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Abstract 

Fasciola hepatica (F. hepatica) is a parasite more commonly known as liver fluke. Since 

colonisation in Australia, F. hepatica has been a problem in South-Eastern Australia (New 

South Wales, Victoria and Tasmania). The South-Eastern region of Australia has a 

temperate climate and ample water for the primary, intermediate host in Australia 

Austropeplea tomentosa (A. tomentosa). Control of F. hepatica in these regions relies 

heavily on the use of preventative flukicides, particularly triclabendazole, to treat the 

definitive hosts and reduce egg contamination. Diagnostic tools including liver fluke faecal 

egg counts (LFEC), serum ELISA (sELISA), bulk tank milk ELISA (BTM ELISA), and 

coproantigen ELISA (cELISA) play a crucial role in better informing F. hepatica control 

strategies on-farm. However, there has been no recent investigation of the prevalence of 

F hepatica in Victorian dairy cattle, the incidence of triclabendazole resistance in cattle or 

the management practices used by farmers to control liver fluke. 

 This thesis's focus was to: (1) apply several of these diagnostic tools to determine the 

prevalence of F. hepatica in irrigated dairy regions of Victoria; (2) assess the variation in 

coproantigen and egg shedding within a day (morning and afternoon milking) and 

between days for five days to determine the impact on the sensitivity of the tests and 

correlation with total fluke count; (3) determine what farm management practices dairy 

farmers use to control F. hepatica and identify what information needs to be 

communicated to farmers. 

We found that F. hepatica was endemic in several Victorian dairy regions (mean 

prevalence 39%), with the highest prevalence (75-80%) observed in the Macalister 

Irrigation District. The state-wide estimated annual economic loss in milk production was 

$AUD 129 million. Triclabendazole-resistant F. hepatica was identified on three dairy 

farms. 

During the morning and afternoon milkings, we observed a 2.6-8.8 fold range in 

coproantigen OD values and 5-16 fold range in liver fluke egg counts over the five days 

the animals were sampled; correlations for both tests with total fluke counts ranged from 

R= 0.58-0.78 and differences were observed between morning and afternoon samples. 

Sampling in the morning yielded higher positive correlations between the cELISA and LFEC 

tests and total fluke counts, suggesting that faecal sampling for liver fluke testing should 
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be collected in the morning. Our findings suggest that the cELISA and the LFEC 

(FlukeFinder kit®) are robust tests that can accurately detect cattle with burdens >10 

flukes under Australian farm management practices. 

The survey results identified four knowledge gaps where communication needs to be 

enhanced: diagnostic testing to inform flukicide use, rotation of flukicide actives, flukicide 

administration, and increased testing of replacement animals. 

These studies have identified regions in Victoria at higher risk of F. hepatica, validated the 

coproantigen ELISA for fluke diagnosis in cattle and identified management options that 

can be utilised on-farm to mitigate production losses resulting from infection with F. 

hepatica. The research has improved our understanding of where F. hepatica is in Victoria, 

identified regions at higher risk and identified several management options that can be 

utilised on-farm to mitigated associated productions losses resulting from infection of 

dairy cattle with F. hepatica. 
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Chapter 1: Literature Review 
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Chapter 1 – Literature Review 

The lifecycle, ecology and distribution of Fasciola hepatica in Australian cattle 

1.1 Introduction 

1.1.1 Fasciola hepatica and Fasciola gigantica 

Infection with either Fasciola gigantica (F. gigantica) or Fasciola hepatica (F. hepatica) 

causes fasciolosis. F. gigantica is found in the tropics, whereas F. hepatica is found in 

temperate and sub-tropical regions (Mas‐Coma et al., 2009). These two parasites have 

been found to co-exist in Vietnam, Japan and Korea, producing hybrids (Cwiklinski et al., 

2016). F. hepatica is the most widely distributed vector born parasite in the world, 

infecting a wide range of unrelated hosts shown in Table 4 (Mas-Coma, 2005). The 

widespread distribution of F. hepatica is primarily due to its capacity to infect local 

Lymnaeidae snails (Correa et al., 2010). Globally more than 30 Lymnaeidae have been 

described as vectors for the parasites and are found on every continent except Antarctica 

(Correa et al., 2010). The global distribution of F. hepatica, the lack of host specificity and 

its ability to infect local Lymnaeidae makes the parasite a significant threat to livestock 

productivity and public health. 

1.1.2 Global problems with fasciolosis 

The global cost of fasciolosis has been estimated to be over $3 billion US per annum, and 

an estimated 17 million people and 300 million cattle are infected with F. hepatica (Spithill 

et al., 1999; Copeman and Copland, 2008; Cwiklinski et al., 2016). Compounding these 

problems are reports of triclabendazole (TCBZ) resistant F. hepatica in sheep, cattle and, 

most alarmingly, in humans, reviewed in Kelley et al. (2016) (Chapter 2). TCBZ is the 

preferred drug for the treatment of F. hepatica because it targets both the immature and 

mature stages of the parasite and has a high safety margin. Modelling by Haydock et al. 

(2016) in New Zealand (NZ) suggests that climate change is likely to expand the 

distribution of F. hepatica and increase the severity of the disease. Given that there is only 

a finite number of alternative drug classes at present, the loss of triclabendazole could 

compromise the future control of the parasite in livestock and humans. 

1.1.3 F. hepatica in Australia 

In Australia, F. hepatica has been a problem since the early settlement of the country, 

with outbreaks of fasciolosis occurring in New South Wales (NSW), Victoria (VIC) and 
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Tasmania (TAS) soon after the regions were first stocked (Seddon, 1950). The severity of 

the outbreaks led to the 1869 Royal Commission into Fluke, declaring that the parasite 

was a significant threat to the country’s national wealth and prosperity (Penny, 1869). In 

the preceding year's severe losses continued in Victoria, and one property lost 25,000 

sheep in a single year (Seddon, 1950). More recent work in Australia has estimated that 

F. hepatica costs the sheep industry $25 M per year and the Victorian dairy industry $129 

M per year (Lane et al., 2015; Kelley et al., 2020). However, little research has investigated 

the distribution of F. hepatica in Australia. 

1.1.4 PhD thesis context 

This literature review explores the ecology and lifecycle of F. hepatica in Australia to 

inform control strategies, identify gaps in our knowledge and direct future research in 

Australia. 

1.2 The life cycle of F. hepatica 

F. hepatica is heteroxenous, relying on an intermediate snail from the family Lymnaeidae 

as a vector to transmit the infection to the definitive host. The life cycle of F. hepatica is 

shown in Figure 1.1. 
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1.2.1 Eggs 

Adult F. hepatica residing within the definitive host bile ducts shed eggs that pass into the 

digestive system and are excreted from the host in faecal matter ((a) in Figure 1.1). The 

eggs remain viable in the faecal pat while it is moist, but once it dries out, death occurs 

rapidly (Andrews et al., 1999). Egg development occurs once the egg is liberated from the 

faecal matter via rainfall, irrigation, livestock or farm machinery as it has an inhibitory 

effect on the egg development (Boray, 1969; Andrews et al., 1999). Embryonation of the 

egg requires the presence of water and warm temperatures (Table 1). Egg development 

takes a few weeks at 23°C to 26°C, whereas development takes months if the temperature 

is below 15°C and days if the temperature is greater than 26°C (Boray, 1969; Andrews et 

al., 1999). 

Figure 1.1. The F. hepatica life cycle in cattle sourced from Love et al. (2017) 
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Table 1.1. Climatic tolerances of F. hepatica 

  Temperature Humidity Duration of Survival Reference 

Embryonation <5°C 
 

2-2.5 years 

(Boray, 1969; Andrews et al., 1999)  
  23-26°C 

 
21 days 

  30°C 
 

8 days 

  >37°C 
 

No development, dead within 24 days 

Miracidium lifespan 6°C 
 

36hrs 

(Boray, 1969)   10°C 
 

24hrs 

  25°C 
 

6hrs 

Duration of MCa 
infectivity 

-2°C 
 

92 days 

(Boray and Enigk, 1964; Boray, 1969) 
  10°C 

 
130 days 

  25°C 
 

36 days, 50% survived 60 days 

  30°C 
 

14 days, 20% survived 36 days 

  35°C 
 

Died after 14 days 

MCa survival humidity 10°C 75%-80% 31 days 

(Boray and Enigk, 1964) 
  10°C 90% 122 days 

  20°C 75%-80% 3 days 

  20°C 90% 14 days, none after 27 days 

MCa survival on pasture 10°C 76% 70 days during winter 

(Ono et al., 1954; Boray and Enigk, 1964; Meek and Morris, 
1979a)  

  20°C 67% 7 days during summer 

  25°C 
 

42 days 

  25-32°C 
 

Died in 10 days 
aMC – metacercariae 
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1.2.2 Miracidia 

Sunlight or cold water triggers the release of miracidia from F. hepatica eggs ((b) in 

Figure 1.1) (Jepps, 1933; Andrews et al., 1999). After hatching, the miracidia only have a 

few hours to find an intermediate snail host (see Table 1). Miracidia move at a rate of 4-

12 sec/cm and can travel a distance of 50m to find a snail (Boray, 1969; Andrews et al., 

1999). Miracidia seek out and infect snails, relying on chance or a positive chemotactic 

reaction which occurs when a snail is within 15 cm of the miracidia (Neuhaus, 1953). The 

miracidia attack the snail's foot and mantel, which causes swelling and irritation (Boray, 

1964a). Snails have varying degrees of susceptibility to F. hepatica infection shown in 

Table 2 and will often aggregate in the most susceptible snail (Anderson, 1978). 

1.2.3 Intermediate hosts in Australia 

The main intermediate host in Australia is the native snail Austropeplea tomentosa (A. 

tomentosa), which was formally known as Lymnaea tomentosa (shown as (c) in 

Figure 1.1). A. tomentosa is found in Australia and NZ; however, research by Puslednik et 

al. (2009) found that the snails had distinctly different lineages suggesting that the snails 

are different species. In addition, Puslednik et al. (2009) found evidence to suggest that A. 

tomentosa in Australia is three distinct species of snail. The snails have been regrouped 

and renamed by Ponder (2016a, 2016b, 2016c). The snails are now tentatively known as: 

Austropeplea brazier (A. brazier) found in NSW, Australian Capital Territory (ACT), 

Queensland (QLD) and VIC; Austropeplea papyracea (A. papyracea) found only in South 

Australia (SA); and Austropeplea huonensis (A. huonensis) found only in TAS (Puslednik et 

al., 2009; Ponder, 2016a, b, c). As much of the intermediate host research in Australia has 

focused on A. brazier, further research needs to assess the role A. papyracea and A. 

huonensis play in the epidemiology of F. hepatica in SA and TAS. For the remainder of the 

literature review, A. tomentosa will continue to be used to describe the main intermediate 

host snail in Australia, as all research to this point has considered it to be one snail. There 

are two other secondary intermediate hosts in Australia: Pseudosuccinea columella (P. 

columella) and Radix viridis (P. columella) that were both introduced to Australia in the 

1970s and play a lesser role in the transmission of F. hepatica. 
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Table 1.2. Intermediate snail hosts in Australia susceptibility to F. hepatica infection and metacercariae production 

Species Source Country 
No. of snails 
infected with 

miracidia 
Age of snail 

No. of snails 
which produced 

cercariae 

Average no. of 
MC a produced 

Average development 
time of F. hepatica in 

snails 
Reference 

A. tomentosa NSW b AUS c 1250  40% 470 59 days (Boray, 1978) 

P. columella NSW b AUS c 1150  1% 412 114 days (Boray, 1978) 

P. columella NSW b AUS c 400 Young (2-4mm) 40% 151 70 days (Boray, 1985) 

P. columella NSW b AUS c 25 Adult (12-18mm) 0% 0 Unk d (Boray, 1985) 

P. columella Unk d NZ e 1000  18% 790 Unk d (Boray, 1978) 

P. columella Unk d USA f 21 6-11.5mm 38% 278 73 days (Krull, 1941) 

R. viridis QLD g AUS c 200  21% 155 59 days (Boray, 1978) 

R. viridis Highlands PNG i 125  36% 449 Unk d (Boray, 1978) 

R. viridis Kathmandu NE j 100  27% 214 Unk d (Boray, 1978) 
a MC – metacercariae 

b NSW – New South Wales 

c AUS – Australia 

d Unk – Unknown 

e NZ – New Zealand 

f USA – United States of America 

g QLD – Queensland 

h NE – Nepal 

i PNG – Papua New Guinea 

j NE – Nepal 
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1.2.3.1 Austropeplea tomentosa 

A. tomentosa is distributed widely across Australia (Figure 1.2). The snail has a high 

susceptibility to miracidia and is the most efficient intermediate host in Australia at 

producing metacercaria (see Table 2). A. tomentosa has a high reproductive capacity, and 

one individual snail can produce 1265 eggs in 30 days (Boray, 1969). However, copulating 

does not occur below 16°C or above 30°C (see Table 3). Copulation ceases in large snail 

colonies and when there is a lack of aeration leading to stagnating water (Boray, 1964b). 

Copulation is triggered by a reduction in colony size and sudden physical changes in the 

environment, including increasing temperatures, rainfall and flooding. These 

environmental changes significantly reduce the size of A. tomentosa colony and trigger 

high copulation rates so that A. tomentosa can colonise new habitats (Boray, 1964b). 

Boray (1964a) and Lynch (1965) observed that A. tomentosa could expand rapidly after 

floods and colonise new areas leading to outbreaks of fasciolosis in livestock. Copulation 

does not occur during winter; it commences in spring and, depending on environmental 

factors, copulation can continue through summer till autumn (Boray, 1964b). The high 

reproductive capacity of A. tomentosa, its ability to rapidly colonise new habitats and 

migrate large distances make it an ideal host for F. hepatica in Australia. 

Figure 1.1. Occurrence records from 1864 to 2015 of A. tomentosa, P. columella and R. viridis in Australia. 

Data sourced from the Atlas of Living Australia (2020), see Appendix 1 for a complete list of contributing 

organisations. 
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Table 1.3. Climatic and environmental tolerances of A. tomentosa 

  Temperature Days viable Hatching Other Reference 

A. tomentosa   2-5°C 1095 
  

(Boray, 1964a) 

   26°C Optimum tempa 
  

(Boray, 1964a) 

   >35°C 42 
  

(Boray, 1964a) 

  pH 
   

5.4 to 7.3 (Boray, 1964a) 

  Salinity ppm 
   

25-160 ppm (Boray, 1964a) 

  Silicia suspension 
   

<2-5 ppm (Boray, 1964a) 

Copulation  <16°C No egg laying 
  

(Boray, 1964b) 

   >30°C No egg laying 
  

(Boray, 1964b) 

Egg hatch  <2°C 
 

60 days 
 

(Boray, 1969) 

   <5°C 
 

56-60 days 
 

(Boray, 1963) 

   25-26°C 
 

5-8 days 
 

(Boray, 1963) 

   30-31°C 
 

9-10 days 
 

(Boray, 1963) 

Infected A. tomentosa 
(Sporocysts, rediae & 
cercariae) 

 
< 10°C (Little development) 3 years 

  
(Boray, 1969) 

a Temp – Temperature 
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1.2.3.2 Pseudosuccinea columella 

P. columella is native to North America but was discovered in Australian metropolitan 

creeks in Brisbane, Melbourne, Sydney and Perth in the late 1970s (Ponder, 1975; Boray, 

1978). The current distribution of P. columella in Australia is shown in Figure 1 2. In NZ, 

the introduction of P. columella led to a rapid expansion of F. hepatica (Harris and 

Charleston, 1980). However, the NZ strain of P. columella was found to grow larger, 

produce more metacercariae and had a lower mortality rate during F. hepatica infection 

than the Australian strain shown in Table 2. Based on these observations, Boray (1978) 

concluded that P. columella would have a negligible impact on the epidemiology F. 

hepatica in Australia unless adaption occurred. Still, by 1985 P. columella had expanded 

into grazing regions in NSW and was acting as the intermediate host for F. hepatica (Boray 

et al., 1985). Ponder (1975) and Boray (1978) identified the most significant areas of risk 

if P. columella adapted and became an intermediate host for F. hepatica were in irrigated 

regions, warmer areas like QLD and in locations where A. tomentosa was not present 

(Western Australia (WA)) and Northern Territory (NT) because the snail has a higher 

temperature tolerance. Follow-up work was conducted in QLD by Baldock and Arthur 

(1985) and then by Molloy and Anderson (2006), who found that P. columella had not 

expanded the distribution of F. hepatica, but no investigations have been conducted in 

irrigation regions, in the NT or in WA where the snail is now present (Figure 1 2). 

1.2.3.3 Radix viridis 

R. viridis is an exotic snail from the Pacific region (Papua New Guinea, Philippines, China, 

and Japan) that was discovered in Brisbane creeks in 1974 (Boray, 1978). R. viridis is now 

found in QLD, NSW and WA (Figure 1 2). R. viridis has a low susceptibility to F. hepatica 

but can still produce a high number of infective metacercariae (Table 2). There has been 

no investigation into the role R. viridis plays in the epidemiology F. hepatica in Australia, 

other than it can transmit F. hepatica under laboratory conditions and produce viable 

metacercariae (Boray, 1978). Further research needs to be undertaken. 
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1.2.4 Sporocyst, redia and cercariae 

There are three developmental stages within the intermediate host: sporocyst, redia and 

cercaria (see (c) and (d) in Figure 1 1). If miracidia successfully infect an intermediate host 

snail, it takes between 59-114 days for cercariae to be shed from the snail (Table 2). 

However, rediae that contain hundreds of cercariae cause considerable damage to snail 

tissues and organs, often killing the snail before shedding occurs (see Table 2). Shedding 

of cercariae occurs intermittently over many weeks and only ceases when the snail dies 

(Krull, 1941; Hodasi, 1972). Shedding of cercariae can be triggered by environmental 

stimuli, including changes in water temperature, rainfall, flushing of water through a snail 

habitat or water returning to dry habitats (Boray et al., 1969; Boray, 1969). These stimuli 

can trigger the mass release of cercariae into the environment, resulting in outbreaks of 

acute and sub-acute fasciolosis in grazing livestock (see section 3.1). Cercariae typically 

encyst on pasture, soil and in 2.2-10% of cases, the water surface within 2 hours of being 

shed from the snail (Krull, 1941; Boray, 1969; Andrews et al., 1999). During the 

encystment process, the cercaria sheds its epithelium, forms an outer layer and, finally, 

separates from its tail, forming a metacercaria (see (e) in Figure 1 1). 

1.2.5 Metacercariae 

In Australia, the highest output of metacercariae occurs during late spring, summer and 

autumn, with little to no metacercariae released during late winter and early spring as the 

F. hepatica lifecycle slows due to cold temperatures (Table 3) (Meek and Morris, 1979b). 

Metacercariae are made up of four layers; layers one and two form the outer cyst, and 

layers three and four form the inner cyst (Dixon, 1965). All layers play a role in protecting 

against desiccation, mechanical injury, toxic substances, bacteria and fungi (Dixon, 1965). 

Ninety-nine per cent of metacercariae are found at the water level and are more likely to 

be found on the underside of vegetation, which protects against direct sunlight and heat, 

prolonging the viability of the cyst (Hodasi, 1972). As the pasture grows, it increases the 

likelihood of ingestion by a definitive host (see (f) in Figure 1 1). Depending on the 

temperature and humidity, metacercariae can remain infective on pasture from a 

minimum of 10 days at higher temperatures but up to a year at low temperatures 

(Table 1). Not all ingested metacercariae will become adult F. hepatica: in artificial 

infections, between 14 to 46% of metacercaria reach sexual maturity within cattle (Ross 

et al., 1966). 
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1.2.6 Host 

2.6.1 Newly excysted juvenile 

The metacercaria's outer layers protect against enzymic action in the digestive system of 

the host till the metacercariae reach the site of excystment in the duodenum, where 

activation occurs, and the newly excysted juvenile (NEJ) emerges from the ventral plug 

(Dixon, 1965). Within the first two hours of ingestion, the NEJ emerges and begins to 

penetrate the duodenum wall by boring through the tissue. The NEJs migrate to the 

peritoneal cavity, where they feed on any available tissue and then randomly make their 

way to the liver. NEJs are sometimes found in other organs (lungs, spleen, pancreas) and 

occasionally prenatally infect calves (Boray, 1969; Rees et al., 1975). In cattle, NEJs reach 

the liver two to seven days post-infection (PI), the NEJs then penetrate the liver capsule 

and become immature F. hepatica (Doy et al., 1984; Andrews et al., 1999). 

1.2.6.2 Immature F. hepatica 

Immature F. hepatica migrate or traverse the liver for five to six weeks feeding on tissue, 

causing haemorrhagic tracts and fibrosis to form (Dawes, 1963; Boray, 1969). In light 

infections, the damage is isolated to the left lobe of the liver. In heavier infections, the 

damage will be found in other lobes, and the liver may also be enlarged, pale, deformed 

and hard due to the fibrosis (Boray, 1969). Definitive hosts have varying levels of 

resistance to F. hepatica, defined by Boray (1969) as early, delayed, and low resistance 

(Table 4). Cattle have delayed resistance to F. hepatica which is due to acquired resistance 

after exposure to the parasite and pathological changes to the liver parenchyma and bile 

ducts which act as mechanical barriers that prevent the maturation of F. hepatica (Boray, 

1969; Sánchez-Andrade et al., 2002). It takes approximately seven weeks for immature F. 

hepatica to reach the bile ducts in cattle, where they reach sexual maturity and begin to 

release eggs (Andrews et al., 1999). 

1.2.6.3 Mature F. hepatica and egg release 

The mature F. hepatica resides and reproduces within the bile ducts causing fibrosis, 

anaemia and thickened bile duct walls (Boray, 1969). A systematic review by Machicado 

et al. (2016) was unable to determine whether liver fibrosis was caused by F. hepatica or 

the host immune response; however, the study did conclude that the intensity of F. 

hepatica infection played a role in the development of fibrosis in the liver. F. hepatica can 
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reproduce via self-fertilisation, but the parasite mainly reproduces via cross-fertilisation 

(Andrews et al., 1999; Beesley et al., 2017). Eggs produced by mature F. hepatica move 

into the bile ducts, pass into the gall bladder and then into the duodenum and, finally, are 

excreted from the host in faecal matter. Research has shown that egg output and the 

viability of the eggs vary widely between infected hosts (Table 4). Happich and Boray 

(1969a) found that an individual F. hepatica residing within the liver of a sheep had a 

consistent daily egg output between 21,000 and 24,000 eggs, whereas several studies 

have observed a variable release of eggs in cattle peaking 18-19 weeks after infection and 

then declining (Dorsman, 1956, 1960; Boray, 1969; Brockwell et al., 2013). The role each 

host plays in the lifecycle and the epidemiology of F. hepatica will depend on the grazing 

behaviour of the host, the habitat in which they exist, the F. hepatica burden, egg output 

and the viability of eggs (Ménard et al., 2000).
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Table 1.4. Definitive and reservoir hosts of F. hepatica in Australia 

a TFC – Total number of flukes within the liver of the host 

b * – Animal native to Australian 

c Unk – Unknown 

Host Species 
Resistance 
to F. 
hepatica 

Definitive 
or 
reservoir 
host 

TFC Reference 

Bennett's wallaby Macropus rufogriseus* Early Definitive 80 (Boray, 1969; Obendorf, 1983) 

Brushtail possum Trichosurus vulpecula* Low Reservoir 1-9  (Boray, 1969; Spratt and Presidente, 1981; Whittington, 1982)  

Bush rat Rattus fuscipes* Low Reservoir 6-10  (Boray, 1969; Spratt and Presidente, 1981) 

Emus Dromaius novaehollandiae* Unk Unk 1  (Vaughan et al., 1997) 

Grey kangaroo Macropus giganteus* Delayed Definitive 1-95  (Boray, 1969; Spratt and Presidente, 1981; Obendorf, 1983) 

Red-bellied pademelon Thylogale billardierii* Unk Definitive Unk (Boray, 1969; Obendorf, 1983) 

Red-neck wallaby Macropus rufogriseus banksianus* Early Definitive 1-95  (Boray, 1969; Spratt and Presidente, 1981) 

Wallaby Wallabia bicolor* Early Definitive 1-5  (Boray, 1969; Spratt and Presidente, 1981) 

Wombat Vombatus ursinus* Early Reservoir 1-5  (Boray, 1969; Spratt and Presidente, 1981; Obendorf, 1983) 

Cow Bos taurus Delayed Definitive  (Boray, 1969) 

Donkeys Eguus asinus Delayed Unk  (Boray, 1969; Pandey, 1983) 

European rabbit Oryctolagus cuniculus Low Reservoir  (Boray, 1969; Ménard et al., 2000) 

Fallow deer Darna dama Delayed Reservoir  (Boray, 1969; Jenkins et al., 2020) 

Goats Capra hircus Low Unk  (Boray, 1969; Chartier and Reche, 1992) 

Hares Lepus europeanus Low Reservoir  (Boray, 1969; Walker et al., 2011) 

Horse Eguus caballus Delayed Unk  (Boray, 1969) 

Pigs Sus spp. Early Unk  (Boray, 1969; Valero et al., 2001) 

Roe Deer's Capreolus capreolus Delayed Reservoir  (Boray, 1969; Mezo et al., 2008) 

Sheep Ovis aries Low Definitive  (Brydone, 1960; Boray, 1969) 

Water buffalo Bubalus bubalis Delayed Unk  (Boray, 1969; Cringoli et al., 2009) 

Wild boars  Sus scrofa Delayed Unk   (Mezo et al., 2008) 
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1.2.6.4 Definitive and reservoir hosts 

F. hepatica infects a wide range of unrelated hosts (Table 4.) Hosts can be categorised as 

either a reservoir (an accidental host) for F. hepatica or a definitive host that actively 

contributes to pasture contamination and transmission of the parasite. Hares and rabbits 

are considered reservoir hosts as the F. hepatica eggs they shed have low viability and 

cannot infect intermediate host snails (Boray, 1969; Ménard et al., 2000; Walker et al., 

2011). In contrast, kangaroos, pademelons and wallabies are definitive hosts in Australia 

because they release many viable F. hepatica eggs that contaminate pasture grazed by 

other definitive hosts (Boray, 1969; Spratt and Presidente, 1981; Obendorf, 1983). A study 

conducted in Tasmania identified kangaroos as the source of F. hepatica infection in cattle 

(Obendorf, 1983). Other native Australian animals, like the brushtail possum, are highly 

susceptible to F. hepatica and produce large numbers of viable eggs but are considered to 

be a reservoir for F. hepatica as they do not share the same habitats as the intermediate 

host snail or other definitive hosts (Boray, 1969; Spratt and Presidente, 1981). Research 

into the role introduced animals such as deer, horses, goats, and pigs play in the 

transmission of F. hepatica in Australia is lacking, but Jenkins et al. (2020) recently found 

that 35.5% of deer in alpine regions of NSW were infected with F. hepatica. Further work 

needs to be undertaken in Australia to understand better the role that native species and 

introduced animals play in the epidemiology of F. hepatica. 

1.3 Production losses 

Each year livestock producers in Australia spend $10 million (equivalent to AUD 16.6 

million in 2018) on flukicides to mitigate production losses caused by F. hepatica (Love et 

al., 2017). The production losses due to fasciolosis depend on whether the disease is 

acute, sub-acute, clinical, or sub-clinical, the burden within the animal and the prevalence 

within the herd. 

1.3.1 Acute and sub-acute disease 

In livestock, acute conditions occur when large numbers of metacercariae (>2,000 in 

sheep) are ingested during a small window of time (Boray, 1969). In acute cases, death 

occurs from two weeks PI when NEJs penetrate the liver capsule, whereas sub-acute death 

occurs from eight weeks PI when immature F. hepatica begin to migrate to the bile ducts 

(Table 5). The penetrating NEJs destroy the liver tissue, cause anaemia and blood loss, 
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resulting in liver failure and death (Gordon, 1955). Acute fasciolosis has a sudden onset 

but is a rare occurrence in cattle, usually only occurring in young animals, or animals with 

other diseases, poor nutritional status, or forced to graze A. tomentosa habitat during dry 

conditions (Gordon, 1955; Boray, 1969). Acute and sub-acute fasciolosis result in 

significant production losses and high mortality rates but can be mitigated by avoiding the 

grazing of high-risk pasture and using an effective immature flukicide (i.e. TCBZ) (see 

Chapter 2). 

1.3.2 Clinical and sub-clinical disease 

Production losses in cattle with a clinical or sub-clinical F. hepatica infection are often 

missed because clinical signs are not always obvious (Table 5). Clinical conditions occur 

when cattle ingest more than >200 metacercariae; signs will present 12 weeks PI and may 

include pale mucous membranes (anaemia), bottle jaw, weight loss and reduced 

production (Boray, 1969; Vercruysse and Claerebout, 2001). The most significant infection 

in cattle is sub-clinical (<200 metacercariae) as there are no signs of infection, often 

delaying the detection and treatment of F. hepatica (McCann et al., 2010). The lack of 

intervention leads to heavily contaminated pastures, increased liver condemnations and 

decreases in milk production, weight gain and fertility (reviewed by Schweizer et al.,2005) 

(Boray, 1969). Routine monitoring of F. hepatica should occur in cattle at the herd-level 

and in vulnerable individuals to reduce the production impacts of fasciolosis and inform 

flukicide use on-farm (Kuerpick et al., 2013). 

1.3.3 F. hepatica burden 

Production losses resulting from F. hepatica infection are heavily influenced by the burden 

of F. hepatica residing within the liver. Research by Cawdery et al. (1977) and Dargie 

(1987) found that 54 and 30 flukes indicated the threshold for definitive loss in the cattle, 

respectively. However, more recent work by Charlier et al. (2008) found evidence to 

suggest that as few as ten flukes in dairy cattle could decrease production. More work is 

needed to establish the burden that represents the true threshold for production loss in 

cattle. 
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Table 1.5. Life cycle of F. hepatica in cattle, the presentation of fasciolosis and diagnostics test detection limits 

Week 1 hr 2 hr 2-7 days 2 3 4 5 6 7 8 9 10 11 12 13 14 … 18 References 

Stage 
MCa 

excyst 
NEJb NEJb Immature F. hepatica Mature F. hepatica 

(Boray, 1969; Love 
et al., 2017) 

Location in 
host 

Small 
intesti

ne 

Perito
neal 

cavity 

Penetrate 
liver 

capsule 
Left lobe of the liver 

Migration 
to bile 
ducts 

Bile ducts 
(Boray, 1969; Love 
et al., 2017) 

Acute  
   

Large numbers of NEJs penetrate the liver, destroying liver tissue causing profound anaemia, blood loss, 
haemorrhaging and ultimately liver failure. Signs are not always recognisable but can include jaundice and 

abdominal pain. 

(Boray, 1969; Love 
et al., 2017) 

Sub-acute 
         

Late immature F. hepatica 8-10 weeks PI c damage liver tissue by burrowing, 
causing haemorrhaging, anaemia, liver damage and death. Signs include 

jaundice, ill-thrift and anaemia. 

(Boray, 1969; Love 
et al., 2017) 

Chronic - 
clinical 

             

Adult F. hepatica in the bile ducts 12-
week PIc ingest blood causing anaemia, 
chronic inflammation and enlargement 
of bile ducts. Signs include bottle jaw, 

anaemia, pale mucous membranes and 
oedema (bottle jaw). 

(Boray, 1969; Love 
et al., 2017) 

Chronic - 
sub-clinical 

             
These animals contribute the most to 
pasture contamination. Signs are not 
always recognisable but can include 
reduced productivity and thriftiness. 

(Boray, 1969; Love 
et al., 2017) 
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Week 1 hr 2 hr 2-7 days 2 3 4 5 6 7 8 9 10 11 12 13 14 … 18 References 

Diagnostics 
                  

  

FEC 
           

Eggs detected in faeces 
  

… 
Peak egg 
shedding 

(Boray, 1969; 
Brockwell et al., 
2013) 

cELISA 
          Coproantigen 

detected in faeces 

   
… 

 (Brockwell et al., 
2013) 

sELISA  
     IgG 

detected 
Peak IgG 

      
… 

 
(Reichel, 2002; 
Brockwell et al., 
2013) 

a MC – Metacercariae 

b NEJ – Newly excysted juvenile 

c PI – Post-infection 
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1.3.4 Herd-level thresholds for production loss 

The most frequently used threshold to identify herds incurring production losses is when 

the herd-level prevalence of F. hepatica exceeds 25%. The 25% threshold was first 

described by Hörchner et al. (1970), cited in Cawdery et al. (1977), who found a 20-25% 

prevalence of fasciolosis in a herd indicated reduced weight gain and milk production in 

cattle. The threshold has been more recently validated by Charlier et al. (2007) and Howell 

et al. (2015), who both found that when exposure to F. hepatica (as determined by bulk 

milk tank (BTM) ELISA) exceeded 25%, there was a decrease in annual milk yield by 3%, 

and 15%, respectively. In addition, the 25% threshold has also been applied to diagnostic 

outcomes from liver fluke faecal egg count (LFEC) (Malone and Craig, 1990; Kelley et al., 

2020) and the coproantigen ELISA (cELISA) (Elliott et al., 2015; Kelley et al., 2020) to 

identify herds that are incurring production losses. The 25% threshold is a quick and 

straightforward way to identify herds incurring production losses in large-scale studies, 

identify higher risk regions and is an efficient method of directing resources to the most 

F. hepatica affected regions. 

1.4 F. hepatica diagnostics 

There is no gold standard field diagnostic test for F. hepatica in cattle. The most commonly 

used diagnostic tests are LFEC, serum ELISA (sELISA), BTM ELISA and cELISA. In cattle, F. 

hepatica often only infects a few susceptible individuals with less resistance to infection, 

which hampers the detection of the parasite in large herds (Vercruysse and Claerebout, 

2001; Daniel et al., 2012). Detection of these highly infected individuals is key, as these 

individuals contribute the most to pasture contamination (Malone and Craig, 1990). Each 

diagnostic test has its advantages and disadvantages that influence the sensitivity, 

specificity and application on-farm, discussed below. The sensitivity reflects the likelihood 

of an F. hepatica infected cow testing positive, whereas the specificity is the probability 

of an F. hepatica negative cow testing negative. 

1.4.1 LFEC 

Historically field diagnosis of F. hepatica relied on LFEC, which is a labour-intensive but 

straightforward technique that does not require chemicals or specialised laboratory 

equipment. The sensitivity of LFEC depends on the technique and the volume of faecal 

matter used (Table 6). In cattle, Happich and Boray (1969b) and Kajugu et al. (2015) found 
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that sedimentation is superior to sedimentation-flotation. The sedimentation-flotation 

technique's sensitivity and specificity using 10g of faeces from naturally infected cattle 

was 64% and 93% (Charlier et al., 2008). In contrast, the sedimentation technique's 

sensitivity and specificity were 69%-89.6% and 97.7%-98.3% using 10 g faeces collected 

from naturally infected cattle (Rapsch et al., 2006). The sensitivity of the LFEC can be 

increased by repeat sampling or by increasing the volume of faecal matter used 

(Conceição et al., 2002; Rapsch et al., 2006). However, some studies have observed that 

increases in faecal volume decreased the sensitivity and specificity of the LFEC, as the 

higher volume of debris in the sample increased the difficultly in identify F. hepatica eggs 

(Conceição et al., 2002; Charlier et al., 2008; Daniel et al., 2012). The technician's 

experience counting the F. hepatica eggs and the ability to distinguish between F. hepatica 

and paramphistome eggs also influences the sensitivity and specificity of the LFEC 

(Charlier et al., 2008). 

The accuracy of the LFEC is also influenced by the burden of F. hepatica within the host, 

egg shedding by adult F. hepatica and the host’s faecal matter output. Cattle with burdens 

of less than ten flukes are challenging to detect as the low egg counts (1-4 eggs) are diluted 

in the faeces and can be easily missed (Martínez-Sernández et al., 2016). Similarly, in 

heavily infected cattle, reduced egg shedding may occur as damage and crowding in the 

liver may obstruct egg release from the animal (Happich and Boray, 1969b). Malone and 

Craig (1990) determined that the cut-off for cattle production loss is 5 ep2g using LFEC, as 

counts in cattle seldom exceed 20 ep2g. Any count exceeding 40 ep2g in cattle is 

considered clinical and indicates a severe level of infection (Malone and Craig, 1990; 

Smeal, 1995; Vercruysse and Claerebout, 2001). Many studies have tried to interpret how 

LFEC relates to the F. hepatica burden in the host, but only two studies have found a 

correlation between the two variables. In cattle, Brockwell et al. (2013) observed a 

correlation R2 0.84, and in sheep, George et al. (2017) observed a correlation R2 0.571. 

Several studies have found that LFEC does not consistently increase with F. hepatica 

burden, and the test can only detect sexually mature F. hepatica 7 to 8 weeks PI (Table 5) 

(Dorsman, 1956; Boray, 1969; Happich and Boray, 1969a; Malone and Craig, 1990; 

Brockwell et al., 2013). In addition, Brockwell et al. (2013) observed a 2-4 fold variation in 

LFEC when cattle were sample consecutively, suggesting considerable variability in cattle's 

daily egg output. 
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Hagens and Over (1966) determined that the highest egg output in cattle occurred 

between 12:00 pm to 12:00 am, whereas the highest volume of faecal matter output was 

between 12:00 am to 12:00 pm. Further work by Dorsman (1956) and Dorsman (1960) 

observed the same pattern of F. hepatica egg release, which increased during the 

morning, peaking at 1:30 pm and then declining throughout the afternoon. Based on these 

observations, Dorsman (1956) proposed that faecal sample collection should occur at 1:30 

pm, assuming that the highest egg output most accurately reflected the true burden 

within the animal. Sample collection also needs to consider the season as Mazeri et al. 

(2016) found that the sensitivity was highest in summer (81%), whereas samples collected 

in autumn were the least accurate due to the presence of immature F. hepatica (58%) 

(Table 6). The LFEC is routinely used for testing cattle and sheep for drug-resistant F. 

hepatica, specifically TCBZ resistance, which has been reviewed in Kelley et al. (2016) 

(Chapter 2). Recognising the LFEC test's limitations, several immunological diagnostic tests 

have been developed for detecting F. hepatica in cattle. 
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Table 1.6. Sensitivity and specificity LFEC in cattle 

LFEC technique  Faecal volume Source of samples SE % a SP % b Reference 

Sedimentation-Flotation 4g Abattoir 43 100 (Charlier et al., 2008) 

Sedimentation-Flotation 10g Abattoir 64 93 (Charlier et al., 2008) 

Sedimentation  5g Abattoir 67 100 (Anderson et al., 1999) 

Sedimentation  5g P/N Herd c 100 97.5 (Ibarra et al., 1998) 

Sedimentation  5g Abattoir – Autumn 58 99 (Mazeri et al., 2016) 

Sedimentation  5g Abattoir – Summer 81 99 (Mazeri et al., 2016) 

Sedimentation  5g Abattoir – Winter 77 99 (Mazeri et al., 2016) 

Sedimentation  10g Spiked – <15 eggs added 33 N/A (Conceição et al., 2002) 

Sedimentation  10g Spiked – 120-1000 eggs 100 N/A (Conceição et al., 2002) 

Sedimentation  10g Spiked – 20-80 egg 100 N/A (Conceição et al., 2002) 

Sedimentation  10g Abattoir x 1 serial samples 69 98.3 (Rapsch et al., 2006) 

Sedimentation  10g Abattoir x 2 serial samples 86.1 97.7 (Rapsch et al., 2006) 

Sedimentation  10g Abattoir x 3 serial samples 89.6 97.8 (Rapsch et al., 2006) 

Sedimentation 30g Spiked 83.3 N/A (Conceição et al., 2002 
a SE – sensitivity 

b SP – specificity 

c P/N – F. hepatica positive and negative herds or animals were compared 

d N/A – Specificity was not determined 
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1.4.2 Serum ELISA 

One such technique is the sELISA which utilises excretory-secretory (ES) antigens from 

adult F. hepatica to detect anti-F. hepatica antibodies within serum samples. In-house ES 

sELISA tests are frequently used, but the methodology varies between laboratories 

making comparisons of diagnostic outputs challenging (Table 7). The sensitivity of the ES 

ELISA varies from 72%-100%, and specificity varies from 70%-98.8% (Ibarra et al., 1998; 

Anderson et al., 1999; Cornelissen et al., 1999; Sánchez-Andrade et al., 2002; Salimi-

Bejestani et al., 2005a; Charlier et al., 2008; Mazeri et al., 2016). The sensitivity range 

reflects the differences in the cattle used, trial design, and variation in ES sELISA method 

used in each study. Whereas the specificity of the ES ELISA varies because of cross-

reactivity with Paramphistomum spp. (rumen fluke) and Dictyocaulus spp. (lungworm) 

(Ibarra et al., 1998; Cornelissen et al., 1999). As cattle are commonly infected with all three 

parasites, it limits the test’s on-farm application. The assay's advantage is that the ES ELISA 

can detect F. hepatica infection from two weeks PI (Cornelissen et al., 1999; Salimi-

Bejestani et al., 2005a; Salimi-Bejestani et al., 2008). Charlier et al. (2008) observed a weak 

(R 0.3) correlation between F. hepatica burden and sELISA values, whereas Brockwell et 

al. (2013) observed a correlation of R2 0.85. The most widely used commercial sELISA is by 

Institut Pourquier (Montpellier, France), which has a sensitivity ranging from 88%-98.2% 

and specificity ranging from 84%-100%, and there is no evidence that it cross-reacts with 

other parasites (Reichel, 2002; Molloy et al., 2005; Rapsch et al., 2006; Charlier et al., 

2008). The Institut Pourquier sELISA can detect F. hepatica from two weeks in cattle, but 

there is no correlation with the burden of adult F. hepatica in the liver (Reichel, 2002; 

Charlier et al., 2008). Several other sELISA have been developed to test cattle for F. 

hepatica, and the assays are listed and described in Table 7. 

The major drawback of the sELISA is that anti-Fasciola antibodies can persist for up to 6 

months after effective treatment of F. hepatica with a flukicide (Ibarra et al., 1998; 

Cornelissen et al., 1999; Castro et al., 2000; Brockwell et al., 2013). In naturally infected 

cattle, a positive result could be a current or historical infection. Seasonal changes affect 

the sELISA sensitivity and specificity. In winter, it is 94% and 89%, whereas, in summer, it 

decreases to 72% and 87%, respectively (Charlier et al., 2008; Mazeri et al., 2016). Timing 

of blood collection must consider herd treatment history and the season. Blood collection 

is a time-consuming and invasive practice, requiring trained staff to collect samples from 
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several individuals within the herd. Given that the sELISA and the BTM ELISA have a 

correlation coefficient of R 0.83 (P<0.001) and Bloemhoff et al. (2015) found that both 

ELISAs accurately identified F. hepatica negative farms, the BTM ELISA could be used 

instead (Salimi-Bejestani et al., 2005b; Salimi-Bejestani et al., 2007). 
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Table 1.7. Sensitivity and specificity sELISA in cattle. 

sELISA technique  Source of samples SE % a SP % b Cut-off Reference 

Antigen of Fasciola (DIG ELISA) P/N Herd c 98 80 Diameter > 7mm (Ibarra et al., 1998) 

Cathepsin-L ELISA Natural  90 75 OD > 0.25 d (Cornelissen et al., 2001) 

Cathepsin-L ELISA Artificial 99 99 OD > 0.25 d (Cornelissen et al., 2001) 

Cathepsin-L ELISA Artificial and Natural 100 95 OD > 0.39 d (Cornelissen et al., 1999) 

ES (DOT-ELISA) P/N Herd c 93 95 Visible blue spot (Ibarra et al., 1998) 

ES ELISA (in-house) P/N Herd c 97 99 OD > 0.5 d (Ibarra et al., 1998) 

ES ELISA (in-house) Artificial and Natural 100 83 OD > 0.95 d (Cornelissen et al., 1999) 

ES ELISA (in-house) P/N Herd c and Artificial 98 96 PP > 15 e (Salimi-Bejestani et al., 2005a) 

ES ELISA (in-house) Abattoir 86 70 OD > 0.36 d (Anderson et al., 1999) 

ES ELISA (in-house) Natural 92 86 OD > 0.396 d (Sánchez-Andrade et al., 2002) 

ES ELISA (in-house) Abattoir – Autumn 80 76 PP > 10 e (Mazeri et al., 2016) 

ES ELISA (in-house) Abattoir – Summer 72 87 PP > 10 e (Mazeri et al., 2016) 

ES ELISA (in-house) Abattoir – Winter  94 89 PP > 10 e (Mazeri et al., 2016) 

ES ELISA (in-house) IgG Abattoir 87 90 ODR >0.09 f (Charlier et al., 2008) 

In-house IgG ELISA  Natural 94 100 OD > 0.304 d (Sánchez-Andrade et al., 2002) 

Institut Pourquier  Abattoir 88 84 S/P > 30% g (Charlier et al., 2008) 

Institut Pourquier  Abattoir 92 94 S/P > 30% g (Rapsch et al., 2006) 

Institut Pourquier  Natural and Artificial Infection 98 100 S/P > 54-77% g (Reichel, 2002) 

Institut Pourquier  P/N Herd c 98 98 S/P > 30% g (Molloy et al., 2005) 

Synthetic Peptide 7 ELISA  Artificial and Natural 99 100 OD > 0.25 d (Cornelissen et al., 1999) 
a SE – sensitivity 

b SP – specificity 

c P/N – F. hepatica positive and negative herds or animals were compared 

d OD – Optical density cut-offs utilised in each study to distinguish between positive and negative cattle 

e PP – Percent positivity 

f ODR – Optical density ratio calculated by the optical density of the sample minus the negative control divided by positive control minus the negative control 

g S/P ratio – S is the OD of the sample divided by the P, which is the OD of the positive control run on each plate 
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1.4.3 Milk ELISA 

The use of an ELISA to detect anti-F. hepatica antibodies in BTM samples were first 

described by Salimi-Bejestani et al. (2005a). The BTM ELISA has been used in several 

studies to determine herd-level exposure to F. hepatica, production losses caused by F. 

hepatica and identify at-risk regions (Pritchard et al., 2005; Salimi-Bejestani et al., 2005b; 

Charlier et al., 2007; Bennema et al., 2009; McCann et al., 2010; Kuerpick et al., 2013; 

Selemetas et al., 2014; Bloemhoff et al., 2015; Howell et al., 2015; Novobilský et al., 2015). 

The BTM ELISA has been optimised to identify herds with a herd-level exposure greater 

than 25%, which is the threshold for production loss in cattle (Hörchner et al., 1970; 

Salimi-Bejestani et al., 2005b). The test sensitivity and specificity vary between the 

methods used (Table 8). The highest values were obtained by using the Institut Pourquier 

(Montpellier, France) BTM ELISA, followed by Euroclone (Pero, Italy) BTM ELISA, in-house 

ES BTM ELISA and, finally, an in-house Cathepsin-L BTM ELISA (Molloy et al., 2005; Salimi-

Bejestani et al., 2005b; Charlier et al., 2007; Bennema et al., 2009; Duscher et al., 2011; 

Kuerpick et al., 2013; Selemetas et al., 2014). Like the sELISA, the BTM ELISA cannot 

differentiate between current and historic infection and anti-F. hepatica antibodies 

persist for months after effective treatment with a flukicide (Ibarra et al., 1998; 

Cornelissen et al., 1999; Castro et al., 2000; Brockwell et al., 2013). The BTM ELISA is also 

influenced by the stage of F. hepatica infection in individuals within a herd, individual milk 

yield, and individuals' seropositivity (Duscher et al., 2011; Selemetas et al., 2014). Earlier 

work by Reichel et al. (2005) calculated that an in-herd prevalence of 60% was needed to 

obtain a positive BTM ELISA result; however, more recent work by Duscher et al. (2011) 

established that the minimum in-herd prevalence was 20%. The BTM ELISA accurately 

detects herds that are incurring production losses but provides little insight into infected 

individuals. 



Chapter 1: Literature Review 

26 

Table 1.8. Sensitivity and specificity BTM ELISA in cattle. 

sELISA technique  Source of samples SE % a SP % b Cut-off Reference 

Euroclone P/N Herds c 89 89 >15% (Duscher et al., 2011) 

In-house antibody detection ELISA Natural 60 90 >15% PP d (Selemetas et al., 2014) 

In-house ES ELISA Natural 96 80 >27 % of PC e (Salimi-Bejestani et al., 2005b) 

In-house ES ELISA Natural 96 80 ODR >0.8 f (Bennema et al., 2009) 

In-house ES ELISA Natural 96 80 ukn g (Charlier et al., 2007) 

In-house ES ELISA Natural 96 80 ODR >0.8 f (Kuerpick et al., 2013) 

Institut Pourquier  P/N Herds c  95 95 >30% (Duscher et al., 2011) 

Institut Pourquier  P/N Herds c 98 99 >30%  (Molloy et al., 2005) 
a SE – sensitivity 

b SP – specificity 

c P/N – F. hepatica positive and negative herds or animals were compared 

d PP – per cent positivity 

e PC – per cent positive value 

f ODR – Optical density ratio calculated by the optical density of the sample minus the negative control divided by positive control minus the negative control 

g Unk – The cut-off to distinguish between herds with a prevalence > 25% is unknown 
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1.4.4 cELISA 

The cELISA by Bio-X Diagnostics Belgium has been used in several studies to detect 

coproantigen (cathepsins) in faecal samples collected from infected cattle and sheep 

(Mezo et al., 2004; Brockwell et al., 2013; Brockwell et al., 2014; Elliott et al., 2015; 

Martínez-Sernández et al., 2016; Kelley et al., 2020). The cELISA can detect immature F. 

hepatica from 6 weeks PI, can detect low burdens (<10) in cattle, is semi-quantitative, can 

be used on an individual or pooled samples and can be used to test for drug resistance 

(Brockwell et al., 2013). However, consecutive daily testing by Brockwell et al. (2013) 

revealed a 2-6 fold variation in the coproantigen level in cattle. Recognising the effect of 

variable coproantigen release on the sensitivity of the cELISA, Martínez-Sernández et al. 

(2016) modified the method and incorporated a commercial streptavidin-polymerised 

horseradish peroxidase conjugate. The modified method improved the detection limit 

from 0.6 ng/mL to 0.15 ng/mL and enabled the detection of single F. hepatica in cattle, 

but resulted in a 6-12 fold increase in the variation (Mezo et al., 2004; Brockwell et al., 

2013; Martínez-Sernández et al., 2016). The modified method also reduced the 

correlation between the coproantigen level and F. hepatica burden from R2 0.87 

(Brockwell et al., 2013) and R 0.6 (Charlier et al., 2008) to R 0.2998 in cattle (Martínez-

Sernández et al., 2016). 

The other drawback of the cELISA is that four studies have found that the manufacturer 

cut-off is too high, resulting in a high incidence of false negatives in low burden cattle (< 

10) (Charlier et al., 2008; Brockwell et al., 2013; Palmer et al., 2014; George et al., 2017). 

Consequently, several studies have used different cut-offs to improve the sensitivity and 

specificity of the cELISA, making it difficult to compare the findings (Table 9). In some 

instances, cut-offs established for cattle have been applied to sheep, even though Palmer 

et al. (2014) found that the cut-off must be specific to the host. The sensitivity of the 

cELISA ranges from 77%-100%, and Martínez-Sernández et al. (2016) observed some 

seasonal variation when utilising the Palmer et al. (2014) cut-off (Table 9). The specificity 

of the cELISA is 99% in all but one study, in which Charlier et al. (2008) found the specificity 

to be 93% (Table 9). This finding is likely a result of the cut-off used, as several studies 

have found no cross-reactivity between the cELISA and nematodes (Trichuris spp., 

Nematodirus spp., Haemonchus spp., Ostertagia, Teladorsagia spp., Trichostrongylus 

spp., Oesophagostomum spp., and Dictyocaulus spp.), cestodes (Moniezia spp. and 
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Echinococcus spp.), trematodes (P. cervi, C. daubneyi and Dicrocoelium spp.) and coccidia 

(Mezo et al., 2004; Brockwell et al., 2013; Kajugu et al., 2015; Mazeri et al., 2016). Even 

with the drawbacks, the cELISA is a highly sensitive and specific diagnostic tool that can 

detect low burden infection in cattle, immature F. hepatica, and it can be used to test for 

TCBZ resistance as coproantigens do not persist after treatment (reviewed by Kelley et al., 

2016; Chapter 2). 
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Table 1.9. Sensitivity and specificity faecal BIO K 201 (Bio-X Diagnostics, Belgium) cELISA in cattle. 

Diagnostic test Source of samples SE % a SP % b Cut-off Reference 

BIO K 201 cELISA P/N Herd c 87 99 Kit cut-off * 0.67 (Palmer et al., 2014) 

BIO K 201 cELISA Abattoir 94 93 0.030 OD d (Charlier et al., 2008) 

BIO K 201 cELISA Abattoir 96  0.084 OD d (Martínez-Sernández et al., 2016) 

BIO K 201 cELISA Abattoir 100  0.114 OD d (Mezo et al., 2004) 

BIO K 201 cELISA Abattoir 77 99 >7% of kit PC e (Mazeri et al., 2016) 

BIO K 201 cELISA Abattoir - Autumn 87 99 Kit cut-off * 0.67 (Mazeri et al., 2016) 

BIO K 201 cELISA Abattoir - Summer 80 99 Kit cut-off * 0.67 (Mazeri et al., 2016) 

BIO K 201 cELISA Abattoir - Winter 85 99 Kit cut-off * 0.67 (Mazeri et al., 2016) 
a SE – sensitivity 

b SP – specificity 

c P/N – F. hepatica positive and negative herds or animals were compared 

d OD – Optical density cut-offs utilised in each study to distinguish between positive and negative cattle 

e PC – Manufacture cut-off supplied with cELISA kit, approximately 7% of kit positive control 
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1.5 Spatial distribution of F. hepatica in Australia 

In Australia, F. hepatica is found in all states and territories except for WA and the NT 

(Seddon, 1950; Palmer et al., 2014). The following section describes the environmental 

and farm management factors that influence the distribution of F. hepatica and the main 

intermediate host, A. tomentosa, in Australia. 

1.5.1 F. hepatica prevalence studies in Australia 

In Australia, seven F. hepatica prevalence studies have been conducted in NSW and 

Victoria (VIC), five in Queensland (QLD), two in Tasmania (TAS) and one in SA (Table 10). 

Thirteen of the 22 studies were conducted before 1990 and mainly used abattoir 

inspection data with a sensitivity 63.2%-68%, i.e. missing approximately 29% of infected 

livers (Rapsch et al., 2006; Charlier et al., 2008; Mazeri et al., 2016). The lack of current 

data is detrimental to the management and ongoing monitoring of the distribution of F. 

hepatica in Australia. Based on the literature, the estimated prevalence of F. hepatica in 

cattle ranges from <6% to 88% in NSW, 0%-23% in QLD, 41-80% TAS, 20%-98% in VIC and 

12% in SA (Table 10). Further research is needed in TAS and SA because few studies have 

been conducted, and in the NT and WA, where introduced snails P. columella and R. viridis 

could now act as intermediate hosts for F. hepatica (Figure 1 2). The size of Australia is a 

limiting factor in accurately assessing the prevalence of F. hepatica, and presently abattoir 

studies are underutilised in identifying where F. hepatica is a problem. However, a new 

method developed by Innocent et al. (2017) in the United Kingdom (UK) could overcome 

this hurdle. The method utilises abattoir data, animal movement and climatic data to 

identify regions with a high F. hepatica prevalence, allowing targeted follow-up 

investigations with more sensitive diagnostic tools (Innocent et al., 2017). This approach 

could generate the evidence base to improve our understanding of the epidemiology of 

F. hepatica in Australia. 
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Table 1.10. Prevalence of Fasciola hepatica in Australian cattle from 1928-2014 

State Year Livestock Test Prevalence No. of Herds a No. of Animals a Reference 

New South Wales 1960 Cattle ABI b 50%   46,771 (Brydon et al., 1960) 

    Dairy ABI b 88%   46,771 (Brydon et al., 1960) 

  1960 Cattle ABI b 16%   5,000 (Brydon, 1960) 

  1961 Cattle LFEC 40% 9 315 (Pearson and Boray, 1961) 

  1968 Cattle ABI b <6%-66%   57,700 (NSW Dept Ag Survey cited in Smeal, 1995)  

  1977 Cattle ABI b 44%   1,555,513 (NSW Dept Ag Survey cited in Watt, 1979) 

  1998 Cattle LFEC 39%  259 (Hort, 1998) 

  2004 Cattle Unk c 44%   Unk c (Virbac, 2016) 

Queensland 1963 Dairy LFEC 23% 21 303 (Dixon, 1963) 

  1980 Cattle d  ABI b 0.4%   5,647 (Roberts, 1982) 

    Cattle e  ABI b 5%   621 (Roberts, 1982) 

  1981 Beef ABI b 1%   22,916 (Baldock and Arthur, 1985) 

  1997 Dairy BTM ELISA 8% 523  (Molloy and Anderson, 2006) 

   Beef sELISA 1% 142 5,103 (Molloy and Anderson, 2006) 

  2004 Cattle Unk c 17%   Unk c (Virbac, 2016) 

South Australia  2004 Cattle  Unk c 12%  Unk c (Virbac, 2016) 

Tasmania 1983 Cattle Unk c 80%   Unk c (Obendorf, 1983) 

  2004 Cattle Unk c 41%   Unk c (Virbac, 2016) 

Victoria 1928 Cattle  ABI b 29%   4,922 (Kellaway et al., 1929; p.24. in Seddon, 1950) 

  1947 Cows ABI b 29%   153 (Tinney, 1948; p., 25. in Seddon 1950) 

    Heifers ABI b 20%   179 (Tinney, 1948; p., 25. in Seddon 1950) 

    Bulls  ABI b 50%   354 (Tinney, 1948; p., 25. in Seddon 1950) 

  1977 Cattle  ABI b 41%   39,499 (Watt, 1979) 

  1980 Dairy ABI b 98% 36 87 (McCausland et al., 1980) 

  2004 Cattle  Unk c 70%  Unk c (Virbac, 2016) 
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State Year Livestock Test Prevalence No. of Herds a No. of Animals a Reference 

  2013 Dairy cELISA 81% 15 450 (Elliott et al., 2015) 

  2014 Dairy cELISA and LFEC 39% 81 1669 (Kelley et al., 2020) 
a No. – Total number of herds or animals sampled to determine the prevalence of F. hepatica 

b ABI – Abattoir inspection of cattle livers assessing condemnations and scarring caused by F. hepatica infection 

c Unk – The test used to determine the F. hepatica prevalence and/or the number of cattle tested is unknown 

d Grain-fed cattle 

e Grass-fed cattle 
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1.5.2 Environmental factors 

1.5.2.1 Temperature and rainfall 

Two key epidemiological factors influence the life cycle of F. hepatica: rainfall (water) 

which initiates the life cycle, and temperature, which regulates the progress of F. hepatica 

development in snails (Section 2.1, 2.3, 2.4 and 2.5). Rainfall provides the moisture 

needed for embryonation of F. hepatica eggs, creates the habitat for A. tomentosa and 

aids in the dispersal of F. hepatica eggs, miracidia, cercariae and metacercariae. However, 

the life cycle of F. hepatica only proceeds when there are favourable temperatures, 

typically between 10°C and 25°C (Table 1 and 3). It is generally assumed in Australia that 

the highest metacercarial challenge occurs in spring and autumn. Research has found that 

increased moisture due to high monthly rainfall coupled with decreasing 

evapotranspiration has led to increased transmission of F. hepatica to livestock (Meek and 

Morris, 1979b; Selemetas et al., 2014). In Australia, regions at greatest risk have annual 

rainfall greater than 600mm or greater than 430mm if supplemented by irrigation; 

however, it is unclear how summer irrigation changes the metacercarial challenge (Boray, 

1969). Irrigated shires in VIC were found to have a much higher incidence of fasciolosis 

(Figure 1 3) (Watt, 1979; Durr et al., 2005). Further analysis utilising current F. hepatica 

data is needed to assess how temperature, rainfall and irrigation have affected the 

distribution of F. hepatica and the seasonality of metacercarial challenge in VIC since the 

last study conducted by Watt (1979). 

Figure 1.3. Scatter plot of mean annual rainfall per local government area (LGA) against the proportion of 

livers infected with fasciolosis from those areas. Non-irrigated LGA (◊); irrigated LGA (□). Sourced from Durr 

et al. (2005). 
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Irrigation is used in every state and territory in Australia. According to the ABS (2019), the 

largest user of irrigation is NSW, followed by VIC, QLD, SA, TAS, WA, NT and finally, the 

ACT (Table 11). All studies investigating the impact of irrigation on the epidemiology of F. 

hepatica, except for Boray et al. (1969), have been conducted in VIC (Meek and Morris, 

1979b; Watt, 1979; McCausland et al., 1980; Durr et al., 2005; Elliott et al., 2015; Kelley et 

al., 2020). Given the high proportion of irrigated areas grazed by livestock in the NT, TAS, 

SA and NSW and the presence of suitable intermediate hosts shown in Figure 1 2, further 

research is needed in these states and territories (Table 11). Recently, a study found 

evidence to suggest that there has been a reduction in the prevalence of F. hepatica in 

the Goulburn-Murray irrigation region in VIC since irrigation upgrades occurred in the 

region (Kelley et al., 2020). However, it is not clear whether this is because of irrigation 

upgrades or that salinity is now present in the irrigation regions, shown in Figure 1 4. A. 

tomentosa tolerance for salt is between 25-160 ppm and the salinity in the Goulburn-

Murray area often exceeds this range (Boray, 1964a; Hart et al., 2020). Given that irrigated 

farms have a higher incidence of F. hepatica, shown in Figure 1 3 and that 59% of 

Australian dairy farms are irrigated, further investigation is warranted to confirm this 

observation (Boray et al., 1969; Watson and Watson, 2015). 

Border check irrigation is used on 50% of irrigated dairy farms (Watson and Watson, 

2015). Border check irrigation temporarily submerges pasture, fills low lying spots with 

water (i.e. drains, cow tracks, holes) and often waterlogs the soil. Higher levels of F. 

hepatica exposure in livestock typically occur on high clay content soils that are more 

prone to waterlogging and poor drainage, as well as on alluvium soils that are associated 

with rivers and irrigation (Malone et al., 1992; Charlier et al., 2011; Selemetas et al., 2014; 

Selemetas et al., 2015). Waterlogged soils increase the duration in which snails can expand 

into new habitats, and high soil moisture increases the longevity of miracidia and 

metacercariae (Malone et al., 1984). On non-irrigated farms, typically 1-2% of A. 

tomentosa populations are infected with F. hepatica, whereas on irrigated farms, the 

proportion of infected snails can be as high as 43% (Table 12) (Boray et al., 1969). Boray 

et al. (1969) found that increases in snail infection above 2% led to outbreaks of fasciolosis 

in sheep. Monitoring the number of infected A. tomentosa using new tools like qPCR and 

eDNA could prove to be useful in forecasting high-risk periods for grazing livestock on 

irrigated farms (Rathinasamy et al., 2018). 
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Table 1.11. Irrigation use in each State and Territory in Australia. Data sourced from ABS (2019). 

 Total irrigated area 
(ha) a 

Irrigated area grazed by livestock (% 
ha) a 

New South Wales 784,805 18% 

Victoria 629,131 52% 

Queensland 533,338 4% 

South Australia 147,144 21% 

Tasmania 100,105 57% 

Western Australia 77,485 11% 

Northern Territory 26,092 77% 

Australian Capital Territory 74 N/A b 
a ha - hectares 

b N/A – No irrigated land in the ACT is grazed by livestock. 

 

 

Figure 1.4. The hydrology of Australia, including human-made water bodies, irrigation infrastructure and 

areas of salinity. Data sourced from ABARES (2018a, 2018b), Crossman and Li (2015a, 2015b) and the Murray-

Darling Basin Authority (2016). 
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Table 1.12. Preferred by A. tomentosa habitats in Australian 

Waterbody type 
Permanent vs. 
Temporary 

Total no. snails a 
No. infected 
snails 

% infected Reference 

Creek P b 22 6 27 
(Bradley, 1926; Boray, 1969; Pullan et 
al., 1972) 

Creek P b 21 0 0 (Bradley, 1926) 

Creek  P b 100 4 4 (Bradley, 1926) 

Backwaters P b 8 0 0 
(Bradley, 1926; Boray, 1969; Pullan et 
al., 1972) 

Stream  P b 1 0 0 (Bradley, 1926) 

Stream feed by a spring P b 22 8 36 (Bradley, 1926) 

Spring P b 10 0 0 (Bradley, 1926) 

Spring P b 60 1 2 (Bradley, 1926; Boray, 1969) 

Spring (fenced) P b 136 28 21 (Bradley, 1926) 

Spring (Hill seepage) P b 368 17 5 (Bradley, 1926; Pullan et al., 1972) 

Spring (Hill seepage) with 
pugging 

P b 218 11 5 
(Bradley, 1926; Seddon, 1950; Pullan 
et al., 1972; Harris and Charleston, 
1977)  

Bog P b 56 2 4 
(Bradley, 1926; Seddon, 1950; Pullan 
et al., 1972) 

Bog  P b 104 4 4 (Bradley, 1926) 

Bog (fenced) P b 32 3 9 (Bradley, 1926) 
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Waterbody type 
Permanent vs. 
Temporary 

Total no. snails a 
No. infected 
snails 

% infected Reference 

Bog with pugging P b 31 5 16 
(Bradley, 1926; Harris and 
Charleston, 1977) 

Pond  P b 5 1 20 (Bradley, 1926) 

Trough next to spring P b 321 49 15 (Bradley, 1926; Pullan et al., 1972) 

Irrigation T c 500-2000 Unk d 
6.8 e 
(Max 43) 

(Boray et al., 1969; Pullan, 1972) 

Surface collection of water  T c 66 11 17 (Bradley, 1926) 

a No. – Total number of snails collected from each waterbody 

b P – Permanent water bodies that act as a refuge for snails during adverse climatic conditions 

c T – Temporary waterbody are created by rainfall, flood and irrigation, which allowing the snail to colonise new areas 

d Unk – The total number of infected snails is unknown 

e The average proportion of infected snails over the three year sampling period was 6.8. The highest proportion of snails over the three years was 43% which occurred in spring 1965 
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1.5.2.3 A. tomentosa habitat 

A. tomentosa is a semi-aquatic snail found in various waterbodies in Australia (Table 12). 

A. tomentosa prefers waterbodies with slow-moving water, sparse vegetation, a muddy 

alluvial bottom, flat banks and uninterrupted sunlight (Boray, 1964a; Pullan et al., 1972). 

The population size of A. tomentosa within these habitats is limited by water availability 

and quality. The following factors can result in a reduction or elimination of A. tomentosa 

from the habitat: prolonged dry periods, a pH outside of 5.4-7.3, a salinity outside of 25-

160ppm and if the water becomes nutrient deficient, stagnant, or turbid (Table 3) (Boray, 

1964a; Lynch, 1965). Young A. tomentosa can survive the absence of water during 

prolonged dry periods by burrowing into mud and aestivating (Boray, 1969). Any 

environmental stimulus that alters the habitat where the snail is aestivating plays a crucial 

role in triggering the migration of snails to new waterbodies and the mass release of 

cercariae from snails (Boray, 1969). Environmental stimuli include sudden temperature 

changes, the return of water flow and the influx of water (i.e. rainfall, irrigation, or flood) 

into dry habitats. 

Bradley (1926) surveyed 25 unique A. tomentosa habitats in NSW to determine the role 

different waterbodies play in the population dynamics of A. tomentosa and the 

transmission of F. hepatica to livestock (Table 12). Bradley (1926) classified the 

waterbodies as either permanent or temporary. Permanent water bodies include lakes, 

rivers, creeks, springs, swamps, bogs and on-farm dams fed by any previously listed 

sources (Smeal, 1995). Permanent water bodies act as a refuge to snails during adverse 

weather conditions (i.e. summer and drought), allowing snails to survive and proliferate 

when favourable conditions return (Boray, 1969). Environmental stimuli trigger snails to 

rapidly spread from the permanent habitats either by suspending their foot to the surface 

of the water or actively moving against the flow of water (100m in 2 weeks) to repopulate 

temporary waterbodies (Boray, 1964b; Boray, 1969). 

Temporary water bodies include drains, leakages, outlets, irrigated channels, seepages 

and any surface collection of water created by rainfall, irrigation or flood (Boray, 1964a; 

Boray et al., 1969; Smeal, 1995). The water action that creates the temporary waterbodies 

also spreads faecal matter into low lying areas, increasing the likelihood of F. hepatica egg 

embryonation and infection of A. tomentosa (section 2.1 and 2.3.1). Temporary water 
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bodies pose a significant risk to grazing livestock as they are often unable to be fenced, 

and the A. tomentosa have moderate to high rates of F. hepatica infection (Table 9). 

1.5.2.3 Waterbodies risk to livestock 

In Australia, 60% of dairy farms have naturally occurring waterways on their property 

(Watson and Watson, 2015). Several studies have observed higher incidences of F. 

hepatica in cattle when waterbodies are present on farms or when the farms are prone 

to flooding (Alves et al., 2011; Kuerpick et al., 2013; Olsen et al., 2015). Similarly, higher 

incidences of F. hepatica in livestock have been observed on farms in the UK that have 

conserved native habitats as they had the unintended consequence of increasing snail 

habitat (Pritchard et al., 2005). In Australia, 4% of dairying land is conserved, but 15% of 

farmers intend to conserve more by planting trees (Watson and Watson, 2015). Pullan et 

al. (1972) found that a high abundance of aquatic vegetation and shade eliminated A. 

tomentosa from waterbodies. This finding should be explored to determine if 

conservation efforts by farmers in Australia will positively or negatively impact the 

abundance of A. tomentosa in waterbodies. Care will be needed during implementation 

to avoid the unintended consequences that arose in the UK. 

1.5.3 Farm management 

1.5.3.1 Dairy farms in Victoria Australia 

In Australia, dairy cattle predominantly graze outside year-round. Victoria has the largest 

number of registered dairy farms, 3,516 of the 5,213 farms registered in Australia in 

2018/2019 (Dairy Australia, 2019). There are three distinct dairy regions in Victoria; 

Western Victoria 1,171 farms, Gippsland 1,201 farms and Murray 1144 farms (Dairy 

Australia, 2019). There are slight regional differences in dairy production. The Western 

Victoria region relies on seasonal rainfall, Gippsland uses a combination of rainfall and 

irrigation, whereas the Murray relies on irrigation (Figure 1 4). The most commonly used 

irrigation systems on dairy farms are discussed in section 1.5.2.1. Each dairy region can 

support large dairy farms, large herd sizes, and high stocking rates, which increases the 

milk yield and, therefore, the profit. In 2018/2019, Victoria produced 5,574,000ML of milk, 

63% of the total national milk volume (Dairy Australia, 2019). Moran et al. (2000) 

identified that the key driver of profit on dairy farms in Victoria is increasing the 

consumption of pasture per cow to increase milk yield per grazed hectare. Intensive 

grazing strategies are used across all regions to ensure high pasture consumption, and in 



Chapter 1: Literature Review 

40 

the last 15 years, some regions in Victoria now graze more than two cows per hectare 

(Watson and Watson, 2015). However, due to declining herd fertility over the last 20 

years, dairy farmers have shifted away from seasonal calving in spring when there is high 

pasture availability to split calving in Autumn and Spring (Ooi et al., 2021). The advantage 

of the split calving system is that it provides additional opportunities for cows to conceive, 

but it is more reliant on supplementary feed (i.e. grains, concentrates, silage, hay) to 

combat low pasture availability, which can be costly (Ooi et al., 2021). The shift towards 

split calving and the greater use of supplementary feed could change the key drivers of 

dairy farm profitability in Victoria and potentially expose farms to more price volatility. 

1.5.3.1 Pasture management 

Dairy farms in Victoria are closed systems that have a limited number of paddocks for 

grazing. As a result, pasture management is highly ritualised with young stock (calves and 

heifers), dry cows, cropping, dry-land and the dispersal of effluent typically allocated to a 

few paddocks that are repeatedly used. Bullen et al. (2016) found that the limited pasture 

management options and the Victorian bovine Johne’s disease Calf Accreditation Program 

(JDCAP) increased the frequency of anthelmintic treatments and accelerated the 

development of resistance in nematodes. No studies have been conducted in Australia 

assessing the impact of the JDCAP on the incidence of F. hepatica in calves and heifers and 

the development of F. hepatica drug resistance. Compounding calf, heifer and dry cow 

management is that these animals are typically grazed on more marginal pastures that 

have a lower pasture quality and are less maintained. In Denmark, these practices 

increased the likelihood of F. hepatica infection by four-fold (Takeuchi-Storm et al., 2017; 

Takeuchi-Storm et al., 2018). In contradiction to these findings, lower levels of infected 

snails were found in heifer and dry cow paddocks when compared to paddocks grazed by 

lactating animals (Schweizer et al., 2007). The implication of these findings needs to be 

explored to understand better the temporal patterns of F. hepatica transmission on dairy 

farms in Australia. 

Research conducted by Olsen et al. (2015) found that the presence of dry-land and 

cropped-land negatively impacted F. hepatica incidence in cattle, which is in agreement 

with Schweizer et al. (2007), who found lower levels of infected snails on hay paddocks. 

On average, 43ha of land on dairy farms in Australia is cropped; however, the area of 

cropped-land is significantly less in Western VIC (15ha), Gippsland (VIC) (8ha), and TAS 
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(5ha) (Watson and Watson, 2015). Further research is needed in these regions to 

determine if they have a higher incidence of F. hepatica. A potentially compounding factor 

is the application of effluent (liquid manure) to cropped or grazed land. In Australia, it is 

common practice to apply diluted effluent to pasture to maximise nutrient retention for 

pasture growth and soil health. Effluent is applied to 21% of grazed land (approximately 

34 hectares) on dairy farms using irrigation infrastructure, potentially contaminating the 

irrigation channels and drains with F. hepatica eggs (Watson and Watson, 2015). Research 

suggests that there is only a remote chance of transmission to cattle via effluent 

application so long as the effluent is heat-treated, aerated or in anaerobic conditions for 

at least 42 days (reviewed in John et al., 2019). However, these farms typically capture 

irrigation/effluent tailwater that has washed down paddocks and re-apply the water to 

improve on-farm water use efficiency (Birchall et al., 2008). Given that the irrigation 

tailwater recycling systems contain water, effluent and the remnants of fresh manure 

from paddocks, research needs to assess whether there is increased transmission of F. 

hepatica to livestock on pastures that are watered with tailwater. 

Reactive pasture management in response to adverse weather sometimes increases the 

risk of F. hepatica transmission to cattle. During dry or drought conditions in Australia, 

pasture is only found in low lying areas and at the edges of waterbodies, forcing cattle to 

graze high-risk pasture resulting in outbreaks of fasciolosis (Osborne, 1958). In contrast, 

reactive management in wet conditions (i.e. heavy rainfall, flood) tries to avoid damage 

to pasture, particularly pugging, by putting animals on well-drained paddocks, previously 

damaged paddocks, or feed-pads. Pugging is a form of soil compaction caused by cattle 

hooves churning up the pasture and the soil profile. Pugging exacerbates waterlogging, 

resulting in water pooling within pastures due to poor drainage. Harris and Charleston 

(1977) in NZ found that pugged land was three times more likely to contain P. columella 

and six times more likely to contain A. tomentosa. Given that pugging occurs on 35% of 

dairy farms nationally, with a higher proportion of pugging occurring in Gippsland (VIC) 

(47%) and TAS (58%), farms should be encouraged to install and use feed-pads in order to 

avoid snail population increases within the pasture (Watson and Watson, 2015). No 

further research has been undertaken to determine whether the snail population 

increases due to pugging resulted in increased transmission of F. hepatica to cattle. 



Chapter 1: Literature Review 

42 

1.5.3.2 Herd management 

Several studies in Europe have investigated the influence of herd management practices 

on the transmission of F. hepatica to livestock. The research identified several key 

variables that affect the transmission of F. hepatica, but it is difficult to assess whether 

these findings are relevant in Australia (Bennema et al., 2011; Charlier et al., 2011; 

Kuerpick et al., 2013; Novobilský et al., 2015; Olsen et al., 2015). There are substantial 

differences in-herd management practices between Europe and Australia, as cattle are 

not housed, they graze outside permanently, and herds and farms are substantially larger. 

It is likely that higher stocking rates, the proportion of grazed pasture in an animals diet 

and whether cattle were purchased from an infected farm are still relevant and increases 

the risk of transmission of F. hepatica (Bennema et al., 2011; Kuerpick et al., 2013; 

Novobilský et al., 2015; Olsen et al., 2015). In contrast, the length of the grazing period 

and month of turn out probably do not apply in Australia (Bennema et al., 2011; Kuerpick 

et al., 2013; Novobilský et al., 2015; Olsen et al., 2015). Research focusing on Australian 

herd management and F. hepatica transmission is needed to identify Australia's relevant 

risk factors. Any research undertaken must consider that several native and introduced 

animals often graze pasture intended for livestock found by Alves et al. (2011) to increase 

F. hepatica transmission risk. Little research has investigated the role native animals play 

in the F. hepatica transmission in Australia, but animals have been found to harbour 

considerable F. hepatica burdens (Section 2.6.4) (Table 4). 

1.5.4 Climate change 

In 2015, the Meat and Livestock industry in Australia listed F. hepatica as a priority 

endemic disease. It warned producers that the distribution of F. hepatica might increase 

due to climate change (Lane et al., 2015). The critical area of concern was the introduced 

exotic snails P. columella and R. viridis, which have a higher tolerance to warmer 

conditions and could lead to an expansion of F. hepatica in endemic regions, as well as 

into WA, which is currently F. hepatica free (Sections 2.3.2 and 2.3.3) (Figure 1 2). 

Modelling the impact of climate change on the distribution of P. columella and R. viridis 

in Australia may prove to be difficult as no F. hepatica model has yet accounted for the 

availability of the intermediate host (Haydock et al., 2016). Recently, Haydock et al. (2016) 

in NZ used a growing degree-day model validated against historical F. hepatica prevalence 

data to predict the future risk of F. hepatica infection in NZ. The predictions indicated 
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nationwide increases in F. hepatica infection risk; in some regions, the increases were as 

high as 186% and 184%, whereas, in other regions, there was little change (Haydock et al., 

2016). It is evident that climate change will have a significant impact in NZ, and modelling 

should be undertaken in Australia to assess the impact of climate change on the incidence 

and distribution of F. hepatica. 

1.6 Scope of the thesis 

The literature review identified several areas where our understanding of F. hepatica in 

the Australian context is lacking and needs further investigation. The main objectives of 

this thesis are: 

1. Chapter 1 found that little is known about the current prevalence of F. hepatica in 

Australia, and the last study conducted in Victoria was by Watt (1979) in the late 

1970s. The aim of Chapter 3 is to determine the spatial distribution of F. hepatica 

on dairy farms in Victoria and identify regions where F. hepatica is endemic. The 

methodology described in Elliott et al. (2015) was used to determine the 

prevalence of F. hepatica within Victorian dairy regions. The research findings will 

identify endemic regions in Victoria, enabling the dairy industry to direct resources 

and prioritise extension with farmers in these regions. 

2. Chapter 1 and Chapter 2 identified growing reports of TCBZ-resistant F. hepatica 

on cattle farms in Australia and globally. In Victoria, two dairy farms were found 

to have TCBZ-resistant F. hepatica, which is of great concern as TCBZ is the only 

drug registered for use in dairy cattle that kills immature F. hepatica (Brockwell et 

al., 2014; Elliott et al., 2015). The aim of Chapter 3 was to assess whether F. 

hepatica has developed resistance to TCBZ on dairy farms in other regions of 

Victoria. The TCBZ resistance testing method described in Brockwell et al. (2014) 

was used to test cattle and assess the efficacy of TCBZ on-farm. The research 

findings will raise awareness in the dairy industry about the need for regular TCBZ 

resistance testing and the use of non-chemical means of control in addition to 

chemical treatments. 

3. Research published in Australia by Brockwell et al. (2013) found that when testing 

cattle daily using the cELISA, there was a 2-6 fold fluctuation in OD and that similar 

fluctuations were observed using LFEC (2-4 fold). The variability in the diagnostic 

results raised concerns about how the tests could be practically used on-farm to 
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inform treatment decisions. Chapter 4 assessed the sensitivity of the cELISA and 

the FlukeFinder® kit (LFEC) at AM and PM milking in naturally infected dairy cattle 

over five consecutive days. The faecal samples collected at AM and PM milking 

over the five-day period were tested using the methodology described in Kelley et 

al. (2020). The research outcomes should provide insight into how the industry can 

utilise the diagnostic tools on dairy farms in Victoria to inform F. hepatica control 

strategies. 

4. Chapter 2 discussed how non-chemical and chemical control strategies could be 

used to create an integrated parasite management plan to control F. hepatica on 

individual farms. However, little is known in Australia about how dairy farmers 

currently control F. hepatica. The aim of Chapter 5 is to determine the F. hepatica 

control methods currently used on dairy properties by surveying producers across 

Victoria's dairy regions. The survey will provide insight into how farmers currently 

control F. hepatica and identify control strategies that could be improved to 

manage F. hepatica better on farms. The industry will be able to use this 

information to create extension programs that focus on improving farmers 

understanding of F. hepatica control options. 

The overall intention of the thesis was to provide the dairy industry, government, 

veterinarians, and producers with the evidence they will need to develop effective F. 

hepatica control strategies specific to the dairy industry and enable the delivery of tailored 

extension programs for dairy producers in Victoria. 

  



Chapter 1: Literature Review 

45 

1.7 References 

ABARES 2018a. Australian Dryland Salinity Assessment Spatial Data, Department of Agriculture 
Fisheries and Forestry, ed. (https://data.gov.au/data/dataset/d86b702b-73ad-4a7e-96ef-
4e17fd0240cd, data.gov.au). 

ABARES 2018b. Australian irrigation areas Vector (National), Department of Agriculture and Water 
Resources, ed. (https://data.gov.au/data/dataset/australian-irrigation-areas-vector-
version-1a-national-land-and-water-resources-audit, data.gov.au). 

ABS 2019. Water use on Australian Farms 2017-18, Australian Bureau of Statistics, ed. 
(https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4618.0Main+Features12017-
18?OpenDocument). 

Alves, D., Carneiro, M., Martins, I., Bernardo, C., Donatele, D., Pereira Júnior, O., Almeida, B., 
Avelar, B., 2011. Distribution and factors associated with Fasciola hepatica infection in 
cattle in the south of Espírito Santo State, Brazil. Journal of Venomous Animals and Toxins 
including Tropical Diseases 17, 271-276. 

Anderson, N., Luong, T., Vo, N., Bui, K., Smooker, P.M., Spithill, T.W., 1999. The sensitivity and 
specificity of two methods for detecting Fasciola infection in cattle. Veterinary 
Parasitology 83, 15-24. 

Anderson, R., 1978. Population dynamics of snail infection by miracidia. Parasitology 77, 201-224. 

Andrews, S., Graczyk, T., Fried, B., Fairweather, I., Threadgold, L., Torgerson, P., 1999. Fasciolosis. 
The Life Cycle of Fasciola hepatica. CAB International, Oxon, UK, 1-29. 

Atlas of Living Australia 2020. Lymnaeidae 
(https://biocache.ala.org.au/occurrences/search?q=qid:1589350354936). 

Baldock, F., Arthur, R., 1985. A Survey of fasciolosis in beef cattle killed at abattoir in Southern 
Queensland. Australian Veterinary Journal 62, 320-326. 

Beesley, N.J., Williams, D.J., Paterson, S., and Hodgkinson, J. 2017. Fasciola hepatica demonstrates 
high levels of genetic diversity, a lack of population structure and high gene flow: possible 
implications for drug resistance. International journal for parasitology 47(1), 11-20. 

Bennema, S., Ducheyne, E., Vercruysse, J., Claerebout, E., Hendrickx, G., Charlier, J., 2011. Relative 
importance of management, meteorological and environmental factors in the spatial 
distribution of Fasciola hepatica in dairy cattle in a temperate climate zone. International 
Journal for Parasitology 41, 225-233. 

Bennema, S., Vercruysse, J., Claerebout, E., Schnieder, T., Strube, C., Ducheyne, E., Hendrickx, G., 
Charlier, J., 2009. The use of bulk-tank milk ELISAs to assess the spatial distribution of 
Fasciola hepatica, Ostertagia ostertagi and Dictyocaulus viviparus in dairy cattle in 
Flanders (Belgium). Veterinary Parasitology 165, 51-57. 

Birchall, S., Dillon, C., Wrigley, R. 2008. Effluent and Manure Management Database for the 
Australian Dairy Industry (Melbourne, Dairy Australia), pp. 1-236. 

Bloemhoff, Y., Forbes, A., Danaher, M., Good, B., Morgan, E., Mulcahy, G., Sekiya, M., Sayers, R., 
2015. Determining the Prevalence and Seasonality of Fasciola hepatica in Pasture-based 
Dairy herds in Ireland using a Bulk Tank Milk ELISA. Irish Veterinary Journal 68, 16. 

Boray, J., 1963. The ecology of Fasciola hepatica with particular reference to its intermediate host 
in Australia. In: International Veterinary Congress, 17th. 

Boray, J., 1964a. Studies on the ecology of Lymnaea tomentosa, the intermediate host of Fasciola 
hepatica. 1. History, geographical distribution, and environment. Australian Journal of 
Zoology 12, 217-230. 



Chapter 1: Literature Review 

46 

Boray, J., 1964b. Studies on the ecology of Lymnaea tomentosa, the intermediate host of Fasciola 
hepatica. 2. The sexual behaviour of Lymnaea tomentosa. Australian Journal of Zoology 
12, 231-238. 

Boray, J., 1978. The potential impact of exotic Lymnaea spp. on fascioliasis in Australasia. 
Veterinary Parasitology 4, 127-141. 

Boray, J., Enigk, K., 1964. Laboratory studies on the survival and infectivity of Fasciola hepatica-
and F. gigantica metacercariae. Zeitschrift fur Tropenmedizin und Parasitologie 15, 324-
331. 

Boray, J., Fraser, G., Williams, J., Wilson, J., 1985. The occurrence of the snail Lymnaea columella 
on grazing areas in New South Wales and studies on its susceptibility to Fasciola hepatica. 
Australian Veterinary Journal 62, 4-6. 

Boray, J., Happich, F., Andrews, J., 1969. The epidemiology of fasciolosis in two representative 
endemic regions of Australia. Australian Veterinary Journal 45, 549-553. 

Boray, J.C., 1969. Experimental fascioliasis in Australia, In: Advances in Parasitology. Elsevier, pp. 
95-210. 

Bradley, B., 1926. Observations on the Water Snails of Monaro and New England, New South 
Wales, with Especial Reference to their Cercaria Carrying Capacity. Medical Journal of 
Australia 1.(6). 

Brockwell, Y., Spithill, T., Anderson, G., Grillo, V., Sangster, N., 2013. Comparative kinetics of 
serological and coproantigen ELISA and faecal egg count in cattle experimentally infected 
with Fasciola hepatica and following treatment with triclabendazole. Veterinary 
Parasitology 196, 417-426. 

Brockwell, Y.M., Elliott, T.P., Anderson, G.R., Stanton, R., Spithill, T.W., Sangster, N.C., 2014. 
Confirmation of Fasciola hepatica resistant to triclabendazole in naturally infected 
Australian beef and dairy cattle. International Journal for Parasitology: Drugs and Drug 
Resistance 4, 48-54. 

Brydon, P., 1960. The major causes for condemnation of meat in NSW. Australian Veterinary 
Journal 36, 113-117. 

Brydon, P., Fewster, G.E., Whittem, J.H., Charles, D.C., 1960. Discussion: The major causes for 
condemnation of meat in NSW. Australian Veterinary Journal 36, 296-297. 

Bullen, S., Beggs, D., Mansell, P., Runciman, D., Malmo, J., Playford, M., Pyman, M., 2016. 
Anthelmintic resistance in gastrointestinal nematodes of dairy cattle in the Macalister 
Irrigation District of Victoria. Australian Veterinary Journal 94, 35-41. 

Castro, E., Freyre, A., Hernandez, Z., 2000. Serological responses of cattle after treatment and 
during natural re-infection with Fasciola hepatica, as measured with a dot-ELISA system. 
Veterinary Parasitology 90, 201-208. 

Cawdery, M.H., Strickland, K., Conway, A., Crowe, P., 1977. Production effects of liver fluke in 
cattle I. The effects of infection on liveweight gain, feed intake and food conversion 
efficiency in beef cattle. British Veterinary Journal 133, 145-159. 

Charlier, J., Bennema, S.C., Caron, Y., Counotte, M., Ducheyne, E., Hendrickx, G., Vercruysse, J., 
2011. Towards assessing fine-scale indicators for the spatial transmission risk of Fasciola 
hepatica in cattle. Geospatial Health, 239-245. 

Charlier, J., De Meulemeester, L., Claerebout, E., Williams, D., Vercruysse, J., 2008. Qualitative and 
quantitative evaluation of coprological and serological techniques for the diagnosis of 
fasciolosis in cattle. Veterinary Parasitology 153, 44-51. 



Chapter 1: Literature Review 

47 

Charlier, J., Duchateau, L., Claerebout, E., Williams, D., Vercruysse, J., 2007. Associations between 
anti-Fasciola hepatica antibody levels in bulk-tank milk samples and production 
parameters in dairy herds. Preventive Veterinary Medicine 78, 57-66. 

Chartier, C., Reche, B., 1992. Gastrointestinal helminths and lungworms of French dairy goats: 
prevalence and geographical distribution in Poitou-Charentes. Veterinary Research 
Communications 16, 327-335. 

Conceição, M.A.P., Durão, R.M., Costa, I.H., da Costa, J.M.C., 2002. Evaluation of a simple 
sedimentation method (modified McMaster) for diagnosis of bovine fascioliosis. 
Veterinary Parasitology 105, 337-343. 

Copeman, D., Copland, R., 2008. Importance and potential impact of liver fluke in cattle and 
buffalo. ACIAR Monograph Series 133, 21. 

Cornelissen, J.B., Gaasenbeek, C.P., Boersma, W., Borgsteede, F.H., van Milligen, F.J., 1999. Use of 
a pre-selected epitope of cathepsin-L1 in a highly specific peptide-based immunoassay for 
the diagnosis of Fasciola hepatica infection in cattle. International Journal for Parasitology 
29, 685-696. 

Cornelissen, J.B., Gaasenbeek, C.P., Borgsteede, F.H., Holland, W.G., Harmsen, M.M., Boersma, 
W.J., 2001. Early immunodiagnosis of fasciolosis in ruminants using recombinant Fasciola 
hepatica cathepsin L-like protease. International Journal for Parasitology 31, 728-737. 

Correa, A.C., Escobar, J.S., Durand, P., Renaud, F., David, P., Jarne, P., Pointier, J.-P., Hurtrez-
Boussès, S., 2010. Bridging gaps in the molecular phylogeny of the Lymnaeidae 
(Gastropoda: Pulmonata), vectors of Fascioliasis. BMC Evolutionary Biology 10, 381. 

Cringoli, G., Musella, V., Maurelli, M., Morgoglione, M., Santaniello, A., Condoleo, R., Guariglia, I., 
Rinaldi, L., 2009. Helminths and arthropoda in buffalo farms from the Lazio region (Italy). 
Veterinary Research Communications 33, 129-131. 

Crossman, S., Li, O. 2015a. Surface Hydrology Lines (National), Geoscience Australia, C., ed. 
(http://pid.geoscience.gov.au/dataset/ga/83130). 

Crossman, S., Li, O. 2015b. Surface Hydrology Polygons (National), Geoscience Australia, C., ed. 
(http://pid.geoscience.gov.au/dataset/ga/83135). 

Cwiklinski, K., O'neill, S., Donnelly, S., Dalton, J., 2016. A prospective view of animal and human 
Fasciolosis. Parasite Immunology 38, 558-568. 

Dairy Australia 2019. The Australian Dairy Industry - In Focus 2019 
(https://www.dairyaustralia.com.au/resource-repository/2020/07/09/australian-dairy-
industry-in-focus-2019#.YSBj_ogzbcs, Dairy Australia ), pp. 1-52. 

Daniel, R., Van Dijk, J., Jenkins, T., Akca, A., Mearns, R., Williams, D., 2012. Composite faecal egg 
count reduction test to detect resistance to triclabendazole in Fasciola hepatica. 
Veterinary Record 171, 153-153. 

Dargie, J., 1987. The impact on production and mechanisms of pathogenesis of trematode 
infection in cattle and sheep. International Journal for Parasitology 17, 453-463. 

Dawes, B. 1963. The migration of juvenile forms of Fasciola hepatica L. through the wall of the 
intestines in the mouse, with some observations on food and feeding. Parasitology 53(1-
2), 109-122. 

Dixon, K., 1963. Incidence of liver fluke (Fasciola hepatica) in Queensland cattle. Australian 
Veterinary Journal 39, 53-56. 

Dixon, K., 1965. The structure and histochemistry of the cyst wall of the metacercaria of Fasciola 
hepatica L. Parasitology 55, 215-226. 



Chapter 1: Literature Review 

48 

Dorsman, W., 1956. Fluctuation within a day in the liver fluke egg count of the rectal contents of 
cattle. Veterinary Record 68, 571-574. 

Dorsman, W., 1960. The diagnosis of subclinical fascioliasis by means of faecal examination, and 
the control of liver flukes (Fasciola hepatica). Bulletin de l'Office International des 
Epizooties 54, 502-508. 

Doy, T., Hughes, D., 1984. Early migration of immature Fasciola hepatica and associated liver 
pathology in cattle. Research in Veterinary Science 37, 219-222. 

Durr, P., Tait, N., Lawson, A., 2005. Bayesian hierarchical modelling to enhance the epidemiological 
value of abattoir surveys for bovine fasciolosis. Preventive Veterinary Medicine 71, 157-
172. 

Duscher, R., Duscher, G., Hofer, J., Tichy, A., Prosl, H., Joachim, A., 2011. Fasciola hepatica–
Monitoring the milky way? The use of tank milk for liver fluke monitoring in dairy herds as 
base for treatment strategies. Veterinary Parasitology 178, 273-278. 

Elliott, T., Kelley, J., Rawlin, G., Spithill, T., 2015. High prevalence of fasciolosis and evaluation of 
drug efficacy against Fasciola hepatica in dairy cattle in the Maffra and Bairnsdale districts 
of Gippsland, Victoria, Australia. Veterinary Parasitology 209, 117-124. 

George, S., Vanhoff, K., Baker, K., Lake, L., Rolfe, P., Seewald, W., Emery, D., 2017. Application of 
a coproantigen ELISA as an indicator of efficacy against multiple life stages of Fasciola 
hepatica infection in sheep. Veterinary Parasitology 246, 60-69. 

Gordon, H.M., 1955. Some aspects of fascioliasis. Australian Veterinary Journal 31, 182-189. 

Hagens, F., Over, H., 1966. Egg-Output and Egg-Count of Fasciola hepática in Cattle. Tijdschrift 
voor Diergeneeskunde 91, 523-531. 

Happich, F., Boray, J., 1969a. Quantitative diagnosis of chronic fasciolosis. 2. The estimation of 
daily total egg production of Fasciola hepatica and the number of adult flukes in sheep by 
faecal egg counts. Australian Veterinary Journal 45, 329-331. 

Happich, F., Boray, J., 1969b. Quantitative diagnosis of chronic fasciolosis. 1. Comparative Studies 
on Quantitative Faecal Examinations for Chronic Fasciola hepatica Infection in Sheep. 
Australian Veterinary Journal 45, 326-328. 

Harris, R., Charleston, W., 1977. An examination of the marsh microhabitats of Lymnaea 
tomentosa and L. columella (Mollusca: Gastropoda) by path analysis. New Zealand Journal 
of Zoology 4, 395-399. 

Harris, R., Charleston, W., 1980. Fascioliasis in New Zealand: a review. Veterinary Parasitology 7, 
39-49. 

Hart, B., Walker, G., Katupitiya, A., Doolan, J., 2020. Salinity Management in the Murray–Darling 
Basin, Australia. Water 12, 1829. 

Haydock, L., Pomroy, W., Stevenson, M., Lawrence, K., 2016. A growing degree-day model for 
determination of Fasciola hepatica infection risk in New Zealand with future predictions 
using climate change models. Veterinary Parasitology 228, 52-59. 

Hodasi, J., 1972. The output of cercariae of Fasciola hepatica by Lymnaea truncatula and the 
distribution of metacercariae on grass. Parasitology 64, 53-60. 

Hörchner, F., Hennings, R., Verspohl, F., Averbeck, W., Boch, J., 1970. Anthelmintic control of 
bovine fascioliasis in the Steinfurt area. II. Results of three years of treatment. Berliner 
und Münchener Tierärztliche Wochenschrift 83, 21-26. 

Hort, C., 1998. A survey of Fasciola hepatica infection of sheep and cattle in NSW and Victoria. In: 
Proceedings of the Australian Sheep Veterinary Society Conference, Sydney, pp. 61-64. 



Chapter 1: Literature Review 

49 

Howell, A., Baylis, M., Smith, R., Pinchbeck, G., Williams, D., 2015. Epidemiology and impact of 
Fasciola hepatica exposure in high-yielding dairy herds. Preventive Veterinary Medicine 
121, 41-48. 

Ibarra, F., Montenegro, N., Vera, Y., Boulard, C., Quiroz, H., Flores, J., Ochoa, P., 1998. Comparison 
of three ELISA tests for seroepidemiology of bovine fascioliosis. Veterinary Parasitology 
77, 229-236. 

Innocent, G.T., Gilbert, L., Jones, E.O., McLeod, J.E., Gunn, G., McKendrick, I.J., Albon, S.D., 2017. 
Combining slaughterhouse surveillance data with cattle tracing scheme and 
environmental data to quantify environmental risk factors for liver fluke in cattle. 
Frontiers in Veterinary Science 4, 65. 

Jenkins, D., Porter, M., Baker, A., Shamsi, S., Barton, D., 2020. Investigation into fallow deer (Dama 
dama) as definitive hosts of Fasciola hepatica (liver fluke) in alpine New South Wales. 
Australian Veterinary Journal 98, 546-549. 

Jepps, M.W., 1933. Miracidia of the liver fluke for laboratory work. Nature 132, 171-171. 

John, B.C., Davies, D.R., Williams, D.J., Hodgkinson, J.E., 2019. A review of our current 
understanding of parasite survival in silage and stored forages, with a focus on Fasciola 
hepatica metacercariae. Grass and Forage Science 74, 211-217. 

Kajugu, P.-E., Hanna, R., Edgar, H., McMahon, C., Cooper, M., Gordon, A., Barley, J., Malone, F., 
Brennan, G., Fairweather, I., 2015. Fasciola hepatica: Specificity of a coproantigen ELISA 
test for diagnosis of fasciolosis in faecal samples from cattle and sheep concurrently 
infected with gastrointestinal nematodes, coccidians and/or rumen flukes 
(paramphistomes), under field conditions. Veterinary Parasitology 212, 181-187. 

Kelley, J.M., Elliott, T.P., Beddoe, T., Anderson, G., Skuce, P., Spithill, T.W., 2016. Current threat of 
triclabendazole resistance in Fasciola hepatica. Trends in Parasitology 32, 458-469. 

Kelley, J.M., Rathinasamy, V., Elliott, T.P., Rawlin, G., Beddoe, T., Stevenson, M.A., Spithill, T.W., 
2020. Determination of the prevalence and intensity of Fasciola hepatica infection in dairy 
cattle from six irrigation regions of Victoria, South-eastern Australia, further identifying 
significant triclabendazole resistance on three properties. Veterinary Parasitology 277, 
109019. 

Krull, W., 1941. The number of cercariae of Fasciola hepatica developing in snails infected with a 
single miracidium. Proceedings of the Helminthological Society of Washington 8, 55-58. 

Kuerpick, B., Conraths, F.J., Staubach, C., Froehlich, A., Schnieder, T., Strube, C., 2013. 
Seroprevalence and GIS-supported risk factor analysis of Fasciola hepatica infection in 
dairy herds in Germany. Parasitology 140, 1051-1060. 

Lane, J., Jubb, T., Shephard, R., Webb-Ware, J., Fordyce, G. 2015. MLA Final Report: Priority List of 
Endemic Diseases for the Red Meat Industries. MLA. Available from 
https://www.mla.com.au/research-and-development/search-rd-reports/final-report-
details/Animal-Health-and-Biosecurity/Priority-list-of-endemic-diseases-for-the-red-
meat-industries/2895. 

Love, S., Hutchinson, G., Boray, J.C. 2017. Liver fluke disease in sheep and cattle, Department of 
Primary Industries, ed. (https://www.dpi.nsw.gov.au/about-us/publications, NSW 
Government), pp. 1-14. 

Lynch, J., 1965. The ecology of Lymnaea tomentosa (Pfeiffer 1855) in South Australia. Australian 
Journal of Zoology 13, 461-474. 

Machicado, C., Machicado, J.D., Maco, V., Terashima, A., Marcos, L.A., 2016. Association of 
Fasciola hepatica Infection with Liver Fibrosis, Cirrhosis, and Cancer: A Systematic Review. 
PLOS Neglected Tropical Diseases 10, e0004962. 



Chapter 1: Literature Review 

50 

Malone, J., Craig, T., 1990. Cattle liver flukes: risk assessment and control. Compendium on 
Continuing Education for the Practicing Veterinarian 12, 747-754. 

Malone, J., Loyacano, A., Hugh-Jones, M., Corkum, K., 1984. A three-year study on seasonal 
transmission and control of Fasciola hepatica of cattle in Louisiana. Preventive Veterinary 
Medicine 3, 131-141. 

Malone, J.B., Fehler, D.P., Loyacano, A.F., Zukowski, S.H., 1992. Use of LANDSAT MSS Imagery and 
Soil Type in a Geographic Information System to Assess Site‐Specific Risk of Fascioliasis on 
Red River Basin Farms in Louisiana. Annals of the New York Academy of Sciences 653, 389-
397. 

Martínez-Sernández, V., Orbegozo-Medina, R.A., González-Warleta, M., Mezo, M., Ubeira, F.M., 
2016. Rapid enhanced MM3-COPRO ELISA for detection of Fasciola coproantigens. PLoS 
Neglected Tropical Diseases 10, e0004872. 

Mas-Coma, S., 2005. Epidemiology of fascioliasis in human endemic areas. Journal of 
Helminthology 79, 207-216. 

Mas‐Coma, S., Valero, M.A., Bargues, M.D., 2009. Fasciola, lymnaeids and human fascioliasis, with 
a global overview on disease transmission, epidemiology, evolutionary genetics, 
molecular epidemiology and control. Advances in Parasitology 69, 41-146. 

Mazeri, S., Sargison, N., Kelly, R.F., Bronsvoort, B.M.d., Handel, I., 2016. Evaluation of the 
performance of five diagnostic tests for Fasciola hepatica infection in naturally infected 
cattle using a Bayesian no gold standard approach. PloS one 11. 

McCann, C., Baylis, M., Williams, D., 2010. Seroprevalence and spatial distribution of Fasciola 
hepatica-infected dairy herds in England and Wales. The Veterinary Record 166, 612-617. 

McCausland, I., Vandegraaff, R., Nugent, L., 1980. Fascioliasis in dairy cows on irrigated pasture. 
Australian Veterinary Journal 56, 324-326. 

Meek, A., Morris, R., 1979a. The longevity of Fasciola hepatica metacercariae encysted on 
herbage. Australian Veterinary Journal 55, 58-60. 

Meek, A., Morris, R., 1979b. An epidemiological investigation of ovine fascioliasis (Fasciola 
hepatica) on both irrigated and non-irrigated pastures in Nothern Victoria. Australian 
Veterinary Journal 55, 365-369. 

Ménard, A., L'Hostis, M., Leray, G., Marchandeau, S., Pascal, M., Roudot, N., Michel, V., Chauvin, 
A., 2000. Inventory of wild rodents and lagomorphs as natural hosts of Fasciola hepatica 
on a farm located in a humid area in Loire Atlantique (France). Parasite 7, 77-82. 

Mezo, M., González-Warleta, M., Carro, C., Ubeira, F.M., 2004. An ultrasensitive capture ELISA for 
detection of Fasciola hepatica coproantigens in sheep and cattle using a new monoclonal 
antibody (MM3). Journal of Parasitology 90, 845-852. 

Mezo, M., González-Warleta, M., Castro-Hermida, J.A., Ubeira, F.M., 2008. Evaluation of the 
flukicide treatment policy for dairy cattle in Galicia (NW Spain). Veterinary Parasitology 
157, 235-243. 

Molloy, J., Anderson, G., 2006. The distribution of Fasciola hepatica in Queensland, Australia, and 
the potential impact of introduced snail intermediate hosts. Veterinary Parasitology 137, 
62-66. 

Molloy, J., Anderson, G., Fletcher, T., Landmann, J., Knight, B., 2005. Evaluation of a commercially 
available enzyme-linked immunosorbent assay for detecting antibodies to Fasciola 
hepatica and Fasciola gigantica in cattle, sheep and buffaloes in Australia. Veterinary 
Parasitology 130, 207-212. 



Chapter 1: Literature Review 

51 

Murray-Darling Basin Authority 2016. Basin Irrigation and Salinity Mapping Murray-Darling Basin 
Authority, ed. (https://data.gov.au/data/dataset/3ae82857-c929-4007-8e55-
240de9d704ed, data.gov.au). 

Neuhaus, W., 1953. Über den chemischen Sinn der Miracidien von Fasciola hepatica. Zeitschrift 
für Parasitenkunde 15, 476-490. 

Novobilský, A., Sollenberg, S., Höglund, J., 2015. Distribution of Fasciola hepatica in Swedish dairy 
cattle and associations with pasture management factors. Geospatial Health 9, 293-300. 

Obendorf, D., 1983. Liver fluke infection in northwestern Tasmania. In: Papers and Proceedings of 
the Royal Society of Tasmania, pp. 1-3. 

Olsen, A., Frankena, K., Toft, N., Thamsborg, S.M., Enemark, H.L., Halasa, T., 2015. Prevalence, risk 
factors and spatial analysis of liver fluke infection in Danish cattle herds. Parasites & 
Vectors 8, 160. 

Osborne, H., 1958. Observations on the seasonal incidence of acute fascioliasis and infectious 
necrotic hepatitis (black disease) in sheep. Australian Veterinary Journal 34, 301-304. 

Ono, Y., Isoda, M., Matsumura, S., 1954. I. Preventive study of Fasciola hepatica infection. II. 
Effects on metacercariae of various environmental conditions and drugs. Journal of the 
Japanese Veterinary Medicine Association 7, 153-155. 

Ooi, E.C., Stevenson, M.A., Beggs, D.S., Mansell, P.D., Pryce, J.E., Murray, A., Pyman, M.F., 2021. 
The impact of declining dairy fertility on calving patterns and farm systems: A case study 
from northern Victoria, Australia. Agricultural Systems 193, 103228. 

Palmer, D., Lyon, J., Palmer, M., Forshaw, D., 2014. Evaluation of a copro‐antigen ELISA to detect 
Fasciola hepatica infection in sheep, cattle and horses. Australian Veterinary Journal 92, 
357-361. 

Pandey, V., 1983. Observations on Fasciola hepatica in donkeys from Morocco. Annals of Tropical 
Medicine & Parasitology 77, 159-162. 

Pearson, I., Boray, J., 1961. The anthelmintíc effect of the intramuscular injection of carbon 
tetrachloride on Fasciola hepatica in cattle. Australian Veterinary Journal 37, 73-78. 

Penny, J. 1869. Report of Royal Commission on Fluke. In Launceston Examiner (Tas. :1842 - 1899) 
(Tas.), p. 2. 

Ponder, W., 1975. The occurrence of Lymnaea (Pseudosuccinea) columella, an intermediate host 
of Fasciola hepatica, in Australia. Australian Veterinary Journal 51, 494-495. 

Ponder, W.F., Hallan, A., Shea, M. and Clark, S. A. 2016a. Australian Freshwater Molluscs. In 
Austropeplea (Austropeplea) huonensis (The Australian Museum). 

Ponder, W.F., Hallan, A., Shea, M. and Clark, S. A. 2016b. Australian Freshwater Molluscs. In 
Austropeplea (Austropeplea) brazieri (The Australian Museum). 

Ponder, W.F., Hallan, A., Shea, M. and Clark, S. A. 2016c. Australian Freshwater Molluscs. In 
Austropeplea (Austropeplea) papyracea (The Australian Museum). 

Pritchard, G., Forbes, A., Williams, D., Salimi-Bejestani, M., Daniel, R., 2005. Emergence of 
fasciolosis in cattle in East Anglia. The Veterinary Record 157, 578-582. 

Pullan, N., Climo, F., Mansfield, C.B., 1972. Studies on the distribution and ecology of the family 
lymnaeidae (Mollusca: Gastropoda) in New Zealand. Journal of the Royal Society of New 
Zealand 2, 393-405. 

Puslednik, L., Ponder, W.F., Dowton, M., Davis, A.R., 2009. Examining the phylogeny of the 
Australasian Lymnaeidae (Heterobranchia: Pulmonata: Gastropoda) using mitochondrial, 
nuclear and morphological markers. Molecular Phylogenetics and Evolution 52, 643-659. 



Chapter 1: Literature Review 

52 

Rapsch, C., Schweizer, G., Grimm, F., Kohler, L., Bauer, C., Deplazes, P., Braun, U., Torgerson, P.R., 
2006. Estimating the true prevalence of Fasciola hepatica in cattle slaughtered in 
Switzerland in the absence of an absolute diagnostic test. International Journal for 
Parasitology 36, 1153-1158. 

Rathinasamy, V., Hosking, C., Tran, L., Kelley, J., Williamson, G., Swan, J., Elliott, T., Rawlin, G., 
Beddoe, T., Spithill, T.W., 2018. Development of a multiplex quantitative PCR assay for 
detection and quantification of DNA from Fasciola hepatica and the intermediate snail 
host, Austropeplea tomentosa, in water samples. Veterinary Parasitology 259, 17-24. 

Rees, J., Sykes, W., Rickard, M., 1975. Prenatal infection with Fasciola hepatica in calves. Australian 
Veterinary Journal 51, 497-499. 

Reichel, M., 2002. Performance characteristics of an enzyme-linked immunosorbent assay for the 
detection of liver fluke (Fasciola hepatica) infection in sheep and cattle. Veterinary 
Parasitology 107, 65-72. 

Reichel, M., Vanhoff, K., Baxter, B., 2005. Performance characteristics of an enzyme-linked 
immunosorbent assay performed in milk for the detection of liver fluke (Fasciola hepatica) 
infection in cattle. Veterinary Parasitology 129, 61-66. 

Roberts, J., 1982. The prevalence and economic significance of liver disorders and contamination 
in grain‐fed and grass‐fed cattle. Australian Veterinary Journal 59, 129-132. 

Ross, J., Todd, J., Dow, C., 1966. Single experimental infection of calves with the liver fluke Fasciola 
hepatica (Linnaeus 1758). Journal of Comparative Pathology 76, 67-81. 

Salimi-Bejestani, M., Cripps, P., Williams, D.J., 2008. Evaluation of an ELISA to assess the intensity 
of Fasciola hepatica infection in cattle. Veterinary Record 162, 109-111. 

Salimi-Bejestani, M., Daniel, R., Cripps, P., Felstead, S., Williams, D.J., 2007. Evaluation of an 
enzyme-linked immunosorbent assay for detection of antibodies to Fasciola hepatica in 
milk. Veterinary Parasitology 149, 290-293. 

Salimi-Bejestani, M., McGarry, J., Felstead, S., Ortiz, P., Akca, A., Williams, D.J., 2005a. 
Development of an antibody-detection ELISA for Fasciola hepatica and its evaluation 
against a commercially available test. Research in Veterinary Science 78, 177-181. 

Salimi-Bejestani, M., Daniel, R., Felstead, S., Cripps, P., Mahmoody, H., Williams, D., 2005b. 
Prevalence of Fasciola hepatica in dairy herds in England and Wales measured with an 
ELISA applied to bulk-tank milk. Veterinary Record-English Edition 156, 729-731. 

Sánchez-Andrade, R., Paz-Silva, A., Suárez, J., Panadero, R., Pedreira, J., López, C., Díez-Baños, P., 
Morrondo, P., 2002. Influence of age and breed on natural bovine fasciolosis in an 
endemic area (Galicia, NW Spain). Veterinary Research Communications 26, 361-370. 

Schweizer, G., Braun, U., Deplazes, P., Torgerson, P., 2005. Estimating the financial losses due to 
bovine fasciolosis in Switzerland. Veterinary Record 157, 188-193. 

Schweizer, G., Meli, M.L., Torgerson, P.R., Lutz, H., Deplazes, P., Braun, U., 2007. Prevalence of 
Fasciola hepatica in the intermediate host Lymnaea truncatula detected by real time 
TaqMan PCR in populations from 70 Swiss farms with cattle husbandry. Veterinary 
Parasitology 150, 164-169. 

Seddon, H.R., 1950. Diseases of domestic animals in Australia. Part I. Helminth infestations. 
Diseases of domestic animals in Australia. Part I. Helminth infestations. 

Selemetas, N., Ducheyne, E., Phelan, P., O’Kiely, P., Hendrickx, G., de Waal, T., 2015. Spatial 
analysis and risk mapping of Fasciola hepatica infection in dairy herds in Ireland. 
Geospatial Health 9, 281-291. 

Selemetas, N., Phelan, P., O'kiely, P., Waal, T., 2014. Weather and soil type affect incidence of 
fasciolosis in dairy cow herds. The Veterinary Record 175, 371-371. 



Chapter 1: Literature Review 

53 

Smeal, M.G., 1995. Parasites of cattle. In. University of Sydney, Post-Graduate Foundation in 
Veterinary Science. 

Spithill, T., Smooker, P., Copeman, D., 1999. Fasciola gigantica: epidemiology, control, 
immunology and molecular biology., In: Fasciolosis. Commonwealth Agricultural Bureau 
International, Oxworth, pp. 465–525. 

Spratt, D.M., Presidente, P.J., 1981. Prevalence of Fasciola hepatica infection in native mammals 
in southeastern Australia. Australian Journal of Experimental Biology and Medical Science 
59, 713-721. 

Takeuchi-Storm, N., Denwood, M., Hansen, T.V.A., Halasa, T., Rattenborg, E., Boes, J., Enemark, 
H.L., Thamsborg, S.M., 2017. Farm-level risk factors for Fasciola hepatica infection in 
Danish dairy cattle as evaluated by two diagnostic methods. Parasites & Vectors 10, 555. 

Takeuchi-Storm, N., Denwood, M., Petersen, H.H., Enemark, H.L., Stensgaard, A.-S., Sengupta, 
M.E., Beesley, N.J., Hodgkinson, J., Williams, D., Thamsborg, S.M., 2018. Patterns of 
Fasciola hepatica infection in Danish dairy cattle: implications for on-farm control of the 
parasite based on different diagnostic methods. Parasites & Vectors 11, 674. 

Vaughan, J., Charles, J., Boray, J., 1997. Fasciola hepatica infection in farmed emus (Dromaius 
novaehollandiae). Australian Veterinary Journal 75, 811-813. 

Vercruysse, J., Claerebout, E., 2001. Treatment vs non-treatment of helminth infection in cattle: 
defining the threshold. Veterinary Parasitology 98, 195-214. 

Virbac 2016. FlukeKill™ Liver Fluke Control Manual, Australia, V., ed. (virbac.com.au, Virbac 
Australia Pty Ltd.), p. 4. 

Walker, S., Johnston, C., Hoey, E., Fairweather, I., Borgsteede, F., Gaasenbeek, C., Prodohl, P., 
Trudgett, A., 2011. Potential role of hares in the spread of liver fluke in the Netherlands. 
Veterinary Parasitology 177, 179-181. 

Watson, P., Watson, D. 2015. Sustainability Framework NRM Survey 
(http://www.dairyingfortomorrow.com.au/wp-content/uploads/Australian-Dairy-
Sustainability-Framework-NRM-Survey-2015.pdf, Dairy Australia), pp. 1-64. 

Watt, G., 1979. An approach to determining the prevalence of liver-fluke in a large region. In: 
Proceedings of the 2nd International Symposium on Veterinary Epidemiology and 
Economics, 7-11 May 1979, Canberra, Australia., pp. 152-155. 

Whittington, R., 1982. Chronic fascioliasis in a brushtail possum (Trichosurus vulpecula). Australian 
Veterinary Journal 59, 192-192. 

 

 



Chapter 1: Literature Review 

54 

1.8 Appendix 

Appendix 1. The A. tomentosa, P. columella and R. viridis record data was sourced from the following organisations 

Name Citation 
No. of 
records  

Atlas of Life in the Coastal Wilderness Records provided by Atlas of Life in the Coastal Wilderness accessed through ALA website 1 

Australian Museum Records provided by Australian Museum accessed through ALA website 1738 

Australian River Assessment System 
Mapping Western Australia's Biodiversity Department of Environment and Conservation URL: 
http://naturemapdecwagovau/  

205 

Carnarvon Basin (Aquatic Projects) - 
Invertebrates 

Mapping Western Australia's Biodiversity Department of Environment and Conservation URL: 
http://naturemapdecwagovau/  

8 

Citizen Science - ALA Website Records provided by Citizen Science - ALA Website, accessed through ALA website 1 

Global Biodiversity  Records provided by the Global Biodiversity Information Facility accessed through ALA website 35 

Healthy Waterways  Records provided by Healthy Waterways Waterwatch Program accessed through ALA website 16 

iNaturalist 
iNaturalistorg: iNaturalist Research-grade Observations doi:1015468/ab3s5x  
Accessed via http://wwwgbiforg/dataset/50c9509d-22c7-4a22-a47d-8c48425ef4a7 on 2017-03-16  

1 

Individual Sightings Records provided by Individual Sightings accessed through ALA website 1 

MDFRC Macroinvertebrate Survey Murray-Darling Freshwater Research Centre 93 

Museum and Art Gallery of the Northern 
Territory 

Records provided by Museum and Art Gallery of the NT accessed through ALA website 15 

Museums Victoria Records provided by Museums Victoria accessed through ALA website 294 

NatureMap Records provided by NatureMap accessed through ALA website 213 

OZCAM 
Records provided by Online Zoological Collections of Australian Museums accessed through ALA 
website 

2255 

http://naturemap.dec.wa.gov.au/
http://naturemap.dec.wa.gov.au/
http://www.gbif.org/dataset/50c9509d-22c7-4a22-a47d-8c48425ef4a7%20on%202017-03-16
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Name Citation 
No. of 
records  

Queen Victoria Museum and Art Gallery Records provided by the Queen Victoria Museum and Art Gallery accessed through ALA website 65 

Queensland Museum Records provided by Queensland Museum accessed through ALA website 42 

Questagame Records provided by Questagame accessed through ALA website 2 

SA Museum Records provided by the SA Museum accessed through ALA website 2 

Sustainable Rivers Audit Murray-Darling Basin Authority 406 

Tasmanian Museum and Art Gallery Records provided by Tasmanian Museum and Art Gallery accessed through ALA website 31 

Tasmanian Natural Values Atlas State of Tasmania Natural Values Atlas (wwwnaturalvaluesatlastasgovau)  4 

Western Australian Museum Records provided by WA Museum accessed through ALA website 68 

http://www.naturalvaluesatlas.tas.gov.au/
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Chapter 2 – Literature review 

Current Threat of Triclabendazole Resistance in Fasciola hepatica 

2.0 Preface 

The scope of the thesis is to better understand the epidemiology and management of F. hepatica 

on dairy farms in Victorian. 

In Chapter 1 I reviewed the literature and reported on our current understanding of the 

epidemiology of F. hepatica in Australia. This Chapter describes the ecology, lifecycle, and 

distribution of F. hepatica and A. tomentosa in Australia and how the F. hepatica infection is 

detected and the impact infection has on cattle production in Australia. This Chapter provided the 

epidemiological background for the thesis and identified the gaps in knowledge, some of which 

will be addressed in subsequent research in Chapters 3, 4, and 5. 

In Chapter 2 I reviewed the literature and captured how F. hepatica historically has been managed 

and treated globally. This Chapter has two themes: chemical and non-chemical controls strategies 

and their effectiveness at controlling F. hepatica. The focus of chemical control centred around 

the use of triclabendazole (TCBZ) and the development of resistance to this chemical. The review 

of non-chemical control options identified strategies that could be used to control F. hepatica via 

the development and implementation of integrated parasite management (IPM) plans. The IPM 

plans take into account the climatic, flukicide, pasture, animal and water management factors that 

influence the prevalence of F. hepatica on-farm and identify what control strategies should be 

implemented when 

To access a higher quality copy of the Chapter, use the DOI link below. 
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2.1 Published Article and Contribution 

Published article 

Kelley, J.M., Elliott, T.P., Beddoe, T., Anderson, G., Skuce, P., Spithill, T.W., 2016. Current threat 

of triclabendazole resistance in Fasciola hepatica. Trends in Parasitology 32, 458-469. 

https://doi.org/10.1016/j.pt.2016.03.002 

Contribution 

This literature review was peer reviewed and published. J. Kelley prepared and compiled the data 
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Kelley and T. Spithill were responsible for the final editing of the manuscript and for the reply to 

the reviewers’ comments. Trends in Parasitology applies the Creative Commons Attribution-Non 

Commercial-No Derivatives (CC BY-NC-ND) license to works we publish. The complete article is 

available here. 

J. Kelley contributed to approximately 75% of the production of this literature review. J. Kelley 

made the tables and figures for the paper, assisted with writing and editing of the manuscript and 

responding to reviewers’ comments, under the supervision of Professor Terry Spithill. 
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2.2 TCBZ-R Is a Current and Widespread Threat to Livestock Production Systems 

2.3 Current Global Status of TCBZ-R 
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2.4 Biochemistry of TCBZ Action 
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2.5 Mechanism(s) of TCBZ-R 

2.6 Genetics of TCBZ-Resistant Fluke Populations 
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2.7 Anthelmintic Control of TCBZ-Resistant Flukes: Role for Dual-Active Flukicide 

Formulations 

2.8 What Can Be Done to Manage the Impact of TCBZ-R on Livestock Production? 
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2.9 Concluding Remarks and Future Perspectives 
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2.12 Postscript 

Since this Chapter’s publication in 2016, more cases of TCBZ resistance have been reported in 

animals (reviewed in Fairweather et al.,2020) and humans (reviewed in Marcos et al.,2021). The 

mechanisms of drug resistance are still unclear, but new research suggests there may be a 

polygenic basis to resistance (weather et al., 2020). Several advances have been made in on-farm 

F. hepatica control strategies as discussed in Coyne et al. (2020), John et al. (2019), Takeuchi-Storm 

et al. (2018) and reviewed in Fairweather et al. (2020). However, there are still no clear guidelines 

on how to test for TCBZ-resistant F. hepatica, and several other barriers discussed in Castro-

Hermida et al. (2021) have yet to be addressed to improve the effectiveness of pharmacological 

treatment options for on-farm control. A complete list of flukicide products registered for 

Australian cattle has been provided in supplementary table 5.2. 
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Chapter 3 – Determination of the prevalence and intensity of Fasciola 

hepatica infection in dairy cattle from six irrigation regions of Victoria, 

South-eastern Australia, further identifying significant triclabendazole 

resistance on three properties 

3.0 Preface 

The scope of the thesis is to better understand the epidemiology and management of F. hepatica 

on Victorian dairy farms. In Chapters 1 I reviewed the epidemiology of F. hepatica in Australia and 

in Chapter 2, the management of F. hepatica globally. I found that in Australia, there was a limited 

understanding of the current prevalence of F. hepatica across all States and Territories. In Victoria, 

the last state-wide study was conducted in the late 1970s by Watt (1979). The study identified 

several endemic regions where F. hepatica was a significant problem but limited to no follow-up 

studies were conducted to assess the true extent of the problem. In the Chapter 2 review, I further 

identified that one of the endemic regions identified as the Macalister irrigation district in Watt 

(1979) study also had a reported case of TCBZ resistance (Brockwell et al., 2014). 

The aims of Chapter 3 were to establish the prevalence of F. hepatica in Victoria, determine where 

the parasite was endemic and to assess whether there more cases of TCBZ F. hepatica in other 

dairy regions of Victoria. 

In Chapter 3, I describe the state-wide prevalence study that I undertook in Victoria’s irrigated 

dairy regions in 2014 and 2016. In the study, I utilised the coproantigen ELISA (cELISA) and LFEC to 

test the dairy cattle in these regions to determine where F. hepatica was endemic in Victoria. The 

tests were also used to perform coproantigen reduction tests (CRT) and faecal egg count reduction 

tests (FECRT) to screen farms with a high prevalence of F. hepatica for flukes that were resistant 

to triclabendazole. 

To access a higher quality copy of the Chapter, use the DOI link below. 
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Kelley, J.M., Rathinasamy, V., Elliott, T.P., Rawlin, G., Beddoe, T., Stevenson, M.A., Spithill, T.W., 
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3.5 Results 
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3.7 Conclusion 
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3.10 Postscript 

A complete list of flukicide products registered for use in beef and dairy cattle in Australia can be 

found in Chapter 5, section 12, supplementary Table 5.2. The Table details the following: product, 

company, composition, use, age of fluke killed, host, meat with holding period, use in lactating 

cattle and finally, milk withholding period. 
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Chapter 4 – Analysis of daily variation in the release of faecal eggs and 

coproantigen of Fasciola hepatica in naturally infected dairy cattle and the 

impact on diagnostic test sensitivity 

4.0 Preface 

In Chapter 3, I found that there was a high prevalence of F. hepatica in the Macalister Irrigation 

District and the Upper Murray using the coproantigen ELISA (cELISA) and LFEC diagnostic tests. I 

subsequently used the same diagnostic tools and found that cattle on three farms located in these 

regions were infected with triclabendazole-resistant F. hepatica. In Chapter 1, I reported that the 

application of the cELISA and LFEC for assessing the prevalence and drug resistance had been 

established in the literature; however, I discovered several papers that suggested that sampling 

time during the day may affect the sensitivity of LFEC and cELISA (Dorsman, 1956; Brockwell et al., 

2013). Brockwell et al. (2013) reported a 2-6 fold variation in the cELISA OD values and a 2-4 

variation in LFEC over a five-day sampling period. To improve the management and control of F. 

hepatica in Victoria, farmers need robust diagnostic tools to make informed decisions about 

whether they need to treat their cattle, when to treat and what product to use on their cattle. 

The aim of Chapter 4 was to assess the fluctuation in the diagnostic outputs from the cELISA and 

LFEC in naturally infected dairy cattle to ascertain whether the tests were robust and could be 

used to inform the on-farm management of F. hepatica in Victoria. 

In the following Chapter, I describe the application of the cELISA and LFEC to cattle naturally 

infected with F. hepatica to assess if sampling time and day to day variation in coproantigen and 

egg release affects the sensitivity of the tests and the correlation with total fluke count. Ten cattle 

on a dairy farm in the Macalister Irrigation District (MID), which was found to have a high 

prevalence of F. hepatica in Chapter 3, were sampled and tested twice daily for five days and then 

euthanized to allow correlations between total fluke counts and diagnostic test outputs. 

To access a higher quality copy of the Chapter, use the DOI link below. 
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4.5 Results 
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Figure 4.1. Scatterplot showing the cELISA OD as a function of cow age for AM and PM sampling events. 
Superimposed is a line of best fit to the data. 

 

Figure 4.2. Scatterplot showing the cELISA OD as a function of total liver fluke count for AM and PM sampling 
events. Superimposed on each plot is a line of best fit to the data. 
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Figure 4.3. Scatterplot showing LFEC (ep2g) as a function of total liver fluke count for AM and PM sampling 
events. Superimposed on each plot is a line of best fit to the data. 

 

Figure 4.4. Scatterplots showing cELISA OD as a function of sampling event over 5 consecutive days for each 
of the ten cows included in this study. Superimposed on each plot are the cELISA OD values predicted using 
the mixed-effects linear regression model described in the text. Samples could not be collected from cow 
#3294 at the PM milking on day 4. 
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Figure 4.5. Box and whisker plots showing the distribution of: (a) cELISA OD estimates at AM and PM 
sampling events for each of the ten cows included in this study; and (b) the percentage of the batch positive 
control for the same samplings. In plot (a) the four horizontal dashed lines represent the cut-off ODs 
described in: (i) Brockwell et al. (2013), 0.014, grey; (ii) Charlier et al. (2008), 0.030, gold; (iii) Martínez-
Sernández et al. (2016), 0.084, blue; and (iv) Mezo et al. (2004), 0.114, pink. In plot (b) the four horizontal 
dashed lines represent the cut-off % positive values described in: (i) Brockwell et al. (2014), 1.3%, black; (ii) 
Elliott et al. (2015,) 1.6%, green; (iii) Palmer et al. (2014), 5.36%, red; (iv) the recommended kit cut-off of 
8%, purple. 
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Figure 4.6. Scatterplots showing LFEC (ep2g) as a function of sampling event for each of the ten cows 
included in this study. Superimposed on each plot are the LFEC estimates predicted using the mixed-effects 
linear regression model described in the text. Samples could not be collected from cow #3294 at the PM 
milking on day 4. 

 

Figure 4.7. Box and whisker plots showing the distribution of LFEC (ep2g) at AM and PM sampling events 
for each of the ten cows included in this study. The horizontal dashed line shows the 5 ep2g cut-off for 
production loss in cattle described by Malone and Craig (1990) and Vercruysse and Claerebout (2001). 
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Figure 4.8. Box and whisker plots showing the distribution of PFEC (ep2g) on the log scale for each of the 
ten cows included in this study. The horizontal dashed line shows the 10 ep2g cut-off indicating that there 
are approximately 143 to 145 adult paramphistomes in the rumen (Willmott and Pester, 1952). 
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Chapter 5 – Fasciola hepatica control practices on a sample of dairy 

farmers in Victoria, Australia 

5.0 Preface 

Results from my research in Chapter 3 and published studies described in Chapter 2 have 

determined a significant increase in TCBZ-resistant F. hepatica in Australia, particularly in the MID 

in Victoria. The discovery of drug resistance in the MID could significantly impact the dairy 

industry, as 25% of Australia’s milk is produced in this region. In Chapter 4, I determined that the 

coproantigen ELISA (cELISA) and LFEC are robust tests for detecting cattle with burdens >10 flukes. 

This is important as a burden as low as ten flukes have been previously established in the literature 

to be the cut-off for production loss in dairy cattle (Charlier et.al., 2008). These diagnostic tools 

can be used to inform and assess the effectiveness of the IPM strategies discussed in Chapter 2. A 

crucial step in better managing F. hepatica in endemic regions, on dairy farms with a high 

prevalence, and those that have TCBZ resistance like those identified in Chapter 3 is understanding 

how farmers are currently controlling F. hepatica. In Victoria, very little is known about how dairy 

farmers control F. hepatica on their farms which prevents the development of comprehensive IPM 

plans. 

The aim of Chapter 5 was to establish how Victorian dairy farmers are currently controlling F. 

hepatica on their farms to enable the development of IPM plans for individual farms and endemic 

regions. 

To better help dairy farmers control liver fluke infection, I set out to determine the current liver 

fluke control practices used by dairy farmers across irrigated regions in Victoria. A survey was used 

to assessed how F. hepatica is currently controlled, how diagnostic tests are used, how flukicides 

are used and whether farmers used IPM. All dairy farmers who participated in the studies in 

Chapter 3 received a copy of the survey, and the survey was also made available online to other 

interested parties. Here I report the outcomes of this survey. 

To access a higher quality copy of the Chapter, use the DOI link below. 
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5.1 Published article and contribution 
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with editing from all other authors. 
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Figure 5.1. A survey of Fasciola hepatica control practices on dairy farms in Victoria, Australia. Map of 
Victoria showing the number of survey respondents by postcode area. Blue represents one respondent; 
purple: two respondents; pink: three respondents; orange: five respondents. Grey hashed lines represent 
irrigation regions within Victoria. 

 

Figure 5.2. (A) The proportion of respondents using different types of F. hepatica diagnostic testing on-farm. 
(B) The proportion of respondents using a various frequency of diagnostic testing per year for each animal 
category. 
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Figure 5.3. The proportion of respondents using various number of annual treatments with three different 
flukicides in each stock category (2015/2016 financial year). 

 

Figure 5.4. (A) The proportion of respondents using three different flukicides over the five years preceding 
the 2015/2016 financial year. (B) Proportion of respondents using single or multiple flukicides over the same 
time period. 
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Figure 5.5. The proportion of respondents that applied quarantine treatments to calves reared or purchased 
externally. 
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Figure 5.6. The proportion of respondents using various methods to treat animals with flukicides. (A) 
Method used to decide timing of treatment. (B) Method used to select a flukicide. (C) Method used to 
determine the dose of flukicide to administer to their animals. 
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5.12 Supplementary 

Supplementary 5.1.The F. hepatica control survey that was disseminated to dairy farmers in Victorian 
irrigations dairy regions. 
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Supplementary 5.2. All registered flukicide products for the treatment of F. hepatica in dairy cattle in Australia (sourced from Hume, 2018). 

Product Company Composition Use Age of fluke killed Host Meat WHP 
Use in 

lactating 
cattle 

Milk WHP 

Exifluke 240 
Bayer Australia 
Ltd 

Triclabendazole 
240 g/L 

Oral All stages 
Dairy & 

Beef 
14 days 

Not 
during 

lactation 

Do not use less than 21 days 
before calving. Milk from 
treated cows must not be 

used for human consumption 
or supplied for processing for 

96 hours (eight milking's) 
after calving. 

Fasimec Cattle 
Oral 

Elanco 
Australasia Pty 
Ltd  

Triclabendazole 
120 g/L, ivermectin 
2 g/L 

Oral All stages 
Dairy & 

Beef 
21 days 

Not 
during 

lactation 

Do not use in lactating cows 
or within 28 days of calving 
where milk or milk products 

may be used for human 
consumption. 

Fasinex 240 
Elanco 
Australasia Pty 
Ltd  

Triclabendazole 
240 g/L 

Oral All stages 
Dairy, 
Beef & 
Sheep 

21 days 
Not 

during 
lactation 

Do not use in lactating cows 
where milk and milk 

products from treated cows 
may be used for human 

consumption. 

Flukare C Plus 
Selenium 

Virbac Australia 
Pty Ltd 

Triclabendazole 
120 g/L, selenium 
(as sodium 
selenate) 1 g/L 

Oral All stages 

Dairy, 
Beef, 
Sheep 

& 
Goats 

21 days 
Not 

during 
lactation 

Do not use in animals which 
are producing milk or milk 

products for human 
consumption. Do not use less 
than 21 days before calving, 
lambing or kidding in cows, 
ewes or does where milk or 
milk products from treated 
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Product Company Composition Use Age of fluke killed Host Meat WHP 
Use in 

lactating 
cattle 

Milk WHP 

animals may be used for 
human consumption.  

Flukazole C 
plus Selenium 

Virbac Australia 
Pty Ltd 

Triclabendazole 
120 g/L, 
oxfendazole 45.3 
g/L, selenium (as 
sodium selenate) 1 
g/L 

Oral All stages 
Dairy, 
Beef & 
Sheep 

21 days 
Not 

during 
lactation 

Do not use in cows or sheep 
which are producing milk or 

milk products for human 
consumption. Do not use less 
than 21 days before calving 
in cows or lambing in ewes 

where milk and milk 
products from treated 

animals may be used for 
human consumption.  

Genesis Ultra 
Injection 

Boehringer 
Ingelheim Animal 
Health Australia 
Pty. Ltd.  

Ivermectin 10 
mg/mL, clorsulon 
100 mg/mL 

Injection  Adult Liver Fluke Only 
Dairy & 

Beef 
28 days 

Heifers 
only 

before 
first 

mating 

Do not use in dairy cattle 
(except replacement dairy 

heifers) that are producing or 
may in the future produce 

milk for human consumption 
or processing. Do not use in 
replacement dairy heifers 

after the first mating. 

Baymec Gold 
Injection 

Baymec Gold 
Injection 

Ivermectin 10 g/L, 
clorsulon 100 g/L 

Injection Adult Liver Fluke Only 
Dairy & 

Beef 
42 days 

Can be 
used 

during 
lactation 

No WHP 
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Product Company Composition Use Age of fluke killed Host Meat WHP 
Use in 

lactating 
cattle 

Milk WHP 

Ivomec Plus 
Antiparasitic 
Injection for 
Cattle 

Boehringer 
Ingelheim Animal 
Health Australia 
Pty. Ltd.  

Ivermectin 10 
mg/mL, clorsulon 
100 mg/mL 

Injection Adult Liver Fluke Only 
Dairy & 

Beef 
28 days 

Can be 
used 

during 
lacation 

No WHP 

Nilzan LV 
Coopers Animal 
Health 

Levamisole 64 g/L 
(≡ levamisole 
hydrochloride 75 
g/L), oxyclozanide 
150 g/L 

Oral Adult Liver Fluke Only 
Dairy, 
Beef & 
Sheep 

14 days 

Can be 
used 

during 
lactation 

No WHP 

Noromectin 
Plus Injection 
for Cattle 

NORBROOK 
LABORATORIES 
AUSTRALIA PTY 
LTD 

Ivermectin 10 
mg/mL, clorsulon 
100 mg/mL 

Injection Adult Liver Fluke Only 
Dairy & 

Beef 
28 days 

Can be 
used 

during 
lactation 

No WHP 

Virbamec Plus 
Injection for 
Cattle 

Virbac Australia 
Pty Ltd 

Ivermectin 10 g/L, 
clorsulon 100 g/L 

Injection Adult Liver Fluke Only 
Dairy & 

Beef 
28 days 

Can be 
used 

during 
lactation 

No WHP 
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Chapter 6 – General discussion 

6.1 Scope of the thesis 

Since the release of triclabendazole (TCBZ) in Australia in the early 1980s (Boray et al., 1983), there 

have been relatively few reports on F. hepatica in Australian cattle. It was evident in Brockwell et 

al. (2014) and Elliott et al. (2015) that there has been limited on-farm monitoring of F. hepatica as 

both studies established that F. hepatica was resistant to TCBZ on several farms, and there was a 

high prevalence of F. hepatica in the Gippsland region of Victoria. These reports suggested that 

more needed to be done to establish where F. hepatica is endemic in cattle, to evaluate how 

diagnostic testing can be applied on-farm to inform control and to determine what strategies 

should be incorporated into an IPM plan that can be implemented on-farm to reduce the reliance 

on chemical control options and production losses due to fasciolosis. 

Chapters 3, 4 and 5 have been presented as research papers. A summary of each Chapter is below, 

with a discussion of the findings and the gaps identified by the research. 

Chapter 1 summarises the ecology, distribution and life cycle of F. hepatica in Australia. It 

also identifies research gaps within the literature that need to be investigated to improve 

the control of F. hepatica in Australia. 

Chapter 2 gives a global overview of the use of TCBZ for treating F. hepatica in ruminants 

and summarises all reported cases of drug resistance in F. hepatica to 2016. The Chapter 

further discusses the long-term implications of drug resistance for the control of F. 

hepatica. 

Chapter 3 establishes the prevalence of F. hepatica in Victorian irrigated dairy regions 

which was the first state-wide prevalence study since Watt (1979). The results indicate 

that F. hepatica is endemic in the Macalister (MID), the Upper Murray (UM) and Murray 

Valley (MV) irrigation districts and identifies three more cases of TCBZ-resistant F. 

hepatica on dairy farms in two of the endemic regions. 

Chapter 4 demonstrates that both the coproantigen ELISA (cELISA) and LFEC are robust 

tools capable of detecting burdens >10 flukes in naturally infected cattle. It also 

establishes that LFEC is more accurate when faecal samples are collected at the morning 

(AM) milking. These findings provide insight into how the cELISA and LFEC can be best 

utilised on dairy farms to inform IPM strategies into the future. 

Chapter 5 provides insights into how dairy farmers in Victoria currently control F. hepatica 

on their farms. The Chapter also identifies several issues that should be addressed to 
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improve current F. hepatica control methods. The key findings include; 1) stock on 78% of 

farms had access to waterlogged areas or irrigation channels; 2) only 33% of farmers used 

BTM ELISA, and 28% of farmers used LFEC to inform F. hepatica decision making; 3) 41% 

of farmers relied on single actives (CLOR and TCBZ) in some cases at a high frequency; 50% 

of farmers estimated and used average weights to determine flukicide dose. 

6.2 Chapter 3 – Determination of the prevalence and intensity of Fasciola hepatica 

infection in dairy cattle from six irrigation regions of Victoria, South-eastern Australia, 

further identifying significant triclabendazole resistance on three properties 

In Chapter 3, a major prevalence study was conducted across irrigated dairy regions in Victoria 

involving 1669 cattle in 83 herds. The previous state-wide prevalence study was conducted by 

Watt (1979) using abattoir inspection data which is a less sensitive method and is known to miss 

about 30% of F. hepatica infected livers (Charlier et al., 2008); the sensitivity of the technique is 

between 63.2 and 68% (Rapsch et al., 2006; Mazeri et al., 2016). Our study used the methodology 

described in Elliott et al. (2015) and tested dairy cattle across the state using the cELISA and LFEC. 

The cELISA and LFEC diagnostic tests were highly sensitive methods for detecting F. hepatica in 

naturally infected dairy cattle, as discussed further in Chapter 4. 

We found that F. hepatica was endemic in the MID, the UM and the MV in the Goulburn-Murray 

(GM) irrigation district. Since Watt (1979), the prevalence of F. hepatica has increased in the MID 

(from 51% to 72-73%), decreased in the GM irrigation districts (from 68% to 16-19%) and remained 

unchanged in the UM at 64%. The prevalence in these regions exceeded the 25% herd prevalence, 

which is the cut-off for economic loss for F. hepatica in cattle, as discussed in Vercruysse and 

Claerebout (2001). The MID had the highest within-herd prevalence, with 15 of the 20 farms 

tested in the region having a prevalence >90%, which is consistent with a smaller study conducted 

by Elliott et al. (2015). In contrast, in the UM, only four of the ten farms and, in the MV, only two 

of the nine farms had a within-herd prevalence of> 90%. The higher incidence of F. hepatica in the 

MID could be linked to stocking density which has been shown to increase pasture contamination 

with faeces and pugging, which creates ideal microhabitats within the pasture for Austropeplea 

tomentosa (A. tomentosa) (Harris and Charleston, 1977; Lean et al., 2008). In the MID, the stocking 

density is 2.34 cows/ha, and pugging is a problem on 47% of farms, whereas the stocking density 

is 1.84 cows/ha and pugging is a problem on only 25% of farms in the UM and MV (Watson and 

Watson, 2015). 

The lower prevalence in the UM and GM is also likely related to irrigation practices in these 

regions. As discussed in Chapter 1, flood irrigation creates the ideal conditions for transmission of 

F. hepatica to cattle and the proliferation of A. tomentosa. In Chapter 5, it was established that 
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97% of dairy farmers who participated in the survey had an irrigated pasture base and more than 

56% used flood irrigation on their farms. Farmers in the UM rely on rivers, groundwater and 

collected surface water for irrigation, whereas farms in the MID and MV rely on irrigation schemes 

to deliver water to their farms. The reduced prevalence in the UM could be because farms are not 

connected via irrigation infrastructure, and there are no channels for stock to access. However, 

the reduced prevalence of F. hepatica in the GM is not consistent with work published by Durr et 

al. (2005) and Boray et al. (1969). Both studies identified that irrigated regions and farms had a 

higher incidence of F. hepatica than non-irrigated farms. The reason for the lower prevalence of 

F. hepatica in the GM could not be determined in Chapter 3. However, we hypothesised it was 

linked to the irrigation infrastructure upgrades and salinity in the district. In the GM irrigation 

district, dirt irrigation channels have been replaced by pipes, or channels have been lined with 

shale. A similar strategy was used to eradicate schistosomiasis in Japan (Tanaka and Tsuji, 1997). 

Salinity has also been a problem for many years in the GM and often exceeds the level tolerated 

by A. tomentosa (Boray, 1964; Hart et al., 2020). Follow-up research would need to be conducted 

to test these hypotheses. Given that new irrigation infrastructure works are planned for the MID, 

there is an opportunity to evaluate whether similar upgrades will change the epidemiology of F. 

hepatica in the MID (McCormack et al., 2020). 

Several on-farm management practices were also identified in Chapter 3 that could be changed to 

improve the control of F. hepatica, reduce the prevalence of the parasite and save farmers money. 

Several farms in the GM irrigation district were administering preventative flukicides to their 

herds, but the herds were found to be ‘fluke free’. Findings from Chapter 5 found that only 2/36 

farmers were using diagnostic tests to inform flukicide selection and timing. Farmers should be 

encouraged to use diagnostic tests to inform their decision making and only treat when cattle are 

positive for F. hepatica. Strategic flukicide drenching has been shown to reduce the frequency of 

treatments on-farm, as well as reduce the fluke burden within cattle and the infection level within 

intermediate host snails (Parr and Gray, 2000; Mezo et al., 2008). 

Routine testing of stock will also help in the early detection of TCBZ resistance. In Chapter 3, a 

further three cases of TCBZ resistance were identified in replacement animals. On one farm in the 

MID, acute fasciolosis combined with undiagnosed TCBZ resistance caused the deaths of four 

young animals. Replacement cattle should be routinely tested with diagnostic tools like the cELISA 

and LFEC to assess whether treatment is needed and determine if there is reduced efficacy of TCBZ 

by retesting the treated cattle three weeks post administration of the drench. The lack of routine 

testing in cattle likely contributed to delayed detection of TCBZ resistance in F. hepatica. It took 

from the study published by Overend and Bowen (1995) to Brockwell et al. (2014) to confirm TCBZ 

resistance in cattle in Australia. In Chapters 3 and 5, it was noted that there had been a trend away 
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from using TCBZ in dairy cattle. Most farmers were using clorsulon (CLOR). Given the high 

frequency and prolonged use of CLOR discussed in Chapter 5, a methodology for testing for 

resistance in flukicides that only target the adult stage needs to be developed (Elliott et al., 2015). 

In 2016, only three CLOR resistance cases were reported globally, as reviewed in Chapter 2. Given 

the change in CLOR use in Australia, this may increase over the next decade. 

Quarantining animals will be essential in preventing the introduction of new F. hepatica infections 

and drug-resistant strains to farms. Quarantine practices are used to limit the introduction of 

parasites and resistant strains to farms by; testing animals before joining with the main herd, if 

the animals are found to be positive they should be treated with dual actives, kept on dirty 

paddocks and tested three weeks after treatment administration to assess if they are still infected 

F. hepatica (Kelley et al. 2016). In Chapter 5, it was identified that only 22% of farmers quarantined 

newly purchased or returned animals. This was evident in Chapter 3, as one farm in the 

Torrumbarry Irrigation District was found to have a within-herd prevalence of 100%, in contrast 

to all other farms and animals in the region that we studied tested negative for F. hepatica. The 

most likely explanation for this finding is a breakdown in quarantine practices on that farm. In 

Chapter 3, prevalence data could not be combined with cattle movement data. Future prevalence 

studies in Australia should link findings with the National Livestock Identification System and 

Property Identification Codes to assess livestock movement's impact on F. hepatica prevalence on 

individual farms. This method was used by Innocent et al. (2017) in the UK to strategically direct 

resources into regions/farms that were identified as having a higher incidence of F. hepatica and 

generated the evidence base to inform regional control options. 

The key to long-term control of F. hepatica in Victoria is determining where F. hepatica is endemic 

and how widespread fluke drug resistance is in cattle. Our results in Chapter 3 confirm a high 

prevalence in MID, UM and MV irrigation districts that TCBZ was present on three additional farms 

and that reduced production due to infection with F. hepatica cost farmers approximately $50,000 

per farm in lost milk production (Kelley et al. 2020). However, opportunities to mitigate such losses 

were also identified. Strategies included: using diagnostic tools to determine whether it is 

necessary to treat, testing the efficacy of flukicides after treatment, and using quarantine practices 

to prevent the introduction of parasites and resistant fluke strains. These strategies can be 

combined to develop an IPM plan which then can be implemented on-farm. 
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6.3 Chapter 4 – Analysis of daily variation in the release of faecal eggs and 

coproantigen of Fasciola hepatica in naturally infected dairy cattle and the impact on 

diagnostic test sensitivity 

Chapter 4 established how to use the cELISA and LFEC on-farm to inform strategic flukicide 

drenching and IPM strategies. Previously the cELISA and LFEC have been successfully used in cattle 

to assess whether F. hepatica was resistant to TCBZ and closantel, monitoring infections over 

consecutive months, and to determine the prevalence of F. hepatica in dairy regions in Victoria 

(Brockwell et al., 2014; Elliott et al., 2015; Kajugu et al., 2015; Novobilský and Höglund, 2015; 

George et al., 2019; Kelley et al., 2020). However, it has not been established whether the 

diagnostic sensitivity was affected by sample collection timing during the day, although some 

studies have shown that these tests are quantitative and can reflect the burden within the liver 

(Mezo et al., 2004; Charlier et al., 2008; Brockwell et al., 2013). In Chapter 4, we established that 

both the cELISA and LFEC are robust and sensitive tools that can accurately identify cattle with 

burdens exceeding 10 F. hepatica, which is the cut-off for production loss in naturally infected 

dairy cattle in Belgium; the optimal cut-off in Australia has yet to be determined (Charlier et al., 

2008). The following section discusses Chapter 4 and how the findings can inform strategic 

flukicide treatments and IPM strategies. 

The lack of routine testing was identified in Chapters 3 and 5 to be a problem. Farmers should 

strategically treat based on diagnostic outcomes, as the cost for testing ten cattle with the LFEC 

or cELISA is about AUD 250 compared to the AUD 1900 for drenching with flukicide plus labour 

costs (G Rawlin 2019, personal communications, 3 September). Strategic treatments informed by 

diagnostic tests reduce the number of flukicide treatments and limit the influence of convenience 

in the decision making process (Parr and Gray, 2000; Mezo et al., 2008; Easton et al., 2018). As 

discussed in Chapter 4, we established that the cELISA using the cut-offs described in Brockwell et 

al. (2013), Brockwell et al. (2014), Elliott et al. (2015) and Charlier et al. (2008) had a 100% 

sensitivity. The cELISA accurately detected all positive cattle at every sampling point, even in the 

lowest burden animal (infected with nine flukes). In contrast, using the commercial kit cut-off or 

the cut-offs described in Mezo et al. (2004), Palmer et al. (2014) and Martínez-Sernández et al. 

(2016) resulted in decreased sensitivity and false negatives. Sampling in the AM was found to have 

the highest correlation to fluke burden (R = 0.64) than R = 0.58 when sampling in the PM. The 

variation in the release of coproantigens was highest at the PM sampling time but did not greatly 

affect the overall correlation to the burden in the liver (R = 0.64 AM, R = 0.58 PM). 

With the LFEC, sampling in the AM was also found to have the highest correlation to burden R = 

0.78 than R = 0.66 when sampling in the PM. Chapter 4 determined that the sensitivity of the 
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FlukeFinder kit® was 88% which is the first time the sensitivity has been reported for this 

sedimentation technique first described in Malone and Craig (1990). All 71 false negatives were in 

animals with burdens <14 F. hepatica. However, 42 of the false negatives were from animal 650, 

which had the lowest burden (nine flukes), less than the production cut-off of 10 described in 

Charlier et al. (2008). Based on the findings in Chapter 4, we would advise sampling in the AM if 

using the LFEC or the cELISA and that both methods are semi-quantitative for estimating the fluke 

burden. The season in which sampling occurs should also be considered, as work published in 

Mazeri et al. (2016) found evidence to suggest that the sensitivity of the cELISA and the LFEC are 

affected by the season. The lowest sensitivity was observed in autumn for the LFEC because of the 

presence of immature F. hepatica, whereas the sensitivity was lowest in summer for the cELISA. 

However, the cELISA cut-off used in Mazeri et al. (2016) was the Palmer et al. (2014) cut-off, which 

we established to be one of the least sensitive methods. Further research would need to be done 

to assess if the sensitivity of the cELISA is affected by season when using a more accurate cut-off. 

All ten animals tested in Chapter 4 were positive for paramphistomes. Previous work found that 

the cELISA does not cross-react with paramphistomes and the LFEC has a high specificity (Mezo et 

al., 2004; Rapsch et al., 2006; Kajugu et al., 2015; Mazeri et al., 2016). The paramphistome egg 

counts indicated that some cattle had burdens >140 adults in the rumen (Willmott and Pester, 

1952). A high proportion of cattle were also observed to be-coinfected with rumen fluke in 

Chapter 3 (data not shown). Paramphistomes were thought to be relatively benign in Australia, 

but burdens this high have never previously been reported. Given the high counts and estimated 

burdens, research needs to confirm the impact of paramphistomes on the health of dairy cattle 

and production. The only chemical with efficacy against paramphistomes is oxyclozanide (OXY) 

which only kills the adult parasites (Rolfe and Boray, 1987). Suppose if paramphistomes are found 

to have an impact on the health and production of cattle. In that case, there is only one product 

registered with the Australian Pesticides and Veterinary Medicines Authority (APVMA) that 

contains OXY, but it no longer lists paramphistomes on the label (APVMA, 2021) (Supplementary 

5.2). The use of OXY must be carefully managed as it reduces milk production for two days, causes 

scouring, and extreme care must be taken if treating ill, pregnant, or stressed animals as the 

product has a low safety margin (APVMA, 2021). OXY is also one of three products registered for 

the treatment of F. hepatica in dairy cattle. However, the side effects likely limit its appeal to dairy 

farmers even though it can be used during lactation (Supplementary 5.2). 

We established in Chapter 4 that the cELISA and LFEC can detect burdens >10 flukes, and that the 

tests have a high sensitivity and specificity. Our data also suggest that sampling in the AM should 

become standard industry practice when using the cELISA or LFEC for fluke diagnosis. Therefore, 

both the cELISA and LFEC can be used to determine when to drench to avoid production losses 
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and limit pasture contamination. The LFEC can also be used to monitor the paramphistome burden 

within infected cattle. 

6.4 Chapter 5 – Fasciola hepatica control practices on a sample of dairy farmers in 

Victoria, Australia 

In Chapter 5, we established the practices used by 36 dairy farmers from across the major irrigated 

dairy regions in Victoria to determine what chemical and non-chemical approaches they used to 

control F. hepatica. This study was the first F. hepatica management survey conducted with dairy 

farmers in Australia. Here we discuss how F. hepatica is controlled on dairy farms in Victoria and 

assess how IPM could improve the control of F. hepatica and reduce production losses. The work 

in Chapter 5 established that there were four areas where F. hepatica control could be improved. 

1) Pasture management 

A key strategy in IPM is minimising the risk to cattle by preventing access to high-risk areas (i.e. 

irrigation channels, drains) or using grazing management to move stock to lower risk paddocks 

(i.e. cropped-land, paddocks with no waterbodies) during high-risk periods. In Chapter 5, we 

established that cattle on 61% of farms had access to waterlogged areas and irrigation channels 

which is consistent with work by Watson and Watson (2015), who found that only 35% of dairy 

farmers in Australia had completely fenced off water bodies to prevent cattle access. Osborne 

(1962) found that preventing access to water bodies reduced the burden of F. hepatica in sheep 

to 1 to 2 flukes if combined with improved drainage and pasture improvement. On some 

properties, it may not be possible to fence all water bodies if they are widespread or the size of 

the property is too large for it to be a financially viable strategy. In these situations, it is likely that 

only small discrete areas could be fenced. Advances in diagnostic testing soon may enable farmers 

to assess the infection risk of their pasture and water bodies, allowing the farmer to prioritise the 

highest risk areas for fencing or costly mechanical interventions like improving the drainage 

(Rathinasamy et al., 2021). Preventing cattle access to the higher risk areas or waterbodies could 

also be achieved through pasture rotation by strategically controlling when grazing occurs. 

Schweizer et al. (2007) found that if farms had many paddocks that could be rotated, pasture 

management was a cost-effective way of reducing the risk of F. hepatica transmission and the 

faecal contamination of snail habitats. When pasture rotation options were limited during high-

risk periods, providing supplementary feed was beneficial in sheep (Osborne, 1962). In places like 

the MID and UM, where F. hepatica is endemic and resistant to TCBZ, there are high stocking rates, 

and the soil is prone to pugging, suggesting that feed-pads could be used during high-risk periods. 

Feed-pads are currently installed on 33% of Australian dairy farms and could minimise the risk to 

cattle and avoid the creation of snail habitats in the pasture during wet weather (Watson and 
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Watson, 2015). Similarly, some high-risk management strategies need to be stopped, including 

grazing irrigation channels and not quarantining incoming animals. 

2) Diagnostic tests 

In discussions with farmers in Chapter 3, the lead author noted that farmers did not perceive stock 

movement between properties owned by other family members, leased blocks or calves being 

reared off the farm as needing quarantining when returning to the main farm. Any stock 

movement without quarantining could introduce parasites or drug resistance to the main farm. 

Only 22% of farmers surveyed reportedly quarantined their animals. Diagnostics play a key role in 

informing when treatment should occur and what product should be used. However, only 36% of 

farmers conducted routine testing for F. hepatica in adult cows, and only two farmers tested their 

replacement animals. The bulk tank milk ELISA (BTM ELISA) (Salimi-Bejestani et al., 2005) was 

more widely used in Chapter 5 than LFECs, 33% and 28%, respectively. The under-utilisation of 

diagnostic tests was discussed in Chapter 3. A higher frequency of diagnostic testing in all stock 

categories would improve the management of F. hepatica, minimise the use of flukicides and 

prevent the long-term impact F. hepatica has on the fertility of replacement animals (Oakley et 

al., 1979; Parr and Gray, 2000; Mezo et al., 2008). 

3) Flukicides in Australia 

Flukicides were used by 72% of respondents in the 2015/2016 financial year, and the most widely 

used flukicide was CLOR which is consistent with findings in Chapter 3. A large proportion of these 

farmers solely relied on CLOR, which could be a problem for future control of F. hepatica. The 

overreliance and repeated use of a single active over time may prove to be a strong selector for 

the development of resistance (Kelley et al. 2016). A method for testing the efficacy of CLOR has 

been described by Elliott et al. (2015); however, the method has not been assessed and findings 

published. Based on the findings of this thesis, it is clear that a method needs to be developed and 

assessed, so the efficacy of CLOR can be monitored on dairy farms in Victoria. Dairy farmers are 

limited to only three flukicides to treat their cattle (Supplementary 5.2). With growing reports of 

TCBZ resistance on dairy farms in Victoria, the only product that has not been widely used is OXY, 

which only one farmer used in Chapter 5. (Brockwell et al., 2014; Elliott et al., 2015; Kelley et al., 

2020). Dairy farmers should be encouraged to incorporate OXY into their flukicide rotation, which 

will also benefit the animals that are co-infected with paramphistomes, as discussed in Chapter 4. 

4) Administration of flukicides 

In addition, in Chapter 5, it was determined that underdosing of cattle was likely prevalent within 

the dairy industry, but further research is needed to confirm the incidence. Fifty per cent of the 

respondents estimated or used average weights to determine the flukicide dose to administer to 
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their stock. In a study by Machila et al. (2008), farmers were found to underestimate cattle’s 

weight by, on average, 40%. Another contributing factor to the underdosing is drenching 

equipment, which needs to be calibrated at the start of drenching and during treatment 

administration to ensure the correct dose is administered. Questions about whether farmers 

calibrated their equipment were not investigated in the current survey but should be considered 

when implementing IPM strategies on-farm. 

Combining non-chemical and chemical approaches to control F. hepatica will prolong the life of 

existing flukicides and minimise their use. The cELISA and LFEC should be routinely used to 

determine when to treat. Non-chemical approaches, including fencing, pasture rotation and feed-

pads, should limit the exposure of cows to metacercariae and the faecal contamination of snail 

habitats. Work needs to be done to encourage farmers to implement IPM strategies to minimise 

the milk production losses estimated to be AUD 50,000 per farm per year (Kelley et al., 2020). An 

approach could be to assess the effectiveness of these IPM strategies on a representative dairy 

farm in each dairy region in Victoria so case study materials can be produced that will allow other 

farmers in the region to replicate the IPM plan on their farms. 

6.6 Conclusion 

In conclusion, the average state-wide prevalence of F. hepatica in dairy cattle was 39% by cELISA 

and LFEC and cost the Victorian dairy industry an estimated AUD 129 million per year in lost milk 

production or about 6% of total production in Victoria (Kelley et al., 2020). F. hepatica was shown 

to be endemic in the MID, UM and MV, with 21/39 farms in these regions having a within herd-

level prevalence of > 90%. In addition, two more cases of TCBZ resistance were identified in the 

MID and one more case in the UM. In total, five dairy farms in Victoria have now been confirmed 

to have TCBZ-resistant fluke infections and all five farms are located in either the MID or UM 

(Brockwell et al., 2014; Elliott et al., 2015; Kelley et al., 2020). 

There are only three registered chemical classes available to treat F. hepatica dairy cattle in 

Australia (Supplementary 5.2). CLOR was widely used in Chapter 3 and Chapter 5 by farmers to 

control F. hepatica, in contrast, only one farmer used OXY. Therefore farmers should be 

encouraged to include OXY in their flukicide rotations or in combination with other products to 

preserve the longevity of TCBZ and CLOR. Currently, there is no field methodology to test for 

resistance to a flukicide product that targets only the adult F. hepatica. One needs to be 

developed, so CLOR’s efficacy can be monitored on dairy farms in Victoria. 

The Republic of Ireland (ROI) recently established maximum residue limits in milk for many 

chemoprophylactic drugs (Bloemhoff et al., 2014). As a consequence, the use of several flukicides 

was restricted in the dairy industry. Bloemhoff et al. (2014) found that licensing restrictions had 
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wide-reaching impacts on flukicide use on dairy farms. If additional regulatory restrictions were 

imposed on the use of flukicides in Australia by the APVMA, it could significantly impact dairy 

production and severely handicap dairy farmers’ ability to control F. hepatica in Victoria. 

Regulatory changes would have a more acute impact in the F. hepatica endemic regions identified 

in Chapter 3. In contrast, it would have little impact on F. hepatica control in the GM irrigation 

district. The GM irrigation district’s findings provide a unique opportunity to investigate the impact 

of irrigation infrastructure upgrades on the epidemiology of F. hepatica. Such research could also 

shed light on how the planned irrigation upgrades in MID could affect the prevalence of F. hepatica 

in the region (McCormack et al., 2020). 

Chapter 4 established that both the cELISA and LFEC were robust tools that can be used on farms 

to inform decision making when it comes to determining when to treat, what to treat with and if 

F. hepatica is TCBZ-resistant. The BTM ELISA and the LFEC were underutilised on-farm, and there 

was no use of the cELISA. Chapter 5 found that only 2/36 farmers used tests to inform when they 

treated their animals. Encouraging farmers to base their management decisions on diagnostic 

tests has been achieved in the dairy industry in relation to soil tests and fertiliser application 

(Watson and Watson, 2015). This strategy used by Dairy Australia to encourage increased use of 

soil tests could be adapted to parasite testing. However, a long-term strategic approach would be 

needed to ensure a change in the industry and increase the on-farm use of diagnostic tests. 

Forecasting ‘high-risk F. hepatica periods’ could simplify the process and identify approximately 

when farmers should test their herds. Given that OXY and CLOR can be used during lactation in 

Australia, strategic treatments are possible for the milking herd. 

Chapter 5 also identified opportunities where new control practices could be implemented to 

minimise the impact of F. hepatica on the dairy industry in Victoria. These IPM strategies can be 

used in conjunction with chemical controls to maximise the longevity of the existing flukicides 

shown in supplementary 5.2. The results from the thesis suggest the following advice: dairy 

farmers should be encouraged to: 

• Fence off high-risk areas and limit faecal contamination of A. tomentosa habitat. 

• Manage pastures to allocate lower risk paddocks to more vulnerable animals and use feed-

pads to avoid creating A. tomentosa habitats within the pasture during wet weather. 

• Routinely test cattle with the BTM ELISA in the GM irrigation district and the LFEC and cELISA 

in endemic regions listed in Chapter 3. 

• Quarantine test and treat all animals moving on and off farms to avoid the introduction of F. 

hepatica and resistance. 
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• Improve the accuracy of flukicide dose administration by weighing animals and calibrating 

drench equipment. 

Implementing all these IPM strategies will not be easy and, in some cases, expensive. Given F. 

hepatica is estimated to cost farmers approximately AUD 50,000 per farm in lost milk production, 

a small economic study that assesses both the financial benefits and the effectiveness of 

implementing IPM strategies could be the easiest way to communicate and encourage change in 

the dairy industry (Kelley et al. 2020; Torres-Acosta et al., 2012). Due to the comparatively small 

size of the Australian dairy market and the complexity and expense of registering new flukicides 

or vaccines with the AVPMA; it is unlikely that a new product will be developed and released for 

use in the Australian dairy industry in the near future. Consequently, practical strategies need to 

be combined into an IPM plan and then implemented on-farm to preserve the efficacy of currently 

registered flukicides for future use in the dairy industry. With similar problems arising in dairy 

industries globally, the issues, research gaps and findings from the thesis are relevant beyond 

Australia and can be used to identify F. hepatica research priorities and inform F. hepatica control 

on dairy farms globally. 
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