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Abstract

Background: The anthelmintic efficacy of the 0.5% w/v topical formulation of eprinomectin (EPN), EPRINEX®
Pour-on (Merial) when administered at 1 mg/kg body weight was evaluated in sheep in two dose confirmation
laboratory studies and one multicenter field study. In addition, the pharmacokinetics of EPN when administered
at that dosage to adult sheep was determined.

Results: In the two dose confirmation studies, which included 10 sheep each, sheep treated with topical EPN
had significantly (p < 0.05) fewer of the following nematodes than the untreated sheep with overall reduction of
nematode counts by >99%: adult Dictyocaulus filaria, Haemonchus contortus, Teladorsagia circumcincta(pinnata/
trifurcata), Trichostrongylus axei, T. colubriformis, T. vitrinus, Cooperia curticei, Nematodirus battus, Strongyloides
papillosus, Chabertia ovina and Oesophagostomum venulosum, and inhibited fourth-stage Teladorsagia larvae.
A total of 196 sheep harboring naturally acquired gastrointestinal nematode infections were included in the field
efficacy study at two sites each in Germany (48 Merino x Ile de France lambs, 52 adult Merino females) and in
Italy (adult male and female Bagnolese, Lacaune, Lacaune x Bagnolese, Bagnolese x Sarda sheep; 48 animals per
site). Animals were blocked on pre-treatment body weight and within each block, one animal was randomly
assigned to the control (untreated) group and three animals were randomly assigned to be treated with topical
EPN. Examination of feces 14 days after treatment demonstrated that, relative to the controls, topical EPN-treated
sheep had significantly (p < 0.0001) lower strongylid egg counts. Reduction was ≥97% at each site and 98.6%
across all sites.
Pharmacokinetics of EPN following single treatment with topical EPN were determined in eight ~4.5 year old
female Merino cross sheep based on the analysis of plasma samples which were collected from two hours
to 21 days following treatment. The main pharmacokinetic parameters were: Cmax 6.20 ± 1.71 ng/mL, AUClast
48.8 ± 19.2 day*ng/mL, Tmax 3.13 ± 2.99 days and T1/2 6.40 ± 2.95 days.
No treatment-related health problems or adverse drug events were observed in any study.

Conclusion: These studies demonstrated 0.5% w/v EPN administered topically at 1 mg/kg body weight to be
highly efficacious against a broad range of ovine gastrointestinal nematodes and D. filaria lungworms and well
tolerated by sheep of different ages, breeds, gender and physiological status.
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Background
Because of their ubiquitous occurrence, nematode endo-
parasites are a major concern to sheep farmers and are
an important drain of resources worldwide. Nematode
parasitism negatively impacts the production (meat, milk,
wool) and reproduction of sheep and has the capability to
seriously compromise the health and welfare of the ani-
mals. Even subclinical nematode infections cause losses of
productivity as demonstrated repeatedly by treatment-
induced improved performance e. g., [1–10]. Therefore, a
prerequisite for economically sustainable sheep farming
and efficient production is the effective control of ovine
nematode parasites [8, 11].
Eprinomectin is a macrocyclic lactone registered as a

broad spectrum endectocide as a 0.5% w/v topical for-
mulation (EPRINEX® Pour-on, Merial) for use in cattle.
In this formulation, eprinomectin dosed at 0.5 mg per
kg body weight is characterized by a broad safety margin
and a zero milk withholding in dairy cows due to a low
milk partitioning coefficient, an exceptional pharmacoki-
netic property within the macrocyclic lactone class of
anthelmintics [12, 13]. The excellent endoparasiticidal
efficacy of eprinomectin in sheep has been known for
more than 20 years because experimentally infected
sheep dosed orally were used for screening avermectin/
milbemycin analogs in the effort to identify a candidate
compound allowing the use in all classes of cattle, in-
cluding lactating animals [12]. However, reports on the
topical treatment of sheep with eprinomectin have been
published only quite recently [14–20].
While there are drugs from all anthelmintic classes

available for effective treatment of ovine endoparasites,
most products are not authorized for use in lactating
dairy animals or require a period of withholding the milk
because of the levels of residues excreted with milk.
Products without disclaimer against use in lactating
dairy sheep are of particular importance for the com-
mercial sheep farming in the Mediterranean region
where about two thirds of the world’s sheep milk is
produced [21].
Based on studies determining the excretion of eprino-

mectin in the milk of lactating sheep (Merial, unpublished
data), 0.5% w/v eprinomectin (EPRINEX® Pour-on, Merial)
administered at 1 mL per kg body weight (equivalent to
1 mg eprinomectin per kg body weight) topically to lac-
tating sheep has been recently granted zero hours milk
withdrawal by the European Medicines Agency.
Here we present the results of a series of four studies

(two dose confirmation laboratory studies, one multicen-
ter field efficacy study and one pharmacokinetic study)
which were conducted between 2013 and 2015 in order
to support the market authorization in sheep of 0.5% w/v
topical formulation of eprinomectin (EPRINEX® Pour-on,
Merial) when administered at 1 mg per kg body weight.

Methods
This series of studies consisted of two dose confirmation
laboratory studies (Studies 1 and 2), one multicenter
field efficacy study (Study 3), and one pharmacokinetic
study (Study 4). The design of the Studies 1, 2 and 3 was
in accordance with the International Cooperation on
Harmonisation of Technical Requirements for Registra-
tion of Veterinary Medicinal Products (VICH) GL7,
“Efficacy of Anthelmintics: General Requirements” and
GL13, “Efficacy of Anthelmintics: Specific Recommenda-
tions for Ovine” [22] and the “World Association for the
Advancement of Veterinary Parasitology (W.A.A.V.P.)
second edition of guidelines for evaluating the efficacy of
anthelmintics in ruminants (bovine, ovine, caprine)”
[23]. The studies were conducted in compliance with
VICH GL9, entitled Good Clinical Practice and were
performed as blinded studies, i.e., all personnel involved
in collecting efficacy data and making health observa-
tions were masked as to the treatment assignment of
the animals.
Study 4 was conducted in accordance to Guidelines

for the Conduct of Pharmacokinetic Studies in Target
Animal Species, EMEA/CVMP/133/99-FINAL.

General study design
Studies 1, 2 and 3 were conducted as randomized block
design studies with blocks of two (Studies 1 and 2) or
four (Study 3) animals formed based on pre-treatment
body weight. Within blocks, animals were allocated at
random to treatment groups, Control (untreated) or to
be treated with 0.5% w/v eprinomectin (EPRINEX® Pour-
on, Merial) at 1 mL per 5 kg of body weight topically
(1 mg eprinomectin per kg body weight). As per VICH
GL 7, control (untreated) to 0.5% w/v eprinomectin
(treated) ratio was 1:1 in the dose confirmation studies
(Studies 1 and 2); however, the ration was 1:3 in the
multicenter field efficacy study (Study 3) in order to gain
further experience on the test product in a larger num-
ber of animals of different breeds, age, body weight, gen-
der and physiological status. All eight sheep enrolled in
Study 4 were treated with 0.5% w/v eprinomectin at
1 mL per 5 kg of body weight topically.
Pre-treatment body weight obtained with verified scales

on Day −5 (Study 3/Sites 3 and 4), or Day −1 (Studies 1, 2,
3/Sites 1 and 2, and Study 4) was used for allocation and
dose calculation, as appropriate. The calculated dose
was rounded up to the next 0.5 mL (Study 4) or 1.0 mL
(Studies 1, 2 and 3) increment, if it was not an exact
0.5 mL or 1.0 mL increment, respectively.
Treatment was administered once at Day 0 topically

along the back line, from the withers to the tail head
using appropriately sized syringes. For administration of
formulation, the fleece was parted, and the formulation
was administered directly onto the skin of the sheep.
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In each study, general health observations were carried
out daily. In addition, animals were observed hourly
for the first four hours after treatment for reactions to
treatment.

Study Animals: Studies 1, 2, 3 and 4
Sheep of different breeds, age, body weight, gender
and physiological status were included in the four
studies (Table 1). While the animals used in Study 3
were owned by private sheep farmers, sheep utilized in
Studies 1, 2 and 4 were bought from commercial
farms. None of the animals were treated with macro-
cyclic lactone products within six weeks of the start of
the study.
Sheep included in Studies 1, 2 and 4 were kept indoors

on straw, and following allocation to treatment groups,
animals were housed in individual pens to prevent them
from having physical contact with others. Animals were
offered a roughage-based diet for ad libitum consump-
tion. Sheep included at the four sites in the multicenter
field Study 3 (Sites 1 and 2, Germany; Sites 3 and 4,
Italy) were grazed on permanent pastures with the
study animals (treated and untreated sheep) grazing to-
gether with sheep not enrolled in the study (remaining
sheep at sites). Animals in all studies had continuous
access to water.
Animals in Study 1 were tested negative for patent

gastrointestinal and pulmonary nematode infections
prior to first inoculation with gastrointestinal nema-
todes and Dictyocaulus filaria lungworms. At com-
mencement of Studies 2 and 3, all sheep harbored
naturally acquired gastrointestinal nematode infections
as demonstrated through shedding strongylid (other
than Nematodirus) eggs prior to treatment; in addition,
Nematodirus eggs, Trichuris eggs, Moniezia eggs and/
or protostrongylid larvae were recovered from the
feces of various animals.

Fecal Examination: Studies 1, 2 and 3
In Study 1, rectal fecal samples were collected from all
animals and examined to confirm the absence of patent
gastrointestinal and pulmonary nematode infections
seven days prior to the initiation of experimental nema-
tode infections. In Studies 2 and 3, rectal fecal samples
were collected from all animals ten or five days prior to
treatment, respectively, and examined to confirm the
presence of natural infection of the animals with
gastrointestinal nematodes and/or lungworms. In order
to estimate the efficacy of the treatment in terms of the
reduction of fecal nematode egg counts in Study 3, in-
dividual fecal samples were collected in addition 14 days
after treatment and examined.
For fecal egg counting a modified McMaster method

with one egg counted representing 10 eggs per gram of
feces (EPG) was used with saturated sodium chloride
solution for floatation [24] in Studies 1, 2 and 3/Sites 1
and 2. Samples collected in Study 3/Sites 3 and 4 were
examined using the FLOTAC dual technique (sensitivity = 6
EPG) [25]. For lungworm larval recovery, 10-g (Studies 1,
2 and 3/Sites 1 and 2) or 5-g (Study 3/Sites 3 and 4) fecal
samples were subjected to the Baermann technique [24] to
establish lungworm larval counts per gram of feces.
When present, eggs were referred to as ‘strongylid’
(nematode genera including Bunostomum, Chabertia,
Cooperia, Haemonchus, Oesophagostomum, Teladorsagia,
and Trichostrongylus), Nematodirus (a strongylid which
was identified and counted independently), Strongy-
loides and/or Trichuris. Other findings in the fecal
examination (Moniezia eggs and protostrongylid lung-
worm larvae) were recorded.
In addition, fecal culture procedures were employed

for the identification of the larvae of strongylid nema-
todes developing from the eggs excreted by the sheep in
the multicenter field Study 3. Composite fecal cultures
were performed utilizing the fecal samples subjected to

Table 1 Description of study animals

Study Number of animals Breed Sex Age (range) Pre-treatment (Days −5 to −1)
body weight (kg), range)

1 20 Merino Male ~5–6 months 33.2–46.0

2 20 Merino Cross Femalea ~3–6 years 37.4–76.2

3, Site 1, Germany 1 48 Merino x Ile de France Female ~6 months 25.2–44.2

3, Site 2, Germany 2 52 Merino Femalea ~2–7 years 37.8–81.6

3, Site 3, Italy 1 48 Bagnolese (44),
Lacaune x Bagnolese (4)

Male (3),
female (45)b

~1–6 years 55.5–104.7

3, Site 4, Italy 2 48 Bagnolese (26), Lacaune (16),
Sarda x Bagnolese (5),
Lacaune x Bagnolese (1)

Femalec ~2–6 years 40.2–71.4

4 8 Merino Cross Femalea ~4.5 years 66.8–101.8
aDry, not pregnant
bDry, not pregnant (15); dry, pregnant (9); lactating, not pregnant (21)
cLactating, not pregnant
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lungworm larval recovery (fecal samples of all animals
combined prior to treatment; fecal samples of animals
combined by treatment group post-treatment) to deter-
mine composition by genera. For coproculture, samples
of fecal composites were mixed with vermiculite and
incubated for seven days after which the third-stage
larvae were harvested. Per culture, 100 larvae were
identified to genus using standard morphological iden-
tification keys [24, 26].

Inoculation of Sheep: Study 1
Sheep of Study 1 were inoculated with infective third-
stage larvae (L3) of gastrointestinal and pulmonary
nematode species by oral gavage. The inoculation
schedule was designed so that nematodes were ex-
pected to be adults on Day 0 (= day of treatment): Day
−56, Chabertia ovina, ~800 L3 per animal; Day −35, D.
filaria, ~500 L3 per animal and Oesophagostomum
venulosum, ~800 L3 per animal; Day −28, Teladorsagia
circumcincta(pinnata/trifurcata), ~8000 L3 per animal;
Day −25, Haemonchus contortus, ~2000 L3 per animal;
Day −23, Trichostrongylus axei, ~5000 L3 and Nemato-
dirus battus, ~2000 L3 per animal; Day −21, T. colubri-
formis and Cooperia curticei, ~5000 L3 per species and
animal. The parasites used were recent field isolates
from Germany as defined per VICH GL 7 [22]. The
number of larvae given was generally in accord with
the W.A.A.V.P. guidelines for testing of anthelmintics
in ruminants [23].

Parasite counts: Studies 1, 2 and 3
In Studies 1 and 2, all animals were humanely eutha-
nized and organs (the lungs, abomasum, small intestine
and large intestine including cecum) were collected for
parasite recovery and count 14 days after treatment ad-
ministration. In Study 3, two sentinel animals with the
same history as and thus representative of the study ani-
mals were randomly selected at each of the sites and
necropsied prior to treatment of the study animals for
parasite recovery and count.
Lungs were examined completely for lungworms by

lengthwise opening of all accessible air passages. The
contents of the abomasum, small and large intestines
were collected separately and diluted with water. Abo-
masum and small intestine were incubated (saline soak)
overnight to recover mucosal stages of the parasites for
identification and counting. To facilitate isolation and
counting of nematodes, organ contents and soaks were
screened over sieves of appropriate mesh sizes (aboma-
sum and small intestine contents: 150 μm; large intestine
content: 250 μm; abomasal soak: 40 μm) to remove the
debris. Gastrointestinal nematode counts were made on
10% aliquots (abomasum, abomasum soak and small in-
testine; Studies 1, 2 and 3), 20% aliquots (large intestine;

Study 1) or total content (large intestine; Studies 2 and
3); cestodes were collected directly from the small intes-
tines during processing and counted totally. Counts of
each nematode species for each animal were calculated
by multiplying the number of worms actually counted
from each organ by the aliquot factor and summing over
all organs.
Teladorsagia male nematodes were identified to

‘morphs’ (T. circumcincta, pinnata and trifurcata), based
on their distinct morphological characters. However, in
accepting the concept of polymorphism [27, 28], total
worm count was presented as ‘T. circumcincta(pinnata/
trifurcata)’ by adding male T. circumcincta(pinnata/
trifurcata) and female Teladorsagia spp. Female Tri-
chostrongylus spp. nematodes were assigned based on
location of recovery (i.e. abomasum or small intestine,
respectively) to T. axei (abomasum) or T. capricola, T.
colubriformis and T. vitrinus (small intestine). To esti-
mate total counts per species for T. capricola, T. colu-
briformis and T. vitrinus, female Trichostrongylus spp.
nematodes of the small intestine were proportioned ac-
cording to the counts of males.

Analysis of parasite and fecal egg counts: Studies 1, 2
and 3
For Studies 1 and 2, nematode counts by species and
stage, if applicable, were transformed to the natural loga-
rithm (ln) of (count +1) for calculation of geometric
means for each treatment group. Efficacy was deter-
mined by calculating the percent efficacy as 100×[(C-T)/C],
where C is the geometric mean nematode count among the
untreated controls and T is the geometric mean
among the animals treated with 0.5% w/v eprinomec-
tin. The log counts for each nematode species of the
treated group were compared to the log-counts of the
control group using an F-test adjusted for the alloca-
tion blocks used to randomize the animals to the
treatment groups. The mixed procedure in SAS ver-
sion 9.4 was used for the analysis, with the treatment
groups listed as a fixed effect, and the allocation
blocks listed as a random effect. All testing was two-
sided at the significance level α = 0.05.
For Study 3, fecal egg per gram (EPG) counts were

transformed to the natural logarithm of (count + 1) for
the calculation of geometric means by treatment group.
Efficacy was determined based on post-treatment fecal
egg counts by calculating the percent efficacy as
100×[(C-T)/C], where C is the geometric mean among
the untreated controls and T is the geometric mean
among the treated animals. The log-counts (EPG) of the
treated group were compared to the log-counts of the
untreated control group using analysis of variance for a
generalized randomized block design. The mixed pro-
cedure in SAS version 9.4 was used for the analysis, with
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the treatment groups, sites and treatment-by-site inter-
action term listed as fixed effects and blocks as random
effects. Exclusion criterion for individual analysis for
nematodes was based on a rate of <40% animals shed-
ding nematode eggs or lungworm larvae in the untreated
controls. All testing was two-sided at the significance
level α = 0.05.

Collection and analysis of plasma and pharmacokinetic
analysis: Study 4
In Study 4, whole blood of all sheep was collected from
the jugular vein into lithium heparinized tubes prior to
treatment (Day −1), and approximately 2, 4, 6, 8, 12, 24
and 36 h after treatment. Additional samples were col-
lected on Days 2, 3, 4, 5, 6, 10, 14, 17 and 21. Plasma
was separated by centrifugation and stored at ≤ − 20 °C
until assayed for eprinomectin (B1a component)
concentration.
All plasma samples collected were analyzed for epri-

nomectin B1a using a fully validated high-performance
liquid chromatography method with fluorescence de-
tection which was described previously [29]. The lower
limit of quantitation of the assays for eprinomectin was
established as 0.75 ng/mL, and the lower limit of detec-
tion of the assays as 0.50 ng/mL.
The analytical method performed well during sample

analyses. Individual quality control (QC) samples had
eprinomectin B1a recoveries in plasma from 89.0% to
110% for three QC levels: 1.0, 10 and 40 ng/mL; %rela-
tive standard deviation was 4.57 for 27 QC samples.
Pharmacokinetic analysis was performed using

WinNonlin® version 5.2.1 non-compartmental analysis
(Pharsight Corporation, Mountain View, CA, USA) for
each individual animal and parameters were then aver-
aged for the group. Eprinomectin plasma concentra-
tions below the limit of quantitation of the assay
method (<0.75 ng/mL) were not used in the pharmaco-
kinetic calculations. The maximum concentration
(Cmax) and time to maximum concentration (Tmax),
and last quantifiable concentration (Clast) and time to
last quantifiable concentration (Tlast) were determined
directly from the plasma concentration data. The first
order rate constant associated with the terminal log-
linear portion of the curve (kel) was estimated via lin-
ear regression of the log plasma concentration versus
time curve and the terminal plasma half-life was calcu-
lated using T1/2 = ln(2)/kel. The area under the plasma
concentration versus time curve (AUC) was deter-
mined using the linear trapezoidal rule for increasing
plasma concentrations and the logarithmic trapezoidal
rule for decreasing plasma concentrations (linear up/
log down) from Day 0 to the last time the drug plasma
concentration was above the lower limit of quantita-
tion, AUClast. AUCs were also extrapolated to infinity

using the formula: AUCinf = AUClast + Clast/kel. The
calculations were assessed by examining the extent of
extrapolation for the AUCinf values, so the AUC per-
centage extrapolated (AUC_%Extrap) was also deter-
mined. Group means and standard deviations were
calculated.

Results
No health problems or abnormal reactions to treatment
were observed throughout the studies. In addition, all
animals but one were reported to be healthy throughout
the studies. This animal of Study 4 presented signs of re-
spiratory disease at 18 and 19 days following treatment.
It was thus medicated as appropriate and recovered
within two days, and remained in the study until study
end (Day 21).

Studies 1 and 2 – nematode counts and efficacy
The nematode counts of 0.5% w/v eprinomectin-treated
animals and the untreated control animals and percent-
age efficacy are summarized in Table 2 for those para-
sites which were recovered from at least four control
animals in one of the two studies. For the sheep in-
cluded in Study 2, pre-treatment fecal strongylid egg
counts did not differ (p = 0.4725) between sheep allo-
cated to the untreated control group and sheep allo-
cated to the topical 0.5% w/v eprinomectin-treated
group (range, 120 to 3010 EPG vs. 170 to 3130 EPG,
respectively).
Considering Studies 1 and 2 collectively, sheep treated

with 0.5% w/v eprinomectin had significantly (p < 0.05)
fewer of the following nematodes than the untreated
control sheep with overall reduction of nematode counts
by >99%: adult D. filaria, H. contortus, T. circumcinc-
ta(pinnata/trifurcata), T. axei, T. colubriformis, Trichos-
trongylus vitrinus, C. curticei, N. battus, S. papillosus,
Ch. ovina and O. venulosum, and inhibited fourth-stage
Teladorsagia larvae (Table 2).
Nematode parasites which were recovered from no

more than three control animals per study and thus did
not allow for a meaningful analysis were inhibited
fourth-stage Haemonchus larvae (2/10 controls) in Study
1 and adult Trichostrongylus capricola (2/10 controls),
Capillaria musimon (2/10 controls and 2/10 treated),
Trichuris ovis (3/10 controls and 3/10 treated) and Tri-
churis skrjabini (3/10 controls and 1/10 treated) in Study
2. In addition, Moniezia cestodes were recovered from
two controls and two 0.5% w/v eprinomectin-treated
sheep in Study 2.

Multicenter Field Study 3 – parasite counts of sentinel
animals, fecal nematode egg counts and efficacy
All 196 sheep enrolled in the study at four sites were
naturally infected with gastrointestinal nematodes. By
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pre-treatment fecal examination, strongylid, Nemato-
dirus, Trichuris and protostrongylid nematode infec-
tions were demonstrated in 196, 37, 25 and 52 sheep,
respectively. In addition, pre-treatment fecal examin-
ation revealed Moniezia cestode eggs in 31 sheep.

Based on fecal examination, strongylid, Nematodirus
and Trichuris nematode infections were present at all
sites while evidence of protostrongylid lungworms and
Moniezia cestodes was present only at Sites 2, 3 and 4
or Site 1, respectively.

Table 2 Nematode counts and therapeutic efficacy against pulmonary and gastrointestinal nematodes of topical 0.5% w/v
eprinomectin (EPRINEX® Pour-on, Merial) administered once at 1 mg/kg body weight to experimentally infected sheep (Study 1)
or sheep with naturally acquired nematode infections (Study 2)

Study Nematode counts Probabilityc Efficacy
(%)dControl (untreated) EPRINEX® Pour-on

NI/NGa GMb (Range) NI/NG GM (Range)

Dictyocaulus filaria, adult

1 10/10 30.1 (8–115) 0/10 0 <0.0001 100

Chabertia ovina, adult

1 10/10 19.5 (5–70) 0/10 0 <0.0001 100

2 9/10 5.7 (0–38) 0/10 0 <0.0001 100

Cooperia curticei, adult

1 10/10 99.4 (10–260) 0/10 0 <0.0001 100

2 9/10 674.9 (0–6820) 0/10 0 <0.0001 100

Haemonchus contortus, adult

1 10/10 992.5 (450–1610) 0/10 0 <0.0001 100

2 9/10 477.2 (0–11,030) 0/10 0 <0.0001 100

Nematodirus battus, adult

1 10/10 148.8 (10–450) 0/10 0 <0.0001 100

2 3/10 2.8 (0–130) 0/10 0 0.0465 100

Oesophagostomum venulosum, adult

2 10/10 103.1 (3–893) 0/10 0 <0.0001 100

Strongyloides papillosus, adulte

1 10/10 151.4 (30–700) 0/10 0 <0.0001 100

Teladorsagia circumcincta(pinnata/trifurcata), adult

1 10/10 1700.6 (950–3770) 0/10 0.0 <0.0001 100

2 10/10 6826.2 (1040–23,430) 3/10 1.7 (0–40) <0.0001 >99.9

Teladorsagia, inhibited fourth-stage larvae

1 3/10 1.0 (0–10) 0/10 0 0.0465 100

2 5/10 6.2 (0–240) 0/10 0 0.0214 100

Trichostrongylus axei, adult

1 10/10 1169.3 (180–2430) 0/10 0 <0.0001 100

2 8/10 99.7 (0–1280) 0/10 0 0.0003 100

Trichostrongylus colubriformis, adult

1 10/10 1032.3 (560–1400) 0/10 0 <0.0001 100

2 9/10 424.0 (0–13,947) 0/10 0 <0.0001 100

Trichostrongylus vitrinus, adult

2 4/10 7.8 (0–146) 0/10 0 0.0155 100
aNI/NG: Number of sheep Infected/Number of sheep in Group
bGM = geometric mean, computed by subtracting 1 from the anti-logarithm of the mean of ln(count + 1)
cProbability using the F-Test
dEfficacy (%) = 100×[(GM Control – GM EPRINEX® Pour-on)/GM Control]
eNaturally acquired infection
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Necropsy of two sentinel animals per site revealed a
variety of gastrointestinal helminths (H. contortus, T.
circumcincta(pinnata/trifurcata), T. axei, T. capricola,
T. colubriformis, T. vitrinus, N. battus, N. filicollis, Ch.
ovina, O. venulosum, Tr. ovis, Tr. discolor and/or Mon-
iezia spp.) and/or Protostrongylus rufescens lungworms.
The sentinel animals’ parasite counts, which defined
the parasite composition of the study animals and rep-
resented the natural nematode contamination, indi-
cated the occurrence of at least 12 and 11, four and six
species of gastrointestinal nematodes at Sites 1, 2, 3
and 4, respectively (Table 3).
Only strongylid egg counts were included in the ana-

lysis (Table 4). Analysis of strongylid egg counts did not
reveal treatment-by-site interaction (pre-treatment,
p = 0.9263; post-treatment, p = 0.0621); thus combined
Sites 1 to 4 analysis of pre- and post-treatment strongy-
lid egg counts comparing untreated control animals
and topical 0.5% w/v eprinomectin-treated animals was
performed. Pre-treatment fecal strongylid egg counts
did not differ between the two groups (p = 0.2528).
After treatment, topical 0.5% w/v eprinomectin-treated
sheep had significantly (p < 0.0001) lower strongylid
egg counts than the untreated control group across all
sites. Reduction of strongylid egg counts was 98.6%
across all sites and ≥97% at each site (Table 4). Pre-
treatment coprocultures revealed larvae of the gastro-
intestinal nematode genera Haemonchus, Teladorsagia
and Trichostrongylus for all sites while Chabertia/Oeso-
phagostomum larvae were recovered from the coprocul-
tures of Sites 1, 2 and 4 only. Identification of the
larvae recovered from the post-treatment coprocultures

of both untreated control animals and topical 0.5% w/v
eprinomectin-treated animals at each study site indi-
cated no change in the spectrum of nematode genera
composition.
Nematodirus eggs, Trichuris eggs and protostrongylid

larvae were observed infrequently at fecal examinations
with overall less than 40% of the animals in the control
(untreated) group shedding eggs or larvae (Table 5) such
that no meaningful analysis was possible.

Study 4 – pharmacokinetics of eprinomectin
The absence of eprinomectin (B1a component) was
confirmed in the plasma samples of the animals prior
to treatment with topical 0.5% w/v eprinomectin.
The plasma concentration vs. time profile of eprino-
mectin following treatment is shown in Fig. 1, and
the pharmacokinetic parameters are summarized in
Table 6. Eprinomectin B1a was detected in the
plasma of all sheep at quantifiable levels four hours
after treatment and remained at quantifiable levels in
all animals until Day 10 when the average concentra-
tion was 2.84 ± 1.48 ng/mL. The highest mean
plasma eprinomectin (B1a component) level
(5.46 ± 2.04 ng/mL) was observed 36 h post treat-
ment followed by a continuous decline until Day 21
when three animals had quantifiable levels (0.804–
1.03 ng/mL). Greater than 20% extrapolation
(AUC_%Extrap) of the total AUC in four sheep indi-
cates that the elimination phase was not adequately
defined in these animals. Based on the four animals in
which the elimination phase was adequately defined,
AUCinf was 69.8 ± 13.7 day*ng/mL.

Table 3 Parasite counts of sentinel animals at Sites 1 to 4 of Study 3

Parasite species/stage Parasite count

Site 1, Germany 1 Site 2, Germany 2 Site 3, Italy 1 Site 4, Italy 2

Animal 1 Animal 2 Animal 1 Animal 2 Animal 1 Animal 2 Animal 1 Animal 2

Haemonchus contortus, adult 60 40 20 1030 2890 760 160 20

Teladorsagia circumcincta(pinnata/trifurcata), adult 4860 3360 1660 8370 380 140 2460 70

Trichostrongylus axei, adult 40 150 350 1360 30 20 150 20

Trichostrongylus capricola, adult 25 0 0 107 0 0 120 60

Trichostrongylus colubriformis, adult 172 68 1193 4169 0 0 0 0

Trichostrongylus vitrinus, adult 123 23 47 214 50 40 20 720

Nematodirus battus, adult 270 290 0 10 0 0 0 0

Nematodirus filicollis, adult 100 290 0 20 0 0 0 0

Moniezia spp. 2 18 0 0 0 0 0 0

Chabertia ovina, adult 19 18 54 21 0 0 63 74

Oesophagostomum venulosum, adult 4 22 25 166 0 0 0 0

Trichuris ovis, adult 5 2 2 2 0 0 0 0

Trichuris discolor, adult 0 5 0 0 0 0 0 0

Protostrongylus rufescens, adult 0 0 0 229 0 0 0 0
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Discussion
The primary objective of the studies was to confirm the
efficacy of the 0.5% w/v eprinomectin formulation
(EPRINEX® Pour-on, Merial) against gastrointestinal and
pulmonary nematode endoparasites in sheep when ad-
ministered at 1 mg eprinomectin per kg body weight.
Based on parasite burdens recovered from the sheep
with induced and naturally acquired nematode infections
and the reduction of fecal egg counts in the multicenter
field study including the parasite counts of sentinel
animals from all sites, results of this series of studies
demonstrated consistently a very high efficacy against
the major production-limiting gastrointestinal nematode
parasites affecting sheep in temperate climates, i. e. H.
contortus, T. circumcincta(pinnata/trifurcata), T. axei, T.
colubriformis, T. vitrinus, C. curticei, N. battus, Ch. ovina
and O. venulosum [8, 11], and D. filaria lungworms.
These species of nematodes are representative of the
spectrum of nematode parasites infecting sheep
throughout Europe and are found to a greater or lesser
extent in sheep in southern Europe, e. g. Spain, Italy

and Greece [15, 30–32], and central and northern Europe,
e. g. Austria, Czech Republic, Germany, the UK and
Norway [33–38]. Parasitism of naturally infected sheep
determined in the context of the studies reported here
demonstrates that gastrointestinal nematode infections re-
main an important constraint to sheep in Europe such
that appropriate control measures including anthelmintic
use are needed to ensure appropriate levels of productivity
as well as animal welfare [10, 11]. As shown with respect
to dairy cattle, the availability of a broad spectrum anthel-
mintic for use in sheep (and goats) with a zero hours milk
withholding period offers an unique advantage for the
treatment of lactating animals which have been demon-
strated to benefit substantially from efficacious nematode
control [2, 4–7].
The results of the dose confirmation laboratory studies

and the multicenter field study indicate some variability
in efficacy in that, compared to untreated animals, sheep
treated with topical 0.5% w/v eprinomectin demon-
strated >99% efficacy with respect to nematode count re-
ductions while efficacy in terms of reduction of fecal egg

Table 4 Geometric mean fecal strongylid egg counts and percentage efficacy of topical 0.5% w/v eprinomectin (EPRINEX® Pour-on,
Merial) administered once at 1 mg/kg body weight to naturally infected sheep under field conditions (Study 3)

Site(s) Occasion GMa (Range) strongylid eggs per gram counts Efficacy (%)b

Control (untreated) EPRINEX® Pour-on

Site 1, Germany 1 Pre-Treatmentc 437.7 (60–2150) 454.5 (70–1790) NCd

Post-Treatmente 276.2 (10–1490) 8.4 (0–120) 97.0

Site 2, Germany 2 Pre-Treatment 290.9 (90 – 3920) 416.0 (100–6480) NC

Post-Treatment 322.0 (90–3740) 5.7 (0–180) 98.2

Site 3, Italy 1 Pre-Treatment 1042.7 (108–4590) 1219.0 (126–12,456) NC

Post-Treatment 601.1 (162–6594) 12.1 (0–126) 98.0

Site 4, Italy 2 Pre-Treatment 633.0 (144–2064) 807.3 (480–4668) NC

Post-Treatment 519.9 (144–1200) 1.5 (0–36) 99.7

Sites 1 to 4 combined Pre-Treatment 531.8 (60–4590) 650.8f (70–6480) NC

Post-Treatment 406.4 (10–6594) 5.8g (0–180) 98.6
aGM = geometric mean, computed by subtracting 1 from the anti-logarithm of the mean of ln(count + 1)
bEfficacy (%) = 100×[(GM Control – GM EPRINEX® Pour-on)/GM Control]
cPre-treatment fecal examination, Day −5
dNC = Not calculated
ePost-treatment fecal examination, Day 14
fControl vs. EPRINEX® Pour-on, p = 0.2528
gControl vs. EPRINEX® Pour-on, p < 0.0001

Table 5 Fecal stages of intestinal and pulmonary nematodes in the naturally infected sheep of multicenter field Study 3 (Sites 1
to 4 combined) that were not analyzed because rate of detection was less than 40% in control (untreated) animals (Nematodirus,
Trichuris, protostrongylid) and of Moniezia cestodes

Treatment group Number of positive sheep/number of sheep in group

Nematodirus eggs Trichuris eggs Protostrongylid larvae Moniezia eggs

PreTa PostTb PreT PostT PreT PostT PreT PostT

Control (untreated) 11/49 8/49 4/49 8/49 12/49 14/49 6/49 4/49

EPRINEX® Pour-on 26/147 3/147 21/147 0/147 40/147 7/147 25/147 6/147
aPreT = pre-treatment fecal examination, Day −5
bPostT = post treatment fecal examination, Day 14
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counts varied from 97% to >99% at the field study sites.
Considering that fecal cultures suggested no change in
the spectrum of nematode population composition fol-
lowing treatment at the field study sites, this finding
may, at least partly, reflect variability in the sensitivity of
the respective nematode populations.
The high efficacy against all major gastrointestinal and

pulmonary nematodes of sheep demonstrated in the
present studies adds considerable knowledge regarding
the spectrum of nematocidal activity of topical 0.5% w/v
eprinomectin compared to observations reported previ-
ously which yielded three nematode species from one
necropsy study [16] and gastrointestinal nematode egg
and lungworm larval count reductions from field efficacy
evaluations [15, 17, 20]. In addition, there is also

indication of efficacy of topical 0.5% w/v eprinomectin
against Oestrus ovis nasal bot infestation [16, 17]. Over-
all, the therapeutic efficacy demonstrated in the present
studies in sheep was very similar to the array of nema-
tode parasites effectively treated by the administration of
topical 0.5% w/v eprinomectin at 1 mg per kg body
weight to goats [39, 40].
Any anthelmintic use raises concerns in terms of selec-

tion of resistant parasite populations. Recently published
systematic reviews of peer-reviewed literature concluded
that anthelmintic resistance in gastrointestinal nematodes
of sheep is generally widespread in Europe but prevalence
varies importantly by region and class of anthelmintic
[41] and that high frequency of treatments is the major
risk factor associated with anthelmintic resistance in

Fig. 1 Plasma profile of eprinomectin B1a in sheep following topical administration of 0.5% w/v eprinomectin (EPRINEX® Pour-on, Merial) at 1 mg
eprinomectin per kg body weight (Study 4). Each point represents the mean of plasma concentrations of eight sheep. Error bars indicate
standard deviations

Table 6 Basic pharmacokinetic parameters describing the disposition of eprinomectin (B1a component) in plasma of sheep after
administration of topical 0.5% w/v eprinomectin (EPRINEX® Pour-on, Merial), current Study 4 and data from other authors

Source Topical eprinomectin
(mg/kg body weight)

Cmax (ng/mL) Tmax (day) T1/2 (days) AUClast
(day*ng/mL)

Current Study 4 1.0 (n = 8a) 6.20 (± 1.71) 3.13 (± 2.99) 6.40 (± 2.95) 48.8 (± 19.2)

[19] 0.5 (n = 6b) 2.22 (± 0.88) 1.2 (± 0.4) 5.4 (± 0.7) 13.6 (± 4.8)

1.0 (n = 6c) 5.25 (± 2.7) 1.5 (± 0.5) 12.2 (± 5.8) 33.7 (± 22.5)

[16] 0.5 (n = 6d) NRe NR NR 56.0 (± 26.2)

[18] 0.5 (n = 6f) 2.28 (± 0.41) 3.17 (± 0.40) 2.20 (± 0.34) 16.2 (± 3.69)

0.5 (n = 6g) 2.30 (± 0.60) 3.00 (± 0.45) 1.85 (± 0.13) 15.5 (± 3.67)
aFemale dry adult Merino Cross sheep, sampled up to 21 days post dose
bFemale lactating adult Istrian Parmenka sheep, sampled up to 32 days post dose
cFemale lactating adult Istrian Parmenka sheep, sampled up to 42 days post dose
dFive month old sheep, sampled up to 21 days post dose
eNot reported
fFemale lactating (early-mid lactation) adult Pampina Cross sheep, sampled up to 35 days post dose
gFemale lactating (mid-late lactation) adult Pampina Cross sheep, sampled up to 35 days post dose
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sheep [42]. Therefore, monitoring the efficacy of treat-
ments, appropriate grazing management, and exclusion
of part of the nematode population from the exposure
to the treatment (creation and/or maintaining of refugia)
may be ways to reduce the selective advantage for resistant
specimens. Overall, sustainable control requires respon-
sible use of correctly administered anthelmintics providing
a balance between maintaining acceptable levels of prod-
uctivity and animal welfare and the inevitable evolution of
anthelmintic resistance because the risk of losses from
parasite infection may increase with further intensification
of pastoral production systems [11, 42–44].
Regarding induced infection Study 1, inoculation pro-

duced adequate levels of infections as recommended by
VICH GLs 7 and 13 [22] for all nematodes but O. venulo-
sum which was not recovered from any animal. This
finding is probably related to an antagonistic interaction
between Ch. ovina and O. venulosum which is dominated
by Ch. ovina. Both species of large intestinal nematodes
under natural infection conditions frequently occur in co-
infections [33, 34, 36, 45; this Study 2]. However, infection
with Ch. ovina stimulates an immune response in the host
and suppression of O. venulosum, when inoculated subse-
quently to challenge with Ch. ovina, has been observed
previously in experimental studies [46, 47]. In addition to
the nematodes inoculated, all untreated control animals
harboured Strongyloides papillosus nematodes. As fecal
samples of the lambs were negative for Strongyloides eggs
before initiation of experimental infections, this inad-
vertent infection originated likely either from pre-
patent infections present in at least some lambs at the
time of the pre-inoculation fecal examination or lambs
harbored very low level patent infections resulting in
egg excretion below the detection limit of the McMas-
ter method used for examination of the feces. Strongy-
loides papillosus is transmitted through the bedding
(eggs can hatch in the bedding and third-stage larvae
infect sheep by skin penetration) [48] such that infec-
tion may have spread among the study animals during the
seven week indoor-housing period prior to treatment.
Plasma concentrations and basic pharmacokinetic pa-

rameters were comparable to those previously reported
following the administration of topical 0.5% w/v eprino-
mectin at 1 mg per kg body weight to sheep [19].
Although some variability can be seen possibly due to
different animal physiology (e.g., lactating vs. non-
lactating) or breed, considering data of adult female
sheep treated with topical 0.5% w/v eprinomectin at
0.5 mg per kg body weight [18, 19] indicates dose pro-
portionality. However, one study indicated an excep-
tional high AUClast of 56.0 ± 26.2 day*ng/mL following
topical administration of 0.5% w/v eprinomectin at
0.5 mg/kg body weight to five months old lambs weighing
20 to 25 kg [16]. Results of this study are difficult to

interpret as only limited information on the pharmacoki-
netic profile and characteristics of study animals was re-
ported. Compared to goats [cf. 40], Tmax appears to occur
later in sheep, indicating slower absorption possibly due
to the difference of the structure of the skin/hair coat
characteristics between the two species. Overall, similar
pharmacokinetic profiles were demonstrated for topical
0.5% w/v eprinomectin in sheep and goats which translate
to a similar spectrum of anthelmintic activity in sheep
(these Studies 1, 2 and 3) and goats [39, 40, 49].

Conclusion
This series of studies demonstrated eprinomectin ad-
ministered topically at 1 mg/kg body weight onto the
skin of sheep to be highly efficacious against a broad
range of ovine gastrointestinal nematodes and D. filaria
lungworms and to be well tolerated by sheep of different
ages, breeds, gender and physiological status.

Acknowledgements
Not applicable.

Funding
All studies reported herein were funded by Merial Inc., GA, USA. The funding
company provided the conceptual aspect and design of the study and
reviewed the final version of the manuscript.

Availability of data and materials
All relevant data and materials are available in the main manuscript. The
datasets generated and/or analysed during the current studies are not
publicly available due to Merial policy but are available from the corresponding
author on reasonable request.

Authors’contributions
DH participated in the design of the study, performed treatments in studies
1, 2, and 4, monitored field studies and drafted the paper. KK, SM, RR, MV
and HW contributed in preparing the inoculum, blood sampling, nematode
counts, data management and statistical analysis. AB, LR, GC and KHK
collaborated in the multicenter field studies and collaborated in the
manuscript preparation. MK, JF and TW analyzed plasma samples
and performed PK analysis. BF and SR contributed to the design and
supervision of the studies and helped drafting the manuscript. All the
authors read and approved the final manuscript.

Competing interests
All work reported herein was funded by Merial, Inc., GA, USA. All authors are
currently employees (DH, MK, JF, HW, KK, SM, RR, MV, TW, BF, SR) of Merial or
were contractors (AB, LR, GC, KHK).
EPRINEX® Pour-on is a registered trademark of Merial. All other marks are
the property of their respective owners. This document is provided for
scientific purposes only. Any reference to a brand or trademark herein is for
informational purposes only and is not intended for a commercial purpose
or to dilute the rights of the respective owner(s) of the brand(s) or
trademark(s).

Consent for publication
Not applicable.

Ethics approval and consent to participate
All animal procedures were approved by the EU Merial Institutional Animal
Care and Use Committee and the relevant local authorities for the studies
conducted in Germany (Regierung von Oberbayern, Munich) and Italy
(Ministero della Salute, Rome), respectively. A written informed consent
was obtained from all animal owners prior to inclusion of animals. Studies
were performed according to GCP and GLP standards, were applicable,
using standardized procedures and statistical models.

Hamel et al. BMC Veterinary Research  (2017) 13:148 Page 10 of 12



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Merial GmbH, Kathrinenhof Research Center, Walchenseestr. 8-12, 83101
Rohrdorf, Germany. 2Department of Veterinary Medicine and Animal
Production, University of Naples Federico II, Via della Veterinaria, 1, 80137
Naples, Italy. 3Tierarztpraxis Hoffmann, Untere Schulstraße 8, 38875
Elbingerode, Germany. 4Merial, Inc., North Brunswick Research Center, 631
Route 1 South, North Brunswick, NJ 08902, USA. 5Merial, Inc., 3239 Satellite
Blvd., Duluth, GA 30096-4640, USA.

Received: 9 February 2017 Accepted: 23 May 2017

References
1. Rehbein S, Corba J, Pitt SR, Várady M, Langholff WK. Evaluation of the

anthelmintic efficacy of an ivermectin controlled-release capsule in
lambs under field conditions in Europe. Small Ruminant Res. 1999;33:
123–9.

2. Fthenakis GC, Papadopoulos E, Himonas C. Effects of three anthelmintic
regimes on milk yield of ewes and growth of lambs. J Vet Med A.
2005;52:78–82.

3. Fthenakis GC, Mavrogianni VS, Gallidis E, Papadopoulos E. Interactions
between parasitic infections and reproductive efficiency in sheep. Vet
Parasitol. 2015;208:56–66.

4. Cringoli G, Veneziano V, Pennacchio S, Mezzino L, Santaniello M, Schioppi
M, Fedele V, Rinaldi L. Economic efficacy of anthelmintic treatments in dairy
sheep naturally infected by gastrointestinal strongyles. Parassitologia. 2007;
49:201–9.

5. Cringoli G, Veneziano V, Jackson F, Vercruysse J, Greer AW, Fedele V,
Mezzino L, Rinaldi L.. Effects of strategic anthelmintic treatments on the milk
production of dairy sheep naturally infected with gastrointestinal
strongyles. Vet Parasitol. 2008;156:340–5.

6. Cringoli G, Rinaldi L, Veneziano V, Mezzino L, Vercruysse J, Jackson F.
Evaluation of targeted selective treatments in sheep in Italy: effects on
faecal worm egg count and milk production in four case studies. Vet
Parasitol. 2009;164:36–43.

7. Sechi S, Giobbe M, Sanna G, Casu S, Carta A, Scala A. Effects of
anthelmintic treatment on milk production in Sarda dairy ewes
naturally infected by gastrointestinal nematodes. Small Ruminant Res.
2010;88:145–50.

8. Sutherland I, Scott I. Gastrointestinal Nematodes of Sheep and Cattle.
Biology and Control. Wiley-Blackwell, Chichester, West Sussex, UK. 2001.

9. Geurden T, Slootmans N, Glover M, Bartram DJ. Production benefit of
treatment with a dual active oral formulation of derquantel-abamectin in
slaughter lambs. Vet Parasitol. 2014;205:405–7.

10. Mavrot F, Hertzberg H, Torgerson P. Effect of gastro-intestinal nematode
infection on sheep performance: a systematic review and meta-analysis.
Parasites Vectors. 2015;8:557.

11. Sargison ND. Pharmaceutical control of endoparasitic helminth infections
in sheep. Vet Clin Food Anim. 2011;27:139–56.

12. Shoop WL, DeMontigny P, Fink DW, Williams JB, Egerton JR, Mrozik H, Fisher
MH, Skelly BJ, Turner MJ.. Efficacy in sheep and pharmacokinetics in cattle
that led to the selection of eprinomectin as a topical endectocide for cattle.
Int J Parasitol. 1996;26:1227–35.

13. Shoop W, Soll M. Ivermectin, abamectin and eprinomectin. In: Vercruysse J,
Rew R. (Eds), Macrocyclic Lactones in Antiparasitic Therapy, CABI Publishing,
Oxon, UK. 2002;pp. 1–29.

14. Panitz E, Godfrey RW, Dodson RE. Resistance to ivermectin and the effect
of topical eprinomectin on faecal egg counts in St Croix white hair sheep.
Vet Res Comm. 2002;26:443–6.

15. Cringoli G, Rinaldi L, Veneziano V, Capelli G. Efficacy of eprinomectin pour-
on against gastrointestinal nematode infections in sheep. Vet Parasitol.
2003;112:203–9.

16. Hoste H, Lespine A, Lemercier P, Alvinerie M, Jacquiet P, Dorchies P. Efficacy
of eprinomectin pour-on against gastrointestinal nematodes and the nasal
bot fly (Oestrus ovis) in sheep. Vet Rec. 2004;154:782–5.

17. Habela M, Moreno A, Gragera-Slikker A, Gomez JM, Montes G, Rodriguez P,
Alvinerie M. Efficacy of eprinomectin pour-on in naturally Oestrus ovis

infested Merino sheep in Extremadura. South-West Spain Parasitol Res. 2006;
99:275–80.

18. Imperiale F, Pis A, Sallovitz J, Lifschitz A, Busetti M, Suárez V, Lanusse C. Pattern
of eprinomectin milk excretion in dairy sheep unaffected by lactation stage:
comparative residual profiles in dairy products. J Food Prot. 2006;69:2424–9.

19. Hodošček L, Grabnar I, Milčinski L, Süssinger A, Eržen NK, Zadnik T, Pogačnik
M, Cerkvenik-Flajs V. Linearity of eprinomectin pharmacokinetics in lactating
dairy sheep following pour-on administration: excretion in milk and
exposure of suckling lambs. Vet Parasitol. 2008;154:129–36.

20. Kırcalı Sevimli F, Kozan E, Doğan N. Efficacy of eprinomectin pour-on
treatment in sheep naturally infected with Dictyocaulus filaria and
Cystocaulus ocreatus. J Helminthol. 2001;85:472–5.

21. Pandya AJ, Ghodke KM. Goat and sheep milk products other than cheeses
and yoghurt. Small Ruminant Res. 2007;68:193–206.

22. Vercruysse J, Holdsworth P, Letonja T, Barth D, Conder G, Hamamoto K,
Okano K. International harmonisation of anthelmintic efficacy guidelines. Vet
Parasitol. 2001;96:171–93.

23. Wood IB, Amaral NK, Bairden K, Duncan JL, Kassai T, Malone JB Jr, Pankavich
JA, Reinecke RK, Slocombe O, Taylor SM, Vercruysse J. World Association for
the Advancement of Veterinary Parasitology (W.A.A.V.P.) second edition of
guidelines for evaluating the efficacy of anthelmintics in ruminants (bovine,
ovine, caprine). Vet Parasitol. 1995;58:181–213.

24. MAFF. Manual of Veterinary Parasitological Laboratory Techniques,
Reference Book 418. London: Her Majesty’s Stationery Office; 1986.

25. Cringoli G, Rinaldi L, Maurelli MP, Utzinger J. FLOTAC: new multivalent
techniques for qualitative and quantitative copromicroscopic diagnosis of
parasites in animals and humans. Nat Protoc. 2010;5:503–16.

26. Van Wyk JA, Cabaret J, Michael LM. Morphological identification of
nematode larvae of small ruminants and cattle simplified. Vet Parasitol.
2004;119:277–306.

27. Stevenson LA, Gasser RB, Chilton NB. The ITS-2 rDNA of Teladorsagia
circumcincta, T. trifurcata and T. davtiani (Nematoda: Trichostrongylidae)
indicates that these taxa are one species. Int J Parasitol. 1996;26:1123–6.

28. Leignel V, Cabaret J, Humbert JF. New molecular evidence that Teladorsagia
circumcincta (Nematoda: Trichostrongylidea) is a species complex. J Parasitol.
2002;88:135–40.

29. Rehbein S, Visser M, Kellermann M. Letendre L (2012) Reevaluation of
efficacy against nematode parasites and pharmacokinetics of topical
eprinomectin in cattle. Parasitol Res. 2012;111:1343–7.

30. Papadopoulos E, Arsenos G, Sotiraki S, Deligiannis C, Lainas T, Zygoyiannis D.
The epizootiology of gastrointestinal nematode parasite in Greek dairy breeds
of sheep and goats. Small Ruminant Res. 2003;47:193–202.

31. Torina A, Dara S, Marino AMF, Sparagano OAE, Vitale F, Reale S, Caracappa S.
Study on gastrointestinal nematodes of Sicilian sheep and goats. Ann N Y
Acad Sci. 2004;1026:187–94.

32. Uriarte J, Llorente MM, Valderrábano J. Seasonal changes of gastrointestinal
nematode burden in sheep under an intensive grazing system. Vet Parasitol.
2004;118:79–92.

33. Rehbein S, Kollmannsberger M, Visser M, Winter R. Untersuchungen zum
Helminthenbefall von Schlachtschafen in Oberbayern. 1. Artenspektrum,
Befallsextensität und Befallsintensität. Berl Münch Tierärztl Wochenschr.
1996;109:161–7.

34. Rehbein S, Visser M, Winter R. Ein Beitrag zur Kenntnis des
Endoparasitenbefalls der Schafe auf der Schwäbischen Alb. Dtsch Tierärztl
Wochenschr. 1998;105:419–24.

35. Rehbein S, Visser M, Winter R. Ein Beitrag zur Kenntnis des
Parasitenbefallsvon Bergschafen aus dem Oberpinzgau (Salzburg). Mitt Österr
Ges Tropenmed Parasitol. 1999;21:99–106.

36. Makovcová K, Langrová I, Vadljech J, Jankovská I, Lytvynets A, Borkovcová M.
Linear distribution of nematodes in the gastrointestinal tract of tracer lambs.
Parasitol Res. 2008;104:123–6.

37. Burgess CGS, Bartley Y, Redman E, Skuce PJ, Nath M, Whitelaw F, Tait A,
Gilleard JS, Jackson F. A survey of the trichostrongylid nematode species
present on UK sheep farms and associated anthelmintic control practices.
Vet Parasitol. 2012;189:299–307.

38. Domke AV, Chartier C, Gjerde B, Leine N, Vatn S, Stuen S. Prevalence of
gastrointestinal helminths, lungworms and liver fluke in sheep and goats
in Norway. Vet Parasitol. 2012;194:40–8.

39. Rehbein S, Kellermann M, Wehner TA. Pharmacokinetics and anthelmintic
efficacy of topical eprinomectin in goats prevented from grooming.
Parasitol Res. 2014;113:4039–44.

Hamel et al. BMC Veterinary Research  (2017) 13:148 Page 11 of 12



40. Hamel D, Visser M, Kellermann M, Kvaternick V, Rehbein S. Anthelmintic
efficacy and pharmacokinetics of pour-on eprinomectin (1 mg/kg body
weight) against gastrointestinal and pulmonary nematode infections in
goats. Small Ruminant Res. 2015;127:74–9.

41. Rose H, Rinaldi L, Bosco A, Mavrot F, de Waal T, Skuce P, Charlier J,
Torgerson PR, Hertzberg H, Hendrickx G, Vercruysse J, Morgan ER.
Widespread anthelmintic resistance in European farmed ruminants: a
systematic review. Vet Rec. 2015;176:546.

42. Falzon LC, O’neill TJ, Menzies PI, Peregrine AS. Jones Bitton A, vanLeeuwen
J, Mederos A. A systematic review and meta-analysis of factors associated
with anthelmintic resistance in sheep. Prev Vet Med. 2014;117:388–402.

43. Sargison N. Responsible use of anthelmintics for nematode control in sheep
and cattle. In Practice. 2011;33:318–27.

44. Rinaldi L, Morgan ER, Bosco A, Coles GC, Cringoli G. The maintenance of
anthelmintic efficacy in sheep in a Mediterranean climate. Vet Parasitol.
2014;203:139–43.

45. Rehbein S, Lindner T, Kollmannsberger M, Winter R, Visser M. Untersuchungen
zum Helminthenbefall von Schlachtschafen in Oberbayern. 3. Verteilung der
Siedlungsorte der Dickdarmnematoden beim Schaf. Berl Münch Tierärztl
Wschr. 1997;110:223–8.

46. Hörchner F. Versuche zur Immunisierung von Schafen gegen Chabertia
ovina und Untersuchungen über die Spezifität der Antigene dieser Wurmart.
Habilitation thesis, Faculty of Veterinary Medicine, Free University Berlin; 1967.

47. Hörchner F. Immunologische Untersuchungen an Chabertia ovina- bzw.
Oesophagostomum venulosum-befallenen Schafen. Zschr Parasitenk.
1968;31:6–7.

48. Bürger HJ. Parasitosen der Wiederkäuer. Helminthen. In: Eckert J, Kutzer E,
Rommel M, Bürger HJ, Körting W (Eds), Veterinärmedizinische Parasitologie,
Verlag Paul Parey, Berlin and Hamburg. 1992;pp. 174–323.

49. Cringoli G, Rinaldi L, Veneziano V, Capelli G, Rubino R. Effectiveness of
eprinomectin pour-on against gastrointestinal nematodes of naturally
infected goats. Small Ruminant Res. 2004;55:209–13.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Hamel et al. BMC Veterinary Research  (2017) 13:148 Page 12 of 12


	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	General study design
	Study Animals: Studies 1, 2, 3 and 4
	Fecal Examination: Studies 1, 2 and 3
	Inoculation of Sheep: Study 1
	Parasite counts: Studies 1, 2 and 3
	Analysis of parasite and fecal egg counts: Studies 1, 2 and 3
	Collection and analysis of plasma and pharmacokinetic analysis: Study 4

	Results
	Studies 1 and 2 – nematode counts and efficacy
	Multicenter Field Study 3 – parasite counts of sentinel animals, fecal nematode egg counts and efficacy
	Study 4 – pharmacokinetics of eprinomectin

	Discussion
	Conclusion
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

