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ABSTRACT
The liver fluke, Fasciola hepatica, is becoming increasingly common in cattle and sheep in the UK. The suitability of 
different methods for detection of liver fluke infection depends on the type of animal, the purpose of the investigation 
(individual or herd level) and the stage of the liver fluke life-cycle. Treatment options are also influenced by the type 
of animal (beef, dairy, sheep) and the fluke’s life-cycle and by regulatory issues that determine availability of effective 
products. To some extent, forecasting of fluke risk at regional or herd level is possible based on weather conditions 
and farm management. Official guidelines for evaluation of treatment efficacy do not exist, but several methods have 
been proposed based on reduction in faecal egg counts or coproantigen secretion. Detection of liver fluke infection and 
treatment efficacy may be compromised by the presence of rumen fluke. The predominant rumen fluke species in the 
UK has been shown to be Calicophoron daubneyi. This rumen fluke shares an intermediate snail host, Galba truncatula, 
with the liver fluke, which contributes to the risk of mixed infections. In this paper, we review the respective flukes’ life-
cycles, their impact on production and health, and diagnostic and control options in cattle and sheep.

FASCIOLOSIS AS AN EMERGING DISEASE
An emerging disease is one that has appeared in a 
population for the first time, or that may have existed 
previously but is rapidly increasing in incidence 
or geographic range. Based on this World Health 
Organisation (WHO) definition, liver fluke disease or 
fasciolosis would be classed as an emerging disease 
in the UK. Liver fluke has been present in the UK for 
decades, but the incidence and geographic range of 
this trematode parasite has increased rapidly in the last 
10 years, with a disastrous liver fluke season in winter 
2012/2013. An important factor in the emergence of 
liver fluke is its life-cycle (Figure 1). Unlike roundworms, 
which have direct life-cycles (host-pasture-host), most 
flatworms have life-cycles that involve intermediate 
snail hosts. In the case of the liver fluke in the UK, the 
preferred snail host is a tiny mud snail, Galba truncatula 

(formerly Lymnaea truncatula), although other snails 
serve as the main intermediate host in other countries. 
It is worth understanding the liver fluke’s complicated 
life-cycle because it has implications for the increase in 
disease occurrence, for diagnostics, treatment options 
and herd or flock management.

Adult liver fluke live in the host’s bile duct system 
where they produce massive numbers of eggs, up to 
50,000 each a day, which are excreted via the host’s 
faeces. In water, the eggs become embryonated and 
miracidia hatch in 2 to 4 weeks depending on prevailing 
temperature and rainfall. The miracidia are motile and 
have a “battery life” of about 3 hours, long enough to 
allow them to find a host snail in wet environmental 
conditions. The miracidia penetrate the snail where 
they go through several life stages, which may lead to 
shedding of an average of ca. 240 cercariae per snail 
over a period of approximately 4 months (Dreyfuss 
and Rondelaud 1994). The cercariae have a tail, which 
enables them to move through wet environments until 
they have found an appropriate plant, where they 
attach, lose their tail, and encyst. The cyst stage is very 
hardy and can survive in dry and cold conditions. There 
are anectodal reports of the presence of viable cysts 
on hay and in silage, but the biggest risk factor by far 
would be the ingestion of fresh herbage with viable liver 
fluke cysts. After ingestion, juvenile liver fluke excyst in 
the duodenum and start their migration through the 
gut wall and peritoneal cavity towards the liver, where 
they work their way through the parenchyma to the bile 
ducts. Here, the liver fluke mature and several months 
after ingestion of the infective cysts, they start to lay 
eggs and the life-cycle resumes.

Because a large part of the liver fluke’s life cycle 
takes place in the outside environment, it is highly 
dependent on temperature and moisture. This explains 
why the recent spate of wet summers and relatively 
mild winters have supported the expansion of the host 

KEYWORDS: Liver fluke, rumen fluke, cattle, sheep

Figure 1. The life-cycle of the liver fluke, Fasciola 
hepatica. ©Moredun Research Institute.
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snail and liver fluke populations (Kenyon and others 
2009, Van Dijk and others 2010). Other factors that may 
contribute to emergence of fasciolosis are movement 
of animals, environmental management schemes and 
the development of drug resistance, which will be 
discussed in a subsequent section. Before we leave the 
liver fluke’s life-cycle, however, we should emphasise 
another major distinction between roundworms and 
this flatworm. Most roundworm species are host-
specific. Not so for liver fluke. Any mammal that ingests 
plants with liver fluke cysts may become infected, 
including cattle and sheep, pigs and donkeys (Valero and 
others 2001), wildlife such as deer, rabbits and hares 
(Ménard and others 2000, Walker and others 2011), 
kangaroos and other Australian marsupials (Spratt and 
Presidente 1981) and people (Laird and Boray 1992, 
Winkelhagen and others 2012). Liver fluke has even 
been reported in farmed emus and rhea in Australia and 
South America, respectively (Vaughan and others 1997, 
Soares and others 2007). The lack of host specificity of 
Fasciola hepatica has several important implications: (i) 
Eradication is unlikely to be feasible in the presence of a 
significant wildlife reservoir; (ii) F. hepatica is a zoonotic 
pathogen, i.e. it can affect animals and humans alike 
(although there is no direct host-to-host transmission); 
and (iii) Cross-infection between cattle and sheep 
is possible, which has relevance to treatment and 
management strategies as described later. 

IMPACT IN CATTLE AND SHEEP
Although liver fluke may affect cattle and sheep, the 
impact in the two host species can be quite different, 
which has relevance to diagnosis and treatment options. 
Acute clinical disease or sudden death due to liver 
fluke is rare in cattle, probably because the liver tissue 
is relatively tough in this host species. This limits the 
damage that is done by migrating juvenile liver fluke. 
In cattle, liver fluke infection has been associated 
with reduced milk production (Mezo and others 2011, 
Charlier and others 2012a), reduced milk fat content 
and increased calving interval in dairy cattle (Charlier 

and others 2007). Estimates for damage due to liver 
fluke are highly variable, with values reported in the 
literature ranging from €6 per cow per year (Charlier 
and others 2012a) to ~€250 (Schweizer and others 
2005). Losses in milk production can be as high as 
2kg milk per cow per day, depending on the level of 
anti-fluke antibodies (Mezo and others 2011). The impact 
of liver fluke on growth rates and weight gain in beef 
cattle is not always easy to demonstrate (Cawdery and 
Conway 1971) although severe infections, or mixed fluke 
and worm infections, may be associated with clinically 
obvious ill-thrift in weaned beef calves (Sargison and 
others 2010). In a study of abattoir data from Scotland, 
carcasses from animals with liver fluke had lower cold 
weight, lower price, lower conformation score and lower 
fat content than carcasses free of liver fluke (Sanchez-
Vazquez and Lewis 2013). The estimated difference in 
carcass weight for animals slaughtered at 640 days of 
age is 15kg or approximately £60 (W. Thomson, Harbro, 
personal communication, 2013). In addition, liver fluke 
infections lead to condemnation of a large proportion 
of cattle livers at slaughter, with a rejection rate around 
30% in late 2012 (Figure 2). 

In sheep, acute clinical disease and death due to liver 
fluke are far more common than in cattle. This acute 
manifestation of disease has a major negative impact on 
welfare, the biological efficiency of production, and farm 
profitability. It is difficult to obtain accurate estimates 
of losses due to liver fluke in sheep because not all 
mortalities are included in records at slaughter plants 
or diagnostic laboratories, possibly with the exception 
of the first case(s) on a farm. Acute clinical disease and 
death can be caused by migrating juvenile fluke (Figure 
3). This is of major importance when considering options 
for diagnosis and treatment. Chronic fluke infection 
in sheep may manifest as poor condition, bottle 
jaw, anaemia, apparent pneumonia (sheep panting 
because they are in pain), and fertility problems (low 
scanning rates) (Sargison and Scott 2011a). In one well-
documented outbreak of disease and deaths due to 
chronic fluke infection, costs per ewe were estimated at 

Figure 2. Number (left axis) and proportion (right axis) of cattle livers condemned at slaughter because of liver fluke 
damage in 2011 and 2012 (image reproduced by kind permission of W. Thomson, Harbro).
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£8.73 (Sargison and Scott 2011a) but costs may increase 
rapidly if many animals succumb to the infection.

Chronic fluke infection was particularly evident in the 
winter/spring of 2012-2013, with numerous deaths of 
adult sheep reported, often despite flukicide treatment 
in the autumn. Out-wintered stock, especially pregnant 
ewes, were still at risk of infection due to the mild Jan-
Feb and many succumbed due to a combination of liver 
fluke and the exceptionally cold March-April with lack of 
adequate grass growth around lambing time.

DETECTION OF INFECTION AND TREATMENT 
OUTCOME
Too often, we hear or read stories from farmers who have 
administered multiple anthelmintic treatments to sick 
animals or who have waited for a considerable number 
of animals to die before they finally sought a diagnosis 
for their problem or an assessment of treatment efficacy. 
This does not need to happen. Diagnostic tests for liver 
fluke are far from perfect, but many useful methods are 
available.

Detection of liver fluke infection in cattle is easier 
than in sheep. To begin with, there is no urgent need 
to detect juvenile fluke, for which diagnostic tests are 
limited. Secondly, access and sample collection is easier 
for animals that are housed than for sheep that are on 

pasture for most of the year, particularly in Less Favoured 
Areas. Thirdly, milk samples can be used in dairy herds. 
Finally, the value of the individual animal may justify 
collection of blood samples, which is harder to justify 
economically in sheep. Diagnostic tests are needed 
to detect liver fluke infection and to assess treatment 
efficacy. Detection of liver fluke infection can be done 
at farm level or individual animal level, in live or dead 
animals, and using invasive or non-invasive methods. In 
addition, the farm-level risk of liver fluke can be assessed 
based on biological, meteorological and management 
data. 

Post-mortem inspections happen routinely at slaughter 
and in diagnostic laboratories. Slaughter data may lack 
accuracy, both in sensitivity and specificity of detection 
of liver fluke and in correlation of post mortem findings 
with slaughtered individuals or batches of animals, 
but their routine availability should be an incentive 
to use them and to improve their accuracy. Several 
abattoirs are quite active in this area because they incur 
increasing losses due to the need to discard affected 
livers. Some abattoirs even strive to make a distinction 
between current fluke infection, as diagnosed based on 
the presence of live liver fluke and past fluke infection 
with thickening and hardening of bile ducts in cattle. 
In diagnostic laboratories such as those at the Animal 
Health and Veterinary Laboratories Agency (AHVLA) 
and Scotland’s Rural College (SAC Consulting, Veterinary 
Services), many cases of liver fluke are identified and a 
distinction can be made between juvenile and mature 
liver fluke.

Invasive in vivo assays are those that require collection 
of a blood sample. Blood samples can be used to assess 
liver function or damage based on levels of liver and bile 
duct enzymes. Increased levels of liver enzymes are not 
specific for liver fluke and levels above threshold values 
may naturally occur in young animals (Gordon and 
others 2012a). The usefulness of liver enzymes as an 
indicator of the ability of animals to metabolise drugs or 
recover from infection has not been explored in depth. 
Blood samples are routinely used to detect antibodies to 
liver fluke by means of enzyme linked immunosorbent 
assay (ELISA). In lactating dairy cattle, there is no need 
to collect blood to perform ELISA testing, as antibody 
presence can be detected in milk. The agreement 
between ELISA results from blood and milk is very good 
(Salimi-Bejestani and others 2007, Mezo and others 
2010, Duscher and others 2011). For some ELISAs, the 
titre is indicative of fluke burden (Salimi-Bejestani and 
others 2008, Kuerpick and others 2013). Antibody titres 
decrease after successful treatment but this drop is 
not always significant or persistent (Boulard and others 
1995, Charlier and others 2012b) and the change is not 
routinely used to monitor treatment outcome. For herd 
level diagnosis, bulk milk samples can be used. Estimates 
of the sensitivity of bulk milk ELISA vary considerably. 
Some reports state that a within-herd prevalence of 
12 to 20% can be detected in bulk milk whereas other 
authors put the bar at 60% within-herd prevalence 
(Reichel and others 2005, Mezo and others 2010, 
Duscher and others 2011). In winter 2006/2007, 

Figure 3. Panel (A) acute fluke damage and associated 
haemorrhage in a sheep liver, panel (B) chronic fluke 
damage in a sheep  liver, note distended gall bladder 
and damaged liver lobe. Panel C, classic ‘pipestem 
fibrosis’ in a chronically infected cattle liver. Images 
reproduced by kind permission AHVLA (Crown 
Copyright), ©Moredun Research Institute and by kind 
permission Prof. Neil Sargison, R(D)SVS, respectively.
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72% and 84% of dairy herds in England and Wales, 
respectively, were positive for liver fluke based on bulk 
milk testing, with almost half of the herds in north-west 
England showing high levels of antibodies, reflecting 
high levels of exposure (McCann and others 2010a).

Another ELISA is the coproantigen ELISA (cELISA). 
This test does not detect antibodies but rather liver 
fluke antigens in the host’s faeces. Thus, this test does 
not require invasive sampling. This is an advantage it 
shares with the traditional faecal egg count (FEC). In 
experimental challenge studies, the cELISA has the ability 
to detect liver fluke infections several weeks before the 
start of the patent period. In addition, it can detect 
infections with a single adult liver fluke and is more or 
less quantitative, i.e. cELISA values are indicative of fluke 
burdens (Mezo and others 2004, Valero and others 2009, 
Brockwell and others 2013). Under field conditions, 
however, cELISA does not always perform quite as well. 
In our work, a commercially available cELISA did not 
detect liver fluke infections any sooner than FEC in sheep 
with a relatively low burden of infection (Gordon and 
others 2012a). On several sheep farms, multiple faecal 
samples that contained liver fluke eggs were negative by 
cELISA (Gordon, personal communication, 2012) and this 
anomaly is thus far unexplained. Similar observations 
have been published for dairy cattle, with 17.8% of 
animals testing positive by FEC and only 13.4% by cELISA 
(Duscher and others 2011). Pooling of faecal samples 
from sheep leads to further loss of sensitivity (Gordon, 
personal communication, 2012). By contrast, pooled 
faecal samples are useful for FEC testing in sheep (Daniel 
and others 2012). Advantages of the cELISA include the 
limited “hands-on” time needed in the laboratory and 
the shorter delay in evaluation of treatment outcome 
compared to FEC (Gordon and others 2012a). We also 
need to keep in mind that, in face of a high fluke burden, 
cELISA may well have the ability to diagnose juvenile 
liver fluke infections in the field, something that the FEC 
will never be able to achieve. Although the FEC has been 
a mainstay of liver fluke diagnostics, it is not without its 
flaws either. The most critical one is its inability to detect 
juvenile fluke, i.e. the first 3 months of fluke infection, 
which may be crucial, particularly in sheep. In addition, 
egg shedding is highly variable, both between animals 
and within animals over time (Düwel and Reisenleiter 
1990). This can cause false-negative results and makes it 
difficult to correlate FEC to liver fluke burdens. 

Comparison of the sensitivity and specificity of different 
diagnostic tests for liver fluke is not straightforward. In 
the study that reported 17.8% prevalence based on FEC, 
antibody prevalence in individual milk and blood samples 
was approximately 45% (Duscher and others 2011). This 
does not necessarily mean that FEC lacks sensitivity, but 
rather that it detects a different underlying biological 
mechanism. Antibody-based tests obviously detect 
antibodies. Those may be present within 2 weeks from 
infection, potentially several months ahead of the patent 
stage of infection (Boulard and others 1995). Antibodies 
may persist after successful treatment, whilst liver 
fluke may not be present in the liver anymore at that 
stage. This does not imply that the ELISA is less specific 

than FEC or post-mortem inspection, but goes back to 
different underlying biological mechanisms. In some 
areas, exposure to liver fluke is so high that veterinarians 
see limited value in using antibody based testing, as all 
grazing animals are expected to be positive regardless of 
current infection status. For animals in their first grazing 
season, however, ELISA would be the earliest indicator of 
liver fluke infection. Thus, the choice of diagnostic tests 
depends on the farm situation, animal type and age.

Treatment with flukicides may kill liver fluke and may 
reduce egg production by surviving flukes (Hanna and 
others 2006). In fact, many studies report discrepancies 
between treatment efficacy based on faecal egg count 
reduction testing (FECRT) as compared to counts 
of surviving fluke at post mortem. FECRT tends to 
overestimate cure rates compared to fluke counting 
(Bradley and others 1981, Malone and others 1982, 
Hutchinson and others 2009). In practice, we cannot 
routinely assess treatment efficacy by killing animals, 
which means that we rely on FECRT. For roundworms, 
guidelines have been formulated for conduct and 
interpretation of FECRT. In analogy with approaches 
used for roundworms, a 90% reduction in FEC is 
sometimes used as cut-off. The observed reduction 
will depend on the number of animals tested, the fluke 
burden in those animals, the amount of faeces processed 
per animal and the method used for calculation of the 
% reduction. No official guidelines exist for conduct and 
interpretation of FECRT for liver fluke yet if we want to 
evaluate treatment efficacy in the absence of guidelines, 
FECRT is one of the few available tests. In addition, 
we do not need to be too worried about whether the 
cut-off should be 85%, 90% or 95%, considering that 
treatment efficacies from 0 to 60% have been observed 
when resistant fluke were present in experimental and 
natural infections, respectively (Walker and others 
2004, Hutchinson and others 2009, Gordon and others 
2012a). Animals may naturally be infected with a mixed 
population of liver fluke strains (Vilas and others 2012). 
This could potentially be a mixture of susceptible 
and resistant strains. Killing of susceptible strains 
and concomitant survival or resistant strains could 
theoretically explain observed partial treatment efficacy.

A recent alternative is the use of FECRT is the cELISA 
reduction test or CRT. Official guidelines for interpretation 
of the CRT do not exist but studies in sheep and cattle 
suggest that the CRT is a reliable indicator of treatment 
outcome (Gordon and others 2012a, Brockwell and 
others 2013). For FECRT, a 3-week interval between 
initial sample collection plus treatment and follow-up 
sampling is recommended so that residual eggs can be 
flushed out of the gall bladder. For CRT, a 1-week interval 
seems to suffice (Gordon and others 2012a, Brockwell 
and others 2013). This has advantages in terms of 
management (follow-up can be done before other 
priorities overshadow evaluation of treatment efficacy; 
information relevant to animal movement becomes 
available quickly) and in case additional treatment is 
needed. Interestingly, several studies also show very 
good results for FECRT at 1-week post treatment (Gordon 
and others 2012a, Brockwell and others 2013) and the 
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need for a 3-week interval may need to be re-evaluated.
In addition to samples obtained from animals, farm 

level information may be used to determine the risk of 
liver fluke infection. Biological data on the intermediate 
host and the free-living parasite stages, such as cysts and 
snails, are used to monitor the exposure to liver fluke 
in some countries, e.g. The Netherlands and Switzerland 
(Gaasenbeek and others 1992, Knubben-Schweizer and 
others 2010). This approach is informative but also very 
labour intensive and it is rarely used anymore in the UK. 
Instead, meteorological data and farm management 
information are used. Models based on weather and 
pasture data explained 70% of the observed variation 
in liver fluke prevalence on dairy farms in England and 
Wales (McCann and others 2010b). However, 
considerable differences could sometimes be observed 
between farms within the same postcode area 
and weather patterns. In temperate climate zones 
without large climatic and environmental variation, 
management factors affect the spatial distribution of 
F. hepatica (Bennema and others 2011). In Belgium, 
85% of observed variation in bulk milk ELISA results for 
liver fluke could be explained based on the number of 
potential habitats, the presence of snails, drainage of 
pastures, month of turnout of the cows, stocking rate, 
type of watering place and post code area (Charlier and 
others 2011). This shows that, at least on dairy farms, 
pasture management tools can make a significant 
contribution to liver fluke control.

TREATMENT OPTIONS AND TREATMENT FAILURE
In sheep, clinical disease due to early immature liver 
fluke is a major problem. Currently, there is only a 
single drug that is effective against the early immature 
stages of liver fluke, i.e. triclabendazole. Because of 
the importance of this drug to sheep farming, and 
because of increasing concerns about triclabendazole 
resistance, it is of the utmost importance that this drug 
is preserved for treatment of early immature liver fluke 
in sheep. Therefore, this drug should, in our opinion, not 
be recommended for treatment of cattle where early 
immature fluke rarely cause clinical disease. The realities 

of current product registrations, however, may dictate 
otherwise in practice. Whilst triclabendazole should 
be reserved for the treatment of sheep, clorsulon is 
only commercially available for the treatment of cattle. 
There is an extensive body of literature regarding the 
efficacy of different fasciolicides at different stages of 
infection. A summary of recommended combinations of 
host species, liver fluke ages and active compounds is 
provided in Figure 4. Note that many active compounds 
can be sold under multiple trade names. Farmers may 
change from one treatment to another, thinking that 
they alternate treatments, but they may actually use 
various presentations of the same active compound 
rather than truly changing treatments. 

In dairy cattle, treatment options are limited compared 
to beef cattle due to concerns about residues in milk. 
For example, after administration to lactating animals, 
triclabendazole and nitroxynil may be detected in milk 
for several weeks and almost 2 months, respectively 
(Whelan and others 2011, Power and others 2013). 
The concentration of residues in cheese can be 13-fold 
higher (Imperiale and others 2011). Constraints also 
apply to the use of products in sheep that produce 
milk for human consumption. When cattle are treated 
in the non-lactating period, residue in milk may not 
be detectable after calving (Power and others 2013) 
and milk production in the subsequent lactation may 
increase (Charlier and others 2012b). Considerable 
milk withdrawal periods need to be taken into account, 
which is particularly important when cows come into 
lactation earlier than anticipated. Residue in beef can be 
a problem when animals are slaughtered unexpectedly, 
e.g. after injury. In Ireland, injured (casualty) cattle were 
shown to be more likely to test positive for anthelmintic 
residues, including the flukicide Closantel, than retail 
beef (Cooper and others 2012).

In conversations with veterinarians and farmers, we 
often hear questions about the combined use of multiple 
flukicide drugs, particularly when there are concerns 
about juvenile fluke infections in sheep in combination 
with suspicions of triclabendazole treatment failure. 
There is limited scientific evidence to support or reject 

Figure 4. Active compounds that can be used for different stages of liver fluke infection in sheep and cattle, respectively. 
©Moredun Research Institute.
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combined drug use. In one experimental study in 
rats, a potential beneficial effect of combined use of 
triclabendazole and clorsulon was reported (Meaney 
and others 2006) but this is currently of limited practical 
relevance in the UK as the drugs are primarily or only 
used for sheep or cattle, respectively. It is important to 
ensure that farmers do not actually combine two products 
in a single syringe or dosing gun, which is unfortunately 
how some farmers interpret “combination” of drugs. It 
is also important to keep in mind that both efficacy and 
safety may be affected by combined drug use, which 
is of particular concern for drugs with a narrow safety 
margin and for animals with compromised liver function 
such as caused by liver fluke. Finally, it is important to 
differentiate between drug resistance and treatment 
failure, as detailed below. 

Treatment failure may have many causes, most of 
which are associated with farm management rather than 
drug resistance. Factors that contribute to treatment 
failure include inaccurate dosing of animals, e.g. due to 
inaccurate estimation or measurement of the animals’ 
body weight or due to the use of non-calibrated or 
incorrect dosing equipment. Farmers may use a single 
dosing gun for multiple products without realising 
that a single dose of one product may have a different 
volume than a single dose of another product. Incorrect 
storage of product may also have a negative impact on 
efficacy (Sargison and Scott 2011b). When products are 
stored and administered correctly, treatment efficacy 
may be affected by the time of year, particularly for 
pour-on products. Depending on season, the efficacy 
of certain pour-on products ranged from ca. 75% to 
99.6% after administration to cattle (Sargent and others 
2009). This was not due to the age of the fluke, as all 
treatments were given after artificial infection, i.e. using 
fluke of known and standardised age. The observed 
differences were thought to be linked to the impact 
of seasonal differences in hair coat and weather on 
transdermal uptake of pour-on products (Sargent and 
others 2009). For treatment of 2-week old fluke, pour-on 
treatment of triclabendazole lacked efficacy whilst oral 
administration did reduce fluke burdens (Hutchinson 
and others 2009). Oral administration may result in 
higher efficacy than administration of the same active 
compound using a pour-on whilst using a lower quantity 
of the compound per animal, as demonstrated for 
triclabendazole treatment of 4-week old fluke (Martin 
and others 2009), but this result is not consistent 
across studies (Hutchinson and others 2009). In sheep, 
apparent treatment failure may be due to re-infection 
of animals that are not housed or moved to safe grazing 
after treatment. In the winter of 2012/2013, exposure 
levels are thought to have been so high that animals 
became re-exposed to high numbers of liver fluke cysts 
immediately after treatment, resulting in severe liver 
damage and clinical disease within weeks from the 
initial treatment. Because several products that are 
used for roundworm treatment have residual effect, i.e. 
efficacy that lasts beyond the day of administration, 
farmers may expect this to be true for flukicides also. 
However, none of the current flukicides have residual 

effect and animals are vulnerable to re-infection 
immediately after treatment. Another complicating 
factor is that products that are deemed to be effective 
against immature fluke do not necessarily kill all 
immature fluke. For example, closantel will lead to 
a significant reduction in fluke burden compared to 
control cattle when used to treat 6- or 8-week old 
fluke, but efficacy has been reported as 68% and 91%, 
respectively, rather than 100% (Geurden and others 
2012). Efficacy of triclabendazole against 4-week old 
fluke is approximately 90% (Richards and others 1990, 
Hutchinson and others 2009, Geurden and others 2012). 
Thus, an expectation of 100% treatment efficacy may 
be unrealistic, even when the product is appropriate for 
the age of the fluke. This, combined with the limitations 
of diagnostic tests to assess liver fluke burdens, makes 
formal demonstration of flukicide resistance extremely 
difficult. A recent twist to this story is the increasing 
detection of rumen fluke in British livestock, which may 
affect assessment of flukicide treatment efficacy as 
discussed in a subsequent section.

To the extent that detection of flukicide resistance 
is possible (for discussion, see Fairweather 2011 and 
Sargison and Scott 2011b), resistance to triclabendazole 
has been demonstrated in a number of countries and 
continents (Gaasenbeek and others 2001, Gordon and 
others 2012a,b, Olaechea and others 2011). Although 
triclabendazole is primarily used in sheep, resistance to 
triclabendazole has been reported for liver fluke from 
sheep as well as cattle (Olaechea and others 2011) 
and it is suspected in liver fluke from hares (Walker 
and others 2011) and people (Winkelhagen and others 
2012). To date, all demonstrations of triclabendazole 
resistance are based on the host response to treatment 
as evaluated in vivo or at post-mortem. It would be very 
useful to have in vitro assays to detect triclabendazole 
resistance. Proof-of-concept for an egg hatch assay to 
detect resistance has been published (Fairweather and 
others 2012). Histological examination of mature fluke 
harvested at post-mortem also allows for differentiation 
of triclabendazole susceptible and – resistant liver fluke 
(Hanna and others 2013). The limitation of such assays 
is that they require mature flukes from dead animals, 
which means that the assay may come too late for 
sheep, where tools for detection of triclabendazole 
resistance are most needed. Efforts are underway to 
identify genetic markers of triclabendazole resistance 
in liver fluke (reviewed by Hodgkinson and others 2013). 
One specific mutation in the P-glycoprotein of F. hepatica 
has been linked to triclabendazole resistance (Wilkinson 
and others 2012) but this mutation was not present 
in a confirmed triclabendazole resistant isolate from 
Scotland (Gordon and others 2012b) so the absence 
of this mutation does not guarantee triclabendazole 
susceptibility.

To end the treatment section on a positive note, 
the majority of liver fluke treatments are successful, 
particularly when applied in the right manner at the 
right time with adequate follow-up to assess treatment 
efficacy. Treatment can limit the clinical and economic 
impact of liver fluke infections. Furthermore, strategic 
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dosing schemes can be used to suppress the faecal egg 
output at critical times of the year e.g. spring/early 
summer, which limits infection of the intermediate 
host snail population and reduces the subsequent 
contamination of the pasture with metacercariae 
(Parr and Gray 2000). In combination with pasture 
management, and in the absence of vaccines, treatment 
is an important and potentially effective liver fluke 
control tool (Knubben-Schweizer and others 2010). 

RUMEN FLUKE IN CATTLE AND SHEEP
A relatively recent finding is the emergence of rumen 
fluke infection in both cattle and sheep in the UK and 
Ireland. Rumen fluke (or paramphistomes) are also 
trematode parasites with a very similar life-cycle to 
liver fluke. Rumen fluke have been described at post 
mortem in the UK as far back as the 1950s (Willmott 1950) 
and their eggs have been observed during routine faecal 
egg counting for liver fluke since the ~mid-1980s (Foster 
and others 2008, Murphy and others 2008). Rumen fluke 
diagnoses by faecal egg count are now more common 
in Ireland (NI and ROI) than liver fluke e.g. ca. 30% 
sheep; 40% cattle (e.g. Anon 2011) and AHVLA report 
more diagnoses of rumen fluke in GB in 2012 than the 
previous 5 years combined (R. Daniel, AHVLA, personal 
communication 2013). The adult rumen fluke resemble 
small, pink, fleshy maggots and appear to be well-
tolerated on the surface of the rumen (Figure 5). Rumen 
fluke disease (paramphistomosis) is invariably associated 
with the presence of large numbers of immature rumen 
fluke in the intestine, usually in the duodenum. This 
sets up an inflammatory response, resulting in non-
responsive, watery diarrhoea and marked reddening of 
the proximal intestinal mucosa at post mortem together 
with mesenteric lymphadenopathy and watery large 
intestinal content (Millar and others 2012). Immature 
rumen fluke were also reported as the cause of death 
in sheep (Mason and others 2012). Whilst juvenile 
rumen fluke has been shown to be pathogenic, there 
is little data on production effects of adult rumen fluke 
infection on livestock or the knock-on economic impact, 
other than anecdotal reports of animals improving in 
condition after successful treatment. 

 For decades, it has been assumed that the predominant 
rumen fluke species infecting livestock in UK and ROI is 
Paramphistomum cervi (e.g. Taylor and others 2007). 
This species is believed to have originated from the wild 
deer population and to favour aquatic e.g. planorbid 
or bulinid snails as its intermediate host, rather than 
the lymnaeid mud snail intermediate host of the liver 
fluke. Recent DNA sequencing of rumen fluke specimens 
sourced from home-bred sheep and cattle from England, 
Ireland, Scotland and Wales, somewhat surprisingly, 
revealed them all to be Calicophoron daubneyi (Gordon 
and others 2013 and unpublished data from the authors’ 
laboratory). This is the predominant rumen fluke species 
in mainland Europe, most notably France, Italy, Portugal 
and Spain (Mage and others 2002, Rinaldi and others 
2005, Arias and others 2011, González-Warleta and 
others 2013). The species identity is important here 
because C. daubneyi in Europe is known to favour the 
same mud snail intermediate host as liver fluke, i.e. 
G. truncatula (Mage and others 2002, Sanabria and 
others 2012), so this finding may have implications for 
the epidemiology of rumen fluke in the UK and Ireland, 
including its presence as a co-infection with liver fluke. 
Wildlife reservoirs for C. daubneyi have not been 
investigated in depth, but a study from Spain suggests 
that roe deer are not an important reservoir (González-
Warleta and others 2013).

Differential diagnosis of rumen fluke and liver fluke 
infections is also very important because the treatment 
options are different. Although not licensed for the 
treatment of rumen fluke, only one flukicide has been 
demonstrated to have activity against rumen fluke, both 
immature and adults and that is oxyclozanide (Rolfe and 
others 1987). Oxyclozanide treatment will reduce egg 
output by C. daubneyi in cattle (Rolfe and Boray 1987, 
Diaz and others 2006). It is also a liver fluke drug (and 
licensed as such in the UK) but it is not able to kill liver 
fluke within the first 3 months after infection (Richards 
and others 1990). Furthermore, the eggs of rumen fluke 
and liver fluke look very similar and could be confused, 
leading to erroneous declarations of liver fluke 
treatment failure. Mixed infections with rumen fluke 
and liver fluke have been reported in cattle and sheep, 
including animals from Scotland (Arias and others 2011, 
Gordon and others 2013), making incorrect diagnosis of 
disease or treatment outcome of practical concern in 
the UK. As ever, treatment decisions based on accurate 
diagnosis are recommended for best practice fluke 
control. In herds or flocks with mixed liver fluke and 
rumen fluke infection, the coproantigen ELISA is a useful 
test for the diagnosis of liver fluke and evaluation of 
liver fluke treatment outcome, because the test does 
not cross-react with C. daubneyi and provides a good 
indication of treatment success within a week post 
treatment (Gordon and others 2012a, 2013). 

CONCLUSIONS AND OUTLOOK
The presence of the snail intermediate host is integral 
to the life-cycle of the liver fluke (and rumen fluke). 
As a result, methods aimed at reducing snail numbers 
or snail habitat e.g. through effective drainage 

Figure 5. Adult rumen fluke on the surface of a bovine 
stomach (Image reproduced by kind permission, W. 
Thomson, Harbro).
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and/or reducing access of livestock to potential snail 
habitats during high risk periods by fencing off ‘fluky’ 
pasture, have all been advocated as part of integrated 
fluke control strategies on-farm, especially before the 
advent of effective flukicidal drugs. In the past, several 
commercial molluscicides were available to kill snails 
on pasture but these have all been banned since the 
~1970s for environmental reasons. Biological control 
using predatory snails has been explored in France 
but is unlikely to gain widespread acceptance in the 
UK (Rondelaud and others 2011). Considering the 
increasing prevalence of liver fluke and rumen fluke, 
the devastating impact of liver fluke on welfare and 
production, and the “perfect storm” in sheep farming of 
major damage by juvenile fluke, availability of a single 
active compound against early immature fluke, and the 
emergence of resistance to that compound, it is time to 
dust off pasture management measures. Although there 
are limits to how much wet pasture (or any pasture, for 
that matter) can be fenced off, drainage is considered a 
valuable and underutilised strategy according to several 
farmers we have spoken to. Environmental schemes 
that encourage wetland conditions for breeding and 
migratory birds and invertebrates have been linked with a 
higher risk of liver fluke in livestock (Pritchard and others 
2005). Furthermore, wading birds have been implicated 
in the dispersal of aquatic organisms, including the 
liver fluke’s intermediate host snail, G. truncatula (van 
Leeuwen 2012). Thus, there may also be an imperative 
to balance policy aimed at maintaining biodiversity with 
policy aimed at maintaining livestock farming. 

A vaccine to protect livestock against liver fluke or 
reduce the clinical signs or production losses would 
be highly desirable. This was attempted as far back 
as the 1960s (Ross 1967). Despite several decades 
of research since and considerable optimism around 
the turn of the century (Dalton and Mulcahy 2001), 
production of a commercial liver fluke vaccine is still 
some way off. The development of vaccines against 
parasitic helminths has been difficult for a number 
of reasons, but liver fluke is particularly challenging. 
Firstly, there is no evidence of a strong protective 
natural immunity to build on (Clery and others 1996, 
Bossaert and others 2000a,b); the amplification of fluke 
numbers through the snail intermediate host can lead 
to extremely high parasite challenge on pasture; and, 
finally, liver fluke is a complicated eukaryotic organism, 
with a genome comprising >20,000 proteins. That said, 
several potential candidate vaccine antigens have been 
identified and tested in a number of laboratory- and 
natural host species. These include, amongst others, 
fatty acid binding proteins, haemoglobin, glutathione-
S-transferases, cathepsin L proteases and leucine 
aminopeptidases, which have been shown to reduce 
fluke burdens by between ~40% and 80% (for a review, 
see Rojo-Vazquez and others 2010). The fact that a 
commercial liver fluke vaccine remains elusive several 
decades from antigen discovery is testament to the 
biological, immunological and technological challenges 
associated with this objective.

Many of the current liver fluke drugs were discovered 

many years e.g. triclabendazole is 30 years old and 
oxyclozanide is approaching its 50th birthday (Walley 
1966, Boray and others 1983)! As far as we are aware, 
there are no new liver fluke drugs under development 
or near market. This is most likely because it is extremely 
expensive and takes considerable time to bring new drugs 
to market and, unless there is a strong business case to 
do so, it is unlikely the multinational drug companies will 
embark on such a venture any time soon. There has been 
considerable interest in evaluating the flukicidal potential 
of new actives either alone or in combination within 
the academic research sector but little/no evidence of 
uptake by industry. For example, artemisinin derivatives 
have broad-spectrum activity against trematodes and 
have been evaluated therapeutically in rats, showing 
activity against a triclabendazole-resistant Fasciola 
isolate (Duthaler and others 2012). ‘Compound alpha’, a 
derivative of triclabendazole, has shown activity similar 
to the parent compound against susceptible F. hepatica 
in sheep, and some activity against triclabendazole 
resistant fluke (McConville and others 2009)[See review 
by Rojo-Vazquez and others 2010]. 

Whilst current diagnostic methods are reasonably 
adequate for detection of liver fluke infection in cattle, 
better methods for reliable detection of juvenile liver 
fluke in sheep are urgently needed. One recent avenue 
of research that may hold some promise is DNA-based 
detection of liver fluke. There is recent evidence in 
the literature that Fasciola DNA can be detected by 
PCR amplification of host faeces from as early as 
2-weeks post-infection in an experimental challenge 
model (Robles-Perez and others 2013). The biological 
relevance of this finding e.g. what is the source of this 
fluke DNA, how does the detection of DNA relate to 
infection status and how would the DNA signal respond 
to treatment, successful or otherwise, all remain to be 
evaluated. However, this does open up the potential of 
rapid, pen-side testing through technological advances 
in amplification methods e.g. loop mediated isothermal 
amplification (LAMP) testing and lateral flow devices (Ai 
and others 2010).

In summary, liver fluke is becoming increasingly 
common in cattle and sheep and has a major impact on 
animal welfare and farm profitability, particularly in sheep 
farming. Major issues include the decreasing availability 
and efficacy of flukicides, particularly in dairy cattle and 
sheep, and the increased infection pressure which may 
be aggravated by changes in weather patterns and land 
use policy. With no vaccine or new drugs within reach, 
it is imperative that we make the best possible use of 
the liver fluke management tools that are available to us, 
including diagnostic testing, appropriate anthelmintic 
treatment and pasture management strategies. Rumen 
fluke is relevant in the context of liver fluke diagnostics 
and may have clinical relevance in its own right but we 
should not let the relative novelty of rumen fluke distract 
us from the fact that liver fluke is currently the major 
trematode threat to our livestock industry.
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