty.  

Out of 1,097,958 beef cattle slaughtered between January 2011 and December 2017, 

97,832 (8.9%) were reported infected with hydatid disease. The median estimated direct loss 

to the abattoir for the duration of the study period was AU$655,560 (95% confidence interval 

[CI] AU$544,366–787,235). This equated to approximately AU$6.70 (95% CI AU$5.56–8.05) 

lost per infected animal. The annual median estimated direct losses due to hydatid disease at 

the abattoir were AU$93,651 (95% CI AU$77,767–112,462). Direct losses varied each year of 

the study and ranged from AU$38,683 in 2016 to AU$163,006 in 2014. 

This estimate of the direct losses associated with bovine hydatid disease most likely 

underestimates the true extent of the overall losses because indirect losses such as reduced 

carcass weights were not estimated in this study. Nevertheless, these estimates illustrate the 

negative economic impact of bovine hydatid disease and demonstrate that improved 

surveillance to enable control of hydatid disease should be considered both in Australia and 

globally. It would be worthwhile to estimate the losses in other beef abattoirs for the same time 
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period to compare results, and to investigate the cost-benefit of control programs for bovine 

hydatid disease. 

 Introduction 

The parasitic zoonosis, hydatid disease, is caused by infection with the larval stage of the 

Echinococcus granulosus tapeworm. The adult tapeworm resides in the small intestine of the 

definitive host (carnivores, such as domestic and wild dogs, dingoes and foxes) and eggs are 

excreted in the faeces (Jenkins & Macpherson, 2003; Jenkins & Morris, 2003). Intermediate 

hosts (such as sheep and cattle) become infected by accidentally consuming eggs whilst grazing 

contaminated pasture, or licking their muzzle or coat where coprophagous flies have deposited 

eggs (Lawson & Gemmell, 1990; Wachira et al., 1991). Once in the stomach of the intermediate 

host, the eggs hatch, each releasing a larva (oncosphere) that penetrates the gut wall. The 

oncospheres are passively transported via the blood stream to various organs, including the 

liver or lungs, where, over several years, they develop into fluid-filled hydatid cysts (Heath, 

1971; Schantz et al., 1995). Identification of hydatid cysts in the organs of livestock during 

post-mortem meat inspection leads to downgrading (to pet food) or condemnation (rendering 

– the process by which the moisture content is evaporated from the organ and the fat and protein 

content are separated to produce meat meal, fertiliser and tallow) of the affected organ 

(Australia and New Zealand Food Regulation Ministerial Council. Food Regulation Standing 

Committee, 2007; Banks et al., 2006b; Roberts, 1982). Parasitic diseases, such as hydatid 

disease, can lead to major economic losses to livestock industries through lost productivity, 

reduced market access resulting from a reputation of hydatid-infected meat products, and 

condemnation of infected carcasses and organs (Bisset, 1994; Chick, 1979; Torgerson & 

Dowling, 2001).  

The Australian beef industry makes an important contribution to the Australian economy. 

In 2017–18, the gross value of Australian cattle and calf production and live cattle exports was 

$11.4 billion (ABARES, 2018a). The industry produces approximately three percent of the 

world’s beef supply, making Australia the third largest exporter of beef in the world (United 

States Department of Agriculture, 2017). The Australian beef industry has an international 

reputation for high quality beef products. Hydatid disease could impact this reputation through 

potentially reduced quality of meat and transmission of E. granulosus to naïve definitive and 
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intermediate host populations in recipient countries (Kumaratilake & Thompson, 1982; 

Valieva et al., 2014). 

Direct economic losses (condemnation and downgrading of organs) and possible indirect 

losses (for example, reduced carcass weight or meat quality) resulting from infection of 

livestock with hydatid cysts have been estimated to be substantial (Budke et al., 2006; Cardona 

& Carmena, 2013; Majorowski et al., 2005). Hydatid disease has been shown to have a 

substantial global impact. Budke et al. (2006) estimated the global annual livestock production 

losses to be between US$141,605,195 (assuming no underreporting of hydatid disease) and 

US$2,190,132,464 (assuming underreporting of hydatid disease). Studies that have assessed 

the economic impact of disease to capture both the human and agricultural effects of hydatid 

disease have been undertaken in a number of countries including the United Kingdom 

(Torgerson & Dowling, 2001), Spain (Benner et al., 2010), Tunisia (Majorowski et al., 2005), 

Jordan (Torgerson et al., 2001), and Uruguay (Torgerson et al., 2000). Variations in 

demographics, prevalence of disease, economic patterns and markets, resource availability, and 

economic and agricultural systems, exist between countries and regions (Benner et al., 2010; 

Perry & Randolph, 1999). Therefore, it is important to evaluate the economic impacts of 

hydatid disease in individual countries or regions to account for these variations and to 

determine the best approach for control in a designated area. Direct comparisons of loss 

estimates for different countries, or even different regions in a country, are difficult to evaluate. 

Although new methods are becoming available to better enable comparisons, for example the 

zDALY which combines disability adjusted life years (DALYs) and an animal loss equivalent 

(ALE) incorporating animal-associated monetary impact (Torgerson et al., 2018), use of this 

method was out of the scope of this study, but could be used in future studies. 

Hydatid disease in Australian cattle is endemic, and economic losses at the population 

level and at an individual animal level are thought to be substantial. Previous studies have 

reported prevalences in cattle from particular regions such as 16% in northern Queensland 

(Banks et al., 2006b) and 15% prevalence in southern Queensland (Baldock et al., 1985a), and 

in particular sub-groups of cattle, such as older cattle (52.2%; Baldock et al., 1985a) and those 

that are grass-fed (18.9%; Roberts, 1982). A more recent study using data from 2010 to 2018 

showed that hydatid disease in Australian beef cattle is highly prevalent and widespread 

(Wilson et al., 2019c). The study demonstrated that infected beef cattle are found in almost all 

regions of New South Wales, Queensland, the Northern Territory, the Australian Capital 
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Territory, as well as some regions in South Australia and Victoria; and true prevalence across 

this entire area (for all age-groups and both sexes) was estimated to be 33% (95% CI 24–44%; 

Wilson et al., 2019c).  

Studies to identify risk factors for hydatid disease in Australian cattle are numerous 

(Baldock et al., 1985a; Banks et al., 2006b; Gemmell & Brydon, 1960; Roberts, 1982). Despite 

the identification of risk factors, such as age, sex or feed-type (grass- or grain-fed), previous 

studies have not analysed the economic losses for stratified groups of cattle to account for the 

variations of prevalence in age, sex or feed-type groups. But, hydatid disease has been 

identified as the greatest source of economic loss in grass-fed cattle slaughtered at a 

Queensland abattoir (Roberts, 1982). Additionally, hydatid disease can affect multiple organs 

in cattle. The liver and lungs are the most commonly infected organs in cattle (Baldock et al., 

1985a; Banks et al., 2006b), but cattle might have any combination of organs (such as kidneys, 

spleen and heart) affected with hydatid cysts (Wilson et al., 2019c), therefore, increasing the 

total economic losses to the abattoir and in individual cattle.  

In Australia, the most recent estimates of the economic impacts of hydatid disease in 

Australian beef cattle were estimated from data preceding the 1990s (Banks et al., 2006b; 

Gemmell & Brydon, 1960; Roberts, 1982) and are, therefore, no longer current. They were also 

limited geographically; for example, northern (Banks et al., 2006b) and southern Queensland 

(Roberts, 1982), and New South Wales (Gemmell & Brydon, 1960). Studies to estimate the 

current economic impact of bovine hydatid disease are important to determine whether further 

implementation of control programs in Australian beef cattle is economically viable. 

The objectives of this study were to provide current estimates of the direct economic 

losses associated with bovine hydatid disease in an Australian abattoir at population and 

individual animal level (overall and for groups of cattle stratified by age, sex and feed-type) to 

determine the relevance of this disease to both abattoir operators and beef producers.  

 Materials and methods 

The Charles Sturt University Human Ethics Committee (protocol number 400/2016/12) 

approved the collection of data for this study. Cattle were not slaughtered for the purpose of 

this study. Therefore, animal ethics approval was not required. 
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 Study population and number of infected organs 

A previous study obtained data on hydatid disease reported in beef cattle at routine meat 

inspection from an eastern Australian abattoir for the years October 2010–April 2018 (Wilson 

et al., 2019c). For the purpose of this study, these data were restricted to the 2011–2017 

calendar years. This abattoir was selected due to the wide geographic area from which cattle 

were sourced (all states and territories), and its high throughput (approximately 300,000 cattle 

per year).  

The abattoir collects data on all animals as follows: sex (male, female), hot standard 

carcass weight (carcass weight following standard trim within two hours of slaughter, hereafter 

referred to as carcass weight), feed-type (grass or grain-fed), and organ dispositions (whether 

the organ is condemned [organ deemed unfit for human consumption and rendered] or 

downgraded [organ deemed unfit for human consumption but can be recovered for animal 

food]) (Australia and New Zealand Food Regulation Ministerial Council. Food Regulation 

Standing Committee, 2007). Kidneys infected with hydatid cysts were only reported through 

meat inspection since May 2016 (prior to this, kidneys infected with hydatid cysts were 

reported as ‘other’). Dentition, which was used as a proxy for age, was also included and was 

classified as: zero-teeth (<18 months), two-teeth (18–30 months), four-teeth (24–36 months), 

six-teeth (30–42 months), seven-teeth (36–48 months), and eight-teeth (>42 months; Meat and 

Livestock Australia, 2014). For the analyses, cattle with seven-teeth were combined with those 

with eight-teeth due to the similar age-range and the small number of seven-tooth cattle. Cattle 

for which sex was not specified (unsexed, n = 116) or those for which dentition was not 

specified (n = 1) were excluded from the analysis. Additionally, cattle were excluded from the 

analysis if they had carcass weights <50kg because this was most likely a data entry error or 

cattle were <6 months old (n = 560).   

The presence of hydatid cysts in an organ is one reason for it being condemned or 

downgraded (Australia and New Zealand Food Regulation Ministerial Council. Food 

Regulation Standing Committee, 2007). However, the decision for which disposition is applied 

to the organ is at the discretion of the meat inspector. The number and type of organs 

downgraded or condemned were reported overall and for groups stratified by dentition (age), 

sex, and feed-type. Table 6.1 shows the population sizes and number of infected organs used 

to evaluate direct losses due to hydatid disease at the abattoir. Supplementary Table 6.1 
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(Appendix D) shows the population sizes and percentage infected in each stratified group each 

year of the study.  

Summary statistics were calculated using R (R Core Team, 2018). Summary statistics 

described the number and types (dentition, sex, and feed-type) of cattle slaughtered, the number 

and types of cattle infected with hydatid disease, and the organs affected overall and in groups 

stratified by sex, dentition, and feed-type. Summary statistics for continuous variables were 

presented as mean ± standard deviation unless stated otherwise (Normality of data was assessed 

by observing histograms). Prevalence of hydatid disease as reported by routine meat inspection 

was calculated for the total population and for stratified groups. 

 

Table 6.1 Population sizes and number of condemned or downgraded organs used to parameterise a model to 
estimate the direct economic losses associated with bovine hydatid disease at an eastern Australian abattoir, 
2011–2017. 

Parameter Distribution Value 
Total population Fixed 1,097,958 
Zero-tooth cattle Fixed 441,751 
Two-tooth cattle Fixed 257,736 
Four-tooth cattle Fixed 151,176 
Six-tooth cattle Fixed 85,192 
Seven/Eight-tooth cattle Fixed 162,103 
Male cattle Fixed 580,757 
Female Cattle Fixed 517,201 
Grass-fed cattle Fixed 648,311 
Grain-fed cattle Fixed 449,647 
Number of organs reported with hydatid Fixed 177,500 
Number of downgraded livers due to hydatid Fixed 63,705 
Number of condemned livers due to hydatid Fixed 30,489 
Number of downgraded lungs due to hydatid Fixed 63,695 
Number of condemned lungs due to hydatid Fixed 16,943 
Number of downgraded hearts due to hydatid Fixed 645 
Number of condemned hearts due to hydatid Fixed 152 
Number of downgraded spleens due to hydatid Fixed 1,536 
Number of condemned spleens due to hydatid Fixed 130 
Number of downgraded kidneys (pairs) due to hydatid Fixed 12 
Number of condemned kidneys (pairs) due to hydatida Fixed 193 

a Kidneys reported infected with hydatid cysts only reported since May 2016. 
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 Economic parameters 

The prices/kg retrieved for edible organs vary weekly, but prices/kg for condemned and 

downgraded organs remain relatively constant. The weights of clean and downgraded organs 

were estimated as a percentage of carcass weight. The minimum and maximum percentages of 

carcass weight used were derived from the literature (Apple et al., 1999; Fitzsimons et al., 

2014; McLeod et al., 2007; Ockerman & Basu, 2010; Roberts, 1982; Scheaffer et al., 2001; 

Uzal et al., 1998). Condemned organ weights were the weights following the rendering process. 

The weight of condemned organs was calculated as a percentage of the original organ weight. 

The minimum and maximum percentages of clean organ weight were derived from the 

literature (Johnson, 1980). Uniform distributions were applied to the values to account for 

uncertainty. In calculating the losses due to condemned and downgraded organs, distributions 

of the economic returns ($/kg) for each organ type were obtained from the abattoir for each 

year of the study. To account for the variability in prices for the various markets the abattoir 

sells into, uniform distributions of prices, based on the minimum and maximum price received 

by the abattoir, were applied to clean, downgraded and condemned (following rendering) 

organs for each of the stratified groups. Table 6.2 and Table 6.3 show the overall organ weight 

and price parameters, respectively, used to estimate the direct economic losses associated with 

bovine hydatid disease. Supplementary Table 6.2 (Appendix D) shows the organ price 

parameters for each year of the study.  
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Table 6.2 Upper and lower bounds of uniform distributions of clean and downgraded organ weight as a 
percentage of carcass weight, and condemned (after rendering) organ weight as a percentage of clean organ 
weight used to estimate economic losses resulting from infection with hydatid disease at an eastern Australian 
abattoir, 2011–2017. 

Organ Clean or downgraded 
organs 

Condemned organs after 
rendering 

References 

 Minimum 
percentage 
of carcass 
weight (%) 

Maximum 
percentage 
of carcass 
weight (%) 

Minimum 
percentage of 
clean organ 
weight (%) 

Maximum 
percentage of 
clean organ 
weight (%) 

 

Liver 1.0 2.9 0.3 0.32 (Apple et al., 1999; Fitzsimons et al., 
2014; McLeod et al., 2007; 
Ockerman & Basu, 2010; Roberts, 
1982; Scheaffer et al., 2001; Uzal et 
al., 1998) 

Lungs 0.4 1.9 0.21 0.23 (Apple et al., 1999; Fitzsimons et al., 
2014; McLeod et al., 2007; 
Ockerman & Basu, 2010) 

Heart 0.3 0.77 0.29 0.32 (Apple et al., 1999; Fitzsimons et al., 
2014; McLeod et al., 2007; 
Ockerman & Basu, 2010; Scheaffer 
et al., 2001) 

Kidneys 0.07 0.55 0.20 0.23 (Apple et al., 1999; Fitzsimons et al., 
2014; McLeod et al., 2007; 
Ockerman & Basu, 2010; Scheaffer 
et al., 2001; Uzal et al., 1998)  

Spleen 0.1 0.34 0.22 0.24 (Apple et al., 1999; Fitzsimons et al., 
2014; McLeod et al., 2007; 
Ockerman & Basu, 2010)  
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Table 6.3 Price parameter range ($/kg) used to define uniform distributions and estimate the economic losses 
associated with bovine hydatid disease at an eastern Australian abattoir, 2011–2017. 

Organ Disposition Minimum ($/kg) Maximum ($/kg) 
Grass-fed Livers Clean 0.5 3.2 
 Downgraded 0.65a 1.25 
 Condemned 0.5 1.0 
Grain-fed Livers Clean 0.5 3.2 
 Downgraded 0.14 1.2 
 Condemned 0.14 1.2 
Lungs Clean 0.65 1.7 
 Downgraded 0.55 0.95 
 Condemned 0.03 0.1 
Hearts Clean 1.8 3.5 
 Downgraded 0.8 1.5 
 Condemned 0.03 0.1 
Spleens Clean 0.5 1.7 
 Downgraded 0.03 0.1 
 Condemned 0.03 0.1 
Kidneys Clean 0.55 2.2 
 Downgraded 0.2 0.65 
 Condemned 0.2 0.65 

a Livers downgraded to pet food are sometimes worth more than clean organs, but this is dependent on the market. 

 Evaluation of direct economic losses 

A model to evaluate direct economic losses was built and implemented in Excel® 

spreadsheets (Microsoft, 2016) equipped with the @Risk© (version 7.6.0) statistical add-in 

(Palisade Corporation, 2016). Economic values were in Australian dollars (AU$). To estimate 

the total losses due to condemned and downgraded offal, we calculated the lost revenue 

according to the weight and market value of the liver, lungs, heart, kidney and spleen in each 

stratum of cattle identified at slaughter (cattle stratified by dentition [age], sex, and feed-type).   

Outputs produced included the total direct losses to the abattoir for the study period and 

annually, and direct losses for individual cattle. Outputs were estimated for the total population 

and for groups stratified by age, sex and feed-type. The direct loss resulting from hydatid 

disease was calculated as the difference between what would have been obtained should all 

organs be clean and the price estimated to have been received for condemned (following 

rendering) or downgraded organs. Total direct losses resulting from the condemnation and 

downgrading of organs due to hydatid disease, were calculated by summing all of the 

constituent components (losses for downgraded and condemned livers, lungs, hearts, kidneys 
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and spleens) for each of the stratified groups each year (Supplementary Eq. 6.1, Appendix D). 

Monte Carlo simulation with 10,000 iterations was performed to model output parameter 

uncertainty (Carabin et al., 2005). Using Monte Carlo simulation, for each iteration, a random 

sample of input parameter values is simultaneously drawn from each distribution to obtain a 

value for the direct economic losses due to hydatid disease. Median and 95% confidence 

intervals (CI) for direct losses were obtained for each output. The direct losses per individual 

animal were calculated two ways: 1. per infected animal, and 2. per slaughtered animal 

(including both infected and uninfected).  

A sensitivity analysis using step-wise linear regression was conducted to assess the 

impact of each input variable on the outputs (total loss estimate to the abattoir for all years and 

the overall direct economic loss in individually infected animals). Estimates from the models 

and subsequent figures were generated using the @Risk© software (Palisade Corporation, 

2016). Tornado graphs were used to demonstrate the impact of inputs on the outputs. The 

direction of the bars indicates whether the impact is positive (right) or negative (left). The 

length of the bar and the respective coefficient indicates the size of this impact. The output will 

increase by the coefficient × k standard deviations for every k fraction of an increase in standard 

deviation of the input. 

 Results 

The mean number of cattle slaughtered each year was 156,851 ± 35,674 (range 124,844–

208,516). The mean carcass weight of the population was 278.3 ± 85.3 kg (range 50.0–694.8 

kg). Hydatid disease was reported in at least one organ of 97,832 cattle (8.9%) over the duration 

of the study. The mean number of infected cattle each year was 13,977 ± 6,972 (range 7,656–

27,879). Most infected cattle (77.0%) had at least two organs infected. The combination of 

liver and lungs was the most frequent combination of organs (76.7%; 75,069/97,832).  

The estimated overall direct economic loss due to bovine hydatid disease at the abattoir 

was AU$655,560 (95% confidence interval [CI] AU$544,366–787,235; Table 6.4) for the 

years 2011–2017. The annual median loss estimate for offal condemnation and downgrading 

was AU$93,651/year (95% CI AU$77,767–112,462). However, direct losses varied each year 

of the study and ranged from a minimum loss of AU$38,683 in 2016 to a maximum of 

AU$163,006 in 2014 (Table 6.4). 
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Direct economic losses due to organ condemnation were approximately 76% of the total 

direct loss due to bovine hydatid disease at the abattoir. The direct economic losses associated 

with organs condemned due to hydatid disease were estimated at AU$500,299 (95% CI 

AU$418,208–605,107). Direct economic losses due to condemned livers constituted most of 

this loss estimate (56%; AU$278,055; 95% CI AU$218,954–355,285) and 42% of the overall 

direct economic losses to the abattoir. The direct economic losses associated with organs 

downgraded due to hydatid disease were estimated at AU$152,427 (95% CI AU$87,685–

234,436). Direct economic losses due to liver downgrades constituted most of this loss estimate 

(85%; AU$129,013; 95% CI AU$65,280–209,267) and 20% of the overall direct economic 

losses to the abattoir. Estimated direct losses associated with condemnation and downgrading 

of infected offal each year can be found in Table 6.5. Infected eight-tooth, grass-fed females 

were responsible for 41% (AU$266,093; 95% CI AU$166,901–387,343) of the total overall 

direct economic losses due to bovine hydatid disease at the abattoir (Table 6.6).  

At an individual level, the direct losses due to condemnation and downgrading of organs 

in infected cattle amounted to AU$6.70/infected animal (95% CI AU$5.56–8.05). Eight-tooth, 

grain-fed males had the greatest losses among individual infected cattle (AU$11.34/infected 

animal; 95% CI AU$7.69–15.60; Table 6.6). When including all slaughtered cattle (infected 

and uninfected), the direct losses due to condemnation and downgrading of organs was 

estimated to be AU$0.60/animal (95% CI AU$0.50–0.72). However, due to high hydatid 

disease prevalence, the losses were greatest in eight-tooth, grass-fed males with losses 

estimated to be AU$3.35/animal (95% CI AU$2.13–4.87). Table 6.6 shows the loss per 

infected animal and loss per slaughtered animal for each stratified group of cattle.    

Fig. 6.1 and Fig. 6.2 illustrate the impact of uncertain parameters and the corresponding 

regression coefficient values on the total economic losses of hydatid disease on the abattoir and 

individual infected animals, respectively, for the entire study period. The length of the bars and 

respective coefficients indicated that the price of clean livers ($/kg) in eight-tooth, female, 

grass-fed cattle in 2015 had the largest impact on both the overall direct losses to the abattoir 

due to hydatid disease and the direct losses in individual infected cattle.  
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Table 6.4 Median economic losses associated with bovine hydatid disease at an eastern Australian abattoir, 2011–2017. 

 2011 2012 2013 2014 2015 2016 2017 Total 
 AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) 
Losses to 

the abattoir 

95,798 

(69,022–135,323) 

84,989 

(58,736–125,199) 

150,542 

(105,590–

221,258) 

163,006 

(118,457–

228,721) 

66,324 

(23,046–133,146) 

38,683 

(13,253–77,752) 

41,463 

(12,219–87,863) 

655,559 

(544,366–

787,235) 

Losses per 

infected 

animal 

8.03  

(5.79–11.34) 

7.96  

(5.50–11.72) 

8.76  

(6.14–12.87) 

5.85  

(4.25–8.20) 

4.65  

(1.61–9.33) 

5.05  

(1.73–10.16) 

5.04  

(1.48–10.67) 

6.70  

(5.56–8.05) 

Losses per 

slaughtered 

animal 

0.75  

(0.54–1.06) 

0.64  

(0.44–0.94) 

0.85  

(0.60–1.25) 

0.78  

(0.57–1.10) 

0.34  

(0.12–0.68) 

0.30  

(0.10–0.59) 

0.33  

(0.10–0.70) 

0.60  

(0.50–0. 72) 
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Table 6.5 Median economic losses for organs condemned and downgraded due to bovine hydatid disease at an eastern Australian abattoir, 2011–2017. 

Organ Disposition 2011 2012 2013 2014 2015 2016 2017 Total 
  AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) AU$ (95% CI) 
Liver Downgraded 369 (109–686) 109 (40–196) 83 (32–149) 1,697(0–4,838) 53,497 

(12,242–
116,454)  

33,463 (8,811–
70,661) 

35,783 (7,494–
80,213) 

129,013 
(65,280–
209,267) 

Condemned 53,199 (34,672–
85,254) 

47,704 
(30,271–
80,075) 

91,906 (57,023-
151,827) 

74,143 
(50,702–
112,955) 

1,581 (767–
3,301) 

1,156 (528–
2,455) 

737 (307–
1,636) 

278,055 
(218,954–
355,285) 

Lungs Downgraded 42 (18–88) 46 (22–92) 29 (13–52) 3,511 (1,825–
6,880) 

9,993 (2,843–
23,117) 

3,225 (637–
8,211) 

4,062 (899–
10,489) 

22,140 
(12,257–
36,696) 

Condemned 40,384 (27,294–
62,241) 

35,149 
(22,720–
57,719) 

55,934 
(36,522–
88,227) 

80,818 
(53,626–
124,930) 

404 (195–814) 182 (92–365) 150 (63–327) 218,339 
(172,451–
276,521) 

Heart Downgraded 2.13 (0.51–4.37) 3.66 (1.50–
6.45) 

3.00 (1.42–
5.30) 

27 (15–47) 52 (30–89) 94 (45–189) 60 (33–112) 251 (178–356) 

Condemned 320 (210–499) 290 (193–443) 271 (177–418) 403 (254–629) 187 (117–308) 83 (55–130) 94 (60–148) 1,687 (1,392–
2,044) 

Kidneysa Downgraded 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 70 (31–154) 68 (22–180) 148 (73–274) 

Condemned 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 8.22 (3.37–
16.23) 

5.09 (1.65–
12.03) 

13.84 (6.98–
23.67) 

Spleen Downgraded 0 (0–0) 0.95 (0.29–
2.42) 

0.64 (0.20–
1.59) 

6.72 (3.24–
13.83) 

40.94 (23.80–
71.50) 

14.94 (9.48–
24.20) 

9.56 (4.50–
19.58) 

76 (55–109) 

Condemned 79 (47–134) 118 (66–225) 252 (160–420) 410 (249–690) 25 (15–43) 9.82 (5.33–
18.29) 

2.69 (0.86–
6.54) 

923 (696–
1,244) 

Total Downgraded 416 (156–736) 162 (85–261) 117 (62–187) 5,379 (2,213–
9,976) 

64,098 
(21,571–
129,081) 

37,248 
(12,356–
74,946) 

40,490 
(11,539–
85,822) 

152,427 
(87,685–
234,436) 

Condemned 95,386 (68,732–
134,694) 

84,823 
(58,606–
124,936) 

150,430 
(105,499–
221,069) 

157,853 
(115,562–
218,840) 

2,244 (1,300–
4,083) 

1,455 (791–
2,787) 

1,004 (523–
1,946) 

526,767 
(418,208–
605,107) 

a Kidneys reported infected with hydatid cysts only reported since May 2016. 
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Table 6.6 Economic losses associated with the condemnation and downgrading of organs infected with hydatid disease at an eastern Australian abattoir, 2011–2017. 

Group Number of cattle  
(% cattle with ≥1 
infected organ) 

Mean HSC Weight in 
kg (SD)  

AU$ lost overall at abattoir 
(95% CI) 

AU$ lost per infected 
animal (95% CI) 

AU$ lost per 
slaughtered animal 
(95% CI) 

Zero-tooth Male Grain 117,671 (1) 313.2 (59.6) 10,627 (6,358–15,785) 7.58 (4.53–11.26) 0.09 (0.05–0.13) 

Zero-tooth Male Grass-fed 117,867 (3) 232.0 (68.3) 22,603 (13,543–34,530) 5.85 (3.50–8.93) 0.19 (0.11–0.29) 

Zero-tooth Female Grain-fed 40,459 (2) 240.0 (47.7) 5,066 (3,125–7,587) 5.72 (3.53–8.56) 0.13 (0.08–0.19) 

Zero-tooth Female Grass-fed 165,754 (3) 186.8 (46.8) 21,990 (13,484–33,338) 4.72 (2.89–7.15) 0.13 (0.08–0.20) 

Two-tooth Male Grain-fed 102,545 (2) 351.6 (56.2) 15,991 (9,853–23,156) 8.81 (5.43–12.76) 0.16 (0.10-0.23) 

Two-tooth Male Grass-fed 68,179 (7) 303.2 (49.3) 34,603 (22,407–49,271) 7.61 (4.93–10.84)  0.51 (0.33–0.72) 

Two-tooth Female Grain-fed 39,792 (3) 297.2 (70.1) 7,564 (4,608–11,378) 7.47 (4.55–11.24) 0.19 (0.12–0.29) 

Two-tooth Female Grass-fed 47,220 (7) 237.1 (49.0) 18,916 (11,967–27,812) 5.90 (3.74–8.68) 0.40 (0.25–0.59) 

Four-tooth Male Grain-fed 51,566 (3) 383.9 (57.9) 16,592 (10,882–23,300) 10.35 (6.79–14.54) 0.32 (0.21–0.45) 

Four-tooth Male Grass-fed 38,712 (12) 307.4 (54.9) 33,351 (21,025–48,702) 7.37 (4.65–10.76) 0.86 (0.54–1.26) 

Four-tooth Female Grain-fed 33,067 (3) 343.5 (68.0) 8,989 (5,731–13,106) 8.92 (5.69–13.00) 0.27 (0.17–0.40) 

Four-tooth Female Grass-fed 27,831 (11) 241.3 (54.1) 18,236 (11,080–27,357) 5.75 (3.49–8.62) 0.66 (0.40–0.98) 

Six-tooth Male Grain-fed 28,435 (4) 402.2 (58.4) 14,080 (9,295–19,800) 11.13 (7.35–15.65) 0.50 (0.33–0.70) 

Six-tooth Male Grass-fed 21,329 (22) 312.2 (59.7) 35,221 (22,089–51,516) 7.67 (4.81–11.21) 1.65 (1.04–2.42) 

Six-tooth Female Grain-fed 16,724 (4) 351.1 (64.2) 6,888 (4,287–10,131) 9.39 (5.84–13.80) 0.41 (0.26–0.61) 

Six-tooth Female Grass-fed 18,704 (18) 237.1 (51.8) 19,589 (11,877–29,388) 5.83 (3.52–8.70) 1.05 (0.64–1.57) 

Eight-tooth Male Grain-fed 11,653 (7) 409.1 (60.5) 9,029 (6,125–12,419) 11.34 (7.69–15.60) 0.77 (0.53–1.07) 

Eight-tooth Male Grass-fed 22,800 (39) 333.7 (68.0) 76,482 (48,634–110,949) 8.53 (5.42–12.38) 3.35 (2.13–4.87) 

Eight-tooth Female Grain-fed 7,735 (11) 341.2 (65.1) 8,485 (5,695–12,061) 9.76 (6.55–13.88) 1.10 (0.74–1.56) 

Eight-tooth Female Grass-fed 119,915 (38) 231.9 (50.7) 266,093 (166,901–387,343) 5.84 (3.67–8.51) 2.22 (1.39–3.23) 

Total 1,097,958 (8.9) 278.3 (85.3) 655,560 (544,366–787,235) 6.70 (5.56–8.05) 0.60 (0.50–0.72) 
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Fig. 6.1 Estimated normalised regression coefficients illustrating the associations between uncertain 
input parameters and the total losses resulting from the condemnation and downgrading of organs 
infected with hydatid cysts at an eastern Australian abattoir during the years 2011–2017. Input 
parameters shown on the graph are the 16 most influential parameters out of 3640 inputs and were all 
from the eight-tooth, female, grass-fed group. 

 
Fig. 6.2 Estimated normalised regression coefficients illustrating the associations between uncertain 
input parameters and the losses in individual infected cattle resulting from the condemnation and 
downgrading of organs infected with hydatid cysts at an eastern Australian abattoir during the years 
2011–2017. Input parameters shown on the graph are the 16 most influential parameters out of 3640 
inputs and were all from the eight-tooth, female, grass-fed group. 
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 Discussion 

To-date, this is the largest and most comprehensive study associated with bovine hydatid 

disease in Australian beef cattle that provides an estimate of the direct losses. Hydatid disease 

is not only a significant public health problem in many parts of the world, it also has a 

substantial impact on livestock industries (Budke et al., 2006; Majorowski et al., 2005). Studies 

that evaluate the economic losses of hydatid disease are important because they demonstrate 

the impact of disease, assist policy makers in making decisions regarding control strategies, 

and help producers determine the most cost-effective approach to managing the disease on their 

property. Additionally, although cattle are considered accidental hosts, only playing a small 

role in continuing transmission (compared to sheep and macropods), Guo et al. (2011) 

identified fertile hydatid cysts in cattle imported into Japan from Australia and highlighted the 

risk for establishment of the Echinococcus granulosus life cycle in Japan. Therefore, the 

presence of hydatid disease in beef cattle has implications for the Australian live export market 

and Australia’s reputation for a high quality product. 

This study differed from previous methodologies and estimates (Harandi et al., 2012; 

Torgerson & Dowling, 2001; Torgerson et al., 2001) by incorporating sex, feed-type, and age-

stratified frequency of bovine hydatid disease and by estimating organ weights for each of these 

sub-groups of cattle. Additionally, while some studies have restricted losses to condemnation 

and downgrading of livers and lungs (Benner et al., 2010; Borji & Parandeh, 2010; Moro et al., 

2011), this study included other infected organs such as hearts, kidneys and spleens. Although 

our estimates are more accurate due to stratifying the data, there are still further within-group 

variations in input parameters such as the weight and market prices of organs. However, using 

Monte Carlo simulation techniques, we were able to account for this variation.  

Prices of organs, carcass weights and organ weights of female, eight-tooth, grass-fed 

cattle had the greatest impact on both the total losses to the abattoir and in individual infected 

cattle. This is expected because older, female, grass-fed cattle are more commonly affected 

(Baldock et al., 1985a; Banks et al., 2006b; Roberts, 1982; Wilson et al., 2019c). The price of 

clean livers, specifically in 2015, had the greatest impact both on the total loss to the abattoir 

and in individual infected cattle. This is due to the maximum price of livers increasing by $2/kg 

in 2015 (Supplementary Table 6.2, Appendix D). Surprisingly, the number of cattle and the 

prevalence of hydatid disease in female, eight-tooth, grass-fed cattle had dropped since 2014. 
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This demonstrates that the value of livers will have a greater impact on the total economic 

losses to the abattoir and in individual infected cattle than the total number of slaughtered cattle 

or the prevalence of hydatid disease. Although the overall losses due to downgraded kidneys 

are underestimated (kidneys were only reported infected with hydatid disease since May 2016), 

we do not expect this to be significant due to the low prevalence of disease in this organ (Wilson 

et al., 2019c). 

When we investigated the economic impact per slaughtered animal (including both 

infected and uninfected cattle) we found that the losses were greatest in older, grass-fed cattle. 

This is expected because prevalence is usually higher in these animals (Banks et al., 2006b; 

Roberts, 1982; Wilson et al., 2019c). However, on an individual infected level, direct losses 

were greatest in older, grain-fed cattle. This is because infected cattle are typically older, 

heavier and have larger organs. We investigated losses out of all slaughtered cattle because 

treatment of hydatid disease is likely to be directed at all cattle in a herd (both infected and 

uninfected), rather than just those that are infected due to the lack of clinical signs. In 

comparison to our results, Roberts (1982) reported greater losses in grass-fed cattle. For 

downgraded livers in 2.5 year-old steers, Roberts (1982) estimated a loss of $0.08/head of 

grain-fed steers ($0.33/head in 2018 following inflation) and $0.46/head of grass-fed steers 

($1.98/head in 2018 following inflation). When compared using the 2018 figures to the 

equivalent cattle in our study, we found that the losses reported by Roberts (1982) were lower 

than our estimates for both grass- and grain-fed cattle; however, Roberts (1982) did not account 

for infection in other organs, and organs infected with hydatid disease were not condemned in 

their study.  

 Although we can estimate the direct losses actually incurred by the abattoir during the 

study period, abattoir data has been shown to underestimate the true prevalence of hydatid 

disease due to a low sensitivity of meat inspection (Wilson et al., 2019b) and does not consider 

home slaughter or animals that might die on farm. Therefore, possible indirect losses (such as 

reduced carcass weight, reduced fecundity or reduced meat quality), or losses that might be 

incurred on farm, could not be accounted for using abattoir data. The direct losses incurred by 

the abattoir only relate to the organs that meat inspectors deem unfit for human consumption, 

regardless of whether the organs are truly infected or not. In comparison, if indirect losses do 

occur, these will occur in truly infected animals regardless of whether the meat inspector 



130 

 

reports hydatid disease or not. Nevertheless, the estimates of direct losses incurred by the 

abattoir illustrate the negative impact of hydatid disease on the Australian beef industry.  

Economic losses associated with bovine hydatid disease are often associated with direct 

losses such as condemnation and downgrading of infected offal (Banks et al., 2006b; Budke et 

al., 2006; Moro et al., 2011), but these direct losses have previously been shown to be a small 

proportion (1–24%) of the possible total losses resulting from this disease in livestock (Benner 

et al., 2010; Sariozkan & Yalcin, 2009). Previous studies have shown that indirect losses might 

account for the majority of total economic loss due to hydatid infection in cattle (Benner et al., 

2010; Harandi et al., 2012). The value of condemned or downgraded organs, had they been fit 

for consumption, can be estimated with reasonable accuracy. Previous reports have not 

conducted experimental studies to assess the productivity losses or have referred to Polydorou 

(1981) who did not specify the species. Although reduced productivity in hydatid-infected 

livestock has been reported (Haftu & Kebede, 2014; Moro et al., 2011; Polydorou, 1981; 

Torgerson et al., 2000), and production losses have been reported for other parasitic diseases 

— such as liver fluke — in studies using large amounts of data (Sanchez-Vazquez & Lewis, 

2013), the evidence was considered too uncertain to be included in this study. Importantly, in 

Australia, cattle are sent for slaughter when they meet certain market specifications such as 

those based on weight. Therefore, even if the weight-gain of cattle is reduced by hydatid 

disease, producers will keep these cattle until they reach the desired weight. Weight differences 

at slaughter could be confounded by a variable that was not available, such as breed. Breed of 

cattle is often associated with geographic locality (Banks et al., 2006b), and smaller cattle 

breeds could be from areas where they are more likely to become infected with hydatid disease, 

such as marginal grazing areas with hosts such as wild dogs and macropods. It is also not 

possible to age cattle accurately using dentition. For example, cattle that have eight-teeth can 

be 3.5 years or older. Cattle that are 3.5 years old are likely to be in better body condition than 

older cattle (for example, cull cows) who are also more likely to have hydatid cysts. Therefore, 

differences in weight identified in the abattoir data used here could have many causes and 

cannot be unequivocally attributed to hydatid disease. Additionally, (Wilson et al., 2019a) 

found that most cattle slaughtered at the study abattoir had few and small cysts.  Although it is 

possible that production losses occur in cattle with many and large cysts, the presence of a 

single, small cyst is unlikely to have a negative impact on production. Unfortunately, cattle that 

had heavy infections could not be differentiated from those with light infections in the data. 
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Comorbidity of disease could also not be accounted for because only one disease is reported 

for each condemned or downgraded organ at the focus abattoir; therefore, the diagnosis of 

multiple conditions such as hydatid disease and fluke are not independent. Without knowing 

comorbidities of cattle included in our study, other diseases that could occur with hydatid 

disease might also have an impact on weight and cannot be accounted for. A better 

understanding of the effects of hydatid disease on productivity is required to more accurately 

estimate the financial losses resulting from hydatid disease for the abattoir, industry and 

producers. 

In the current study, overall losses to the abattoir, losses in stratified groups and losses in 

individual cattle varied each year, and the losses were difficult to compare with other studies 

both temporally and geographically. Gemmell and Brydon (1960) estimated losses of £93,000 

in 1955 in New South Wales from condemnation of livers (n = 153,130) and carcasses (n = 40) 

from cattle infected with hydatid cysts, a sum equivalent to AU$3,193,000 in 2018 following 

inflation. Banks et al. (2006b) estimated the economic losses associated with condemnation of 

offal infected with hydatid cysts to be $0.5 million per year to the Queensland beef industry 

using data from the 1980s. The variability of losses per year are impacted by the number of 

cattle killed, the number of cattle killed for each stratified group, the source of the cattle 

(varying prevalence), the value of the dollar and the market variability. For informative 

comparisons, estimates from different abattoirs or studies should ideally be compared for the 

same year of losses. Similar studies should be conducted in additional abattoirs in other parts 

of the country to obtain a clearer understanding of how this disease affects the entirety of the 

Australian beef industry.  

It is unrealistic to assume that the overall direct loss to the abattoir presented here can be 

extrapolated to other abattoirs or even the entire Australian beef industry. It is unlikely that 

other abattoirs experience the same prevalence of hydatid infection in their cattle populations, 

and the markets each abattoir sells into might vary. The abattoir used in this study is located in 

an endemic region and sources cattle throughout Australia. Other abattoirs could be located in 

endemic or non-endemic areas but might source cattle locally, or they might obtain higher or 

lower prices for their offal. Subsequently, the overall direct losses incurred by each abattoir 

will differ. These differences in markets and disease frequency make it difficult to compare our 

economic loss estimates with previous studies and estimates from other abattoirs.  
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Traditionally, studies that have evaluated the economic impact of hydatid disease in 

livestock have calculated the losses at the population level, but have not considered the loss 

per head (Benner et al., 2010; Torgerson & Dowling, 2001; Torgerson et al., 2001). Although 

calculating losses at the population level is useful for policy makers to make decisions 

regarding control strategies in the population, it is not helpful for producers who need to 

determine the most cost-effective method for managing disease on their farm. Therefore, future 

studies, conducted either in Australia or internationally, should consider estimating the losses 

in individual infected cattle to provide information that is relevant at the producer level. 

Despite our estimated losses at the individual level, it is unrealistic to expect the median 

individual direct loss presented here would be the actual dollar amount saved per animal if 

hydatid disease was prevented on a given farm. For example, previous studies have identified 

comorbidity of disease in some cattle infected with hydatid cysts (Wilson et al., 2019b). So, 

for cattle with comorbidities, these livers would be downgraded or condemned regardless and 

the loss in these individual cattle would still occur; therefore, our results might be 

overestimated. However, our estimates might also be underestimated because, at the abattoir, 

if an organ has few lesions, the lesions are trimmed, the trimmed portion is downgraded, and 

the organ is reported as ‘clean’ with no defect reported for that organ. However, this 

information is not reflected in the abattoir data and so was not accounted for in our study. 

Additionally, we made the assumption that all downgraded and condemned organs are 

considered an economic loss, but depending on the markets, sometimes the abattoir only 

requires a certain amount of edible organs. Once the quota for edible organs has been met, 

additional edible organs are still reported as ‘clean’ but are sold as pet food. Again, this is not 

recorded in the data and therefore our direct economic losses could be underestimated. There 

are additional losses which were not considered in this study, such as producer investment and 

farm management which might affect the prevalence on individual farms. For example, current 

costs that would already be affecting the prevalence of infection in cattle, and subsequently 

economic losses, include the treatment of domestic dogs, control of wild dogs, or where cattle 

are grazed (such as areas covered with bush).  

While the aggregate figure presented here is a substantial amount of money for one 

abattoir to lose, and might also be significant at a national level, it does not guarantee that 

producers will have adequate incentive to adopt control strategies. Control of hydatid disease 

is ultimately a farm-level activity. For example, deworming domestic dogs, on-farm wild dog 
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control or potentially vaccinating cattle, are costs that would be incurred by the producer. Farm 

management decisions are primarily around whether the control measure will influence 

economic return. In Australia, producers are paid for the carcass weight of their livestock, not 

the offal, and therefore, might see no reason to spend money on control strategies if hydatid 

disease does not affect the price they receive for their cattle. Although the direct losses 

presented here are borne by the abattoir, it is important to understand producers’ decision-

making around adoption of control strategies to ensure that new control strategies are cost 

effective and practical (Perry & Randolph, 1999).  

 Conclusion 

The economic evaluation presented here indicates that hydatid disease had a negative 

economic impact on the abattoir. The economic losses also demonstrate the importance of 

surveillance systems in which ongoing monitoring of hydatid disease in beef cattle populations 

can be used for the purpose of controlling the disease in cattle. Although the abattoir in the 

current study sourced cattle from a wide geographic range and the study was conducted over 

seven years, further economic analyses need to be conducted to determine whether similar 

losses are incurred at other abattoirs, and to evaluate whether a control program is economically 

viable in Australia. Implementation of control programs could help to decrease the prevalence, 

and therefore the economic impact, of hydatid disease in Australian cattle. Further studies need 

to be conducted to evaluate the impact of indirect losses (for example decreased productivity 

of hydatid infected cattle) that could increase economic losses and affect the economic return 

for beef producers globally.  
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Chapter 7  
 

 

Beef producers’ knowledge and attitudes relating to hydatid 

disease are associated with their control practices 

 

 

Photo: Australian beef cattle. Source: Cara Wilson. 
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 Abstract 

Despite available control strategies, hydatid disease in beef cattle has been shown to have 

a wider geographic range and higher prevalence than previously recognised in Australia. The 

aim of the current study was to determine whether producer knowledge and attitudes are 

associated with farm management practices that could influence transmission among domestic 

dogs, wildlife, livestock and humans. 

Between June and August 2019, a cross-sectional study was conducted among beef 

producers throughout Australia (N = 62). Producers were asked to complete an online survey 

to obtain information on their knowledge about hydatid disease, their attitudes towards the 

disease and their farm management practices that could affect transmission. Descriptive 

statistics were conducted to investigate potential predictors for practices that might influence 

transmission of the parasite. A Bayesian network (BN) model was then constructed to evaluate 

the interrelationships between variables.  

The results show that most respondents (87%; 54/62) had heard of hydatid disease. 

However, only 61% of respondents knew how hydatid disease is transmitted (38/62) and only 

half knew how to prevent transmission (52%; 32/62). Of respondents that knew that hydatid 

disease could affect humans (44/62), many did not think their family was at risk (46%, 20/44) 

because they dewormed their dogs and prevented their dogs’ access to offal. However, most 

respondents who owned dogs did not deworm their dogs frequently enough to prevent patency 

of Echinococcus granulosus infection (86%; 49/57). Almost all respondents (94%; 58/62) said 

they would take action if they found out their cattle were infected. BN analysis revealed that 

implementation of practices that could reduce the risk of hydatid disease transmission were 

associated with producers’ knowledge and attitudes. In the model, practices were most 

influenced by attitudes (percentage change in variance = 42%). All respondents in the “hydatid 

prevention” practices group were in the “good” knowledge group and the “less concerned” 

attitudes group. In comparison, most of the respondents in the “standard husbandry” practices 

group were in the “poor” knowledge group and the “more concerned” attitudes group.  

In summary, the results indicate that greater knowledge of hydatid disease among beef 

producers is associated with practices that reduce hydatid risk and attitudes of less concern 

about hydatid impact on properties. Therefore, increasing producer knowledge is warranted to 
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encourage adoption and improvement of hydatid prevention practices and would be well 

received by beef producers.  

 Introduction 

Hydatid disease in Australia is caused by Echinococcus granulosus sensu stricto 

(Thompson & Kumaratilake, 1982). The main definitive hosts in Australia include domestic 

and wild dogs, and dingoes (Baldock et al., 1985c; Jenkins & Morris, 2003). The main 

intermediate hosts in Australia are macropods, sheep and cattle (Banks et al., 2006b; Barnes et 

al., 2007b; Kumaratilake & Thompson, 1982).  

Domestic dogs are commonly kept as pets, as working dogs and for hunting purposes on 

rural properties in Australia (Jackson & Arundel, 1971). The prevalence and geographical 

distribution of hydatid-infected sheep in New South Wales was previously shown to be related 

to the occurrence of dogs infected with E. granulosus (Gemmell, 1958). Studies have reported 

prevalences of up to 31.5% of E. granulosus in domestic dogs from New South Wales and 

Victoria (Jenkins et al., 2006; Ross, 1926). Therefore, these infected dogs posed a public health 

risk due to the potential for transmission between dogs and humans. However, more recent 

studies conducted in rural dogs from New South Wales and Victoria found that the prevalence 

of E. granulosus in domestic dogs had declined (1.9%) (Jenkins et al., 2014); the authors 

suggested that this is probably due to educational programs and control practices for domestic 

dogs (such as deworming, and preventing dogs’ access to offal). Consequently, we would also 

expect that the prevalence of hydatid disease in cattle has also decreased.  

Although cattle cysts are rarely fertile, prevalence of hydatid disease in Australian cattle 

has recently been shown to be higher (estimated true prevalence = 33.0%), and the geographic 

range of infected cattle wider than previously recognised (Wilson et al., 2019c). Additionally, 

the burden of hydatid cysts (number and size) in individual cattle has not changed (Wilson et 

al., 2019a) despite the range of available control measures in domestic dogs. Although these 

results might be a reflection of transmission to cattle via the sylvatic cycle rather than the 

domestic cycle (Banks et al., 2006b; Durie & Riek, 1952), it also might reflect a lack of 

knowledge of producers about this disease in cattle and its control. Alternatively, producers 

might not be aware of the disease in their cattle or appreciate the financial or public health risks 

of hydatid disease. Therefore, they might not invest in control strategies that could prevent 
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transmission to cattle, dogs, wildlife or reduce risks to public health. Additionally, recent 

studies have reported that some producers still feed raw offal to their domestic dogs or were 

not aware that “offal” includes the heart and lungs and so might unintentionally feed hydatid-

infected offal to their dogs (Jenkins et al., 2014; Jenkins et al., 2006). Studies also reported that 

many producers did not deworm their domestic dogs as directed, predisposing their dogs to 

infection (Jenkins et al., 2014; Jenkins et al., 2006). Therefore, infected domestic dogs might 

still pose an infection risk to cattle and humans, and evaluation of Australian beef producer’s 

current knowledge, attitudes and practices associated with hydatid disease is necessary to 

identify whether further education is appropriate and required.  

Producers are at the front line of disease control in livestock throughout the world. 

Decisions on farm in relation to animal health and biosecurity are primarily driven by farmer 

attitudes, motivation, and costs (Fraser et al., 2010; Garforth et al., 2013; Gunn et al., 2008). 

Costs of control for hydatid disease are incurred by the producer whether control is in the form 

of managing wild dog and kangaroo populations or deworming domestic dogs. A recent study 

identified a financial loss of more than AU$90,000 per year to a single Australian abattoir 

(approximately 300,000 cattle annual throughput) due to condemnation and downgrading of 

infected offal (Wilson et al., 2020b), and the loss in infected animals was estimated to be 

approximately AU$7/infected animal (Wilson et al., 2020b). While this is a substantial amount 

of loss for the abattoir, and farm management decisions are often focussed around economic 

return, it does not guarantee that producers will have adequate incentive to adopt or maintain 

control strategies. At present in Australia, producers are typically only paid for the carcass 

weight of their cattle, not the offal, and therefore, might not be inclined to invest in control 

strategies for hydatid disease. However, hydatid disease is suspected of reducing productivity 

of infected cattle (Gemmell & Brydon, 1960; Polydorou, 1981), in which case, the farmer 

would be impacted financially. To ensure current or new control strategies are implemented 

appropriately, cost effective and practical, it is important to understand producer attitudes 

towards hydatid disease and the basis on which producers will choose whether or not to adopt 

control strategies (Perry & Randolph, 1999).  

Bayesian network (BN) analysis is a graphical modelling approach that allows the 

complex interrelationships between random variables to be explored and evaluated in a 

multidimensional manner unlike conventional multivariate techniques (Lewis & McCormick, 

2012). Although they are not causal models, BN analyses are appropriate for analysis of survey 



138 

 

data because all potentially dependent variables can be visualised and statistical associations 

can be defined in a holistic manner (Firestone et al., 2014; Manyweathers et al., 2019; Norsys 

Software Corp., 2018a). BN analysis has been used effectively to analyse survey data in a range 

of research areas including nursing (Tervo-Heikkinen et al., 2009), workplace risk (Martín et 

al., 2009), and veterinary epidemiology (Firestone et al., 2014; Manyweathers et al., 2019).  

The current study aimed to describe Australian beef producer knowledge, attitudes, and 

practices regarding hydatid disease and its prevention, and using BN analysis, determine 

whether the implementation of practices that reduce hydatid disease transmission is associated 

with producer knowledge and attitudes. A secondary aim was to determine if domestic dogs 

could still be a potential risk for hydatid disease transmission to cattle, considering the 

unknown uptake of currently available control strategies.  

 Materials and methods 

 Study area, design and selection of participants 

Between July and August 2019, a cross-sectional study using an online survey was 

conducted among Australian beef producers. The target population was beef producers located 

in Australia who could access the survey. We aimed for as many responses as possible from 

all states and territories over a six-week period. The survey was disseminated via a broad range 

of industry bodies (Supplementary Table 7.1, Appendix E). Inclusion criteria were that the beef 

producer must reside in Australia, must be at least 18 years of age, and must own or manage at 

least one bovine animal that is, or will be, used for beef production. Questions at the beginning 

of the survey excluded participants if they did not meet these criteria. 

A structured questionnaire (available in Supplementary material, Appendix F) 

comprising of both closed (n = 57) and open (n = 10) questions, was used to gather information. 

The questionnaire consisted of four sections: ‘demographics’, ‘knowledge of hydatid disease’, 

‘attitudes towards hydatid disease’, and ‘farm management practices’. Demographic questions 

included questions relating to the participant (age, sex, and education), location and size of the 

property, farming systems, and cattle populations’ and breeds on-farm. The knowledge section 

consisted of questions relating to hydatid disease transmission and life cycle, presentation of 

hydatid disease in cattle, and control of hydatid disease. The attitudes section included 
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questions relating to perceptions of public health risk, the risk to the respondent’s own cattle, 

financial impact, animal welfare, control of the parasite, and preferred sources of information. 

Finally, the practices section included questions about environments in which cattle are kept 

(for example, adjacent to bush land), the number of domestic dogs owned and their 

management, and deceased animal management (cattle, wildlife or pest species). The survey 

was piloted by five people to assess clarity and completion time and modified according to 

their feedback. The survey was estimated to take approximately 20–30 min to complete. The 

final version of the survey was administered using SurveyMonkey™ 

(http://www.surveymonkey.com) and managed by the Spatial Data Analysis Network (SPAN) 

at Charles Sturt University. The survey was open for six weeks, from 5 July until 16 August 

2019. 

 Survey distribution 

Various societies, government departments and businesses were contacted and requested 

to distribute the survey on behalf of the research team. If an organisation agreed to distribute 

the survey, an introductory paragraph outlining the project and what participation entailed was 

distributed by the organisation. Interested producers were directed to an online form of the 

survey to complete via a link or QR code. The method of distribution of the link to the survey 

(for example newsletters, email to their members, in-store, or through social media) was at the 

discretion of the organisation. The link to the survey was also distributed on Facebook and 

Twitter, and at the Graham Centre Livestock Forum on 26th July at which C.W. gave an oral 

presentation to producers and industry stakeholders. Organisations and platforms through 

which the survey was disseminated are listed in Supplementary Table 7.1 (Appendix E). The 

number of potential respondents was unknown due to the nature of the distribution of the 

survey; therefore, a response rate cannot be calculated.  

Participants who completed the survey had the opportunity to enter their contact details 

to receive a factsheet that was created at the conclusion of the study. To maintain anonymity, 

those who chose to provide contact details were redirected to a second survey to enter their 

contact details so that the details provided were not linked to survey responses. Any contact 

details provided were destroyed once factsheets were distributed. Factsheets were also freely 

available through social media platforms and the organisations who agreed to distribute the 

survey for those who did not wish to enter their contact details. 
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 Ethics statement 

Respondents were asked to acknowledge that they had read and understood the 

participant information sheet provided at the beginning of the online survey and agreed to 

proceed. Participation in the survey was entirely voluntary and anonymous. Consent to 

participating in this research was implied by participants completing the survey. The study, 

participant information sheet, and survey questions were approved by the Charles Sturt 

University Human Ethics Committee (protocol number H19168). 

 Statistical analysis 

Data from the online survey were downloaded into Excel (Microsoft, 2016) and checked 

for data entry errors. If several responses identified a specific ‘other’ response, an extra 

category was created. A number of variables were collapsed into fewer categories or combined 

to create new variables for the purpose of these analyses. The details of these variables are 

summarised in Supplementary Table 7.2 (Appendix E).  

Descriptive analyses were conducted in R (R Core Team, 2018) and were used to 

describe the overall demographics, knowledge, and attitudes of respondents. All data were 

categorical, therefore, descriptive analyses included frequencies and percentages.  

 Bayesian network analyses 

Bayesian network (BN) analyses were conducted to investigate associations between 

responses to knowledge, attitude and practice questions in the survey. A BN is a graphical 

representation, consisting of nodes and links, of a joint probability distribution of all variables 

included in the network. Each node represents a random variable and each link represents the 

probabilistic dependency between two associated variables (Kjærulff & Madsen, 2008). A BN 

approach was used for the data analyses so that the complex associations between the variables 

could be investigated. Because the joint distribution of all variables is represented by the BN 

model, any node can be selected as a target variable (similar to an ‘outcome’ variable in a 

regression model), and the expected probability distributions of other variables in the model 

can be assessed for a given state of the target variable. Additionally, values of variables can be 

fixed to determine the distribution of values within the target variable. This approach is 

appropriate because the probabilities associated with a variety of possible outcomes can be 
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estimated and it enables dependency relationships to be established between the different levels 

of knowledge, attitudes and practices (Norsys Software Corp., 2018a).  

The first step for determining the model structure was to define and select the observed 

variables to be included as nodes in the model. To do this, a number of variables were combined 

and simplified from the raw dataset. The variables used for the BN analysis are described in 

Table 7.1. Variables were only included in the BN analysis if they were believed to have an 

influence on a respondent’s choice to implement a practice. For example, the variable relating 

to where cattle are grazed (i.e. adjacent to bushland) was not included in the BN analysis 

because this is assumed to be reflective of the location of a respondent’s property. 
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Table 7.1 Variables included in a Bayesian Network model created to investigate the relationships between 
Knowledge, Attitudes and Practices of Australian beef producers about hydatid disease in Australian cattle in 
2019. 

Variable name Variable meaning Levels in BN model Level description 
Demographic variables 
 Education Highest level of 

education achieved 
Secondary school Secondary school  

 Cert 1 4 Certificate I, II, III, IV  
 Advan dip Advanced Diploma and 

Diploma 
 Bach deg Bachelor Degree 
 Grad dip Graduate Diploma and 

Graduate Certificate 
 Postgrad Postgraduate Degree 
 Other Other (please specify) 
 Size_property Size of property (ha) a10 49 10-49 
 b50 499 50-499 
 c500 4999 500-4999 
 d5000 or more 5000 or more 
 Beef_beefsheep Beef cattle only or 

beef cattle and sheep 
Beef sheep Beef and sheep 

 
 Beef Beef only 
 Number_beef Number of beef 

cattle 
a1 5 1-5 

 b6 20 6-20 
 c21 1000 21-1000 
 dMore 1000 More than 1000 
 Breed_group Breed group of cattle 

in respondents 
system 

B taurus comp Bos taurus breeds and 
composite or cross breeds  

 B taurus Bos taurus breeds 
 B taurus indicus comp Bos taurus breeds, Bos 

indicus breeds and 
composite or cross breeds 

 B indicus Bos indicus breeds 
 composite Composite or cross breeds 
 Operation Type of cattle 

operation 
Comm Commercial breeding 

 Trade Trade operation 
 Stud comm Stud breeding and 

commercial breeding 
 Comm trade Commercial breeding and 

trade operation 
 Stud Stud breeding 
 Comm oth Commercial breeding and 

other 
 Stud comm trade Stud breeding, commercial 

breeding and trade 
operation 

 Age Age of respondent in 
years 

a18_29 18-29 
 b30_39 30-39 
 c40_49 40-49 
 d50_59 50-59 
 e60_69 60-69 
 f70_79 70-79 
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Table 7.1 (cont) Variables included in a Bayesian Network model created to investigate the relationships 
between Knowledge, Attitudes and Practices of Australian beef producers about hydatid disease in Australian 
cattle in 2019. 

Variable name Variable meaning Levels in BN model Level description 
Demographic variables (cont) 
 Years_farming Years involved in 

farming 
a1_5 1-5 

   b6_10 6-10 
   c11_20 11-20 
   d21_30 21-30 
   eMore_30 More than 30 
 Gender  Male Male 
   Female Female 
 State State or territory NSW New South Wales 
 TAS Tasmania 
 VIC Victoria 
 QLD Queensland 
 WA Western Australia 
 SA South Australia 
Knowledge variables 
 Heard_hydid Heard of hydatid 

disease prior to 
survey 

No No 
 Yes Yes 

 Cause_correct Identified the correct 
cause of hydatid 
disease  

Correct Correct 
 Dont know Don’t know 
 Incorrect Incorrect 
 Know_transmission Know transmission No No 
 Yes Yes 
 Domestic_wild_dog Identified domestic 

dogs, and/or wild 
dogs as a species 
involved in 
transmission 

Dom wild Domestic and wild dogs 
identified 

 Dom only Domestic dogs identified 
only 

 Dont know Don’t know 
 Wild only Wild dogs identified only 
 Hydatid_look Described what 

hydatid disease 
looks like in cattle 

Correct Correct 
 Dont know Don’t know 
 Incorrect Incorrect 
 Identified_affected_tissues Tissues identified by 

respondents 
Blood bone tongue Blood, bone or tongue 

identified 
 Brain muscle Brain and/or muscle 

identified 
 Heart kidney spleen Heart, kidney and/or spleen 

identified 
 Liver lung Liver and/or lungs 

identified 
 Know_prevention Correctly described 

how hydatid disease 
can be prevented 

Dont know Don’t know 
 Correct Correct 

 Sheep Identified sheep as a 
species involved in 
transmission 

No No 
 Yes Yes 
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Table 7.1 (cont) Variables included in a Bayesian Network model created to investigate the relationships 
between Knowledge, Attitudes and Practices of Australian beef producers about hydatid disease in Australian 
cattle in 2019. 

Variable name Variable meaning Levels in BN model Level description 
Knowledge variables (cont) 
 Macropods Identified 

macropods as a 
species involved in 
transmission 

No No 

   Yes Yes 
 Human_infection Can humans be 

affected? 
Dont know Don’t know 

   No No 
   Yes Yes 
 Know_anyone Do they know 

anyone who has 
been affected by 
hydatid disease? 

No No 

   NotApplicable Not Applicable 
   Yes Yes 
 Cured Can hydatid disease 

be cured? 
Dont know Don’t know 

   No No 
   Yes Yes 
Attitude variables 
 Consid_vaccinating Would they 

consider 
vaccinating at all? 

No No 
 Yes Yes 

 Family_atrisk Think themselves or 
their family is at 
risk 

Dont know Don’t know 
 No No 
 NotApplicable Not Applicable 
 Yes Yes 
 Cattle_atrisk Think their cattle 

are at risk 
Already infected Cattle are already infected  

 Dont know Don’t know 
 No No 
 Yes Yes 
 Take_action Would take action if 

cattle were infected 
Dont know Don’t know 

 No No 
 Yes Yes 
 Better_control Are better control 

practices required? 
Dont know Don’t know 

 No No 
 Yes Yes 
 Feel_informed Do they feel 

informed? 
No No 

 Yes Yes 
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Table 7.1 (cont) Variables included in a Bayesian Network model created to investigate the relationships 
between Knowledge, Attitudes and Practices of Australian beef producers about hydatid disease in Australian 
cattle in 2019. 

Variable name Variable meaning Levels in BN model Level description 
Attitude variables (cont) 
 Serious_business_production Serious to business 

in terms of 
production 

              
 
 
 
 
 
 
 
            Dont know 
            Not serious 
            Somewhat serious                 
            Quite serious 
            Very serious 
 

 
 
 
 
 
 
 
 
Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

 Serious_business _welfare Serious to business 
in terms of animal 
welfare 

 Serious_industry_welfare Serious to industry 
in terms of animal 
welfare 

 Serious_business _pubhealth Serious to business 
in terms of public 
health 

 Serious_industry _pubhealth Serious to industry 
in terms of public 
health 

 Serious_industry _financial Serious to industry 
financially 

 Serious_business _financial Serious to business 
financially 

 Serious_industry 
_production 

Serious to industry 
in terms of 
production 

Practice variables 
 Check_frequency Frequency of 

checking cattle 
a Daily Daily 

 b Few week 2-3 times per week 
 c Weekly Weekly 
 d Monthly Monthly 
 e Variable Frequency of checking 

cattle is variable 
 Dogs_confined Are domestic dogs 

confined? 
No No 

 NotApplicable Not applicable 
 Yes Yes 
 Feed_dogs_offal Are domestic dogs 

fed offal? 
No No 

 NotApplicable Not applicable 
 Yes Yes 
 Treat_dogs_monthly Deworm domestic 

dogs monthly? 
No No 

 NotApplicable Not applicable 
 Yes Yes 
 Treat_dogs_prazi Treat domestic dogs 

for worms with 
products containing 
praziquantel? 

Dont remember Don’t remember 
 No No 
 NotApplicable Not applicable 
 Yes Yes 
 Safe_disposal_offal Dispose of offal 

safely 
No No 

 Yes Yes 
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The model structure was manually specified in Netica (V 6.05; Korb & Nicholson, 2011; 

Norsys Software Corp., 2018b) based on exploration to identify the model that best displayed 

the data, a priori knowledge, and the conceptual diagram illustrated in Fig. 7.1. For model 

parameter estimation, the conditional probability tables (CPTs) were evaluated using the Netica 

built-in Expectation-Maximisation (EM) algorithm (Koller & Friedman, 2009; Korb & 

Nicholson, 2011; Norsys Software Corp., 2018b). 

The resulting BN model (Fig. 7.2) contained 46 nodes on two layers (‘hidden’ [or 

‘latent’], and ‘observed’). The inner layer contained four hidden variables as nodes: 

Demographics, Knowledge, Attitudes and Practices. Hidden variables are created to express 

the relationships between observed variables (Norsys Software Corp., 2018a, 2018b). The outer 

layer contained 42 variables of observed data. The Demographics node was characterised by 

10 observed demographic variables; the Knowledge node was characterised by 12 observed 

knowledge variables; the Attitudes node was characterised by 14 observed attitude variables 

and the Practices node was characterised by 6 observed practice variables. A number of 

additional links were added between those observed variables that were logically associated by 

the nature of the study design and survey structure. For example, farming experience 

(‘Years_farming’) is dependent on ‘age’ in characterising the Demographics. In characterising 

Knowledge we assumed that all observed variables for knowledge (except for ‘Know_anyone’) 

depend on whether a respondent had heard of hydatid disease (‘Heard_hydatid’). Additionally, 

respondents were only asked if they knew someone who had been infected (‘Know_anyone’) 

or if they thought themselves or their family were at risk of infection (‘Family_atrisk’) if they 

answered ‘yes’ to the question asking if humans can be infected (‘Human_infection’).  

The model structure was completed by defining each of the hidden variables with a local 

naïve Bayes net model with the aim to classify the categorical groups in a meaningful way. To 

determine the appropriate number of groups we looked for the clearest, simplest distinction 

within the data, particularly focussing on those variables that had the greatest influence on the 

hidden variables (identified by analysis of the percentage change in mutual information of the 

observed and hidden variables using the ‘Sensitivity to findings’ function in Netica).    
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7.3.5.1 Unconditional and posterior conditional models 

The unconditional model was initially evaluated to describe the current situation based 

on the available data. We then used the BN model to investigate how other variables changed 

given an observation of a selected variable. The different groups of Practices were selected 

individually (posterior conditional models) to evaluate how the Demographics, Knowledge, 

and Attitude variables and their respective groupings changed.  

Sensitivity analysis (‘Sensitivity to findings’ function; Netica) was used to rank the 

strength of the association between each of the hidden variables with respect to the Practices 

hidden variable (Kjærulff & Madsen, 2008). The influence of Demographics, Knowledge and 

Attitudes on Practices was ranked from highest to lowest (Norsys Software Corp., 2018a, 

2018b). 

 

Fig. 7.1 Concept diagram of Bayesian Network model to describe the interrelationships between 
Knowledge, Attitudes and Practices of Australian beef producers about hydatid disease. 
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Fig. 7.2 A Bayesian Network Model of the interrelationships between Knowledge, Attitudes and Practices of Australian beef producers in a survey about hydatid 
disease. Descriptions of each variable and the levels are presented in Table 7.1. 
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 Results 

 Descriptive analyses 

A total of 86 beef producers participated in the survey. Of these, 62 (72%) responses 

were used for the analyses. The remainder did not meet inclusion criteria or did not complete 

the survey so were removed from the analyses. Those that were removed from the analyses 

were under 18 years of age (n = 1), did not own beef cattle (n = 5) or gradually dropped out 

over the course of the survey (n = 18). Of those who gradually dropped out of the survey, six 

(33%; 6/18) dropped out at the question “Where did you first hear about hydatid disease?”. For 

those who completed the survey, the median time taken to complete the survey was 19 min 46 

s (Inter-Quartile range 14 min 33 s to 30 min 33 s). Twenty-one percent of respondents heard 

about the survey through a friend, family member, neighbour or colleague (13/62), and 5% 

heard about the survey at the Graham Centre Livestock Forum (3/62). 

7.4.1.1 Demographic characteristics 

The majority of respondents were male (71%; 44/62), <50 years of age (61%; 38/62) and 

34% had completed a Bachelor degree (21/62). Most of the respondents were located in New 

South Wales (56%; 35/62) and Queensland (23%; 14/62; Fig. 7.3), and had been involved in 

farming for more than 30 years (52%; 32/62). Over 70% of respondents had only beef cattle, 

with a quarter also having sheep. Bos taurus breeds were the most common cattle owned or 

managed by respondents (65%; 40/62), and most respondents owned or managed a commercial 

breeding operation (82%; 51/62). Most respondents owned or managed 101–5000 cattle. 

Descriptive results for key demographic characteristics of respondents are displayed in Table 

7.2. 

7.4.1.2 Knowledge about hydatid disease 

Most of the respondents had heard of hydatid disease prior to completing the survey 

(87%; 54/62) and 88% of these respondents (48/54) had heard of hydatid disease in cattle. 

Ninety percent of respondents who run only beef cattle had heard of hydatid disease (38/42), 

compared to 79% who also ran sheep (15/19). Fifty-eight percent of respondents were aware 

that hydatid disease is caused by a tapeworm (36/62), but 5% said hydatid disease is an external 
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parasite (3/62), and 2% thought it is caused by a virus (1/62; Fig. 7.4). Although 61% of 

respondents said they knew how hydatid disease is transmitted (38/62), 5% of these 

respondents incorrectly described transmission (2/38; Supplementary Table 7.3, Appendix E). 

When asked what species are involved in transmission of hydatid disease, most respondents 

(94%; 58/62) identified one or more types of dog (domestic, wild or dingo) as a species 

involved in the transmission of Echinococcus granulosus (Fig. 7.5). 

 

Fig. 7.3 Distribution of respondents to a survey investigating the Knowledge, Attitudes and Practices of 
Australian beef producers about hydatid disease. The black dots illustrate the proportion of producers 
located within a climate zone for each state. 

 



151 

 

Table 7.2 Demographic characteristics of beef producers who participated in a Knowledge, Attitudes, and 
Practices survey about hydatid disease in Australian beef cattle in 2019. 

Characteristic Number of 
respondents 

% of respondents 

Gender   
   Male 44 71.0 
   Female 18 29.0 
Age group   
   18–29 13 21.0 
   30–39 11 17.7 
   40–49 14 22.6 
   50–59 7 11.3 
   60–69 10 16.1 
   70–79 7 11.3 
    ≥80 0 0 
Highest level of education attained   
   Primary school 0 0 
   Junior secondary school 1 1.6 
   Senior secondary school 8 12.9 
   Certificate I or II 5 8.1 
   Certificate III or IV 7 11.3 
   Advanced Diploma and Diploma 8 12.9 
   Bachelor degree 21 33.9 
   Graduate Diploma and Graduate Certificate 2 3.2 
   Postgraduate Degree 8 12.9 
   Prefer not to answer 0 0 
   Othera 2 3.2 
Size of property (ha)   
   <1 0 0 
   1–9 0 0 
   10–49 7 11.3 
   50–99 3 4.8 
   100–499 21 33.9 
   500–999 10 16.1 
   1000–4999 7 11.3 
   5000–9999 5 8.1 
   More than 9999 8 12.9 
   No response 1 1.6 
Years involved in farming   
   1–5 1 1.6 
   6–10 4 6.5 
   11–20 9 14.5 
   21–30 16 25.8 
   More than 30 32 51.6 
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Table 7.2 (cont) Demographic characteristics of beef producers who participated in a Knowledge, Attitudes, and 
Practices survey about hydatid disease in Australian beef cattle in 2019. 

Characteristic Number of 
respondents 

% of respondents 

Production system   
   Beef only 44 71.0 
   Beef and sheep 17 27.4 
   No response 1 1.6 
Size of beef herd (head)   
   1–5 1 1.6 
   6–20 5 8.1 
   21–50 7 11.3 
   51–100 5 8.1 
   101–500 17 27.4 
   501–1000 12 19.4 
   1001–5000 11 17.7 
   More than 5000 4 6.5 

a“Other (please specify)” responses included “trade” and “Secretarial college”. 

  

 

Fig. 7.4 Participants’ knowledge about the causative agent of hydatid disease, in a survey investigating the 
Knowledge, Attitudes and Practices of Australian beef producers about hydatid disease. 
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Fig. 7.5 Participants’ knowledge about the species involved in hydatid disease transmission, in a survey 
investigating the Knowledge, Attitudes and Practices of Australian beef producers about hydatid disease. 
“Other (please specify)” responses included “People” and “bandicoots”. 

When asked to described what hydatid disease looks like in cattle, more than half of the 

respondents (58%; 36/62) said they did not know, and of those who described what hydatid 

disease looks like, 23% were incorrect in their description of hydatid disease (6/26; 

Supplementary Table 7.3, Appendix E). Almost all respondents identified at least the liver 

and/or lungs as tissues affected by hydatid disease (89%; 55/62), but 5% identified blood, 

tongue or bone which are rarely or never affected by hydatid disease (3/62; Fig. 7.6). Forty-

two percent (26/62) and 26% (16/62) of respondents said that they would find out that their 

beef cattle were infected from their vet or via faecal egg counts, respectively. But most (65%; 

40/62) indicated that they would find out that their cattle were infected via an abattoir report. 

Nineteen percent of respondents thought that hydatid disease in cattle can be cured (12/62), but 

most did not know if it can be cured (61%; 38/62). Almost half of the respondents did not know 

how to prevent hydatid disease (48%; 30/62), but of those who did, all correctly described at 

least one method to prevent hydatid disease transmission (open-ended responses summarised 

in Table 7.3; all open-ended responses are listed in Supplementary Table 7.3, Appendix E). 
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Seventy-one percent of participants knew that hydatid disease could infect humans 

(44/62), but 27% (17/62) and 2% (1/62) said that they did not know if humans can be infected 

or it doesn’t infect humans, respectively. Thirty-nine percent of women said they did not know 

if hydatid disease infects humans (7/18), compared to 23% of men (10/44). Of those who knew 

that hydatid disease affects humans, all thought that hydatid disease causes serious health 

impacts, and 20% (9/44) had known someone who had been diagnosed with hydatid disease. 
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Table 7.3 Summarised open-ended responses about Australian beef producer knowledge and attitudes towards 
hydatid disease in Australian beef cattle in a Knowledge, Attitudes and Practices survey about hydatid disease 
in 2019. Only comments with a frequency of ≥2 are shown. 

Question Response N 
“How can the spread of hydatid disease to cattle be prevented?” 
 Don’t know 30 
 Deworming 21 
 Containment or control of wild dogs, dingoes, foxes, cats, kangaroos 15 
 Removal of offal, burn or bury dead animals, no feeding offal to dogs 8 
 Paddock rotation 2 
“Why do you think there is a risk of you and/or your family becoming infected with hydatid disease?” 
   Own or work with domestic dogs 7 
   Own or work with livestock 6 
   Have wildlife (dogs, pigs, foxes, macropods) around their property 6 
“Why do you think there is no risk of you and/or your family becoming infected with hydatid disease?” 
 Deworm their dogs 7 
 Practice good hygiene 6 
 Do not allow dogs access to raw offal either by scavenging or directly feeding 6 
 Do not eat raw meat or offal 3 
 Have few or no wild dogs; or dogs, foxes or dingoes are controlled 3 
 Do not practice home slaughter 2 
 Feed dogs’ dry dog biscuits 2 
“Why do you think your beef cattle are at risk of becoming infected with hydatid disease?” 
 Domestic dogs or wildlife in the area 11 
 Buying in cattle 2 
“Why do you think your cattle are not at risk of becoming infected with hydatid disease?” 
 Few or no wild dogs in area, or wild dogs are controlled 4 
 No reports of infection form the abattoir or no known history 2 
 Location or climate 2 
“What worries you most about hydatid disease?” 
 Human infection 16 
 Lack of information or limited knowledge 13 
 Lack of symptoms 4 
 Transmission among wildlife 4 
 Lack of abattoir feedback or not knowing risk to herd 3 
 Animal welfare or productivity 3 
 Carcass contamination or contamination of the food chain 2 
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Fig. 7.6 Participants’ knowledge about the tissues in cattle that are affected by hydatid disease, in a survey 
investigating the Knowledge, Attitudes and Practices of Australian beef producers about hydatid disease. 
The colour gradient represents the organs and tissues that are most commonly affected to those that are 
never affected in intermediate hosts (Alldred & Nisbet, 1964; Baldock et al., 1985a; Moazeni et al., 2015; Perl 
et al., 1972; Regassa et al., 2010; Wilson et al., 2019c). 

7.4.1.3 Attitudes relating to hydatid disease 

Table 7.4 summarises the respondents’ attitudes about hydatid disease in cattle and 

humans. Of those who knew that hydatid disease affects humans, most respondents did not 

think themselves or their family was at risk of becoming infected with hydatid disease because 

they deworm their dogs, practice good hygiene and do not allow dogs access to offal. A 

summary of why respondents thought themselves or their families either were, or were not at 

risk of becoming infected with hydatid disease is presented in Table 7.3 (all open-ended 

responses are listed in Supplementary Table 7.3, Appendix E).  

When asked to consider if they thought their cattle were at risk, most respondents did not 

know if their cattle were at risk of becoming infected or thought that their cattle were at risk of 

becoming infected because they own domestic dogs or there is wildlife in the area (Table 7.3). 

Summaries of why respondents thought their cattle either were, or were not at risk of becoming 
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infected with hydatid disease are presented in Table 7.3 (all open-ended responses are listed in 

Supplementary Table 7.3, Appendix E). 

When managing health problems in their cattle, most respondents (89%; 55/62) relied on 

their veterinarian, while 40% said that they rely on other beef cattle producers. Consistent with 

this, most respondents (84%; 52/62) said that they would talk to a veterinarian if they found 

out their cattle were infected. The state department of agriculture (58%; 36/62), other cattle 

producers (32%; 20/62), and family, friend or neighbour (19%; 12/62) were also frequent 

choices. A small percentage (3%) of respondents said that they would not contact anyone if 

they found out their cattle were infected (2/62). When asked which sources of information 

about hydatid disease would reach them, the most popular sources of information were a 

veterinarian, factsheets, and newspapers and magazines (66% [41/62], 60% [37/62], and 52% 

[32/62], respectively). 

The majority of respondents reported that they did not feel well informed about hydatid 

disease (Table 7.4). Of the respondents who described what most concerns them about hydatid 

disease, human infection, and limited knowledge or a lack of information were identified as 

the most common (Table 7.3; all open-ended responses are listed in Supplementary Table 7.3, 

Appendix E).  

Overall, respondents thought that hydatid disease had more serious implications on the 

industry than their own enterprise (Table 7.5). Most respondents said they did not know if there 

is a need for better control strategies, but most also said that they would take action if they 

found out their cattle were infected with hydatid disease (Table 7.4). If there was a vaccine 

available for cattle to prevent infection, three quarters of respondents said they would consider 

vaccinating if the vaccine was cost effective (76%; 47/62), and if the vaccine was convenient 

(73%; 45/62). Sixty percent of respondents said they would consider vaccinating their cattle if 

hydatid disease affected the growth and final weight of their cattle. Four respondents (6%) 

selected the option to say that they would not consider vaccinating, but three also selected other 

factors that would make them consider vaccinating (such as cost, or convenience).  
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Table 7.4 Producer-reported Attitudes towards hydatid disease in beef cattle and humans in a Knowledge, 
Attitudes and Practices survey about hydatid disease in Australian beef cattle in 2019. 

Question Response N (%) 
Do you think you and/or your family are at risk of becoming 
infected with hydatid disease?a 

Yes 14 (31.8) 
No 20 (45.5) 
Don’t know 10 (22.7) 

Do you think your beef cattle are at risk of becoming infected with 
hydatid disease? 

Already infected 1 (1.6) 
Yes 19 (30.6) 
No 10 (16.1) 
Don’t know 32 (51.6) 

Do you believe there is a need for better control strategies for 
hydatid disease in cattle? 

Yes 22 (35.5) 
No 6 (9.7) 
Don’t know 34 (54.8) 

Would you take action if you found out your cattle were infected 
with hydatid disease? 

Yes 58 (93.5) 
No 1 (1.6) 
Don’t know 3 (4.8) 

Do you feel well informed about hydatid disease? Yes 13 (21.0) 
No 49 (79.0) 

aThis question was only answered by producers who knew humans can be infected (n = 44)  

  

Table 7.5 Australian beef producer perceptions of importance of hydatid disease to their business and the 
Australian beef industry in a Knowledge, Attitudes and Practices survey about hydatid disease in 2019. 

 Total Don’t know 
N (%) 

Not serious 
N (%) 

Somewhat 
serious 
N (%) 

Quite 
serious 
N (%) 

Very serious 
N (%) 

Producers’ own business 
   Financial importance 61 14 (23) 12 (20)  20 (33) 10 (16) 5 (8) 
   Productivity  62 14 (23) 11 (18) 21 (34) 8 (13) 6 (10) 
   Animal welfare 62 14 (23) 11 (18) 21 (34) 7 (11) 9 (15) 
   Public health risk 62 13 (21) 12 (19) 19 (31) 9 (15) 13 (21) 
Australian beef industry 
   Financial importance 61 18 (30) 1 (2) 16 (26) 21 (34) 5 (8) 
   Productivity  62 17 (27) 3 (5) 20 (32) 17 (27) 5 (8) 
   Animal welfare 61 16 (26) 4 (7) 17 (28) 15 (25) 9 (15) 
   Public health risk 62 16 (26) 3 (5) 12 (19) 17 (27) 14 (23) 

 

7.4.1.4 Farm management practices 

Twenty-seven percent of respondents said they graze their cattle on, or adjacent to bush 

land (17/62). Agistment, travelling stock reserves and roadsides were also used for grazing 

cattle. When asked about checking their cattle, 46% of respondents reported that they check 

their cattle daily (27/59), some said that the frequency they check their cattle varied (7%; 4/59), 

and one respondent said they check their cattle monthly (2%; 1/59). If respondents find dead 
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cattle on their properties, 29% (18/62) of respondents said they leave them to decompose, 26% 

(16/62) said they bury them immediately and 13% (8/62) said they would burn them eventually. 

Eighteen percent (11/62) said ‘Other (please specify)’ (responses for ‘Other’ are listed in 

Supplementary Table 7.4, Appendix E). 

Forty-eight percent (30/62) of respondents practice home slaughter (for consumption or 

euthanasia). Of these, 33% (10/30) dispose of the liver, lungs and heart in the bush, 33% burn 

them (10/30), and 17% feed the raw liver, lungs and heart to their dogs (5/30).  

Most respondents (71%; 44/62) owned domestic pet dogs. Of those, 18% (8/44) allowed 

them to roam freely. Most pet dogs were fed dry dog food (98%; 43/44). The rest were fed 

commercially available canned dog food or store-bought packaged foods. Some pet dogs were 

fed fresh raw offal from cattle (9%; 4/44), sheep (2%; 1/44), and kangaroos (2%; 1/44) that 

was sourced from a farm. 

All domestic pet dogs were treated for parasitic worms (‘dewormed’). Thirty-nine 

percent were dewormed every 2–3 months (17/44), 11% were dewormed annually (5/44), and 

11% were only dewormed when the owner remembered (5/44). Of the products used recently 

in domestic pet dogs, 45% (25/56) were products containing praziquantel, and some products 

were prescribed by a veterinarian (5%; 3/56). The main reason behind the choice of deworming 

product was a veterinarian’s recommendation (55%; 24/44), but convenience (41%; 18/44) and 

control of particular parasites (34%; 15/44) were also important.   

Sixty-seven percent (41/62) of respondents owned working dogs (including hunting 

dogs). Of those, 61% (25/41) were confined (for example a house yard, dog run or cage) and 

27% were chained up (11/41). All of the participants who owned working dogs fed dry dog 

food. Some working dogs were fed fresh raw offal from cattle (10%; 4/41), sheep (2%; 1/41), 

and kangaroos (7%; 3/41) that was sourced from a farm. 

All working dogs were treated for parasites. Forty-one percent of working dogs were 

dewormed every 2–3 months (17/41), but 5% were only dewormed annually (2/41), or when 

the owner remembered or was variable (5%; 2/41). Of the products used recently in working 

dogs, 48% (30/63) were products containing praziquantel, and some products were prescribed 

by a veterinarian (8%; 5/63). The main factors considered when choosing a deworming product 
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were veterinarian’s recommendation (54%; 22/41), convenience (19%; 16/41), and control for 

particular parasites (37%; 15/41).   

More than three quarters (82%; 51/62) of the respondents practiced lethal pest 

management or hunting on or around the property where their beef cattle were kept. 

Macropods, foxes and feral pigs were the animals most commonly managed or hunted by 

respondents (71% [36/51], 55% [28/51], 51% [26/51], respectively). When respondents killed 

wildlife or pest species on their property, most would leave the offal in the paddock or bush to 

decompose (51%; 26/51). Twenty-two percent of respondents fed the carcass to their dogs 

when they killed wildlife or pest species.  

 Bayesian network analysis 

The groupings and estimated probabilities for each of the hidden variables shown in Fig. 

7.2 are described below.  

7.4.2.1 Demographics  

The hidden variable for Demographics was best categorised by two groups in which the 

variation was mostly affected by the number of cattle, state, and the size of the property. The 

groupings for Demographics could be described as “smaller” or “larger enterprises”. The 

“smaller enterprise” group was defined by most of the respondents having between 21–1000 

head of cattle (89.2%), and more than half having properties of 50–499 ha (54.9%). Almost 

three-quarters of these respondents were from New South Wales (72.3%). The majority of these 

respondents had cattle only (60.2%). Respondents from the “larger enterprise” group typically 

had >1000 cattle (81.9%) and >5000 ha (63.3%). Most of these properties were located in 

Queensland (70.4%). Almost all respondents in this group had cattle only (100.0% in study 

data; Supplementary Table 7.5, Appendix E).  

7.4.2.2 Knowledge 

The hidden variable for Knowledge was best categorised by two groups in which the 

variation was mostly affected by knowledge of hydatid disease transmission and prevention. 

The groupings for Knowledge could be described as “poor” or “good” knowledge. Most 

respondents in the “poor” knowledge group did not know how hydatid disease is transmitted 
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(81.0%) or how to prevent hydatid disease transmission (81.6%). More than half of this group 

did not know whether humans could be affected by hydatid disease (55.6%). Most respondents 

in the “good” knowledge group knew how hydatid disease is transmitted (88.8%) and 

respondents who correctly described how to prevent hydatid disease transmission (80.6%). 

Most of these respondents knew that humans can be affected by hydatid disease (94.8%; 

Supplementary Table 7.6, Appendix E).  

7.4.2.3 Attitudes 

The hidden variable for Attitudes was best categorised by three groups which were 

predominantly affected by how serious they thought hydatid disease was to their business in 

terms of productivity, financial impact and animal welfare. The groupings for Attitudes were 

defined by respondents who answered “don’t know” to most of the attitude questions, those 

who were “less concerned” about the seriousness of hydatid disease for their business, and 

those who were “more concerned”.  

Respondents from the “don’t know” attitudes group were mostly unsure how serious 

hydatid disease was for their business in terms of productivity (92.9%), financial importance 

(86.7%), or welfare (86.7%). Most of this group responded that they did not know the answer 

to almost all of the attitudes questions. The “less concerned” group was defined by respondents 

who believed that hydatid disease was not serious for their business in terms of production 

(83.3%), financial impact (91.7%), welfare (83.3%), and public health (66.7%). However, this 

group mostly believed hydatid disease was more important for the industry in terms of 

production (somewhat serious, 58.3%), financial impact (somewhat serious, 50.0%), and 

public health (quite serious, 33.3%). The largest proportion of respondents in this group 

thought that hydatid disease was not serious in terms of animal welfare for the industry 

(33.3%). Almost three-quarters of this group did not think themselves or their family was at 

risk (72.3%). The “more concerned” group was defined by respondents who believed that 

hydatid disease was somewhat serious for their business in terms of production (58.8%), 

financial impact (55.9%), welfare (40.0%), and public health (45.7%; Supplementary Table 

7.7, Appendix E).  
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7.4.2.4 Practices 

The hidden variable for Practices was best categorised by three groups in which the 

variation was mostly affected by whether the producer confines their dogs, whether they treat 

their dogs with praziquantel or not, and whether they treat their dogs monthly (Table 7.6). The 

three groups were named “hydatid prevention”, “standard husbandry”, and “no dogs”. The 

“hydatid prevention” practices group was defined by a probability of 62.5% for treating 

domestic dogs with praziquantel, an increased probability of treating dogs monthly (37.5%), 

variable frequency of checking cattle (50.0%), an equal probability for confining dogs (50.0%), 

a high probability of not feeding domestic dogs offal (75.0%), and an increased probability of 

disposing of offal safely compared to the “standard husbandry” group (37.5%). The “standard 

husbandry” practices group had more respondents who treated their dogs with praziquantel 

compared to the hydatid prevention group (77.6%), but a decreased probability of treating dogs 

monthly (10.2%). Respondents in this group were most likely to check their dogs daily 

(55.6%), confine their dogs (87.8%), not feed their dogs offal (59.2%), and unsafely dispose 

of offal (79.6%).The “no dogs” group had an equal proportion of respondents check their cattle 

daily or weekly (40.0%), and most respondents in this group safely dispose of offal (60.0%; 

Supplementary Table 7.8, Appendix E). 

In addition, for Practices, sensitivity analysis of the influence of other hidden variables 

on this hidden variable demonstrated that Attitudes had the greatest influence, followed by 

Knowledge then Demographics (Table 7.7). 

Table 7.6 Bayesian network Sensitivity analysis to determine how much the Practice node was influenced by 
the observed variables for Practices. From a survey investigating the Knowledge, Attitudes and Practices of 
Australian beef producers about hydatid disease in Australian cattle in 2019. 

Node Mutual Informationa (%) 
Dogs confined 0.46754 (49.6) 
Treating dogs with praziquantel 0.45961 (48.8) 
Treating dogs monthly 0.44337 (47.1) 
Feeding dogs offal 0.41331 (43.9) 
Frequency of checking cattle 0.35167 (37.3) 
Safe disposal of offal 0.04534 (4.8) 

aMutual information – A measure of the information shared between two random variables that quantifies the changes in 
uncertainty of one variable provided the uncertainty of the other is known (Gómez-Villegas et al., 2014). 
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Table 7.7 Bayesian network Sensitivity analysis to determine how much the Practice node was influenced by 
the other hidden variables in the model. From a survey investigating the Knowledge, Attitudes and Practices 
of Australian beef producers about hydatid disease in Australian cattle in 2019. 

Node Mutual Informationa (%) 
Attitudes 0.39647 (42.1) 
Knowledge 0.12169 (12.9) 
Demographics 0.00462 (0.5) 

aMutual information – A measure of the information shared between two random variables that quantifies the changes in 
uncertainty of one variable provided the uncertainty of the other is known (Gómez-Villegas et al., 2014). 

7.4.2.5 Unconditional model 

The unconditional model (Fig. 7.2) demonstrated that most respondents were in the 

“smaller enterprise” (70.4%), “good” knowledge (55.9%), “more concerned” (56.4%), and 

“standard husbandry” (79.0%) groups. A summary of the unconditional model probabilities 

and the changes to these when different Practice groupings were selected (posterior Conditional 

Models), is shown in Table 7.8 and described below. Changes in probabilities of Demographic, 

Knowledge, Attitude, and Practice groupings when different groups of each were selected are 

displayed in Supplementary Table 7.9 (Appendix E). 

7.4.2.6 Posterior conditional models 

7.4.2.6.1 Practices – hydatid prevention 

Most respondents in the “hydatid prevention” group were from the “smaller enterprise” 

group (75.2%). All respondents were from the “good” knowledge and “less concerned” 

attitudes groups.  

7.4.2.6.2 Practices – standard husbandry 

The majority of respondents in the “standard husbandry” group were from the “smaller 

enterprise” group (68.7%), and the “poor” knowledge group (51.7%). Finally, this group was 

mostly defined by respondents from the “more concerned” attitudes group (67.3%). 
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7.4.2.6.3 Practices – no dogs 

Most respondents in the “no dogs” group were from the “smaller enterprise” group 

(80.0%), and the “good” knowledge group (60.0%). An equal proportion of respondents were 

in the “don’t know” and “more concerned” attitudes groups (40.0% each).  

Table 7.8 Changes in probabilities of Demographic, Knowledge and Attitude groupings from the 
unconditional Bayesian Network (BN) model to the posterior BN models where the groupings for Practices 
were selected. The BN model assessed the interrelationships between Knowledge, Attitudes and Practices of 
beef producers about hydatid disease. 

Node Unconditional 
Model 

Practices 
Hydatid 
prevention 

Standard 
husbandry 

No dogs 

Demographics     
   Smaller enterprises 70.4 75.2 68.7 80.0 
   Larger enterprises 29.6 24.8 31.3 20.0 
Knowledge     
   Poor 44.1 0.0 51.7 40.0 
   Good 55.9 100.0 48.3 60.0 
Attitudes     
   Don’t know 24.2 0.0 26.5 40.0 
   Less concerned 19.4 100.0 6.13 20.0 
   More concerned 56.4 0.003 67.3 40.0 

 

 

 Discussion 

In this study we found that knowledge of hydatid disease is associated with an increase 

in the use of practices that reduce transmission of hydatid disease, and less concern for the 

impact of hydatid disease to a producer’s enterprise. We suggest that more knowledge about 

hydatid disease influences implementation of these practices, and consequently affects 

producer attitudes about the seriousness of the disease to their enterprise. Overall however, 

practices that could risk transmission to domestic dogs, wildlife, livestock and humans are still 

implemented.  

Although some people might choose all-wormers to target E. granulosus or another 

specific parasite, we assumed that producers in the “standard husbandry” group would be more 

likely to choose these products because they are convenient and target a range of parasites. The 

implementation of practices that are regarded as a part of good husbandry and not used to 

directly target a specific problem has been reported elsewhere (Garforth et al., 2013), and many 
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anthelmintic products that contain praziquantel are ‘all-wormers’. This hypothesis was 

supported by most respondents in the “standard husbandry” group having poor knowledge 

about hydatid disease and a large proportion of respondents in the whole survey who reported 

that they consider the convenience of a product when choosing worm treatment products for 

their domestic dogs. Similarly, confinement of domestic dogs is considered normal practice in 

Australia and, in most jurisdictions is the law  (for example the Australian Capital Territory 

Domestic Animals Act 2000 [https://www.legislation.act.gov.au/a/2000-86/default.asp, 

accessed 13.01.2020] and New South Wales Companion Animals Act 1998 

[https://www.legislation.nsw.gov.au/#/view/act/1998/87/full, accessed 13.01.2020]). Jenkins 

et al. (2014) reported that most respondents in their survey did not consider confining dogs 

important for hydatid disease control. Therefore, it is unlikely respondents in our survey, 

particularly in the “standard husbandry” group, use this strategy specifically for hydatid disease 

control.   

The “hydatid prevention” practices group had a higher proportion of respondents who 

treated dogs monthly, did not feed dogs offal, and disposed of offal safely compared to the 

“standard husbandry” group. Additionally, the proportion of respondents in the “hydatid 

prevention” practices group who fed their dogs offal was lower than the “standard husbandry” 

group. These practices are more likely used to specifically prevent hydatid disease 

transmission, consistent with Jenkins et al. (2014) who reported that deworming dogs and not 

feeding offal were considered important by respondents for prevention of hydatid disease 

transmission.  

Respondents from the “hydatid prevention” practices group were also from the “good” 

knowledge group. In comparison, producers who implemented “standard husbandry” practices 

were more likely to have “poor” knowledge about hydatid disease. It should be noted that 

respondents who were categorised as ‘correct’ for hydatid prevention might have only reported 

one aspect of hydatid disease prevention (such as not feeding offal). This might explain why 

some producers were included in the “standard husbandry” group despite being classified by 

us as having good knowledge. Similar studies have found producers with better knowledge 

about biosecurity are more likely to protect their herd from disease (Toma et al., 2013). 

Therefore, we suggest that improving knowledge among beef producers about transmission 

and prevention of hydatid disease might improve control and preventive practices. 
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Our survey indicates that in general, implementation of practices, such as deworming 

dogs every month and safe disposal of offal need to be encouraged. Similar to Jenkins et al. 

(2014), although most respondents in our study dewormed their dogs with anthelmintics 

containing praziquantel, the majority did not treat their dogs frequently enough (monthly) to 

prevent patency of E. granulosus infection. This is particularly important because, consistent 

with the results of Jenkins et al. (2014), some dog owners also fed raw offal to their domestic 

dogs. Although the liver was identified by most respondents in our study, and lungs by just 

over half, other organs that have been reported to have hydatid cysts, such as the heart, kidney 

and spleen (Banks et al., 2006b; Regassa et al., 2010; Wilson et al., 2019c), were not identified 

as often. It is possible that producers might not feed the liver or lungs to their dogs, but might 

feed hearts, as Jenkins et al. (2014) found in their study. Although we collected information on 

the frequency of deworming in dogs, the nature of the data did not allow us to correlate this 

information with infection in cattle. Future studies could collect more specific information on 

the frequency of deworming in dogs and hydatid disease in cattle on specific farms to make 

such correlations. Also consistent with Jenkins et al. (2014), our survey demonstrated that 

deceased, culled and hunted animals are often left where they are killed in the paddock or bush. 

This provides a potential source of E. granulosus for wild dogs or unconfined domestic dogs. 

Some producers in our survey did highlight this as a potential source of infection for their 

domestic dogs. Although hydatid cysts in cattle rarely contain protoscoleces (infertile; Baldock 

et al., 1985a; Banks et al., 2006b; Durie & Riek, 1952), fertile cysts have been identified in 

some previous studies (Baldock et al., 1985a; Banks et al., 2006b; Wilson et al., 2019b) and 

cysts in other species such as sheep and macropods are highly fertile (Barnes et al., 2011; 

Gemmell et al., 1986b). Therefore, offal from any intermediate host species that is disposed of 

unsafely could perpetuate infection in wildlife or pose a risk to public health if fed to domestic 

dogs.  

Attitudes were strongly associated with practices. The implementation of “hydatid 

prevention” practices was associated with producers being less concerned about hydatid 

disease in their enterprise, and despite having heard of hydatid disease in cattle, some producers 

did not believe their herd was at risk of becoming infected. Similarly, although approximately 

three-quarters of respondents knew that humans can be affected, and human infection was the 

most commonly reported concern, a large proportion did not think themselves or their family 

were at risk of becoming infected with hydatid disease. When asked why, producers commonly 
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mentioned deworming domestic dogs and preventing dogs’ access to offal. Higher confidence 

in animal health skills has been suggested as a driver for less concerned attitudes or low 

perceived risk (Palmer et al., 2009b). Although the “less concerned” group predominantly did 

not think hydatid disease was serious for their business, many producers had concern for the 

seriousness of the disease for the industry, most did not feel well informed, most were still 

likely to take action if their cattle were infected, and most would consider vaccinating if a 

vaccine became available. These results suggest that producers with these attitudes had relevant 

knowledge about transmission and prevention and felt they were sufficiently implementing 

hydatid prevention practices to prevent infection within their enterprise, but they acknowledge 

hydatid disease as a relevant and important disease for the industry. Attitudes about prevention 

and control, and subsequent decisions, have been shown to vary depending on a producer’s 

belief that a problem exists in the industry and their perceived risk to their own enterprise 

(Benjamin et al., 2010; Jonsson & Matschoss, 1998; Lanyon et al., 2015; Palmer et al., 2009a).  

Producers were largely in favour of taking action against hydatid disease if they found 

out their cattle were infected, and would consider vaccinating if a vaccine became available. 

Additionally, some producers made comments about not knowing the risk to their own herd or 

not knowing their herd status. This suggests that producers might be more likely to implement 

control practices if they knew their cattle were infected. Consistent with this finding, local 

disease status and recent incidence of disease has been shown to influence producers’ 

perception of risk and implementation of preventive measures against disease (Garforth et al., 

2013). Without evidence of disease, many producers perhaps do not perceive hydatid disease 

as a risk within their enterprise (Frawley, 2003; Palmer et al., 2009a). Increasing knowledge 

and awareness of hydatid disease is important to reduce the public health risks of this disease 

and encourage producers to apply available control strategies, or to apply these more 

stringently. Direct feedback from abattoirs about offal inspection information could increase 

awareness and motivation among beef producers because it is specific and relevant to their own 

herd.  

In Australia, producers might not perceive a benefit in investing in control strategies 

against hydatid disease in their cattle because they are typically not paid for the offal of their 

cattle. Additionally, although meat inspection is mandatory within Australian abattoirs, data 

collection and feedback of animal health information is not, so most producers are unlikely to 

be aware of infection in their cattle. Most producers in this study reported that they do not feel 
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well informed about hydatid disease, and a common concern among producers was a lack of 

information or knowledge. This suggests that producers would be open to more information, 

and public education has been emphasised as a critical component of control programs (Jenkins 

et al., 2006). However, knowledge and awareness of disease and control, although necessary, 

are not sufficient for overall effective implementation of control strategies (De Marchi & 

Ravetz, 1999; Garforth et al., 2013; Palmer et al., 2009a; Palmer et al., 2009b; Priest et al., 

2003). We asked producers about factors that would make them consider vaccinating their 

cattle if a vaccine became available. Of the options presented, participants responded that cost, 

convenience, productivity losses if infection with hydatid disease affected the price paid for 

their cattle, and knowing that their cattle were infected, would make them consider vaccinating 

their cattle. These factors are similar to those that have been reported elsewhere for 

implementation of endemic disease control, and biosecurity (Garforth et al., 2013; Heffernan 

et al., 2009; Hernández-Jover et al., 2016; Lanyon et al., 2015).  

Although this study provides valuable insights into the knowledge, attitudes and practices 

of beef producers about hydatid disease, the study had some limitations. From this cross-

sectional data, we can only hypothesise about causal relationships in the data. For example, in 

comparison to the “hydatid prevention” practices group, the “standard husbandry” group was 

associated with a higher proportion of producers in the “more concerned” and “don’t know”’ 

attitudes groups. These “more concerned” attitudes are potentially driven by not knowing 

enough about hydatid disease. Therefore, we hypothesise that the implementation of practices 

on a producer’s own property will affect their attitudes towards their disease risk. Future studies 

that evaluate how these change over time would be useful to further investigate the complex 

and dynamic relationships between producer knowledge, attitudes and practices. 

We also recognise the low number of responses. Although the sample was limited to 

those who could access it online, we attempted to reach producers through a variety of 

platforms and organisations and increase the number of responses with the use of the factsheet 

incentive. Other methods known to be effective in improving response rate, such as individual 

reminders, could not be implemented due to the anonymous nature of the survey. Towards the 

end of the survey period, C.W. presented at a livestock forum and provided information about 

the hydatid disease situation in Australia and promoted the survey to encourage participation. 

The impact of this on the results is not expected to be significant because only three producers 

heard about the survey at the forum. The findings also appear to be consistent with other studies 
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that have investigated the understanding of hydatid disease among dog owners (Jenkins et al., 

2014; Jenkins et al., 2006) or the uptake of biosecurity or control practices (Garforth et al., 

2013; Hernández-Jover et al., 2016). Overall therefore, we believe the validity of the current 

study was not significantly compromised due to the low number of responses. However, it is 

possible that some respondents had certain motives to respond (or not), such as those who had 

heard of hydatid disease or those who knew someone who had been affected by hydatid disease. 

A possible reason for non-response or non-completion was the length of the survey, or 

perception that hydatid knowledge was essential; despite highlighting that hydatid disease 

knowledge was not required, some respondents stopped doing the survey once they reached 

the first question about hydatid disease. Therefore, our sample is likely more representative of 

producers with a better knowledge of hydatid disease than the general population of producers 

and our results might overestimate the level of knowledge and implementation of hydatid 

prevention practices for hydatid disease among beef cattle producers in Australia.  

Finally, open responses in the survey could sometimes be misclassified. For example, 

responses such as “Presumably drenches” or “Drench” (Supplementary Table 7.3, Appendix 

E) were difficult to categorise in terms of whether the respondent was referring to deworming 

their dogs or their livestock. In cases such as these, we made the assumption that the respondent 

was referring to deworming their domestic dogs because this is an available control strategy. 

Therefore, the results presented here might overestimate the level of knowledge and 

implementation of practices of cattle producers in Australia. If feasible, a variety of approaches 

should be used to increase response rate and limit response and misclassification bias in future 

studies.  

 Conclusion 

This study demonstrated that implementation of practices that could effectively prevent 

hydatid disease transmission is associated with good knowledge of the disease. Perceptions 

that hydatid disease is a lower risk to a producer’s own enterprise appear associated with 

increased knowledge of the disease and their implementation of prevention practices. However, 

although knowledge overall was good, practices that could perpetuate infection in wildlife, 

domestic dogs and humans are still being conducted. We conclude that improving knowledge 

and awareness of hydatid disease among beef producers via veterinarians, factsheets and 

feedback from abattoirs is required and would be well received by beef producers.  
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Chapter 8  
 

 

General Discussion and Recommendations 
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The objective of this project was to investigate the importance of hydatid disease to the 

beef industry in eastern Australia, and to gain a deeper epidemiological understanding of the 

disease. Through examination of beef livers, abattoir slaughter data, and a knowledge, attitudes 

and practices survey among Australian beef producers, this project has provided an overview 

of the current hydatid disease situation in eastern Australian beef cattle. The key findings of 

this project are: 1) low sensitivity of current routine meat inspection protocols for detection of 

hepatic hydatid disease; 2) burden (number and size) of hydatid cysts in individual cattle has 

not changed since previous studies; 3) prevalence and geographic distribution of hydatid 

infected cattle throughout the eastern states is higher and wider than previously recognised; 4) 

there was substantial financial impact to a single abattoir; 5) knowledge of hydatid disease 

among beef producers, and their attitudes towards hydatid disease are associated with practices 

that could influence transmission of Echinococcus granulosus. The findings highlighted the 

usefulness of data collection in abattoirs but identified a need for improved data collection or 

consideration of diagnostic performance within abattoirs, and a need for improved knowledge 

and awareness of hydatid disease among Australian beef producers.  

 The diagnostic sensitivity and specificity of routine meat inspection for hepatic 

hydatid disease. 

The sensitivity of routine post-mortem meat inspection for hepatic hydatid disease was 

lower than expected. Although previous studies have acknowledged the potential shortcomings 

of using abattoir data to estimate hydatid disease prevalence (Barnes et al., 2012; Cardona & 

Carmena, 2013; Small & Pinch, 2003), none have evaluated the sensitivity or specificity to 

estimate the true prevalence of hydatid disease in beef cattle. Currently, routine post-mortem 

meat inspection is the only practical method for detecting hydatid disease in livestock and is 

the primary source of data for estimating prevalence of this disease in livestock populations. 

However, the low sensitivity of current meat inspection methods for detecting bovine hydatid 

disease has important implications for further use of these data due to underestimation of 

prevalence, possible misidentification of risk factors and underestimation of indirect financial 

losses. These implications are discussed in detail below.   

Although routine meat inspection protocols used to inspect organs are consistent 

throughout Australia, the sensitivity and specificity of meat inspection in Danish slaughter 

plants were reported to be abattoir specific (Enøe et al., 2003). In the current study, it was found 
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that sensitivity and specificity varied according to the size and number of cysts, the age of cattle 

and feed-type. Other studies have found that sensitivity and specificity of routine meat 

inspection can also vary due to the experience and motivation of meat inspectors, and line speed 

(Enøe et al., 2003; Stärk et al., 2014). Additionally, different abattoirs might experience 

differing prevalence of hydatid disease depending on where their cattle are sourced or the age 

distribution of cattle slaughtered at particular abattoirs (Baldock et al., 1985a). Alternatively, 

different abattoirs might report differing prevalence depending on whether they report 

comorbidities. Therefore, it is unrealistic to expect sensitivity, prevalence, or financial impact 

reported in this project to be the same at other abattoirs throughout Australia. Such measures 

could be standardised for comparison, but ideally, diagnostic accuracy of hydatid cyst detection 

by routine meat inspection should be validated prior to analysis to understand if sensitivity and 

specificity differ between abattoirs, and if so, what influences these differences beyond 

population characteristics. This would allow a more accurate estimate of the impact of hydatid 

disease on the Australian beef industry. 

Development of technologies such as ultrasound, biopsy and serology could also be 

useful in improving sensitivity of routine post-mortem meat inspection because cutting each 

organ into 5—6 mm slices is not practical in a functioning abattoir. Currently, these techniques 

are too insensitive and lack sufficient specificity to replace or improve current routine meat 

inspection protocols (Craig et al., 2015). Collecting meat inspection data is not mandatory at 

abattoirs. If data recording was mandatory, information on comorbidities was collected, data 

were collected consistently between and within abattoirs, and data were reported back to 

producers, abattoir data could better inform disease control and prevention strategies and 

provide valuable information to guide on-farm management of cattle.  

 The effect of geographic distribution and climate on cattle infected with hydatid 

disease. 

Many PICs from which infected cattle slaughtered at the focus abattoir originated are 

desert or grassland (Wilson et al., 2020a; Wilson et al., 2019c) (Appendix G and Chapter 5). 

In these areas the maximum temperature is typically higher and the rainfall lower than that 

stipulated by Gemmell (1958) for the survival of Echinococcus eggs in the environment (mean 

monthly maximum 80°F [approximately <26.7°C] for 10 or more months of the year and ≥25 

mm/month of rainfall at least 4–6 months of the year). In support of this finding, Thevenet et 
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al. (2005) found that eggs of Echinococcus granulosus could survive and remain infective in 

an environment with annual temperatures between -3–37°C and low precipitation 

(<300mm/year) for up to 41 months. The identification of clustering can indicate climatic 

events and risk factors that facilitated transmission to cattle, such as periods when hosts of 

Echinococcus were more abundant. However, because hydatid cysts take several years to 

develop, ageing cattle using dentition is not accurate, the size of cysts is never reported at 

slaughter, and the growth rate of hydatid cysts in cattle is not clear, the time at which cattle 

become infected cannot be determined using abattoir data. Therefore, temporal clusters 

identified in Wilson et al. (2019c) (Chapter 5) are probably representative of an event that 

occurred at the time of slaughter, such as drought, when an increased number of old female 

cattle with a potentially increased prevalence of hydatid disease are sent for slaughter. 

However, because sensitivity of detection is unlikely to be affected by PIC, and also because 

an inclusion criterion for this study was cattle that remained in the same PIC region for their 

entire lives, we expect the pattern of prevalence presented in Fig. 5.1, to be representative of 

the true distribution of hydatid-infected cattle. Although a large sample of cattle were sourced 

from throughout Australia, most cattle were sourced from Queensland and New South Wales 

and the data points used for the spatio-temporal cluster analyses might not have been randomly 

distributed due to the locations from which the abattoir sources cattle. Therefore, it is possible 

that a higher prevalence of hydatid disease occurs in more regions than depicted in our data, 

and clustering might have been missed, so generalised conclusions must be made with caution.  

The wide geographic distribution of hydatid-infected cattle and the true prevalence 

reported in Wilson et al. (2019c) (Chapter 5) suggest that current control strategies, which are 

mostly aimed at controlling infection in domestic dogs, do not effectively reduce hydatid 

disease in cattle. Further work to identify spatial risk factors associated with hydatid disease 

using validated data are required. To determine the influence of sylvatic and domestic hosts on 

transmission of hydatid disease to cattle, accurate distributions of these hosts would need to be 

acquired; for example, through the use of camera traps in relevant PICs or potential hotspot 

areas, as well as possible sampling of the sylvatic population in hotspot areas to identify 

infective hosts. Additionally, more detailed surveys of producer livestock and domestic dog 

management would need to be conducted.  
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 Economic impact and control of hydatid disease in cattle 

The true prevalence and economic impact of hydatid disease reported in this project 

suggest a negative impact on the Australian beef industry. The true prevalence of hydatid 

disease in slaughtered cattle most likely underestimates the prevalence in the beef cattle 

population due to the young age at which Australian cattle are typically slaughtered (Barnes et 

al., 2012). However, studies in other abattoirs need to be conducted to more accurately 

determine the prevalence and financial impact on the entire Australian beef industry. Based on 

the estimates found in Wilson et al. (2020b) (Chapter 6), conducting cost-benefit analyses for 

currently available control strategies (for example, anthelmintic use in domestic dogs, and use 

of offal pits) and the introduction of the EG95 vaccine to prevent hydatid infection in cattle is 

warranted. The EG95 vaccine is the only control method that could effectively prevent 

transmission from the sylvatic cycle to cattle. However, although previous studies in Australia 

and globally have demonstrated that use of the EG95 vaccine could be a useful tool in 

improving hydatid control (Heath et al., 2003; Larrieu et al., 2015; Lightowlers et al., 1999), 

and the vaccine has been registered for use in China and Argentina (Craig et al., 2017), the 

vaccine is not yet commercially available in Australia. At present, the EG95 vaccine has been 

shown to be effective in cattle for 12 months if administered twice with one month between 

dosages. If a third dose is given twelve months later, protection will last a further 11 months 

(Heath et al., 2012b). Because vaccination does not eliminate established cysts, it is 

recommended that cows are vaccinated approximately one month prior to calving and the 

vaccination program in calves begins when calves are six months old (Heath et al., 2012a; 

Heath et al., 2012b). This might not be practical for beef producers because other vaccines are 

given at six weeks of age and again at 10–12 weeks of age (Robson, 2007). If the EG95 vaccine 

can be combined with another vaccine and becomes commercially available, and abattoirs 

either pay a premium price for vaccinated cattle or there is a financial penalty for unvaccinated 

cattle, producers might have more incentive to vaccinate their cattle. However, this does not 

guarantee the vaccine will be given at the required times to be effective. Therefore, further 

surveys to investigate producer attitudes and use of vaccines are required to determine whether 

the EG95 vaccine would be practical and convenient for producers to implement on farm.  

The results presented in Chapter 7 demonstrate that producers do not feel informed about 

hydatid disease but would take action against hydatid disease if they knew their cattle were 

infected. Cattle are sentinels for the definitive hosts of E. granulosus and might also indicate 
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areas where human infection could occur. Although producers cannot eliminate established 

infection in their cattle and might not be able to eliminate risk of transmission from wild dogs, 

human infection is preventable with effective domestic dog husbandry. Domestic dogs should 

be dewormed with praziquantel monthly and should not have access to raw offal. Although the 

EG95 vaccine would prevent hydatid disease transmission to cattle and reduce wastage and 

financial loss in the beef industry, increasing knowledge and awareness of hydatid disease 

among beef producers is likely to encourage adoption of currently available hydatid disease 

control strategies. Education to improve knowledge could be in the form of extension materials 

such as factsheets or workshops which provide information on disease preparedness and 

control.  

Hydatid disease is a ‘silent disease’, and as such, many producers might not perceive it 

as a risk without evidence of disease and systematic reporting (Frawley, 2003; Palmer et al., 

2009a). The National Sheep Health Monitoring Project was designed to monitor health 

conditions at slaughter that increase wastage at abattoirs or reduce farm profit 

(https://www.animalhealthaustralia.com.au/nshmp/; accessed 24.01.2020). A similar project 

could be created for beef abattoirs and be used to inform producers about conditions such as 

hydatid disease or liver fluke (Fasciola hepatica) in their own cattle and their surrounding 

region. This would enable producers to understand and recognise the ‘unseen’ risk of hydatid 

disease, and potentially improve motivation and uptake of hydatid disease control measures. 

Motivation is likely to be greatest if abattoir data accuracy is improved.  

 Outcomes from equivocal findings and further research 

Throughout this project there were equivocal findings that could not be further explored, 

and investigations that could not be conducted using the current observational data. While some 

risk factors were expected (for example, the associations between age [dentition] and feed-type 

with hydatid disease), the inconsistent findings regarding the influence of sex on hydatid 

disease in Wilson et al. (2019a) and Wilson et al. (2019c) (Chapters 4 and 5) were difficult to 

interpret due to the low sensitivity of routine meat inspection for detection of hepatic hydatid 

disease, and unmeasured variables, such as breed. Banks (1984) used Generalised Linear 

Interactive Modelling, to identify factors that might be determinants for hydatid disease, and 

consistent with Gemmell and Brydon (1960) who compared  equivalent age groups of cattle, 

Banks (1984) found that associations between sex and hydatid disease were attributable to 
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differences in age. Although an association between sex and hydatid disease could not be ruled 

out in the current project, it is likely to be confounded by factors such as age. Further studies 

of the susceptibility of each sex would be required to identify true causal pathways.  

As discussed in Wilson et al. (2020b) (Chapter 6), an effect of hydatid disease on weight 

of cattle could not be evaluated using abattoir data. However, if productivity losses occur, cattle 

will take longer to meet market specifications for slaughter weight, therefore increasing cost 

margins for producers. This might motivate producers to implement control strategies for 

hydatid disease. Unlike an observational study, an experimental study could effectively 

investigate associations between hydatid disease and weight gain, as well as between hydatid 

disease and sex. However, such studies would probably be unrealistic due to the large number 

of cattle required to reach appropriate statistical power due to the variation in factors such as 

level of infection. Additionally, these studies would have to be conducted over several years 

due to the slow growth rate of hydatid cysts and would have to be conducted in a controlled 

environment so that further infection or exposure to other diseases could be prevented. 

Therefore, it is unlikely that the impact of hydatid disease on productivity will be able to be 

determined with accuracy unless observational data accuracy can be improved, and potential 

confounders can be measured.  

Although an association between age and hydatid disease was expected based on 

previous studies (Baldock et al., 1985a; Banks et al., 2006b), age at slaughter is a risk factor 

for identification of infection at slaughter. This was supported by cattle of all ages being 

reported infected (Wilson et al., 2019c; Chapter 5), and the correlation between age and the 

size and number of cysts (Wilson et al., 2019a; Chapter 4). A higher prevalence of hydatid 

disease reported in older cattle likely reflects a longer duration of exposure to eggs of E. 

granulosus in the environment, and more time for cysts to grow to a detectable size compared 

to younger cattle. Therefore, older cattle are suspected to be either equally or less susceptible 

(due to acquired immunity) to infection compared to younger cattle in a given environment. 

Further studies to investigate susceptibility of cattle to hydatid disease at different ages are 

required.  

Intuitively, cyst size could indicate duration of infection and therefore help determine the 

time at which an animal became infected. However, growth rate of hydatid cysts in cattle is not 

clearly understood. Cysts from cattle in the study by Wilson et al. (2019a) (Chapter 4) had 
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surpassed the growth rate of cysts in older cattle reported by Banks (1984). If the growth rate 

of hydatid cysts was accurately known within species, the time at which an animal became 

infected could be estimated based on the size of cysts at slaughter. Additionally, dentition is 

not an accurate estimate for age. Once cattle reach 3.5 years they are likely to have eight-teeth. 

In some abattoirs, ossification of the vertebra is reported. This is a much more accurate 

determinant of age than dentition and it would be useful if it was reported by all abattoirs.  

Spatial risk factors were difficult to interpret due to the low sensitivity causing 

measurement bias, possible climatic variation within large PICs, and the inaccuracy of 

currently available data on distributions of wildlife throughout Australia. Studies that 

investigate spatial risk factors associated with hydatid disease in cattle should use data in which 

the presence and absence of hydatid disease has been verified. Additionally, improved data on 

wildlife distributions and point data for locations of cattle are required for inferences to be 

made about the impacts of wildlife on hydatid disease transmission to cattle. Identifying spatial 

risk factors for hydatid disease would help identify the cycle (domestic or sylvatic) with the 

most influence on transmission to cattle, and therefore, determine the most appropriate hydatid 

control strategies to be used for cattle. 

Due to the nature of the sample collections, and the potential for cross-contamination of 

DNA in Wilson et al. (2019b) and Wilson et al. (2019a) (Chapters 3 and 4), species typing of 

hydatid cysts was not conducted. Cysts were expected to be E. granulosus, because currently, 

this is the only confirmed species present in Australia (Jenkins et al., 2014). We also expected 

cysts to be the G1 sheep strain because this is the most common strain reported in Australia 

(Banks, 1984; Bowles & McManus, 1993). However, studies have reported the G2 and G3 

strains in Australian cattle (Alvarez Rojas et al., 2016; Bowles & McManus, 1993; Guo et al., 

2011). Genotyping should be conducted in future studies to evaluate the strains of E. 

granulosus currently present in Australian beef cattle because these could indicate transmission 

patterns between hosts.  

 Conclusion 

This project found that hydatid disease in cattle still has importance due to its geographic 

distribution, prevalence, and economic impact to the Australian beef industry. The project 

highlighted a need for increased and more accurate data collection within abattoirs, and the 
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need for improved knowledge and awareness of hydatid disease among Australian beef 

producers. Despite the limitations of abattoir data, abattoirs provide an economical and 

convenient way to gather large amounts of data on diseases in livestock. The economic losses 

associated with hydatid disease demonstrate the importance of surveillance systems in which 

ongoing monitoring of hydatid disease in beef cattle populations can be used for the purpose 

of controlling hydatid disease and other diseases in cattle. Improvements in the sensitivity of 

routine post-mortem meat inspection and data recording of all diseases would allow better 

estimation of prevalence, spatial risk factors, and economic losses. Mandatory data collection 

and feedback to producers would provide producers with more information about disease in 

their cattle and more incentive to implement control practices for disease on their property. 



179 

 

Appendix A 

 

Chapter 3 Supplementary material  



180 

 

Supplementary Table 3.1 Comparison of the sensitivity and specificity in different sex and age and feed-type 
groups 

Dentition No. Males  
(% positive 
by reference 
standard) 

No. Females  
(% positive 
by reference 
standard) 

Male Se  
(95% CI) 

Female Se  
(95% CI) 

Male Sp  
(95% CI) 

Female Sp  
(95% CI) 

Zero-tooth 205 (11) 58 (10) 12.4  
(4.5—32.1) 

17.36  
(3.0—56.4) 

99.6  
(97.0—100) 

100  
(93.1—100) 

Two-tooth 113 (24) 30 (20) 23.1  
(10.6—40.8) 

21.38  
(3.0—56.4) 

98.7  
(93.7—99.8) 

99.08  
(86.2—100) 

Four-tooth 71 (34) 26 (12) 10.92  
(4.3—31.0) 

36.36  
(6.1—79.2) 

100  
(92.4—100) 

100  
(85.7—100) 

Six-tooth 42 (29) 27 (33) 22.52  
(8.9—53.2) 

24.88  
(6.3—54.7) 

98.98  
(88.6—100) 

95.76  
(74.2—99.0) 

Eight-tooth 13 (77) 51 (71) 29.01  
(10.8—60.3) 

46.45  
(32.0—63.0) 

68.53  
(34.2—100) 

93.84  
(70.2—98.9) 

Grass-fed 110 (38) 115 (41) 20.77  
(11.7—35.9) 

40.75  
(27.6—54.7) 

98.38  
(92.1—99.7) 

97.74  
(89.9—99.2) 

Grain-fed 334 (16) 77 (17) 13.22  
(6.4—24.4) 

21.24  
(8.2—50.3) 

99.46  
(97.4—99.8) 

99.56  
(94.3—100) 

 

 

 

Supplementary Table 3.2 Comparison of the sensitivity and specificity in different age and feed-type groups 

Dentition No. Grass-
fed  
(% positive 
by 
reference 
standard) 

No. Grain-
fed  
(% positive 
by 
reference 
standard) 

Grass-fed Se 
(95% CI) 

Grain-fed Se 
(95% CI) 

Grass-fed Sp 
(95% CI) 

Grain-fed Sp 
(95% CI) 

Zero-tooth 82 (13) 181 (10) 10.42  
(1.6—37.7) 

17.06  
(5.8—39.2) 

99.72  
(94.9—100) 

99.71  
(97.7—100) 

Two-tooth 39 (33) 104 (19) 51.81  
(29.1—76.8) 

14.57  
(5.2—36.0) 

98.92  
(87.1—100) 

98.66  
(93.6—99.8) 

Four-tooth 26 (38) 71 (24) 11.33  
(1.8—40.4) 

14.60  
(3.3—34.3) 

100  
(80.6—100) 

100  
(93.4—100) 

Six-tooth 22 (45) 47 (23) 22.78  
(5.7—51.0) 

22.69  
(5.1—47.7) 

95.20  
(64.6—98.5) 

99.10  
(90.4—100) 

Eight-tooth 56 (80) 8 (13) 43.00  
(29.0—56.7) 

0  
(0—79.3) 

84.40  
(52.3—94.9) 

0  
(0—79.3) 
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Supplementary Fig. 4.1 Caterpillar plots illustrating the random effect (origin) in the null (A) and full (B) 
models. Dots illustrate the point estimate for each random effect and the lines indicate the 95% confidence 
interval for each random effect. 
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Supplementary Fig. 5.1 Causal diagram to identify potential associations between sex, age at slaughter, and 
feed-type (grass- or grain-fed) with hydatid disease reported in beef cattle at slaughter. Potential causal 
pathways used to inform variable selection for logistic regression models are shown by solid lines. Potential 
causal pathways that could not be considered in logistic regression models due to the absence of data are 
indicated by dashed lines. Reproduced from (Wilson et al., 2019a). 
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Supplementary Fig. 5.2 Proportion of cattle killed each month from each dentition group and the mean apparent prevalence (rolled at 3-month intervals) of hydatid 
infected cattle.  
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Null Model (A) 

Hydatid disease reported at slaughter ~ (origin) 

ICC – 0.24 

 

Full model (B) 

Hydatid disease reported at slaughter ~ feed-type*dentition + sex + (origin) 

ICC – 0.17 

 

Supplementary Fig. 5.3 Caterpillar plots illustrating the random effect (origin – where cattle were 
sourced from) in null (A) and full (B) models assessing associations of variables with hydatid disease 
reported in cattle at slaughter. The point estimate for each random effect is indicated by the dots, and 
95% confidence interval for each random effect are illustrated by the lines.  
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Supplementary Table 5.1 Number of animals of each age and sex category sourced from each state and territory 
within Australia slaughtered at an eastern Australian abattoir and the number and percentage reported 
infected within each group. 

State Sex Dentition Number Percentage of total 
sample (95% CI) 

Number reported infected 
within each group (%) 

      
New South 
Wales 
 

  647,843 54.98 (54.89–55.07) 73,153 (11.3) 
F  276,447 23.46(23.38–23.54) 49,152 (17.8) 

0 109,054 9.25(9.20–9.31) 2,870 (2.6) 
2 38,417 3.26 (3.23–3.29) 2,248 (5.9) 
4 27,099 2.30 (2.27–2.33) 2,495 (9.2) 
6 15,542 1.32 (1.30–1.34) 2,597 (16.7) 
7/8 86,335 7.33 (7.28–7.37) 38,942 (45.1) 

M  371,396 31.52 (31.44–31.60) 24,001 (6.5) 
0 168,893 14.33 (14.27–14.40) 3,653 (2.2) 
2 117,287 9.95 (9.90–10.01) 4,135 (3.5) 
4 47,258 4.01 (3.98–4.05) 3,988 (8.4) 
6 19,042 1.62 (1.59–1.64) 4,023 (21.1) 
7/8 18,916 1.61 (1.58–1.63) 8,202 (43.4) 

Queensland   495,397 42.04 (41.95–42.13) 28,894 (5.8) 
F  255,170 21.66 (21.58–21.73) 18,641 (7.3) 

0 104,738 8.89 (8.84–8.94) 2,801 (2.7) 
2 49,433 4.20 (4.16–4.23) 2,142 (4.3)  
4 34,022 2.89 (2.86–2.92) 1,848 (5.4) 
6 19,545 1.66 (1.64–1.68) 1,666 (8.5) 
7/8 47,432 4.03 (3.99–4.06) 10,184 (21.5) 

M  240,227 20.39 (20.31–20.46) 10,253 (4.3) 
0 85,595 7.26 (7.22–7.31) 1,809 (2.1) 
2 64,607 5.48 (5.44–5.52) 2,644 (4.1) 
4 43,953 3.73 (3.70–3.76) 2,315 (5.3) 
6 29,969 2.54 (2.52–2.57) 1,892 (6.3) 
7/8 16,103 1.37 (1.35–1.39) 1.593 (9.9) 

Victoria   21,825 1.85 (1.83–1.88) 258 (1.2) 
F  8,816 0.73 (0.73–0.76) 95 (1.1) 

0 350 0.03 (0.03–0.03) 8 (2.3) 
2 2,383 0.20 (0.19–0.21) 13 (0.5) 
4 3,861 0.33 (0.32–0.34) 17 (0.4) 
6 1,847 0.16 (0.15–0.16) 22 (1.2) 
7/8 375 0.03 (0.03–0.04) 35 (9.3) 

M  13,009 1.10 (1.09–1.12) 163 (1.3) 
0 308 0.03 (0.02–0.03) 6 (1.9) 
2 3,232 0.27 (0.27–0.28) 17 (0.5) 
4 6,193 0.53 (0.51–0.54) 57 (0.9) 
6 2,779 0.24 (0.23–0.24) 40 (1.4) 
7/8 497 0.04 (0.04–0.05) 43 (8.7) 
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Supplementary Table 5.1 (cont) Number of animals of each age and sex category sourced from each state 
and territory within Australia slaughtered at an eastern Australian abattoir and the number and percentage 
reported infected within each group. 

State Sex Dentition Number Percentage of total 
sample (95% CI) 

Number reported infected 
within each group (%) 

      
Northern 
Territory 

  1,271 0.11 (0.10–0.11) 52 (4.1) 
F  799 0.07 (0.06–0.07) 49 (9.8) 

0 74 0.006 (0.005–0.008) 3 (4.1) 
2 51 0.004 (0.003–0.006) 4 (7.8) 
4 110 0.01 (0.01–0.01) 5 (4.5) 
6 175 0.02 (0.01–0.02) 10 (5.7) 
7/8 389 0.03 (0.03–0.04) 27 (6.9) 

M  472 0.04 (0.04–0.04) 3 (6.4) 
0 57 0.005 (0.004–0.006) 0 (0) 
2 95 0.01 (0.006–0.01) 0 (0) 
4 167 0.01 (0.01–0.02) 0 (0) 
6 100 0.009 (0.007–0.010) 0 (0) 
7/8 53 0.005 (0.003–0.006) 3 (5.7) 

Australian 
Capital 
Territory 

  5 0.0004 (0.0002–0.001) 1 (20.0) 
F  4 0.0003 (0.0001–0.0009) 1 (25.0) 

0 0 0 (0) 0 (0) 
2 3 0.0003 (0.0001–0.0008) 1 (33.3) 
4 1 0.0001 (0.00001–0.0005) 0 (0) 
6 0 0 (0) 0 (0) 

 7/8 0 0 (0) 0 (0) 
M  1 0.0001 (0.00001–0.0005) 0 (0) 

0 0 0 (0) 0 (0) 
2 1 0.0001 (0.00001–0.0005) 0 (0) 
4 0 0 (0) 0 (0) 
6 0 0 (0) 0 (0) 
7/8 0 0 (0) 0 (0) 

Tasmania   71 0.006 (0.005–0.008) 0 (0) 
F  70 0.01 (0.005–0.01) 0 (0) 

0 2 0.0002 (0.00005–0.0006) 0 (0) 
2 66 0.006 (0.005–0.008) 0 (0) 
4 2 0.0002 (0.00005–0.0006) 0 (0) 
6 0 0 (0) 0 (0) 
7/8 0 0 (0) 0 (0) 

M  1 0.0001 (0.00001–0.0005) 0 (0) 
0 0 0 (0) 0 (0) 
2 1 0.0001 (0.00001–0.0005) 0 (0) 
4 0 0 (0) 0 (0) 
6 0 0 (0) 0 (0) 
7/8 0 0 (0) 0 (0) 
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Supplementary Table 5.1 (cont) Number of animals of each age and sex category sourced from each state 
and territory within Australia slaughtered at an eastern Australian abattoir and the number and percentage 
reported infected within each group. 

State Sex Dentition Number Percentage of total 
sample (95% CI) 

Number reported infected 
within each group (%) 

      
Western 
Australia 

  143 0.01 (0.01–0.01) 0 (0) 
F  101 0.009 (0.007–0.01) 0 (0) 

0 0 0 (0) 0 (0) 
2 39 0.003 (0.002–0.003) 0 (0) 
4 22 0.002 (0.001–0.003) 0 (0) 
6 10 0.0008 (0.0005–0.0016) 0 (0) 
7/8 30 0.003 (0.002–0.004) 0 (0) 

M  42 0.004 (0.003–0.005) 0 (0) 
0 1 0.0001 (0.00001–0.0005) 0 (0) 
2 18 0.004 (0.001–0.002) 0 (0) 
4 21 0.002 (0.001–0.003) 0 (0) 
6 0 0 (0) 0 (0) 
7/8 2 0.0002 (0.00005–0.0006) 0 (0) 

South 
Australia 

  1,548 0.13 (0.13–0.14) 28 (1.8) 
F  495 0.04 (0.04–0.05) 26 (5.3) 

0 177 0.02 (0.01–0.02) 5 (2.8) 
2 154 0.01 (0.01–0.02) 4 (2.6) 
4 86 0.007 (0.006–0.009) 7 (8.1) 
6 48 0.004 (0.003–0.005) 4 (8.3) 
7/8 30 0.003 (0.002–0.004) 6 (20) 

M  1,053 0.09 (0.08–0.10) 2 (0.2) 
0 411 0.03 (0.03–0.04) 1 (0.2) 
2 353 0.03 (0.03–0.03) 1 (0.3) 
4 105 0.01 (0.01–0.01) 0 (0) 
6 139 0.01 (0.01–0.01) 0 (0) 
7/8 45 0.004 (0.003–0.005) 0 (0) 

Missing Tags   10,226 0.87 (0.85–0.88) 1,437 (14.1) 
 F  4,430 0.38 (0.37–0.39) 816 (18.4) 
  0 1,196 0.10 (0.10–0.11) 22 (1.8) 
  2 634 0.05 (0.05–0.06) 28 (4.4) 
  4 454 0.04 (0.04–0.04) 32 (7.0) 
  6 300 0.03 (0.02–0.03) 36 (12.0) 
  7/8 1,846 0.16 (0.15–0.16) 698 (37.8) 
 M  5,796 0.49 (0.48–0.50) 621 (10.7)  
  0 1,609 0.14 (0.13–0.14) 46 (2.9) 
  2 1,816 0.15 (0.15–0.16) 94 (5.2) 
  4 1,153 0.10 (0.09–0.10) 106 (9.2) 
  6 589 0.05 (0.05–0.05) 101 (17.1) 
  7/8 629 0.05 (0.05–0.06) 274 3.6) 
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Supplementary Table 6.1 Population sizes and percentage reported infected with hydatid disease for stratified groups of cattle used to estimate the direct economic losses 
associated with bovine hydatid disease at an Australian abattoir, 2011–2017. 

Group Distribution 2011 
N (%) 

2012 
N (%) 

2013 
N (%) 

2014 
N (%) 

2015 
N (%) 

2016 
N (%) 

2017 
N (%) 

Total 
N (%) 

Males Fixed 70,853 (6) 61,296 (6) 77,468 (7) 98,357 (10) 104,244 (5) 88,468 (3) 80,071 (3) 580,757 (6) 
   Grass-fed Fixed 30,044 (10) 37,353 (8) 46,039 (10) 57,378 (15) 49,251 (8) 26,048 (6) 22,774 (7) 268,887 (10) 
      Zero-tooth Fixed 14,017 (3) 17,238 (3) 22,267 (4) 25,060 (5) 20,709 (2) 9,670 (2) 8,906 (2) 117,867 (3) 
      Two-tooth Fixed 6,780 (7) 8,553 (6) 12,216 (8) 14,329 (10) 11,870 (5) 7,337 (4) 7,094 (5) 68,179 (7) 
      Four-tooth Fixed 4,015 (13) 4,977 (9) 5,002 (12) 7,947 (19) 8,131 (10) 4,731 (6) 3,909 (9) 38,712 (12) 
      Six-tooth Fixed 2,133 (24) 3,005 (14) 2,780 (27) 4,672 (34) 4,693 (16) 2,364 (15) 1,682 (15) 21,329 (22) 
      Seven/Eight-tooth Fixed 3,099 (38) 3,580 (23) 3,774 (41) 5,370 (56) 3,848 (39) 1,946 (27) 1,183 (35) 22,800 (39) 
   Grain-fed Fixed 40,809 (3) 23,943 (3) 31,429 (3) 40,979 (3) 54,993 (1) 62,420 (2) 57,297 (1) 311,870 (2) 
      Zero-tooth Fixed 9,499 (2) 6,542 (2) 11,368 (2) 14,455 (2) 23,816 (1) 27,302 (1) 24,689 (1) 117,671 (1) 
      Two-tooth Fixed 14,212 (3) 5,517 (2) 9,517 (2) 12,333 (3) 18,004 (1) 21,066 (1) 21,896 (1) 102,545 (2) 
      Four-tooth Fixed 10,789 (4) 5,139 (3) 5,444 (4) 7,621 (4) 7,813 (2) 7,944 (3) 6,816 (2) 51,566 (3) 
      Six-tooth Fixed 4,713 (5) 4,130 (5) 3,319 (6) 4,755 (4) 3,948 (2) 4,712 (4) 2,858 (5) 28,435 (4) 
      Seven/Eight-tooth Fixed 1,596 (8) 2,615 (5) 1,781 (5) 1,815 (12) 1,412 (4) 1,396 (5) 1,038 (8) 11,653 (7) 
Females Fixed 57,199 (13) 71,694 (10) 99,944 (12) 110,159 (16) 90,791 (11) 42,641 (12) 44,773 (13) 517,201 (12) 
   Grass-fed Fixed 39,609 (17) 55,350 (12) 80,746 (14) 86,612 (19) 62,803 (14) 26,828 (17) 27,476 (19) 379,424 (16) 
      Zero-tooth Fixed 19,418 (2) 26,657 (2) 32,918 (3) 37,935 (4) 25,801 (2) 11,403 (2) 11,622 (2) 165,754 (3) 
      Two-tooth Fixed 4,065 (10) 3,972 (6) 9,836 (7) 13,535 (8) 10,003 (5) 3,203 (5) 2,606 (5) 47,220 (7) 
      Four-tooth Fixed 1,977 (15) 2,535 (11) 4,658 (10) 7,929 (14) 7,459 (9) 1,824 (9) 1,449 (12) 27,831 (11) 
      Six-tooth Fixed 1,265 (21) 2,248 (16) 4,335 (15) 4,640 (21) 4,043 (16) 1,296 (20) 877 (27) 18,704 (18) 
      Seven/Eight-tooth Fixed 12,884 (41) 19,938 (26) 28,999 (18) 22,573 (53) 15,497 (42) 9,102 (42) 10,922 (42) 119,915 (38) 
   Grain-fed Fixed 17,590 (5) 16,344 (3) 19,198 (3) 23,547 (4) 27,988 (3) 15,813 (2) 17,297 (3) 137,777 (3) 
      Zero-tooth Fixed 1,845 (2) 3,507 (3) 6,264 (2) 10,697 (3) 10,616 (2) 3,166 (1) 4,364 (1) 40,459 (2) 
      Two-tooth Fixed 4,765 (4) 3,813 (3) 6,067 (2) 6,400 (3) 8,683 (3) 4,986 (1) 5,078 (2) 39,792 (3) 
      Four-tooth Fixed 6,575 (4) 5,038 (2) 4,068 (3) 3,956 (4) 5,199 (3) 4,091 (3) 4,140 (3) 33,067 (3) 
      Six-tooth Fixed 3,043 (4) 2,906 (3) 1,826 (6) 1,750 (5) 2,454 (3) 2,206 (4) 2,539 (6) 16,724 (4) 
      Seven/Eight-tooth Fixed 1,362 (14) 1,080 (13) 973 (17) 744 (28) 1,036 (4) 1,364 (2) 1,176 (7) 7,735 (11) 
Total Fixed 128,052 (9)   132,990 (8) 177,412 (10) 208,516 (13) 195,035 (7) 131,109 (6) 124,844 (7) 1,097,958 (9) 
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Supplementary Table 6.2 Price parameters (AU$/kg) used to define uniform distributions and estimate the 
economic losses associated with bovine hydatid disease at an eastern Australian abattoir, 2011–2017. 

Organ Disposition  2011 
($/kg) 

2012 
($/kg) 

2013 
($/kg) 

2014 
($/kg) 

2015 
($/kg) 

2016 
($/kg) 

2017 
($/kg) 

Grass-fed Livers Clean Minimum 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
  Maximum 1.8 1.8 2.2 1.2 3.2 3.2 3.2 
 Downgraded Minimum 0.65 0.65 0.65 0.65 0.8 0.8 0.8 
  Maximum 0.8 0.8 0.8 0.8 1.25 1.25 1.25 
 Condemned Minimum 0.65 0.65 0.65 0.65 0.5 0.5 0.5 
  Maximum 0.8 0.8 0.8 0.8 1.0 1.0 1.0 
Grain-fed Livers Clean Minimum 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
  Maximum 1.8 1.8 2.2 1.2 3.2 3.2 3.2 
 Downgraded Minimum 0.14 0.14 0.14 0.14 0.14 0.14 0.14 
  Maximum 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
 Condemned Minimum 0.14 0.14 0.14 0.14 0.14 0.14 0.14 
  Maximum 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
Lungs Clean Minimum 0.65 0.65 0.65 0.65 0.65 0.65 0.65 
  Maximum 1.7 1.7 1.7 1.7 1.7 1.7 1.7 
 Downgraded Minimum 0.55 0.55 0.55 0.55 0.55 0.55 0.55 
  Maximum 0.7 0.7 0.7 0.7 0.95 0.95 0.95 
 Condemned Minimum 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
  Maximum 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Hearts Clean Minimum 1.3 1.3 1.5 1.6 1.7 1.7 1.8 
  Maximum 2.2 2.3 2.3 2.4 3.2 3.5 2.9 
 Downgraded Minimum 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
  Maximum 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
 Condemned Minimum 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
  Maximum 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Spleens Clean Minimum 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
  Maximum 1.7 1.7 1.7 1.7 1.7 1.7 1.7 
 Downgraded Minimum 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
  Maximum 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
 Condemned Minimum 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
  Maximum 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Kidneys Clean Minimum 0.55 0.55 0.55 0.55 0.55 0.55 0.55 
  Maximum 0.85 0.85 0.85 0.85 2.2 2.2 2.2 
 Downgraded Minimum 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
  Maximum 0.65 0.65 0.65 0.65 0.65 0.65 0.65 
 Condemned Minimum 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
  Maximum 0.65 0.65 0.65 0.65 0.65 0.65 0.65 
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Supplementary Eq. 6.1 

Total loss due to hydatid disease = !(#$%&' × 	*+,-$%&')(/+,-%&' − /$%&')1 + !(#+34%&'	 ×

*+,-$%&')(/+,-%&' − /+34%&')1 + !(#$%546 × 	*+,-$%546)(/+,-%546 − /$%546)1 	+

!(#+34%546	 ×*+,-$%546)(/+,-%546 − /+34%546)1 +	!(#$7-89: × 	*+,-$7-89:)(/+,-7-89: −

/$7-89:)1 + !(#+347-89: ×*+,-$7-89:)(/+,-7-89: − /+347-89:)1 +	!(#$;&< ×

	*+,-$;&<)(/+,-;&< − /$;&<)1 + !(#+34;&<	 ×*+,-$;&<)(/+,-;&< − /+34;&<)1 +	!(#$=>, ×

	*+,-$=>,)(/+,-=>, − /$=>,)1 + !(#+34=>,	 ×*+,-$=>,)(/+,-=>, − /+34=>,)1	   

Where: 

NDLiv Number of downgraded livers 
NConLiv Number of condemned livers 
NDLung Number of downgraded lungs 
NConLung Number of condemned lungs 
NDHeart Number of downgraded hearts 
NConHeart Number of condemned hearts 
NDKid Number of downgraded kidneys 
NConKid Number of condemned kidneys 
NDSpl Number of downgraded spleens 
NConSpl Number of condemned spleens 
WCleDLiv Weight of clean or downgraded liver (kg) 
WCleDLung Weight of clean or downgraded lung (kg) 
WCleDHeart Weight of clean or downgraded Heart (kg) 
WCleDKid Weight of clean or downgraded kidneys (kg) 
WCleDSpleen Weight of clean or downgraded spleen (kg) 
WConLiv Weight of condemned liver (kg) 
WConLung Weight of condemned lung (kg) 
WConHeart Weight of condemned Heart (kg) 
WConKid Weight of condemned kidneys (kg) 
WConSpleen Weight of condemned spleen (kg) 
PDLiv Price/kg of downgraded liver 
PConLiv Price/kg of condemned liver 
PCleLiv Price /kg of clean liver 
PDLung Price /kg of downgraded lung 
PConLung Price /kg of condemned lung 
PCleLung Price /kg of clean lung 
PDHeart Price /kg of downgraded heart 
PConHeart Price /kg of condemned heart 
PCleHeart Price /kg of clean heart 
PDKid Price /kg of downgraded kidney 
PConKid Price /kg of condemned kidney 
PCleKid Price /kg of clean kidney 
PDSpl Price /kg of downgraded spleen 
PConSpl Price /kg of condemned spleen 
PCleSpl Price /kg of clean spleen 
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Supplementary Table 7.1 Organisation and platforms used to disseminate a knowledge, attitudes and practices 
survey about hydatid disease to Australian beef producers. The industry bodies listed below agreed to 
disseminate the survey on the research team’s behalf. 

Platform Organisation or platform  

Industry Bodies AgriEducate 
 Angus Australia  
 Animal Health Australia 
 Animal Innovations 
 Beef Central 
 Cattle Council Australia 
 Farming Ahead 
 Local Land Services 
 Northern Co-operative Meat Company Ltd. 
 Red Angus Society 
 Teys Australia 
 The Graham Centre for Agricultural Innovation 
Social Media Facebook 
 Twitter 
Other Advertisement of the survey at the Graham Centre Livestock Forum on the 26th July 

2019. 
 Charles Sturt University Approaching Ag Careers Fair on the 1st August 2019. 
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Supplementary Table 7.2 Descriptions of variables from a knowledge, attitudes and practices survey that were collapsed or combined from the raw data for analysis. 

Variable name Description of collapsed or combined variables and levels 
education Junior secondary school and senior secondary school combined to become ‘secondary school’.  

Certificate I and II combined with Certificate III and IV to become ‘cert 1 4’. 
All other levels remained the same. 

Size_prop ’50-99 ha’ and ‘100-499 ha’ combined to become ‘50-499’. 
‘500-999 ha’ and ‘1000-4999 ha’ combined to become ‘500-4999’. 
‘5000-9999 ha’ and ‘10000 ha or more’ combined to become ‘5000 or more’. 

Beef_beefsheep This variable was created from the question “Other than beef cattle, what type of farming system do you operate? (Please indicate all that 
apply)”. The new variable was created based on respondents selecting ‘sheep’ or not. For example, if they chose ‘Cropping’ and nothing else, 
they were coded as ‘Beef’. If they chose ‘Sheep’ and ‘Other (please specify)’, they were coded as ‘Beef and sheep’. 

No_beef ’21-50’, ‘100-500’ and ‘501-1000’ combined to become ’21-1000’. 
‘1001-5000’ and ‘More than 5000’ combined to become ‘more 1000’. 

Breed_group Breed options were coded to identify all possible combinations that producers owned or managed. 
operation Types of cattle operations were coded to identify all possible combinations of cattle operations that producers owned or managed. 
State Only states and territories that respondents were from included. 
Heard_hyd This variable was created from a combination of the questions “Before today, had you heard of hydatid disease in cattle?” and “Where did you 

first hear about hydatid disease?”. 
Respondents were assumed to have heard of hydatid disease if they selected “Yes” for the former question, or “No” for the former question, but 
a response other than “This survey” for the latter question. 

Cause_correct This variable was created from the question “What do you think causes hydatid disease? Please indicate all that apply)”.  
If the respondent identified ‘internal parasite’ and/or ‘tapeworm’ they were classified correct. If they selected one of these as well as an 
incorrect option (for example, ‘tapeworm and external’) they were classified incorrect. 

Know_trans This variable was created from the questions “Do you know how hydatid disease is transmitted between species?” and “Please describe how 
hydatid disease is transmitted.” 
If the person answered “yes” to the former question and correctly described transmission, they were assumed to know transmission. However, if 
they answered yes to the former question, but incorrectly described transmission, they were assumed to not know transmission. 
To be correct for this answer, the respondent had to correctly identify at least one aspect of transmission between species. 

Spec_dom_wild_dog This variable was created from the question “Please indicate which domestic and wild animal species (other than cattle) you think may be 
involved in the life cycle of the causative agent of hydatid disease: (Please indicate all that apply)“. The levels of the variable indicated whether 
the respondent identified domestic dogs only, wild dogs only, domestic and wild dogs or they selected ‘don’t know’. Dingoes were grouped 
with wild dogs for this variable. If they identified either, they had identified a dog in the sylvatic cycle. 

Hyd_look Variable created to classify whether the description for what hydatid disease looks like given by respondent was correct or not. 
Identified_affected_tissues Variable created to classify whether respondents identified the organs mainly affected by hydatid disease. They were classified as ‘Liver and/or 

lungs’ if they had identified at least one or both of these organs; ‘kidney, heart, spleen’ if they hadn’t identified liver or lungs but had identified 
at least one of these; ‘brain , muscle’ if they hadn’t selected any of the former but identified one or both of these rarely affected organs; and 
‘None’ if they only identified tissues that are not affected by hydatid disease (Bone, blood, tongue). 
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Supplementary Table 7.2 (cont) Descriptions of variables from a knowledge, attitudes and practices survey that were collapsed or combined from the raw data for 
analysis. 

Variable name Description of collapsed or combined variables and levels 
Prevent_code Variable created to identify respondents who either said they didn’t know how hydatid disease can be prevented or correctly described at least 

one aspect of hydatid prevention. 
Know_anyone Not applicable – answered ‘No’ to “Can humans be infected with hydatid disease?” 
Consid_vacc Variable created to determine whether they would consider vaccinating at all based on their responses. If they said they would not consider 

vaccinating as well as another such as cost, they were classified as ‘yes’ for consider vaccinating. 
Fam_atrisk Not applicable – answered ‘No’ to “Can humans be infected with hydatid disease?” 
Check_code This variable summarised the open responses for the question “How often do you check you cattle?” 
Dogs_confined Variable created to combine working dog information with pet dog information. If any dogs were ‘not confined’ all dogs were considered ‘not 

confined’. 
Not applicable – do not own domestic dogs (pet or working) 

Feed_dogs_offal Variable created to combine working dog information with pet dog information. If any dogs were fed offal or carcass meat of any sort, they 
were considered to have been fed offal. 
Not applicable – do not own domestic dogs (pet or working) 

Treat_dogs_monthly Variable created to combine and simplify the responses from the questions “How often do you treat your domestic pet dogs for worms?” and 
“How often do you treat your working and/or hunting dogs for worms?”. All respondents who owned working and pet dogs treated both either 
monthly or not.  
Not applicable – do not own domestic dogs (pet or working) 

Treat_dogs_prazi Variable created to combine and simplify responses to the questions “Which of the following worm treatment products have you used for your 
working and/or hunting dogs? (Please indicate all that apply)” and “Which of the following worm treatment products have you used for your 
domestic pet dogs? (Please indicate all that apply)”. Products containing praziquantel were identified. If the respondent selected some products 
with praziquantel, and some without, they were classified as ‘Yes’. If they selected ‘Don’t know’ for one type of dog and ‘no’ for another, they 
were classified as ‘Don’t know’. Responses for products used recently and those used but not recently were combined. 
Not applicable – do not own domestic dogs (pet or working) 

Safe_disposal_all Variable created to determine whether producers consistently dispose of offal safely regardless of whether they home slaughter, find dead 
cattle, or hunt or kill wildlife or pest species. If they selected a combination of safe and unsafe disposal methods, they were classified as unsafe. 
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Supplementary Table 7.3 Answers to open-ended questions in a Knowledge, Attitudes and Practices survey 
about hydatid disease in Australian beef cattle in 2019. 

 
Question Open response 

Knowledge 

 
Please describe how 
hydatid disease is 
transmitted: 

“can be spread via working dogs” 
“Dogs that eat offal from sheep / cattle can then ingest the eggs that can then be passed 
onto humans.”  
“Eggs are released in faeces and infected grass eaten by cattle” 
“Through the ingestion of the internal parasite by dogs foxes or rabbits and then is 
transmitted to humans through bodily fluids” 
“Through contaminated water” 
“ingesting the eggs or through saliva” 
“Swallowing of the eggs from faecal matter on pastures and fodder” 
“through contaminated food and water” 
“Dogs eat infected offal of sheep and cattle ingest and then pass eggs in feces.   Eggs 
on coat of dog to ingestion to humans creates a cyst.” 
“Eggs are picked up from dogs, who are a host in the life cycle of the parasite” 
“Water dogs” 
“Humans are the accidental host between cattle and dogs” 
“Grazing” 
“Via livestock and dogs” 
“Once consumed by dogs (often in offal), eggs can be spread in feces and then 
contaminated pasture is eaten by cattle, sheep or other native animals, causing 
infection” 
“Tapeworms in gut of dogs lay eggs which are passed in faeces. Grazing animals 
consume contaminated pasture. Eggs hatch and become cysts.” 
“Eating raw animal products” 
“Dogs or other carnivores as a definitive host from eating cysts for eg from offal from 
sheep, the intermediate host.” 
“A sheep/cow eats grass contaminated with eggs from dog/fox faeces, the eggs form 
cysts in the sheep/cow which are then eaten as offal by the dog/fox to complete the 
cycle.” 
“Animal faeces contamination from grass when grazing. Poor hand hygiene handler to 
animal “ 
“Ingestion of faecal matter or eggs” 
“ingestion of contaminated animal dung with tapeworm eggs” 
“Ingesting hydatid tape worm eggs from pasture or offal from infected animals” 
“From grass to grazing animal,forms a cyst in the meat, then transfers to the digestive 
tract of animal who eats the meat, eggs are then laid and transfer back to grass (I 
think)” 
“Dogs carry adult tapeworm, eggs are passed in dog droppings, picked up by other 
species and can form hydatid cysts in organs, dog become infected from eating organs 
containing cysts” 
“Primary host faeces eaten by secondary host. Secondary host tissues eaten by primary 
host.” 
“If a ruminant is infected, when it dies if the offal is eaten by dogs/foxes this animal 
then becomes infected. Dogs/ foxes transmit hydatids through there faeces and urine 
back to herbivores and humans.” 
“Intermediate host - dogs primarily” 
“Ingestion of pasture contaminated with dingo faeces” 
“it is carried in the bowel of say a dog that has eaten offal from an infected sheep. 
humans can be infected by ingesting faecal matter from an infected dog and sheep etc 
can also ingest contaminated faecal matter on grass.” 
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Supplementary Table 7.3 (cont) Answers to open-ended questions in a Knowledge, Attitudes and Practices 
survey about hydatid disease in Australian beef cattle in 2019. 

 
Question Open response 

Knowledge 

 
Please describe how 
hydatid disease is 
transmitted: 

 “Through dogs eating infected offal then parasites getting on pastures from their 
feaces” 
“Fluid transference” 
“Through dogs eating infected meat then excreting faeces with eggs which are eaten 
by stock “ 
“Dog eats offal that is infected with the cyst, grows a worm inside it, poops onto grass, 
cow then goes eat said grass and the cyst burrows into muscle or liver and then eaten 
by dog “ 
“Carnivores eat offal that contains hydatid cysts and ruminants graze faecal 
contaminated pastures” 
“Faeces of carnivores on pasture” 
“Through faeces and contamination of food sources with faecal matter” 
 

 
What does hydatid 
disease look like in 
cattle? 
 

“Cysts in liver and lungs” 
“Cysts on internal organs “ 
“There is no external signs it forms cysts on organs “ 
“thin and no energy, pale eyes and gums, swollen stomach” 
“I think it affects the liver.  I don't think it is something that you can tell the animal has 
until after slaughter when the liver is checked. “ 
“Cysts form in the liver” 
“Liver” 
“Abscesses on organs” 
“A cyst with sand like granules inside” 
“Usually no symptoms” 
“Scours, weight loss, cough, anaemia, lethargy.” 
“Cysts in organs.” 
“Weight loss poor condition rough coat lethargy” 
“Cysts” 
“cysts occurring on many internal organs lungs liver and others” 
“Cysts in meat” 
“Cystic lesions in organs especially lung and liver” 
“bunches of grapes in abomasum” 
“Small cysts on the lungs, liver, heart or kidney” 
“Cysts in organs, causing sub-clinical losses” 
“Cysts in internal organs, eg, liver, lung” 
“it usually presents as a cyst in the lungs or liver of a beast but may occur in any 
organ” 
“Cysts in liver” 
“Tapeworm” 
“Cysts in offal and possibly meat” 
“Poor production and cysts on post mortem” 
 

 
How can the spread 
of hydatid disease to 
cattle be prevented? 

“Working of work dogs and carefully handling of faceal matter from animals. Making 
sure all meat is cooked properly “ 
“Breaking the cycle” 
“treating domestic dogs and limiting dingoes on property” 
“Presumably drenches” 
“Drench and Worming” 
“Control of wild dog and dingo population” 
“worming dogs perhaps” 
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Supplementary Table 7.3 (cont) Answers to open-ended questions in a Knowledge, Attitudes and Practices 
survey about hydatid disease in Australian beef cattle in 2019. 

 
Question Open response 

Knowledge 

 
How can the spread 
of hydatid disease to 
cattle be prevented? 

“Controlling all vectors - dogs and roos” 
“Drench and drench domestic dogs” 
“Reduced contact with dogs” 
“Worming of domestic dogs  Containment or control of wild dogs” 
“Ensuring that dogs are treated for tapeworms.” 
“Drench “ 
“Eliminating carnivore species and kangaroos, WEC and drenching accordingly.” 
“Drenching dogs regularly, getting rid of all animal offal on farm.” 
“Worming, paddock rotation to ensure not grazing too close to ground “ 
“resting paddocks” 
“dont feed offal to dogs, deworming dogs, bury/burn dead animals, control wild dogs” 
“worming dogs and keeping clear of wild animals that may transfer disease” 
“Reducing wild dog populations. Not allowing domestic and working dogs access to 
infected carcasses and offal.” 
“Limiting wild dogs, cats and foxes” 
“worm dogs, control wild dogs, don't feed raw offal to farm/pet dogs” 
“access by dogs to offal or carcases” 
“Monitoring wild dog populations and ensuring the domestic dogs don't eat infected 
offal” 
“Dog control” 
“Worming dogs; removal of dogs” 
“controlling dingoes and wild dogs, worming domestic dogs regularly, by not feeding 
raw meat or offal to dogs.” 
“Control wild dogs and worm domestic dogs” 
“Drenching” 
“not feeding offal to dogs and treating dogs for tapeworm” 
“Worming cows and doggies “ 
“Closed herds, minimise pest animals” 
 

Attitudes 

 
Why do you think 
there is risk of you 
and/or your family 
becoming infected 
with hydatid 
disease? 

“We have cattle and dogs” 
“We live in a property where wild animals come into contact with our dogs “ 
“contact with working dogs” 
“We work with animals, working dogs and have feral pigs.” 
“Because we consistently work around our own cattle and other cattle of unknown 
health, as well as wild dog prevalence “ 
“Because we are involved in livestock husbandry. There are a range of diseases those 
working with animals are at risk of contracting.” 
“We are on a farm with cattle, sheep, domestic dogs and foxes.” 
“Lots of kangaroos and wallabies around home” 
“we have domesticated dogs and run beef cattle” 
“Working with dogs on a daily basis” 
“We work in an area that has high wild dog populations and an abundance of 
kangaroos make the transmission cycle very simple” 
“There's always a chance anything could happen “ 
“Dogs eating offal and faecal oral contact to humans” 
“If it can be spread that leaves us at risk” 
 

 



201 

 

Supplementary Table 7.3 (cont) Answers to open-ended questions in a Knowledge, Attitudes and Practices 
survey about hydatid disease in Australian beef cattle in 2019. 

 
Question Open response 

Attitudes 

 
Why do you think 
there is no risk of 
you and/or your 
family becoming 
infected with 
hydatid disease? 

“Lack of apparent symptoms, no access to dead animals (all are 1t or buried)” 
“Good hygiene practice, routine care of pet dogs and control of dingos “ 
“Drenching “ 
“Fed dog biscuits and not offal but road kill and carcasses are the unknown risk” 
“Dogs drenched and not fed offal - mostly fed dog nuts” 
“Don't feed animals offal” 
“Stock are wormed domestic dogs etc are wormed hand hygiene is good humans are 
wormed. Frequent paddock rotation “ 
“We worm our dogs” 
“We don't home kill “ 
“Worm my dog regularly, ensure hygiene with kids playing with dogs” 
“no wild dogs,  domestic dogs routinely wormed (tapeworms)  fox population 
controlled  no sheep  carcases removed immediately” 
“We are very vigilant and do not feed domestic dogs offal” 
“Almost no wild dogs in the area. Worming of pets.” 
“i don't eat raw meat or offal or feed it to my dog, I maintain good personal hygiene” 
“Because we are aware of it and do not expose our selves” 
“Cleanliness” 
“Abbatoirs would pick up the diease and we cook our meat. We also treat our dogs for 
worms” 
“Don't slaughter animals on the property. Wash hands thoroughly after touching 
animals.” 
  

 
Why do you think 
your beef cattle are 
at risk of becoming 
infected with 
hydatid disease? 

“Buying cattle if the saleyards, they could have come from anywhere” 
“There has been confirmed cases in our region” 
“Feral animal impacts and through purchasing cattle” 
“Fogs” 
“Feral pigs and dingoes” 
“Dingoes and Roos and emus” 
“High rainfall” 
“In contact with other herbivores” 
“Because they regularly come into contact with dogs that are not regularly dewormed” 
“Wild dogs, and large kangaroo population” 
“Feral animals “ 
“They are grass fed and graze in areas frequented by foxes. “ 
“we have serious wild dog problems” 
“Do have wild dogs present from time to time” 
“High numbers of wild dog populations and an abundance of kangaroos” 
“Neighbours dogs or dingoes may roam on to our place occasionally” 
“If they eat contaminated grass - cows are more susceptible because they live longer 
than the cattle that are sent to the abattoirs at a young age. “ 
“Same as before - If it can be spread that leaves us at risk” 
 

 
Why do you think 
your beef cattle are 
not at risk of 
becoming infected 
with hydatid 
disease? 

“No wild dogs, only farm dogs. Restrained with no access to dead meat” 
“Well I hope they're not at risk, they get moved to fresh pasture every 2 or three days 
mostly.  Only one paddock is set stocked.” 
“They aren't exposed to untreated dogs.” 
“My steers are well nourished and dogs are not a big problem” 
“No reports of problems with livestock processed.” 
“Minimal dogs in area, no known history, location” 
 



202 

 

Supplementary Table 7.3 (cont) Answers to open-ended questions in a Knowledge, Attitudes and Practices 
survey about hydatid disease in Australian beef cattle in 2019. 

 
Question Open response 

Attitudes 

 
Why do you think 
your beef cattle are 
not at risk of 
becoming infected 
with hydatid 
disease? 

“We are in a dry area, and dods are controlled “ 
“Cleanliness and health protocols “ 
“We regularly treat our dogs for tapeworm “ 
“Drench for it” 
 
 
 

 
What worries you 
most about hydatid 
disease? 

“Need more information about it” 
“Human infection” 
“Long incubation”  
“The ability for humans to contract the disease and mag not know about it.” 
“Human exposure and loss of markets” 
“no symptoms until infection is bad” 
“The lack of information in my area (potentially that it isn't overly present)” 
“I'm not 100% sure about its transmission, think its through dog/fox faeces. With wild 
dogs and foxes in the area how can we stop the spread?  I don't want my animals to 
have any disease that will hinder their growth or mean they are not in the best of 
health.  My preference is to use no chemicals on the stock (apart from necessary 
vaccinations).  What worries me most? That they may have the disease and I don't 
know.” 
“no outward symptoms in cattle“ 
“Difficult to control”  
“Impact from dingoes and too cycle not appreciated in Qld” 
“What I don't know about it! Not sure of symptoms, don't know what risk category our 
herd would be in” 
“humans contracting the disease” 
“It's effect on humans” 
“How little it is understood” 
“Animal welfare and human health risk” 
“Not having enough information”  
“That I don't know anything about it.” 
“Contamination of the food chain.” 
“It's spread by wild/pest animals, the inability to protect cattle and sheep from it and 
the human health implications of contracting it.” 
“If not contained and treated may spread to other properties and impact stock and 
human health” 
“Transference to family” 
“I was not aware that it was in cattle till this survey. Most of my knowledge on animal 
health comes from the regular LLS forums. Up to know, this has not been mentioned” 
“Not knowing herd status” 
“Symtoms are not obvious till well advanced” 
“I am worried that I don't know how wide spread a problem it is” 
“Further Infection” 
“All I have known about hydatid worms is dogs can carry it and I worm for it.” 
“I have no real knowledge of the disease” 
“Human health risks, lack of abattoir feedback to producers, lack of worm control in 
dogs, wild dogs are widespread” 
“risk to humans” 
“Lack of knowledge about it.” 
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Supplementary Table 7.3 (cont) Answers to open-ended questions in a Knowledge, Attitudes and Practices 
survey about hydatid disease in Australian beef cattle in 2019. 

 
Question Open response 

Attitudes 

 
What worries you 
most about hydatid 
disease? 

“Nothing yet as I have not heard of this disease until today.”  
“Possible human infection” 
“Production losses” 
“Transmission to humans” 
“The ease of transmission through stock eating infected grass” 
“People exposing children to it, particularly through let pet dogs having contact with 
childs face - eg licking face” 
“Human becoming infected” 
“The financial impact to producers” 
“Resistance in wormies”  
“Carcass contamination” 
“Human health impacts” 
“How little I now know” 
“I'm not particularly worried”  
“Unsure” 
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Supplementary Table 7.4 Responses of Australian beef producers for questions in which ‘Other (please specify)’ 
was selected in a Knowledge, Attitudes and Practices survey about hydatid disease in Australian beef cattle in 
2019. 

Question Open response 
How would you find out if your beef cattle have 
hydatid disease?  

‘Vet autopsy’ 

 ‘to my knowledge abattoir don't report to producers on 
hydatid in cattle, might find as an incidental finding when 
doing autopsy on property’ 

If there was a vaccine available to prevent hydatid 
disease, please indicate any of the following that 
would encourage you to consider vaccinating your 
cattle: 

‘If I knew it was prevalent in the area’ 

Who do you rely on when managing problems with 
animal health?(Please indicate all that apply) 

‘Beef central is becoming a reputable source’ 

 ‘Local Rural Supplier’ 
 ‘Research.’ 
 ‘Livestock consultant’ 
What sources of information about hydatid disease 
do you feel can most effectively reach producers like 
you?(Please indicate all that apply) 
 

‘Beef Central’ 

 ‘Beef Central’ 
If you find dead cattle, what do you do with them? ‘Drag away into exclusion area’ 
 ‘take them to enclosed fenced off area away from other 

cattle. eg turkey nest square’ 
 ‘Move them out of paddock where other cattle graze’ 
 ‘Depends on bush fire danger’ 
 ‘Have only had 1 small calf site, will need to work out a 

plan for fully grown cattle.’ 
 ‘Move to bushland on my own property (where stock do 

not graze), starting to think that is a bad idea!’ 
 ‘take them to one particular area to decompose’ 
 ‘knacker, stillborn 1 eventually’ 
 ‘Depending on if the death is suspicious’ 
 ‘Knackery’ 
 ‘Pet food company buys if freshly dead, otherwise burn’ 

 
What do you do with the liver, lungs and heart 
immediately following home slaughter?(Please 
indicate all that apply) 

‘Leave with carcass in fenced off area’ 

 ‘Compost’ 
When choosing which worm treatment product to 
use for your domestic pet dogs, what factors do you 
consider?(Please indicate all that apply) 

‘The one stocked at produce store’ 

 ‘aIways make sure it does hydatid worm’ 
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Supplementary Table 7.5 Changes in probabilities for levels of Demographic variables when the different 
groupings for Demographics were selected in a Bayesian Network (BN) model. The BN model assessed the 
interrelationships between Knowledge, Attitudes and Practices of beef producers about hydatid disease. 

Category Levels Demographics 
Smaller 
enterprises (%) 

Larger 
enterprises (%) 

Number of cattle 1-5 
6-20 
21-1000 
>1000 

 2.3 
 8.5 
 89.2 
 0+ 

0+ 
7.1 
11.1 
81.9 

State NSW 
TAS 
VIC 
QLD 
WA 
SA 

72.3 
0+ 
20.6 
2.53 
2.29 
2.29 

18.7 
5.5 
0+ 
70.4 
0+ 
5.5 

Size of property 
(ha) 

10-49 
50-499 
500-4999 
≥5000 

13.0 
54.9 
27.4 
4.65 

7.6 
0+ 
29.1 
≥5000 (63.3%) 

Breed B. taurus and composite 
B. Taurus 
B. taurus and B. indicus and composite 
B. indicus 
Composite 

6.82 
82.0 
2.29 
0+ 
8.92 

11.0 
22.9 
5.5 
21.8 
38.8 

Beef only or beef 
and sheep 

Beef and sheep 
Beef only 

39.8 
60.2 

100.0 
0+ 

Education Secondary school 
Certificate I, II, III, IV 
Advanced Diploma and Diploma 
Bachelor Degree 
Graduate Diploma and Graduate Certificate 
Postgraduate Degree 
Other 

11.5 
22.9 
6.2 
41.1 
2.3 
11.4 
4.6 

21.7 
10.9 
28.9 
16.7 
5.5 
16.4 
0+ 

Operation type Commercial breeding 
Trade 
Stud and commercial breeding 
Commercial breeding and trade 
Stud breeding 
Commercial breeding and Other 
Stud and commercial breeding and trade 

 49.7 
 11.4 
 11.4 
 16.0 
 9.2 
 2.3 
 0+ 

72.6 
11.0 
0+ 
10.9 
0+ 
0+ 
5.5 

Age  18–29 
30–39 
40–49 
50–59 
60–69 
70–79 

25.2 
13.7 
27.4 
13.7 
15.0 
4.89 

10.9 
27.3 
11.0 
5.47 
18.8 
26.5 

Years involved in 
farming 

1–5 
6–10 
11–20 
21–30 
>30 

2.3 
6.87 
13.7 
25.1 
52.0 

0+ 
5.5 
16.4 
27.4 
50.8 

Gender Male  
Female 

70.7 
29.3 

71.7 
28.3 
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Supplementary Table 7.6 Changes in probabilities for levels of Knowledge variables when the different 
groupings for Knowledge were selected in a Bayesian Network (BN) model. The BN model assessed the 
interrelationships between Knowledge, Attitudes and Practices of beef producers about hydatid disease. 

Category Levels Knowledge 
Poor Good 

Know transmission No 
Yes 

81.0 
19.0 

11.2 
88.8 

Know prevention Don’t know 
Correct 

81.6 
18.4 

19.4 
80.6 

Know what hydatid disease 
looks like 

Don’t know 
Correct 
Incorrect 

88.8 
11.2 
0+ 

33.8 
48.9 
17.3 

Know whether humans can be 
infected 

Don’t know 
No 
Yes 

55.6 
3.7 
40.7 

5.2 
0+ 
94.8 

Know anyone No 
Not Applicable 
Yes 

32.2 
59.3 
8.5 

74.9 
5.2 
19.8 

Identified macropods No 
Yes 

81.0 
19.0 

22.7 
77.3 

Identified sheep No 
Yes 

77.6 
22.4 

22.5 
77.5 

Identified wild and/or 
domestic dogs 

Domestic and wild dogs 
Domestic dogs only 
Don’t know 
Wild dogs only 

67.1 
14.6 
14.6 
3.66 

100 
0+ 
0+ 
0+ 

Know whether hydatid 
disease can be cured 

Don’t know  
No 
Yes 

81.3 
3.88 
14.8 

45.5 
31.5 
22.9 

Identified correct cause of 
hydatid disease 

Correct 
Don’t know 
Incorrect 

70.7 
22.0 
7.32 

94.2 
0+ 
5.8 

Identified main tissues 
affected 

Blood bone and tongue 
Brain and Muscle 
Heart, Kidney, Spleen  
Liver and lungs 

7.3 
7.3 
3.7 
81.7 

2.9 
0+ 
2.9 
94.2 

Heard of hydatid disease No 
Yes 

19.0 
81.0 

8.1 
91.9 
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Supplementary Table 7.7 Changes in probabilities for levels of Attitude variables when the different groupings 
for Attitudes were selected in a Bayesian Network (BN) model. The BN model assessed the interrelationships 
between Knowledge, Attitudes and Practices of beef producers about hydatid disease. 

Category Levels Attitudes 
Don’t know Less concerned More concerned 

Serious business – 
Production 

Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

92.9 
7.1 
0+ 
0+ 
0+ 

8.3 
83. 
8.3 
0+ 
0+ 

0+ 
0+ 
58.8 
23.5 
17.6 

Serious business – 
Financial 

Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

86.7 
6.7 
0+ 
0+ 
6.7 

0+ 
91.7 
8.3 
0+ 
0+ 

2.9 
0+ 
55.9 
29.4 
11.8 

Serious business – 
welfare 

Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

86.7 
0+ 
0+ 
13.3 
0+ 

8.3 
83.3 
8.3 
0+ 
0+ 

0+ 
2.9 
57.1 
14.3 
25.7 

Serious industry – 
production 

Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

100 
0+ 
0+ 
0+ 
0+ 

16.7 
25.0 
58.3 
0+ 
0+ 

0+ 
0+ 
37.1 
48.6 
14.3 

Serious industry – 
welfare 

Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

100 
0+ 
0+ 
0+ 
0+ 

16.7 
33.3 
25.0 
16.7 
8.3 

0+ 
0+ 
40.0 
37.1 
22.9 

Serious industry 
financial 

Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

100 
0+ 
0+ 
0+ 
0+ 

16.7 
8.3 
50.0 
25.0 
0+ 

2.9 
0+ 
29.4 
52.9 
14.7 

Serious business – 
public health 

Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

60.0 
0+ 
6.7 
13.3 
20.0 

0+ 
66.7 
16.7 
16.7 
0+ 

0+ 
11.4 
45.7 
14.3 
28.6 

Serious industry 
public health 

Don’t know 
Not serious 
Somewhat serious 
Quite serious 
Very serious 

86.7 
0+ 
0+ 
6.7 
6.7 

25.0 
8.3 
8.3 
33.3 
25.0 

0+ 
5.7 
31.4 
34.3 
28.6 

Cattle at risk Already infected 
Don’t know 
No 
Yes 

0+ 
93.3 
6.7 
0+ 

8.3 
33.3 
33.3 
25.0 

0+ 
40.0 
14.3 
45.7 

Family at risk Don’t know 
No 
Not Applicable 
Yes 

24.8 
8.8 
49.5 
16.8 

9.1 
72.3 
9.5 
9.1 

15.9 
29.1 
25.9 
29.1 

Better control 
required 

Don’t know 
No 
Yes 

86.7 
0+ 
13.3% 

25.0 
25.0 
50.0 

51.4 
8.6 
40.0 
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Supplementary Table 7.7 (cont) Changes in probabilities for levels of Attitude variables when the different 
groupings for Attitudes were selected in a Bayesian Network (BN) model. The BN model assessed the 
interrelationships between Knowledge, Attitudes and Practices of beef producers about hydatid disease. 

Category Levels Attitudes 
Don’t know Less concerned More concerned 

Take action if cattle 
infected 

Don’t know 
No 
Yes  

13.3 
0+ 
86.7 

8.3 
8.3 
8.3 

0+ 
0+ 
100 

Feel informed No 
Yes 

100 
0+ 

66.7 
33.3 

74.3 
25.7 

Consider 
vaccinating 

No 
Yes 

0+ 
100 

0+ 
100 

2.9 
97.1 
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Supplementary Table 7.8 Changes in probabilities for levels of Practice variables when the different groupings 
for Practices were selected in a Bayesian Network (BN) model. The BN model assessed the interrelationships 
between Knowledge, Attitudes and Practices of beef producers about hydatid disease. 

Category Levels Practices 
Hydatid 
prevention 

Standard 
husbandry 

No dogs 

Dogs confined No 
Not Applicable 
Yes 

50.0 
0+ 
50.0 

12.2 
0+ 
87.8 

0+ 
100 
0+ 

Treat dogs with 
praziquantel 

Don’t remember 
No 
Not Applicable 
Yes 

37.5 
0+ 
0+ 
62.5 

10.2 
12.2 
0+ 
77.6 

0+ 
0+ 
100 
0+ 

Deworm dogs 
monthly 

No 
Not Applicable 
Yes 

62.5 
0+ 
37.5 

89.8 
0+ 
10.2 

0+ 
100 
0+ 

Feed dogs offal No 
Not Applicable 
Yes 

75.0 
0+ 
25.0 

59.2 
0+ 
40.8 

0+ 
100 
0+ 

Frequency of 
checking cattle 

Daily 
2-3 times per week 
Weekly 
Monthly 
Variable 

0+ 
25.0 
12.5 
12.5 
50.0 

55.6 
28.9 
15.6 
0+ 
0+ 

40.0 
20.0 
40.0 
0+ 
0+ 

Safe disposal of 
offal 

No 
Yes 

62.5 
37.5 

79.6 
20.4 

40.0 
60.0 
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Supplementary Table 7.9 Changes in probabilities of Demographic, Knowledge, Attitude and Practice groupings when different groups of each were selected in a 
Bayesian Network (BN) model. The BN model assessed the interrelationships between Knowledge, Attitudes and Practices of beef producers about hydatid disease. 

 Demographics Knowledge Attitudes Practices 

Smaller 
enterprises 

Larger 
enterprises 

Poor Good Don’t 
know 

Less 
concerned 

More 
concerned 

Hydatid 
prevention 

Standard 
husbandry 

No dogs 

Demographics           

   Smaller enterprises 100 0 52.9% 47.1% 29.8% 16.1% 54.2% 13.8% 77.1% 9.16% 

   Larger enterprises 0 100 22.9% 77.1% 10.9% 27.2% 61.9% 10.8% 83.7% 5.46% 

Knowledge           

   Poor  84.6% 15.4% 100 0 47.4% 3.7% 48.9% 0+ 92.7% 7.32% 

   Good  59.3% 40.7% 0% 100% 5.9% 31.7% 62.4% 23.1% 68.3% 8.7% 

Attitudes           

   Don’t know 86.7% 13.3% 86.4% 13.6% 100% 0% 0% 0+% 86.7% 13.3% 

   Less concerned 58.4% 41.6% 8.3% 91.7% 0% 100% 0% 66.6% 25.0% 8.3% 

   More concerned 67.6% 32.4% 38.2% 61.8% 0% 0% 100% 0+% 94.3% 5.71% 

Practices           

   Hydatid prevention 75.2% 24.8% 0+ 100.0% 0+% 100.0% 0.003% 100% 0% 0% 

   Standard husbandry 68.7% 31.3% 51.7% 48.3% 26.5% 6.13% 67.3% 0% 100% 0% 

   No dogs 80.0% 20.0% 40.0% 60.0% 40.0% 20.0% 40.0% 0% 0% 100% 
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Appendix F 

 

Survey to investigate beef producer knowledge, attitudes and 

practices regarding hydatid disease  
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Appendix G 

 

Echinococcus granulosus in the Northern Territory, Australia: 

hydatid disease reported in beef cattle from the region  

 

Photo: Wild dogs feeding on bovine carcass whist surrounded by other cattle. 

Source: Benjamin Allen. 

 

This is the peer reviewed version of the following article: Wilson, C. S., Brookes, V. J., & 

Jenkins, D. J. (2020). Echinococcus granulosus in the Northern Territory, Australia: hydatid 

disease reported in beef cattle from the region. Australian Veterinary Journal., which has been 

published in final form at doi:10.1111/avj.12916. This article may be used for non-commercial 

purposes in accordance with Wiley Terms and Conditions for Use of Self-Archived Versions. 
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Abstract 

Hydatid disease in beef cattle has been reported to be widespread throughout Australia, 

but cattle bred and raised in the Northern Territory were previously believed to be free of the 

disease. Between 2010 and 2016, 1061 cattle from the Northern Territory were slaughtered at 

a New South Wales abattoir and inspected for hydatid disease. The proportion of cattle reported 

infected with hydatid disease was 3.5%. Individual cattle identification numbers indicated that 

the cattle included in the study had most likely remained within the Northern Territory from 

birth until immediately prior to slaughter, so were assumed to have become infected within the 

region. We suspect that the sylvatic cycle of Echinococcus granulosus transmission could be 

responsible for infection of cattle in this region. 

Main text 

In Australia, hydatid disease, caused by Echinococcus granulosus, has two transmission 

cycles: a domestic cycle involving domestic dogs as definitive hosts, and livestock (mainly 

sheep but also cattle) as intermediate hosts; and a sylvatic cycle involving wild dogs and 

dingoes as definitive hosts, and macropod marsupials, feral pigs (Jenkins & Morris, 2003), 

wombats (Grainger & Jenkins, 1996), and water buffalo (Jenkins et al., 2019) as intermediate 

hosts. Transmission between the two cycles is known to occur (Grainger & Jenkins, 1996). The 

sylvatic cycle is believed to be the most important for transmission to beef cattle (Banks et al., 

2006b).  

High prevalences of hydatid disease in cattle have been reported in areas of New South 

Wales and Queensland (Banks et al., 2006b; Gemmell & Brydon, 1960; Roberts, 1982). 

Lymbery et al. (1995) also reported infected cattle in the Kimberly region of Western Australia 

(immediately west of the Northern Territory). In comparison, reported prevalence of the 

disease in the Northern Territory cattle has been low (Seddon, 1950; Smeal, 1995) and in a 

study conducted by Small and Pinch (2003), the only cattle reported to have hydatid cysts at 

slaughter in the Northern Territory were those imported from Queensland and were believed 

to have acquired infection whilst in Queensland. Therefore, the presence of hydatid disease in 

cattle in the Northern Territory was equivocal.  
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All cattle within Australia are identified under the National Livestock Identification 

System and have an identification number which includes a Property Identification Code (PIC). 

Animals must have an accredited tag or device fitted after birth and the identification number 

must be updated whenever the animal is sold or moved to a property with a different PIC.  

Between October 2010 and December 2016, data from cattle slaughtered at a New South 

Wales abattoir were collected, which included PIC at birth and PIC immediately prior to 

slaughter. Cattle from the Northern Territory with a PIC at birth that matched their PIC at 

slaughter were identified (N = 1061) and were assumed to have remained within the Northern 

Territory from birth until immediately prior to slaughter. Cattle were from all age groups (zero-

, two-, four-, six-, and eight-tooth) and of both sexes, and all cattle, except two were grass-fed. 

Inspection for detection of hydatid disease in all offal and carcasses according to the Australian 

Standard for the Hygienic Production and Transportation of Meat Products for Human 

Consumption was conducted during routine post-mortem meat inspection (Australia and New 

Zealand Food Regulation Ministerial Council. Food Regulation Standing Committee, 2007). 

All organs are initially examined visually. In addition to visual examination, livers are palpated 

and the main bile ducts are incised. Lungs are palpated and the bronchi are opened and internal 

surfaces are observed. The heart is palpated and the internal musculature is incised up to four 

times. The kidneys are palpated (Australia and New Zealand Food Regulation Ministerial 

Council. Food Regulation Standing Committee, 2007). Collection of data from the abattoir for 

the purpose of this study was approved by the Charles Sturt University Human Ethics 

Committee (protocol number 400/2016/12).  Cattle were slaughtered as a part of normal 

abattoir process, and not for the purpose of this study, so animal ethics approval was not 

required. 

The proportion of cattle from the Northern Territory that were reported infected was 3.5% 

(n = 36).  Given a diagnostic sensitivity and specificity of meat inspection of 24.9 and 98.9, 

respectively, we estimate the true proportion of hydatid infected cattle as 9.6% (95% 

confidence interval [CI] 5.7 to 15.0%)(Wilson et al., 2019b). Hydatid disease was reported in 

both the liver and lungs in 34 of the infected cattle, one animal was reported to have infection 

only in the liver, and one animal was reported to have infection only in the lungs. Cattle of all 

dentition groups and both sexes were reported infected. Forty-seven per cent of infected 

animals were eight-tooth cattle (3.5 years or older, n = 17, odds ratio 2.3, 95% CI 0.6 to 7.9, 
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Fisher exact P < 0.01) and 92% were female (n = 33, odds ratio 8.2, 95% CI 2.5 to 26.9, Fisher 

exact P = 0.3). All infected cattle were grass-fed.  

Figure 1 shows the proportion of cattle infected with hydatid disease within each PIC 

region in the Northern Territory. Although we do not know movements of cattle between their 

PIC at birth and their PIC immediately prior to slaughter, it is unlikely the cattle were moved 

out of the Northern Territory and returned before being transported to New South Wales for 

slaughter.  

 

Figure 1 Proportion of hydatid infected cattle from four Property Identification Code (PIC) regions in the 

Northern Territory. All cattle included in the study were bred and raised in the Northern Territory before 

being transported to New South Wales for slaughter. The number of cattle within each PIC region and the 

percentage of infected cattle (in parenthesis) is shown on the map. 

The results from this study are consistent with previous reports that sex might be 

associated with hydatid disease (Wilson et al., 2019a; Wilson et al., 2019c). Although a higher 

proportion of older cattle were infected, the association with older age was not significant. This 

is inconsistent with previous reports demonstrating that increased age is associated with 

increased detection of hydatid disease (Banks et al., 2006b; Wilson et al., 2019c). 
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This study suggests that there is a transmission cycle of Echinococcus granulosus 

occurring in the Northern Territory, contrary to the findings of Small and Pinch (2003), and 

that transmission is widespread in the region. Routine meat inspection has been shown to have 

a low sensitivity for detection of hydatid disease (Wilson et al., 2019b). Therefore, the 

proportion of hydatid infection in cattle from the Northern Territory might be higher than 

reported in this study, as indicated by our estimate of the true proportion. 

The lack of hydatid disease in cattle in the Northern Territory was previously attributed 

to the climate being unsuitable for survival of E. granulosus eggs (Gemmell, 1958; Small & 

Pinch, 2003). Gemmell (1958) reported that the prevalence of hydatid disease in sheep from 

New South Wales was affected by mean monthly temperature and rainfall. Temperatures above 

27°C or rainfall less than 25 mm per month for at least six months a year was associated with 

low prevalence of hydatid disease in sheep. Climatic conditions throughout the Northern 

Territory can exceed these limits (higher temperatures). There are two distinct climate zones: 

tropical in the north and semi-arid to arid in the south. In the tropical north, the wet season 

(October–April) has temperature averages of 33°C, approximately 600–2400 mm of rain and 

≥70% humidity. The dry season (May–September) has an average temperature of 24–27°C, 

approximately 400–2000 mm rain and ≥40% humidity. In the south, there are four distinct 

seasons (summer, autumn, winter, and spring). The average annual temperature across all 

seasons is 18–27°C, and average annual rainfall is 100–600 mm with the highest and lowest 

rainfall occurring in summer and winter, respectively (Bureau of Meteorology, 2016).  

It is possible that the presence of suitable hosts (definitive and intermediate) might be 

more important than climate, which has been suggested by other authors (Banks et al., 2006b). 

We are not aware of studies in the Northern Territory that estimate the prevalence of E. 

granulosus in domestic or wild dogs, or macropods. However, wild dogs, and working and 

domestic pet dogs are present in the Northern Territory and could contribute to the lifecycle of 

E. granulosus. Sheep are not reared in the Northern Territory; therefore, a purely domestic 

cycle is unlikely because cattle rarely have fertile cysts. Water buffalo, have been reported as 

intermediate hosts for E. granulosus in Australia (Jenkins et al., 2019), but the infection 

described was in a farmed buffalo in New South Wales. The contribution of wild water buffalo 

in the Northern Territory to the transmission of E. granulosus in that region is unknown, and, 

it is possible they participate in a sylvatic cycle with dingoes.  
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Overall, it appears that there is a transmission cycle of E. granulosus within the Northern 

Territory. This is important because infected cattle indicate that eggs of E. granulosus are 

present in the environment; therefore, there is a risk for human infection. Although the source 

of hydatid infection in beef cattle in this region is unknown, we suspect that the sylvatic cycle 

is primarily responsible. 
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