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Article history: Intensification of animal production systems has led to an increased reliance on effec-

Available online 13 October 2009 tive anthelmintics to control parasitic worms. However, the excessive and continued use of
these “wormers” can lead to high selection pressures and have resulted in increased reports
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and Wales according to standardised guidelines produced by the World Association for the
Advancement of Parasitology. Selected farms were identified from a network of 40 study
farms participating in a study investigating implementation of Sustained Control of Para-
sites in Sheep (SCOPS) principles. Resistance to the larval development test (LDT) to either
benzimidazole- or imidazothiazole-group anthelmintics had been previously detected on
these farms. In this study, resistance was indicated as present by LDT and/or FECRT to one
or more groups of anthelmintics on a number of the study farms. Comparisons were made
between results obtained by the two tests on the six farms. Benzimidazole resistance was
identified by FECRT on five farms; imidazothiazole resistance on four farms and macrocyclic
lactones resistance on five farms. The LDT identified the presence of benzimidazole resis-
tance on all six farms, and imidazothiazole resistance on five farms. Generally, there was
good agreement between the two tests in identifying both benzimidazole and imidazoth-
iazole resistance. On one farm, the LDT identified the presence of benzimidazole-resistant
nematodes, not detected by FECRT and on two farms the presence of imidazothiazole-
resistant nematodes not detected by FECRT. On two farms “triple” resistance (i.e. resistance
to all three groups of anthelmintics) was identified by FECRT and on one farm moxidectin
resistance was suspected based on an early return to egg laying at 28 days post-treatment.
Resistance was present in one or more genera, but most commonly in Teladorsagia on all
six farms.
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Teladorsagia circumcincta, is involved, acceptable control
may still be achievable by appropriate parasite and resis-
tance monitoring and careful management.

The presence of anthelmintic resistance can be mea-
sured in a number of ways and has been reviewed by
Taylor et al. (2002). Under field conditions, anthelmintics
may continue to give clinical responses in parasitised sheep
despite the apparent presence of resistant genotypes. Con-
sequently, sheep farmers may remain unaware of any
sub-optimal production performances and that the sever-
ity of resistance will increase rapidly if the anthelmintic
remains in use. By detecting resistance at an early stage,
farmers can employ appropriate control recommendations
to prolong the activity of the anthelmintic group(s) con-
cerned, so that both wormer and animal performance can
be maintained for longer.

2. Materials and methods

A network of over 40 farms was selected and matched for an ongo-
ing study aimed at monitoring the update of new SCOPS worm control
recommendations (Abbott et al., 2007) and based around participating
practice-based veterinarians and their clients.

2.1. Parasitological techniques

Faecal samples were routinely collected from ewes and lambs in
the above farms on at least four occasions throughout 2007 and 2008.
Sampling dates were designed wherever possible, to coincide with the
traditional sheep handling times of lambing (visit 1: March to April),
“marking” (visit 2: May to June), weaning of lambs (visit 3: July to August)
and “drafting” (Visit 4: September to October). Fresh faecal samples were
collected from 20 ewes and/or lambs depending on the visit date and sub-
mitted to the laboratory. On receipt, individual samples were weighed,
consistency scored and bulked in batches of 10 as described by Morgan et
al. (2005). Faecal egg counts were performed in duplicate on each of the
batched samples by using a modified McMaster Method, to an accuracy
of 50 eggs per gram (epg) of faeces (MAFF, 1986). Where the mean bulked
FEC was >200 epg, then remaining faeces were cultured (MAFF, 1986) and
3rd stage infective larvae were identified by using larval identification
keys (Taylor et al., 2007).

2.2. Larval development tests (LDT)

Larval development tests were conducted at the Veterinary Labo-
ratories Agency (VLA) and the Central Science Laboratory (now FERA)
on samples submitted at visit 1 and visit 4 for each of the two grazing
seasons (2007 and 2008). The method used was a modification to the
method originally described by Taylor (1990). In the modified method, the
culture medium comprised lypholised Escherischia coli and heat-treated
(autoclaved) sterile sheep faeces. In all other respects, (e.g., volumes and
concentration ranges) it was as described originally. Only benzimidazole
and imidazothiazole groups of anthelmintics were screened by LDT, as the
test is not applicable for macrocyclic lactones (Taylor et al., 2002).

2.3. Faecal egg count reduction tests (FECRT)

Farms selected for FECRT were identified among those that had been
routinely visited by veterinarians engaged on the research project. As
such, full farm histories were available and each of these farms had
either reported or confirmed, the presence of resistance to one or more
anthelmintics groups by LDT. FECRTs were conducted according to stan-
dardised guidelines produced by WAAVP (Coles et al., 2006). FECRTs were
only conducted on farms where a pre-treatment FEC was >200 epg; three
treatment groups and one untreated control group (each with 20 sheep)
were included in the test. FECs were conducted on all groups before treat-
ment (DO), on the control and the imidazothiazole-treated groups 7 days
post-treatment (D7) and on the control, the benzimidazole-treated and
the macrocyclic lactone-treated groups 14 days post-treatment (D14).
For all farms screened by FECRT, the test products contained fenbenda-
zole (abenzimidazole), levamisole (an imidazothiazole) and ivermectin (a
macrocyclic lactone) and were administered to animals in the form of oral
drench at the recommended dose rates. All lambs were weighed prior to
treatment and dose rates given were calculated according to the heaviest
lamb in each group.

2.4. Data management and analysis

The criterion used in assessing the sensitivity of the LDT was the pres-
ence or absence of live larvae at the discriminating doses of 0.1 g per ml
of thiabendazole (for testing benzimidazole resistance), or 1 ug per ml of
levamisole (for testing imidazothiazole resistance).

FECRT results were calculated on arithmetic means using the formula:
FECR% =1 — [(Treatment_2/Treatment.1) x (Control_1/Control_2)] x 100,
as described in Coles et al. (2006). Resistance was considered present
if the percentage reduction in arithmetic mean FEC of a test group
compared to that of the untreated controls, was <95%.
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Fig. 1. Seasonal variation in faecal egg counts and parasite genera based on larval differentiation in ewes and lambs (farm A) [count of months below x

axis starts from January 2007: 6 =June 2007 to 21 =September 2008].
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Table 1

Comparison of results for faecal egg reduction test and larval development test for benzimidazole (BZ), imidazothiazole (IDZ) and macrocyclic lactone (ML)

classes of anthelmintics.

Farm Test employed BZ IDZ ML Main parasitic genus involved Comments
A FECRT 6 80 84 Teladorsagia Tel: triple resistance, Tric: IDZ, Coop: BZ,
LDT >0.5 3 - Teladorsagia Tel, Trich: BZ, IDZ, Coop: LV
B FECRT 0 0 Teladorsagia Tel: triple resistance, Trich: IDZ, Coop: IDZ,
LDT 0.5 >5 - Teladorsagia Tel: IDZ, Trich: BZ, Coop: BZ
C FECRT 0 929 100 Teladorsagia Haem, Trich, Coop: BZ
LDT >0.5 5 - Teladorsagia Tel: BZ, Trich: BZ, IDZ, Coop: BZ
D1 FECRT 21 14 70 Teladorsagia Tel: triple resistance
LDT >0.3 >1 -
D2 FECRT 60 100 36 Teladorsagia Tel: BZ, ML
LDT 0.4 3 = Tel: BZ, IDZ, Trich: BZ, IDZ
E FECRT 93 96 93 Teladorsagia Tel: BZ, IDZ
LDT 3 - 3 Teladorsagia Tel: BZ, IDZ, Trich: IDZ
B FECRT 100 90 100 Teladorsagia Tel: BZ, IDZ, Trich: BZ, Coop: BZ
LDT <1 - <1 Teladorsagia Tel: BZ

In faecal egg reduction test (FERCT) results are expressed as percentage reduction of egg shedding <95% indicates resistance; in larval development test (LDT)
results are expressed as minimum inhibitory concentrations >0.3 g/ml indicates resistance.

3. Results and discussion

For all 40 farms visited, Teladorsagia was the predomi-
nant genus and LDT results suggested that all farms except
one (97.5%), had populations containing alleles confer-
ring resistance to benzimidazole-groups of anthelmintics.
A much lower frequency of resistance alleles to imida-
zothiazoles was found, with a lower prevalence (40%)
of resistance on farms. The general prevalence of Tri-
chostrongylus spp. was lower on all farms (85%) and
consequently, fewer LDT assessments could be made. Pop-
ulations resistant to benzimidazoles were identified on 16
farms (44%) and populations resistant to imidazothiazoles
on 18 farms (50%), but the detectable presence of resistant
genotypes was not always consistent and varied between
seasons and the time of year that the LDT was conducted.
Although Haemonchus was present on 55% of the farms as
determined by larval differentiation, infection levels were
generally low compared to other genera present and as a
consequence few LDT test results were available for this
genus. Only 11 of the study farms had Haemonchus present
in any of the samples tested by LDT and LDT results were
generally inconclusive and difficult to interpret for this
genus.

Parasitic gastroenteritis is a complex multi-species dis-
ease, with the causative nematodes having both free living,
as well as host-dependent life stages (Coop and Jackson,
2000). Suppressive treatments are carried out only on the
host-dependent stages and free-living stages are said to be
in refugia (Gaba et al., 2006). This, coupled with the fact
that animals are frequently moved between pastures and
that ewes and lambs are often treated differently due to
differences in immune states (Stear et al., 2000), means
that resistance alleles in the worm population will often
be in a state of flux. Additionally, differences in lifecycle
parameters (O’Connor et al.,2006) may result in differences
in prevalence for the different genera across the grazing
season Boag and Thomas (1977), such that appearance of
different genera (Fig. 1) and observed resistance levels may
vary on the same farm, depending on the time of year that
testing was performed.

Multiple anthelmintic resistance was identified on 14
of 40 farms by using the LDT; on six farms, visited in 2008,
further FECRT data was obtained and compared with LDT
results (Table 1). On all six farms, resistance was present
in one or more genera but most commonly in Teladorsagia.
On two farms “triple” resistant Teladorsagia was identified
by means of FECRT and on one farm (Farm D2), moxidectin
resistance was suspected based on an early return to egg
shedding at 28 days post-treatment. In fact, that farm D2
presents an interesting case in that triple resistance had
been identified by FECRT in 2007 (Table 1). Sheep were
subsequently quarantined and moved from another farm,
Farm D1, under the same ownership. The quarantine pro-
cedure involved withholding feed overnight, sequential
treatment with moxidectin, levamisole and albendazole,
before holding on concrete for 48 h (Abbott et al., 2007)
followed by turn out onto pasture previously grazed by
cattle only. Despite the precautions taken, the new lambs
showed a steady increase in FEC and the FECRT in Septem-
ber 2008 showed both benzimidazole and macrocyclic
lactone resistance (Table 1) and an early return to patent
infection following moxidectin treatment (D28). LDT con-
firmed resistance to benzimidazole for Teladorsagia and
Trichostrongylus, but also detected resistance to imidazoth-
iazoles in these species. The implication that moxidectin
failed to completely remove this triple resistant worm pop-
ulation is of particular concern, as it is often the drug
strategically used in sustainable integrated parasite con-
trol programmes (Wilson and Sargison, 2007). Since few
UK farmers can avoid introducing sheep to their farms to
maintain their flocks, this report and recent more serious
cases of flock closure (Sargison et al., 2005; Blake and Coles,
2007) due to triple resistance are of particular concern.
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