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ABSTRACT
Triclabendazole is currently the only single 
flukicide with licensed efficacy claims 
against all parasitic stages of Fasciola 
hepatica, including young immature flukes; 
it has been widely used in sheep and cattle 
for more than 30 years. Triclabendazole 
resistance was first confirmed in 1995 in 
Australia and since then has been reported in 
many other countries.  Previous studies have 
shown synergy between triclabendazole and 
other flukicides against triclabendazole-
resistant (TCBZ-R) liver fluke isolates. A 
study was conducted in sheep to investigate 
whether synergy exists between nitroxynil 

and triclabendazole, when administered at 
their recommended doses, in the treatment 
of early, immature (4-week-old) TCBZ-R F. 
hepatica infections. Lambs (68) were allo-
cated by live weight to six groups and each 
animal was dosed with either 250 triclaben-
dazole-susceptible (TCBZ-S) metacercariae 
(Groups 1 and 3) or 250 TCBZ-R metacer-
cariae (Groups 2, 4, 5 and 6). Treatments 
were administered 28 days after infection. 
Groups 3 and 4 were dosed with triclabenda-
zole (10 mg/kg); Group 5 with nitroxynil (10 
mg/kg), Group 6 with triclabendazole (10 
mg/kg) plus nitroxynil (10 mg/kg); Groups 1 
and 2 were not treated with a flukicide.  The 
livers of two lambs from each group were 
examined post-mortem 48 hours after treat-
ment; the remaining lambs were submitted 
for necropsy eight weeks post-treatment (12 
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weeks post-infection) to determine efficacy.  
Amongst groups infected with TCBZ-R 
metacercariae, there were no significant 
differences (P<0.001) in the numbers of 
fluke recovered 12 weeks post-infection, 
irrespective of treatment. The mean number 
of flukes recovered at 12 weeks in Groups 2, 
4, 5 and 6 was  53, 63, 43 and 51, respec-
tively. There was no evidence from this 
study that, at their recommended dosages, 
triclabendazole alone, nitroxynil alone or 
a combined treatment with triclabendazole 
plus nitroxynil were effective in eliminat-
ing infections with 4-week-old TCBZ-R F. 
hepatica in sheep.

Introduction
In the absence of effective vaccines and 
because of practical limitations in manage-
ment options to control the snail intermedi-
ate hosts, the control of F. hepatica infection 
and disease in livestock relies heavily on the 
use of flukicidal anthelmintics (Fairweather 
and Boray, 1999a; Parr and Gray, 2000),

Of the currently available flukicides, 
triclabendazole (TCBZ) has the broadest 
activity against different stages of TCBZ-
susceptible (TCBZ-S) isolates of F. hepatica, 
with efficacy observed from two-day-old 
immature flukes through to mature adults 
(Boray et al., 1983). This profile allows for 
strategic treatments to be applied at extend-
ed intervals, because of the elimination of 
egg-shedding for ~12 weeks or more, after 
treatment (Parr and Gray, 2000). However, 
what makes TCBZ critically important is in 
the treatment of acute fasciolosis in sheep, 
which is caused by the hepatic peregrina-
tions of immature fluke (Boray, 1967; 
Fairweather and Boray, 1999a). Most of 
the other flukicides have activity against 
either adult (≥10-12 week old) fluke only, 
e.g. oxyclozanide, albendazole, or adult and 
late immature (>6 to 8-week-old) fluke, e.g. 
rafoxanide, closantel and nitroxynil (Fair-
weather and Boray, 1999b). 

TCBZ-R in F.  hepatica was first 
documented in Australia (Overend and 
Bowen, 1995) and later in Europe and South 
America (Mitchell et al., 1998; Moll et al., 

2000; Olaechea et al., 2011). The extent to 
which TCBZ-R contributes to treatment 
failures has been the subject of some debate 
(Fairweather, 2011b; Sargison and Scott, 
2011a), but the economic consequences of 
poor treatment responses are manifest (Sar-
gison and Scott, 2011b).  Treatment of acute 
fasciolosis in sheep in areas where TCBZ 
is no longer effective is problematic and a 
potential cause of serious welfare problems.

Whilst other flukicides, e.g. closantel, ni-
troxynil and oxyclozanide, have been shown 
to be effective against TCBZ-R isolates 
of adult F. hepatica (Coles and Stafford, 
2001; McKinstry et al., 2009; Mooney et 
al., 2009), this does not address the issue of 
treatment of acute fasciolosis. An alternative 
approach is to use anthelmintic combina-
tions, which, in an additive, complementary 
or synergistic way, enhance efficacy against 
certain parasite stages and/or against resis-
tant isolates (Geary et al., 2012). 

Studies in sheep have shown synergy 
with several flukicide combinations show-
ing enhanced activity against mature and 
immature F. hepatica infections and against 
TCBZ-S and TCBZ-R isolates, as compared 
to either component alone (Boray, 1994; 
Fairweather and Boray, 1999a, b).  Labora-
tory studies have also demonstrated synergy 
in efficacy against adult fluke, for example 
with combinations of triclabendazole and 
clorsulon (Meaney et al., 2006, 2007).

Nitroxynil is a halogenated phenol with 
high activity against adult F. hepatica and 
good, but somewhat inconsistent, efficacy 
(>70%) against immature flukes aged 6-8 
weeks (Fairweather and Boray, 1999a). 
Nitroxynil is licensed in several countries 
for the treatment of immature and adult 
fluke in both cattle and sheep and its efficacy 
profile has been determined in various stud-
ies, (Colegrave, 1968; Lucas, 1967; Rapic et 
al., 1988; Reid et al., 1970; Richards et al., 
1990) for example. It has also been shown 
to be effective against TCBZ-R adult liver 
fluke (Coles and Stafford, 2001; McKinstry 
et al., 2009; Mooney et al., 2009).  

An in vitro study showed that a com-
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bination of approximately half the recom-
mended dose rates of triclabendazole and ni-
troxynil was effective against TCBZ-R adult 
F. hepatica (McKinstry, 2008; McKinstry 
et al., 2005), consequently it was decided to 
investigate this further in sheep. 

This paper describes in full a study that 
was designed to investigate whether such 
synergy between nitroxynil and triclaben-
dazole can also be demonstrated in lambs, 
when administered at their licensed dose 
rates, in the treatment of immature (4-week-
old) TCBZ-R F. hepatica infections (Mc-
Coy et al., 2005). The defined end-point for 
determining efficacy was the mean number 
of adult fluke recovered eight weeks after 
treatment.

Materials and Methods
Sixty eight lambs of the same breed type 
from an early lambing (January) flock were 
sourced for the study; each lamb was identi-
fied by a unique ear-tag number and double 
tagged. The lambs had been reared indoors 
and had no prior exposure to infection with 
F. hepatica. All lambs were fed the same 
ration which comprised haylage ad libitum, 
supplemented with a proprietary concen-
trate mix.  Water was available ad lib from 
troughs. All lambs were housed for the dura-
tion of the study and kept in similar pens.
Lambs were allocated to the trial accord-
ing to sex and live weight, which was 
determined 7 days prior to the start of the 
infection phase of the trial.  Within sex, 
lambs were ranked by weight and blocked 

into sixes; within each block, individuals 
were randomly allocated to one of the six 
treatment groups, giving a group size of ten 
in control groups (Groups 1 and 2) and 12 in 
treatment groups (Groups 3, 4, 5 and 6).

Two hundred and fifty (250) metacer-
cariae of either TCBZ-S (Cullompton) or 
TCBZ-R resistant (Sligo) isolates (Fair-
weather, 2011a) were administered by oral 
gavage to each lamb, according to its treat-
ment group. 

The treatments, given singly or in 
combination, were 5% triclabendazole 
(Fasinex®, Novartis Animal Health UK 
Ltd.), administered at 10 mg/ kg live 
weight by oral drench and 34% nitroxynil 
(Trodax®, Merial Animal Health Ltd.) 
administered at 10 mg/ kg live weight by 
subcutaneous injection. The composition of 
the treatment groups is shown in Table 1. 
Treatments were administered 28 days after 
initial infection; the appropriate dose was 
calculated individually from known body 
weight and delivered by calibrated syringes 
to the nearest 0.1 ml.

All groups of lambs were examined 
daily for any general signs of ill health or 
fasciolosis. The lambs were weighed on 
the day of allocation (Day –7), on the day 
of treatment (Day 28) and at fortnightly 
intervals until the end of the study at Day 
86. Faecal samples (50g) were collected 
from fresh dung from all trial lambs 7 days 
prior to artificial infection and examined for 
the presence of fluke eggs.  Subsequently, 

Group Number No. of sheep in 
group

Infection by a single 
oral gavage of 250 
metacercariae 

Treatment at 28 days 
post-infection

1 10 TCBZ-S F. hepatica None
2 10 TCBZ-R F. hepatica None
3 12 TCBZ-S F. hepatica 10mg/kg triclabendazole
4 12 TCBZ-R F. hepatica 10mg/kg triclabendazole
5 12 TCBZ-R F. hepatica 10mg/kg nitroxynil
6 12 TCBZ-R F. hepatica 10mg/kg triclabendazole + 

10mg/kg nitroxynil

Table 1. Details of Treatment Groups
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samples were taken per rectum on the day of 
infection (Day 0) and Days 14, 28, 42 and 
49 and twice-weekly thereafter until the end 
of the study. The techniques used were Stan-
dard Operating Procedures (SOP) for zinc 
sulphate flotation, based on the Manual of 
Veterinary Parasitological Laboratory Tech-
niques, MAFF (MAFF, 1986) and expressed 
as eggs per gram (EPG).

Post-mortem examinations were con-
ducted on twelve lambs (two per group) 
on Day 30 in order to determine that the 
experimental infection had established. Sub-
sequently the remainder of the lambs were 
necropsied at the end of the study, 12 weeks 
after infection (Day 86). The livers were 
removed immediately after euthanasia and 
subjected to detailed dissection, washing and 
screening, using standard procedures (Fla-
nagan et al., 2011; MAFF, 1986) to isolate, 
measure and count all liver fluke present in 
the liver tissue or bile ducts.

Kruskall Wallis (Siegel and Castellan 
Jr, 1998) non-parametric tests were used 
to determine if any differences in the mean 
number of flukes recovered from each group 
at the end of the experiment were significant 
(P<0.05).  Paired comparisons were carried 
out on the mean rank of each group to deter-
mine differences. Because of the absence of 
any evidence for synergy against TCBZ-R 
isolates on Day 86, reflected in the lack of 

any significant differences fluke burdens, 
descriptive statistics alone were used for the 
other parameters measured. 

Results 
None of the lambs showed any clinical 
signs of F. hepatica infection and there were 
no significant differences in live weight 
amongst the groups over the duration of 
study. Infections in the untreated groups first 
became patent in week 9 for lambs infected 
with the TCBZ-R isolate (Group 2) and in 
week 11 for those infected with the suscep-
tible isolate (Group 1). In group 3, in which 
lambs infected with the TCBZ-S isolate 
were treated with TCBZ on Day 28, all the 
samples were negative with the exception of 
those from 2 lambs in week 11, which had 
very low (<2 EPG) counts. At the end of the 
study, 12 weeks post-infection, the mean 
fluke-egg counts in all the groups bar Group 
3 (TCBZ-S treated with TCBZ) had positive 
egg counts, the values ranging from 3.7 to 
17.9 eggs per gram (EPG) (Table 2).

Livers were examined from two animals 
per group (one male, one female) on Day 30 
after infection. The mean numbers of imma-
ture fluke recovered ranged from 71 to 103 
in lambs infected with TCBZ-S metacer-
cariae, indicating 34.2% establishment. Cor-
responding numbers for the TCBZ-R isolate 
were 20 to 45 immature fluke, representing 
an establishment rate of 13.85%.

Treatment group Mean Fluke count  
±Standard Deviation

Mean Fluke length 
(mm)

Mean EPG

1. TCBZ-S, 
no treatment 117.4±22.3 27.2 16.6
2. TCBZ-R, 
No treatment 53.2±14.8 19.2 9.4
3. TCBZ-S, TCBZ treatment 0.2±0.4* 20.0 0
4. TCBZ-R, TCBZ treatment 62.5±17.7 18.6 17.9
5. TCBZ-R, nitroxynil
 treatment

43.4±9.9 18.9 3.7

6. TCBZ-R, nitroxynil + 
TCBZ treatment

50.6±19.5 19.8 7.0

Table 2. Post-mortem Fluke recovery, dimensions and fluke egg count on Day 86
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By 12 weeks post-infection (Day 86) 
there was a significant difference (P<0.001) 
in the number of adult fluke recovered in 
Group 3 compared to the untreated control 
infected with the TCBZ-S isolate; treatment 
with TCBZ resulted in a >99% reduction in 
TCBZ-S fluke burdens. There were no sig-
nificant differences between the numbers of 
flukes recovered from any of the groups (2, 
4, 5 and 6) infected with the TCBZ-R isolate 
(Table 2). 

Discussion
The establishment rates (13.35 to 34.2%) of 
the experimental infections were somewhat 
less than those previously described with in-
fective doses of 200 metacercariae (44.37%) 
(Boray, 1967), particularly in the resistant 
isolate (13.35%). In agreement with the 
work of Boray, the level of infection (250 
metacercariae/lamb) used in this study did 
not result in clinical signs of fasciolosis, nor 
in a reduction in growth rate in the lambs. 

There were some indications of dif-
ferences in the biology of the two isolates 
insofar as the mean length of the flukes at 12 
weeks was 27.2mm in the TCBZ-S speci-
mens from untreated lambs and 19.2mm in 
the TCBZ-R control group. Furthermore, in 
the TCBZ-S control groups the RBC, PCV 
and Hb values (data not shown) were all 
lower than those from the TBCZ-R groups, 
suggesting greater pathogenicity and a trend 
towards anaemia. 

The lack of synergy between nitroxynil 
and TCBZ in this study contrasts with 
previous findings in an in vitro experiment 
in which severe histological damage to 
the tegument and internal organelles was 
observed when both 4-week old and adult 
liver fluke were exposed to nominally half 
strength concentrations of nitroxynil and 
TCBZ simultaneously (McKinstry, 2008). 
The damage was more disruptive following 
exposure to the two drugs in combination 
than with either compound alone. 

Although synergy between nitroxynil 
and TCBZ was not demonstrable in the cur-
rent in vivo study, nitroxynil has been shown 
to synergise with another flukicide, clor-

sulon, in the treatment of immature fluke, 
against which neither compound individu-
ally is effective. Administration of this com-
bination to cattle reduced counts of 2-week 
-old TCBZ-S F. hepatica by 95% and 
4-week-old liver fluke by 99% (Hutchinson 
et al., 2009). Subsequently, a broad-spec-
trum, injectable, anthelmintic product was 
licensed, which contains a combination of 
nitroxynil, (dosage 10.2 mg/kg live weight) 
and clorsulon (2 mg/kg), in addition to 
ivermectin (0.2 mg/kg) (Nitromec®, Virbac, 
Australia Pty.). The inclusion of clorsulon in 
this combination may be pivotal as previous 
studies have shown that clorsulon is par-
ticularly effective when used in synergistic 
combinations with other flukicides (Boray, 
1994; Fairweather and Boray, 1999b).

In conclusion, whilst the present study 
failed to demonstrate synergy between ni-
troxynil and triclabendazole against 4-week-
old TCBZ-R liver fluke in sheep, there is 
evidence from other research that flukicide 
combinations can play important roles in the 
treatment of immature fluke infections and 
the management of flukicide resistance.
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