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WELCOME
May 30, 2016

Dear Colleagues,
I am very proud to provide you with this compilation of peer-reviewed publications. Our
vision at MSD Animal Health is the “Science of Healthier Animals” and this compilation
is a remarkable demonstration of this vision. Although these papers give details on the
results of multiple ﬁeld and laboratory investigations, they still represent just a fraction of
the tremendous Research & Development eﬀort that took BRAVECTO™ (ﬂuralaner) from
our early discovery program to your veterinary practices. Please take the time to read
these papers and appreciate the combination of highly potent insecticidal and acaricidal
eﬃcacy, persistent parasite killing activity and strong safety proﬁle that BRAVECTO oﬀers
companion animal veterinarians.
In addition to the research results documented in this compilation, we continue to pursue
an aggressive Research & Development program to learn more about the potential roles for
ﬂuralaner treatment in control of ectoparasitic infestations and for reducing the threats of
ectoparasite transmitted infectious diseases. I am sure that you will ﬁnd the presentations
from MSD Animal Health at this symposium to be informative and enlightening. In addition,
we value your comments and ideas for helping to steer our ideas for future actions that will
contribute to successful ectoparasite control in companion animal practice.
BRAVECTO for dogs is just the ﬁrst step in a very intense R&D program that will deliver
innovative ectoparasite treatments for veterinarians around the world, with combinations
and indications for ﬂuralaner that will oﬀer value across multiple disciplines.
Bravo,
KJ Varma, BVSc, PhD
Senior Vice President, Research & Development
MSD Animal Health
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and the start of laying eggs [1]. Thus, it is necessary to
effectively kill all adult fleas within this time frame.
The active ingredient of Bravecto™, fluralaner, is a
member of the isoxazoline class, a novel class of antiparasitic drugs that inhibits γ-aminobutyric acid (GABA)and glutamate-gated chloride channels with significant
selectivity for insect neurons over mammalian neurons
[5,6]. Fluralaner formulated as a flavoured chewable tablet is commercially available for immediate and persistent killing of ticks and fleas on dogs over 12 weeks,
eliciting its primary action through feeding activity [7]. In
a field trial, a single dose of fluralaner provided 12 weeks
activity against fleas in dogs [8], and it was shown to be
safe and well tolerated [8,9].
The aim of the current studies was to determine a)
how fast fluralaner starts to kill fleas (within 0.5-4 hours
post-treatment) and b) the speed of flea kill within the
4–24 hours after infestation over the 12-week efficacy
duration of fluralaner.

Methods
Study set-up

Three blinded, randomized, negative controlled studies
were performed, one start to kill study in South Africa
and two speed of kill studies in Germany. The start to
kill study was conducted in accordance with Good Clinical Practice (VICH guideline GL9, Good Clinical Practice (EMA, 2000)), in compliance with the South African
National Standard “SANS 10386:2008: The care and use of
animals for scientific purposes” and ethical approval was
obtained by the ClinVet Animal Ethics Committee (CAEC)
before the study start. The 2 speed of kill studies were conducted in accordance with the OECD Principles of Good
Laboratory Practice (GLP) and the GLP Principles of the
German “Chemikaliengesetz” (Chemicals Act), in compliance with the German animal welfare regulations and ethical approval was obtained before the start of the study.
For each flea assessment time point in each of the
three studies, 6 treated dogs and 6 control dogs were included, thus in total 96 dogs (52 male and 44 female).
All dogs included were over 6 months of age, weighed
between 8.9 and 18.8 kg, and were mixed or pure bred
(Beagles). Each dog was in good health, had not been
treated with any parasite control product within 3 months
prior to a 7 day acclimatization period, and was uniquely
identified by a microchip number. In the start to kill study
and the speed of kill studies, laboratory bred flea strains,
both originating from Germany and collected from the
field less than 10 years prior to the studies, were used.
Within the acclimatization period, the flea susceptibility of each dog was confirmed by a flea infestation with
100 (± 4) fleas (start to kill) or 80 fleas (speed of kill),
followed by flea removal and count 24 (± 2) hours later.
All dogs included in the study harboured more than 50%
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of the number of originally infested fleas. Ranking of the
dogs was performed within gender (start to kill study) or
without gender separation (speed of kill studies) by descending flea counts and dogs were randomly allocated to
study groups using a computer generated randomization
list. In the start to kill study, dogs were housed individually. In the speed of kill studies, dogs were group-housed
within their corresponding study group during periods
without flea infestation. On days when dogs carried fleas,
all dogs were individually housed.
Treatment

One or 2 days before treatment, all dogs were infested
with either 100 (± 4) (start to kill study) or 80 (speed of
kill studies) unfed adult C. felis fleas. On the day of treatment (day 0), each dog received half of its daily food ratio approximately 20 minutes before treatment and the
balance directly after treatment. Dogs in the treatment
groups were treated orally with fluralaner chewable tablets (Bravecto™), based on the dog’s individual body
weight, to achieve a minimum dose of 25 mg fluralaner/
kg body weight. The chewable tablet was administered
by placement in the back of the oral cavity over the
tongue to initiate swallowing. Each treated dog was continuously observed for 1 hour after administration to
monitor for vomit or tablet/s spit out, which did not occur
in any of the 3 studies. Control group dogs remained untreated. General health observations were performed daily
throughout the complete study period in all 3 studies.
Flea infestations and assessments

In the start to kill study, all dogs were infested with 100
(± 4) fleas 1 day before treatment. Flea counts were performed with one pair of treatment plus control group at
either 0.5 (± 5 min), 1 (± 15 min), 2 (± 15 min), or 4 (±
15 min) hours after fluralaner treatment. In the two
speed of kill studies, dogs were infested with 80 fleas on
days −2, 28 (4 weeks), 56 (8 weeks) and 84 (12 weeks).
Flea counts were performed with one pair of treatment
plus control group at either 4 and 8 (± 0.75) hours in
one study or at 12 and 24 (± 1.5) hours in the other
study after fluralaner treatment (week 0) or each flea reinfestation (weeks 4, 8, and 12). Each dog was combed
to remove and count live adult fleas. Personnel conducting
comb counts were blinded with regard to study group.
Efficacy evaluation

The individual dog was the experimental unit in all statistical calculations. Data from each flea count time point were
analysed separately. Significant differences were assessed between the log-counts of adult live fleas in each treated group
at each assessment time point in comparison to the logcounts of the respective untreated control group. Study
groups were compared using a linear mixed model including
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Onset of activity of fluralaner (BRAVECTO™)
against Ctenocephalides felis on dogs
Janina Taenzler1*, Christina Wengenmayer1, Heike Williams1, Josephus Fourie2, Eva Zschiesche1, Rainer KA Roepke1
and Anja R Heckeroth1
Abstract
Background: Fluralaner (Bravecto™) is a novel systemic insecticide and acaricide that provides long persistent
antiparasitic activity following a single administration at the minimum dose of 25 mg/kg body weight.
Methods: Three negative controlled, randomized studies were conducted in dogs to evaluate the start to kill (1
study) and the speed of flea kill (2 studies) of fluralaner. All dogs were infested prior to treatment with unfed adult
C. felis fleas. Dogs in the treated groups were administered once orally with fluralaner at a minimum dose of
25 mg/kg body weight, while dogs in the control groups were not treated. Separate control and treatment groups
were paired at each time point of flea assessment. Flea counts were performed by combing dogs at either 0.5, 1, 2,
or 4 hours after fluralaner treatment to measure the start to kill. To evaluate the speed of flea kill over 12 weeks, flea
counts were performed by combing dogs at either 4, 8, 12, or 24 hours after fluralaner treatment and then at 4, 8,
12, or 24 hours after each flea re-infestations performed at 4, 8, and 12 weeks following treatment.
Results: In the start to kill study, the fluralaner activity against fleas started already at 1 hour post-treatment (8% numerical
efficacy). At 2 and 4 hours post-treatment, the flea reduction was significant with 36.7% and 88% efficacy, respectively.
In the speed of kill studies, the efficacy against fleas after fluralaner treatment was 80.5% at 4 hours and remained ≥ 99.4%
at 8, 12 and 24 hours. After flea re-infestations in weeks 4, 8 and 12, the efficacy at 4 hours was 96.8, 91.4, and 33.5%,
respectively. Efficacy at 8, 12 and 24 hours after flea re-infestations was 98.0-100% for the 12 weeks of the study.
Except for 4 hours after the 12-week flea re-infestation, flea reduction was significant for all time points after flea
re-infestation.
Conclusions: Single oral fluralaner administration rapidly eliminates existing flea infestations and provides
excellent protection against fleas over 12 weeks following treatment.
Keywords: Bravecto™, Chewable tablets, Fluralaner, Onset of activity, Start to kill, Speed of kill, Dog, Flea,
Ctenocephalides felis, Efficacy

Background
The cat flea, Ctenocephalides felis, is the main flea species infesting dogs and cats [1] and the most important
ectoparasite for dogs in many parts of the world [2]. A
persistent flea infestation without treatment can provoke
intense pruritus, self-inflicted trauma and even, in case
of massive infestation, anemia [2]. In some dogs, flea exposure leads to the more serious condition of flea allergy
dermatitis (FAD), a result of hypersensitivity to flea
* Correspondence: janina.taenzler@msd.de
1
MSD Animal Health Innovation GmbH, Zur Propstei, 55270 Schwabenheim,
Germany
Full list of author information is available at the end of the article

saliva components [1]. Once sensitization has occurred,
relapse of lesions can be initiated by just a small number
of flea bites. Clinical signs are usually transient, but
chronic skin changes might occur, like alopecia, crusts,
hyperpigmentation and lichenification, if the flea infestation is not eliminated [3]. Dogs are affected by the adult
fleas only. Other flea life-cycle stages contaminate their
environment, where flea development from egg via larvae and pupae to newly emerged adult fleas takes place.
Elimination of adult fleas before they start laying eggs is
essential for successful flea control [4]. Approximately
24 hours are needed between the flea’s first blood meal

© 2014 Taenzler et al.; licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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and the start of laying eggs [1]. Thus, it is necessary to
effectively kill all adult fleas within this time frame.
The active ingredient of Bravecto™, fluralaner, is a
member of the isoxazoline class, a novel class of antiparasitic drugs that inhibits γ-aminobutyric acid (GABA)and glutamate-gated chloride channels with significant
selectivity for insect neurons over mammalian neurons
[5,6]. Fluralaner formulated as a flavoured chewable tablet is commercially available for immediate and persistent killing of ticks and fleas on dogs over 12 weeks,
eliciting its primary action through feeding activity [7]. In
a field trial, a single dose of fluralaner provided 12 weeks
activity against fleas in dogs [8], and it was shown to be
safe and well tolerated [8,9].
The aim of the current studies was to determine a)
how fast fluralaner starts to kill fleas (within 0.5-4 hours
post-treatment) and b) the speed of flea kill within the
4–24 hours after infestation over the 12-week efficacy
duration of fluralaner.

Methods
Study set-up

Three blinded, randomized, negative controlled studies
were performed, one start to kill study in South Africa
and two speed of kill studies in Germany. The start to
kill study was conducted in accordance with Good Clinical Practice (VICH guideline GL9, Good Clinical Practice (EMA, 2000)), in compliance with the South African
National Standard “SANS 10386:2008: The care and use of
animals for scientific purposes” and ethical approval was
obtained by the ClinVet Animal Ethics Committee (CAEC)
before the study start. The 2 speed of kill studies were conducted in accordance with the OECD Principles of Good
Laboratory Practice (GLP) and the GLP Principles of the
German “Chemikaliengesetz” (Chemicals Act), in compliance with the German animal welfare regulations and ethical approval was obtained before the start of the study.
For each flea assessment time point in each of the
three studies, 6 treated dogs and 6 control dogs were included, thus in total 96 dogs (52 male and 44 female).
All dogs included were over 6 months of age, weighed
between 8.9 and 18.8 kg, and were mixed or pure bred
(Beagles). Each dog was in good health, had not been
treated with any parasite control product within 3 months
prior to a 7 day acclimatization period, and was uniquely
identified by a microchip number. In the start to kill study
and the speed of kill studies, laboratory bred flea strains,
both originating from Germany and collected from the
field less than 10 years prior to the studies, were used.
Within the acclimatization period, the flea susceptibility of each dog was confirmed by a flea infestation with
100 (± 4) fleas (start to kill) or 80 fleas (speed of kill),
followed by flea removal and count 24 (± 2) hours later.
All dogs included in the study harboured more than 50%
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of the number of originally infested fleas. Ranking of the
dogs was performed within gender (start to kill study) or
without gender separation (speed of kill studies) by descending flea counts and dogs were randomly allocated to
study groups using a computer generated randomization
list. In the start to kill study, dogs were housed individually. In the speed of kill studies, dogs were group-housed
within their corresponding study group during periods
without flea infestation. On days when dogs carried fleas,
all dogs were individually housed.
Treatment

One or 2 days before treatment, all dogs were infested
with either 100 (± 4) (start to kill study) or 80 (speed of
kill studies) unfed adult C. felis fleas. On the day of treatment (day 0), each dog received half of its daily food ratio approximately 20 minutes before treatment and the
balance directly after treatment. Dogs in the treatment
groups were treated orally with fluralaner chewable tablets (Bravecto™), based on the dog’s individual body
weight, to achieve a minimum dose of 25 mg fluralaner/
kg body weight. The chewable tablet was administered
by placement in the back of the oral cavity over the
tongue to initiate swallowing. Each treated dog was continuously observed for 1 hour after administration to
monitor for vomit or tablet/s spit out, which did not occur
in any of the 3 studies. Control group dogs remained untreated. General health observations were performed daily
throughout the complete study period in all 3 studies.
Flea infestations and assessments

In the start to kill study, all dogs were infested with 100
(± 4) fleas 1 day before treatment. Flea counts were performed with one pair of treatment plus control group at
either 0.5 (± 5 min), 1 (± 15 min), 2 (± 15 min), or 4 (±
15 min) hours after fluralaner treatment. In the two
speed of kill studies, dogs were infested with 80 fleas on
days −2, 28 (4 weeks), 56 (8 weeks) and 84 (12 weeks).
Flea counts were performed with one pair of treatment
plus control group at either 4 and 8 (± 0.75) hours in
one study or at 12 and 24 (± 1.5) hours in the other
study after fluralaner treatment (week 0) or each flea reinfestation (weeks 4, 8, and 12). Each dog was combed
to remove and count live adult fleas. Personnel conducting
comb counts were blinded with regard to study group.
Efficacy evaluation

The individual dog was the experimental unit in all statistical calculations. Data from each flea count time point were
analysed separately. Significant differences were assessed between the log-counts of adult live fleas in each treated group
at each assessment time point in comparison to the logcounts of the respective untreated control group. Study
groups were compared using a linear mixed model including
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Table 1 Start to kill study: mean flea counts, flea count range and percentage efficacy 0.5, 1, 2, and 4 hours after a
single oral administration of fluralaner to dogs
Time post treatment

0.5 hour

Study Group

Fluralaner

Control

Fluralaner

1 hour
Control

Fluralaner

2 hours
Control

Fluralaner

4 hours
Control

Meana flea counts (n)

78.71

73.96

78.14

84.89

48.70

76.97

7.38

61.57

Count range (n)

74-86

65-89

47-96

64-97

33-69

61-99

0-80

30-80

Efficacy (%)

0.0%

36.7% b

8.0%

88.0% b

a

Geometric mean.
Log-counts of live fleas from the treated group were significantly different (p ≤ 0.05) from log-counts of the respective untreated control group.

b

without any fleas and three dogs with ≤ 6 fleas were found
4 hours after treatment.
In the speed of kill studies (Table 2), the efficacy against
fleas after fluralaner treatment was 80.5% at 4 hours and
remained ≥ 99.4% at 8, 12 and 24 hours.
After flea re-infestations in weeks 4, 8 and 12 the efficacy at 4 hours was 96.8, 91.4, and 33.5%, respectively.
Efficacy at 8, 12 and 24 hours after flea re-infestations
was 98.0-100% for the 12 weeks of the study. Only a few
or no fleas were observed on the dogs at these time
points. Except for 4 hours after the 12-week flea reinfestation, flea reduction was significant for all time
points after treatment and re-infestation.

study group as a fixed effect and block as a random effect.
The two-sided level of significance was declared when
P ≤ 0.05 (SAS Institute Inc., Cary, NC, USA, release 9.2).
Efficacy was calculated using geometric means with
Abbott’s formula:
Efficacy (%) = 100 x (MC - MT)/MC, where MC was the
mean number of total adult live fleas on untreated dogs
and MT the mean number of total adult live fleas on
treated dogs. In case of zero counts, the geometric mean
(of fleas) was calculated as follows:
Xg ¼

n
Y
i¼1

!n1

ðxi þ 1Þ

−1

Discussion
Fluralaner (Bravecto™) is the first orally administered
ectoparasiticide to demonstrate an efficacy against fleas
over 12 weeks [7]. In the start to kill study, the results
show that orally administered fluralaner starts to kill present
fleas on the dog already 1 hour after treatment. At 4 hours
after treatment 88%, and at 8 hours after treatment 99.4% of
the fleas were killed. This pronounced efficacy at 8 hours

Results
No adverse event considered to be related to oral fluralaner treatment was observed in any dog.
In the start to kill study (Table 1), the fluralaner activity
against fleas had started already at 1 hour post treatment
(8% numerical efficacy). Significant flea reduction was observed at 2 and 4 hours (36.7% and 88% efficacy). One dog

Table 2 Speed of kill studies: mean flea counts, flea count range and percentage efficacy over 12 weeks after a single
oral administration of fluralaner to dogs
Assessment time pointsa

4 hours

Study Group

Fluralaner

Control

Fluralaner

Control

Fluralaner

Control

Fluralaner

Control

4.14

21.21

0.30

49.93

0.0

73.59

0.0

13.85

1-71

0-4

6-80

0

58-79

0

0-75

Week 0

Week 4

Week 8

Week 12

Meanb flea counts (n)

8 hours

12 hours

24 hours

Count range (n)

0-21

Efficacy (%)

80.5%c

Meanb flea counts (n)

2.38

74.78

0.0

77.79

0.0

73.53

0.0

Count range (n)

0-13

69-80

0

73-80

0

66-80

0

99.4%c

c

100%c

c

100%c

c

Efficacy (%)

96.8%

Meanb flea counts (n)

5.71

66.61

0.0

75.01

Count range (n)

0-43

60-77

0

62-80

Efficacy (%)

91.4%c

100%

61-75
c

100%

100%c

69.35

100%

0.12

69.56

0-1

59-80

99.8%c

0.0

71.48

0

65-79

100%c

Meanb flea counts (n)

45.91

69.02

1.49

74.24

1.02

76.44

0.0

73.25

Count range (n)

15-75

64-75

0-14

67-77

0-16

72-80

0

68-78

Efficacy (%)

33.5%

98.0%c

98.7%c

100%c

a

Assessment for fleas xy hours after treatment or re-infestation following treatment.
Geometric mean.
c
Log-counts of live fleas from the treated group were significantly different (p ≤ 0.05) from log-counts of the respective untreated control group.
b
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post treatment was maintained for the full 12-week post
treatment period. This result is consistent with the
close to 100% efficacy observed at multiple time points
in a European field trial [8]. In that field trial, in a
fipronil-treated group the efficacy was lower at all time
points and required repeated monthly treatment to
reach an efficacy comparable to the one of fluralaner
after one administration. The pronounced flea efficacy
of fluralaner at 8 hours for a period of at least 12weeks post treatment contributes to the control of the
flea population in the environment by the gradual
elimination of flea stages. Female fleas start to lay eggs
within 24–48 hours after the initiation of the blood
meal, which is necessary for egg production and maturation in fleas [10]. By killing all newly emerged adult
fleas before they start laying eggs over the extended
period of time of 12 weeks, the flea life cycle will be
disrupted, i.e. larvae, pupae and new adults will be
eradicated from the dog’s environment. The long lasting flea efficacy is strengthened by providing an additional effect on flea reproduction, because fluralaner
directly reduces the pupal development and hence emergence of new adult fleas [11]. Therefore, treatment with
fluralaner not only has an effect on the existing flea population on the dog, it also contributes to the disruption of the
flea life cycle and thus to the extinction of flea burden in an
infested environment. Due to the quick onset of activity of
fluralaner, fewer fleas are able to bite, which supports the
treatment of FAD [8], even to an extent that no further
concomitant medication is required [unpublished observations]. A common factor for insufficient ectoparasite control in dogs is poor owner compliance with required
monthly re-treatment protocols for existing ectoparasitetherapeutic options [12,13]. Poor owner compliance
may also encourage resistance in the flea population by
selecting for insecticide-tolerant individuals [13]. A long
re-treatment interval and greater owner compliance could
reduce the potential for resistance development. Therefore, an active ingredient with a long re-treatment interval,
such as fluralaner, leads to better flea control.

Conclusions
A single oral administration of fluralaner to dogs, formulated as chewable tablet (Bravecto™), leads to an onset of flea
killing activity starting at 1 hour and a flea efficacy 98-100%
at 8 hours after treatment or following re-infestation
throughout a 12-week post-treatment period. Fluralaner effectively kills fleas within a few hours after host
infestation, thus contributing to the disruption of the
flea life cycle, leading to a depletion of the environmental
flea population. This also supports the treatment of FAD.
The long re-treatment interval of fluralaner (Bravecto™)
offers more convenience over monthly flea-control treatments with a potential compliance advantage.
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Efficacy of fluralaner flavored chews (Bravecto®)
administered to dogs against the adult cat flea,
Ctenocephalides felis felis and egg production
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Abstract
Background: Fluralaner is a potent insecticide and acaricide with rapid and persistent efficacy. This study measured
the efficacy of fluralaner flavored chews (Bravecto®, Merck Animal Health) administered to dogs against adult
Ctenocephalides felis felis and egg production.
Methods: Twelve purpose-bred dogs were randomly allocated to two groups of six dogs each. Dogs in treatment
group 1 were administered a single fluralaner flavored chew to achieve a minimum dose of at least 25 mg/kg while
treatment group 2 served as untreated controls. On Days −2, 28, 56, 84, 91, 98, 105, 112, and 120 post-treatment, each
dog was infested with approximately 200 unfed cat fleas, C. felis felis (KS1 strain). Forty-eight hours after treatment and
48 h after each infestation, eggs were collected over a 3-h period, counted and viability determined. Dogs were
combed to remove any remaining fleas.
Results: Treatment of dogs with oral fluralaner provided a 100 % reduction in flea counts 48 h after treatment and within
48 h of every post-treatment infestation through Day122. Egg production from fluralaner treated dogs was reduced by
99.9 % (two eggs from one dog) within 48 h after treatment and not a single egg (100 % efficacy) was thereafter
collected from treated dogs. Adult flea counts and egg production from the fluralaner-treated dogs were significantly
lower than for non-treated controls at all post-treatment evaluations (P < 0.001). The two eggs collected from the single
treated dog 48 h after treatment did not produce any adult fleas. As no additional eggs were collected from treated dogs,
no viability assessment was performed.
Conclusions: A single oral dose of fluralaner flavored chews provided 100 % efficacy against repeated flea infestations
on dogs for 4 months. Fluralaner reduced egg production of activity reproducing female fleas by 99.9 % and then
killed every single female flea before any eggs could be produced following each subsequent re-infestation for the
entire 122-day evaluation period.
Keywords: Flea, Ctenocephalides felis felis, Cat flea, Dogs, Fluralaner, Egg production, Adulticide activity, Control

Background
The cat flea, Ctenocephalides felis felis, is well adapted
for infesting in-home environments due to its prolific
reproduction. A home can become seeded with overwhelming numbers of life stages over the course of a few
weeks. Within 24–48 h of initiating feeding on a mammalian host, mating occurs and egg production begins
with each female flea rapidly filling the environment
* Correspondence: lisa.math@merck.com
2
Merck Animal Health, 2 Giralda Farms, Madison, NJ 07940, USA
Full list of author information is available at the end of the article

with hundreds to potentially thousands of eggs during a
lifespan that can exceed 100 days [1, 2]. These eggs then
cycle through larvae and pupae stages before emerging
as adults to begin the process anew.
Flea control management was revolutionized with the
introduction of modern topical residual flea adulticide
products such as imidacloprid and fipronil in the mid1990s. Since then numerous additional products have
been developed for use in various topical and, more recently, oral formulations [3, 4]. These products succeed
in providing effective flea control in one of two ways; as
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adulticides that kill the female flea before she has an opportunity to lay eggs, and/or by negatively impacting the
viability of the eggs produced [5–7]. Successful flea control requires a residual adulticide product that persistently kills newly arriving adult fleas before egg laying
begins. Success can only be achieved if the residual adulticide product works for the full duration of its intended
use with 100 % efficacy, because any viable female fleas
surviving beyond 24 h can perpetuate the infestation
[5, 6]. If limited egg production occurs in spite of treatment, then it may still be possible to control flea
reproduction if the product also prevents egg development [5, 7, 8]. Under the ideal environmental conditions
often found in homes, a flea typically cycles through its life
stages over the course of 3 – 8 weeks, although this can occasionally extend to 90 days or rarely longer [5, 6, 9, 10].
Thus, to eradicate an infestation successfully, effective
control must be maintained for at least 12 weeks. This
duration will lead to clean up of juvenile flea life stages in
the environment, and usually requires successful diligent
administration of 2–3 or more doses of a monthly flea
control product [5, 6, 9, 10].
Even with the availability of modern flea control products, fleas continue to infest the homes of dog owners,
possibly because the owners do not correctly adhere to
treatment recommendations [11] or because the residual
speed of kill of the product in use tapers off at the end
of the month permitting successful flea reproduction
[12] and continued infestation. It has been reported that
on average dog owners only administer 5.2 months of
flea and tick preventive per year [13]. This lack of compliance and adherence puts dogs and owners at continuous risk of flea infested homes and places dogs at
greater risk of exposure to vector borne diseases.
Fluralaner is a novel drug in the isoxazoline class recently introduced in an oral formulation to companion
animal medicine for flea and tick protection in dogs
[14, 15]. It is rapidly absorbed and widely distributed
with a long half life of 12 – 15 days [16]. It appears there
is minimal if any metabolism as it is primarily excreted
unchanged in the feces [16]. Fluralaner’s safety profile
has been thoroughly evaluated, with no adverse events
noted in 8 week old puppies administered up to 5 times
(280 mg/kg) the maximum deliverable dose within the
dogs weight bracket (56 mg/kg) every 8 weeks until beyond the time when a steady state is achieved (2–3 administered doses) [17]. No adverse events were noted in
MDR 1 homozygous negative collies administered three
times the recommended dose [18]. Because of its safety
profile, fluralaner can be dosed at 25–56 mg/kg which
achieves a 12 week label duration of activity against fleas
and multiple species of ticks (for example, in the US,
Ixodes scapularis, the black-legged tick, Dermacentor
variabilis, the American dog tick, and Rhipicephalus
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sanguineus, the brown dog tick and 8 weeks against
Amblyomma americanum, the lone star tick [15, 19]).
The objective of this study was to evaluate the residual
efficacy of a single dose of fluralaner (Bravecto®, Merck
Animal Health) flavored chews administered to dogs
against adult Ctenocephalides felis felis, egg production
and the development of eggs to viable adults for
4 months.

Methods
Animals and housing

Sixteen purpose bred dogs (8 male:8 female) were studied.
Physical examinations were conducted by a licensed veterinarian prior to the initial flea infestation and dogs were
determined to be in good health and free of any preexisting dermal lesions. No drugs, baths, shampoos or
pesticides were administered to the dogs during the 6-day
pre-conditioning phase or the course of the study other
than what is described in the protocol. Dogs were fed a
commercial dry ration, water was available ad libitum and
dogs were housed in individual kennels. All animal care
procedures conformed to guidelines established by the
Institutional Animal Care and Use Committee at Kansas
State University (IACUC # 3463).
Animal selection and randomization

On Day −5, all dogs were infested with 100 adult cat
fleas, C. felis felis, (KS1 strain) 1 to 5 days post emergence. On Day −4, flea comb counts were performed to
evaluate the susceptibility of each dog to maintain experimental infestations and for random allocation of the
dogs to the treatment groups. Each dog was combed
with a fine-toothed flea comb having 12 to 13 teeth/cm.
Flea removal was achieved by combing each dog thoroughly for 10 min. If five or more fleas were recovered
during this period, the dog was combed for an additional
5 min. If any fleas were recovered during the second
combing period, the dog was combed for an additional
5 min, for a maximum of 20 min. The six females and
six males with the highest flea counts were retained for
the study.
Within each gender the six dogs were ranked in descending order by flea count. For each of the six dogs in
each gender group a random number generated by
EXCEL was assigned to each dog in rank order. Dogs
were grouped into replicates of two based on descending
flea counts. The two dogs within each of the replicates
were allocated to treatment groups (1 and 2). Each replicate contained one dog in each of the two treatment
groups. The highest random number in each block was
assigned to treatment group 1 and the other to treatment group 2. This was repeated for each block of dogs
in the study. Thus, at the end of the process, there were
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six dogs (three male:three female) in each treatment
group.
Infestations and treatment

Dogs in treatment group 1 were administered a single
fluralaner flavored chew (BRAVECTO®, Merck Animal
Health) to achieve a minimum dose of at least 25 mg/kg.
Dogs were fed one hour prior to treatment and an estimate was made of the amount of food consumed prior
to dosing. Dogs in treatment group 2 served as untreated controls. Dogs were observed following treatment for any adverse events associated the treatments.
Adulticide and egg production efficacy evaluations

On Days −2, 28, 56, 84, 91, 98, 105, 112, and 120 posttreatment, each dog was infested with approximately
200 unfed cat fleas, C. felis felis (KS1 strain). Then 48 h
after treatment and 48 h after each subsequent infestation, dogs were removed from their individual kennels
and placed into individual stainless steel metabolic cages
with expanded metal floors over solid collecting pans to
conduct egg collections. Dogs were housed in these
cages for 3 h and were then brushed to dislodge any
remaining flea eggs. After this, dogs were combed to remove any remaining fleas- as previously described- and
returned to their individual kennels.
Once dogs were removed from the cages all flea eggs
deposited in the stainless steel pans were collected,
counted and viability of eggs determined. Eggs from
each dog (up to 100) were placed in a glass Petri dish
containing growth media (sand, ground dog chow,
brewer’s yeast and dried blood) and held in a growth
rearing chamber (Model # I30BLLC8, Percival Manufacturing Co., Boone, IA; 27-28 ° C, 70-80 % relative
humidity, 24 h dark). Between 10 – 12 days after egg
collection, pupae (and any larvae that had not completed
cocoon formation) were sifted from the media and
placed into plastic vials with lids. Adult emergence was
determined by counting emerged adult fleas approximately 28 days after egg collection. Personnel conducting comb counts, egg counts, egg collections and
viability assessments were blinded to treatment groups.
Data analysis

Data at each time point were analyzed separately. The
adult flea and egg count data were transformed prior to
analysis using the Y = loge(× + 1) transformation. The log
transformed data were analyzed by a mixed linear model
including treatment as the fixed effect; and block as the
random effect. Least squares means were used for treatment comparisons and were back transformed to obtain
the estimates of geometric mean flea and egg counts. A
two-tailed test was used for the comparison between
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groups and significance was declared when p < 0.05. The
primary software was SAS version 9.3.
Percent control of adult fleas was calculated using
geometric means with Abbott’s formula:
Efficacy (%) = 100 × (MC - MT) / MC
Where: − MC is the geometric mean number of total
adult live fleas on untreated dogs
- MT is the geometric mean number of total adult live
fleas on treated dogs.
Efficacy was calculated using both geometric and arithmetic means; however, geometric means were considered
as the primary approach for effectiveness evaluation.
The control of egg production was also calculated
using Abbott’s formula.

Results
On study day 0, dogs were between 7 – 7.5 months of
age, with dogs in the negative control group and fluralaner treatment group weighing an average of 8.6 kg
(7.4-9.7 kg) and 8.2 kg (7.5-9.0 kg), respectively. All
treatment group 1 dogs were administered a 250 mg
chewable tablet of fluralaner producing a mean dosage
of 30.8 mg/kg (27.8-33.3 mg/kg). The fluralaner treated
dogs consumed on average approximately 1 cup (0.24 L)
of dry dog food in the hour prior to dosing, with two dogs
only consuming a half (0.5) a cup (0.12 L) and the largest
amount being 2.5 cups (0.6 L) of food by one dog.
All dogs included in the study demonstrated adequate
pre-treatment flea retention with Day −4 geometric
mean flea counts in treated and control groups averaging 76.0 and 78.1, respectively. Control dogs also
maintained adequate infestations throughout the posttreatment period study with geometric mean flea counts
ranging from 47.2 – 93.9.
The administration of a single oral dose of fluralaner
produced highly significant reductions in geometric
mean flea counts on treated dogs throughout the entire
122 days of the study (P < 0.001; Table 1). Treatment
with fluralaner provided a 100 % reduction in flea counts
48 h after treatment and a 100 % reduction in flea
counts within 48 h at every post-treatment infestation of
the 122-day study (Table 1), an efficacy that was significant (P < 0.001) at every time point.
The 3-h egg collection numbers from control dogs
were variable, but adequate throughout the study
(Table 2). Following the Day −2 infestation when eggs
were collected 48 h after treatment the geometric mean
flea egg count from controls was 171.7 (Table 2). Following the post-treatment infestations geometric mean egg
counts from control dogs ranged from a low of 26.7 on
Day 114 to a high of 128.9 on Day 30 (Table 2).
Egg production from fluralaner treated dogs was reduced by 99.9 % (two eggs were collected from one dog)
within 48 h after treatment. Thereafter not a single egg
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12 dogs were used in this study. The 6 dogs in each control group received no treatment. The 6 dogs in the fluralaner group were administered an oral chewable tablet once on Day 0
Each dog was infested with approximately 200 adult Ctenocephalides felis felis from the KS1 strain on days −2, 7, 28, 56, 84, 91, 105, 112 and 120 post-treatment, flea eggs were collected 48 h post-treatment or postinfestation during a 3-h collection period
3
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Table 2 Geometric mean egg counts and percent control against the KS1 cat flea strain 48 h post-treatment or infestation of dogs treated with fluralaner flavored chews
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Table 1 Geometric mean flea counts and percent control against the KS1 cat flea strain 48 h post-treatment or infestation of dogs treated with fluralaner flavored chews
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(100 % efficacy) was collected from any treated dog for
the remainder of the 122-day study (Table 2). Egg production from the fluralaner-treated dogs was significantly lower than those for non-treated controls at all
post-treatment evaluations (P < 0.001, Table 2).
The two eggs collected from the single fluralaner
treated dog 48 h after treatment did not produce any
adult fleas. Thereafter, because there were no eggs collected from any treated dog no assessment of egg viability from fluralaner treated dogs could be performed.
Eggs from control dogs were viable with adult emergence always ≥46.6 % for the entire 122-day study.
There were no product related or serious adverse
events observed in either the treated or control dogs.

Discussion
An effective flea adulticide should have sufficient residual speed of flea kill to rapidly eliminate most if not
all the newly emerging fleas that jump onto the treated
pet between labeled administration periods. If a flea
product kills those fleas before eggs are laid or has an
ovicidal effect upon any eggs produced by any female
flea surviving the adulticide, that product would markedly suppress the reproductive success of a flea population [7, 20].
Most currently available residual topical spot-on and
systemic insecticide formulations are labelled to provide
30 days of effective flea control. Whereas, a single oral
administration of fluralaner provided 100 % control of
adult C. felis felis on dogs for at least 120 days after
treatment. The efficacy duration achieved in this study
was a month beyond the labeled reapplication period of
84 days and this study did not reach the end point where
fleas could survive long enough to reproduce.
The first flea infestation was applied 48 h before the
initial treatment. Therefore, some flea egg production is
to be expected at the start of the study. However, within
48 h of fluralaner administration, egg production almost
completely halted (99.9 % reduction), and those remarkably few (two) eggs were not viable. Not a single egg was
laid by fleas on treated dogs for the next 4 months.
Based on this longevity of residual adulticide activity
veterinarians should expect that a single oral administration of a fluralaner chewable tablet would eliminate the
existing flea infestation on a dog, continue to kill newly
acquired fleas and that egg production should be virtually non-existent for the next 120 days.
Consumption of blood is necessary before C. felis felis
can initiate reproduction and egg production does not
begin until 24–48 h after females take their first blood
meal [1, 2]. Therefore, if a residual insecticide can kill
newly acquired fleas within 24 h, egg production should
be markedly reduced or halted. While this study did not
specifically evaluate the residual speed of kill of
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fluralaner, it did demonstrate that following reinfestations from Day 7 through Day 120, fluralaner
killed every female flea before any eggs were produced.
Proper administration of a single dose of fluralaner to
dogs in a flea infested home would therefore be expected
to effectively drive the flea population to extinction. All
dogs and all cats in the household must be treated appropriately in order to completely shut down flea
reproduction and achieve this effective control. Because
fluralaner is not approved for use in cats, another effective flea control product must be chosen for cats in the
household.
Egg production from untreated controls proved to be
highly variable in this study, a finding that was not completely unexpected. Flea egg collection from dogs is not
as straight forward as from cats, due to fecal and urine
elimination by kenneled or caged dogs. Therefore, an
egg collection method was used in this study involving
collection for a 3-h interval based on a prior report [21]
and proved successful for valid assessment in this study.
The short collection interval minimizes potential fecal
and urine contamination and, given the high reproductive output of C. felis felis should provide adequate numbers of eggs to allow for statistical comparisons of
treated and untreated groups. Even then some minimal
urine and fecal contamination can still occur and result
in some eggs not being collected, counted or available
for viability assessments.
This study was conducted using the KS1 flea strain.
Several previous studies have demonstrated that this
strain has reduced susceptibility or outright resistance to
carbaryl, chlorpyriphos, fenthion, fipronil, imidacloprid,
permethrin, pyrethrins, and spinosad [20, 22–27].
Efficacy studies evaluating various formulations of
fipronil have consistently demonstrated that the 30 day
residual efficacy of fipronil has been consistently less
than 90 % against the KS1 flea strain [22, 23, 28]. The
present study showed that the KS1 flea strain is clearly
susceptible to fluralaner. Therefore, this study further
verifies previous in vitro research demonstrating a
unique fluralaner binding site that differs from fipronil,
thereby renewing interest in GABA Chloride channel
antagonists as effective means of flea control [29].

Conclusions
A single oral dose of fluralaner flavored chews provided
100 % efficacy against repeated flea infestations on dogs
for 4 months. Fluralaner rapidly reduced egg production
of actively reproducing female fleas and then killed every
single female flea before any eggs could be produced
following each subsequent re-infestation for the entire
122-day evaluation period. Given the effect fluralaner
had on adult fleas and egg production; it appears this
treatment can interrupt flea reproduction for at least
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4 months after a single treatment and should be able to
eliminate an existing flea infestation on dogs and in their
in-home premises. The flea reproductive breakpoint was
not reached in 122 days following a single fluralaner
treatment.
Competing interests
MWD has had research funded and has been sponsored to lecture by
numerous pharmaceutical companies, including Merck Animal Health. KH,
LM, JK and FS are employees of Merck Animal Health.
Authors’ contributions
MWD assisted in the design of the study, served as study investigator and
drafted the manuscript. VS & TB coordinated and supervised data collection
and entry and revision of manuscript; KH assisted with study design and
monitoring, LM & JK assisted in monitoring of the study and manuscript
revision. FS conducted the statistical analysis of the data. All authors
reviewed and approved the final manuscript.
Acknowledgements
This study was funded in part by and publications fees paid by Merck
Animal Health.
Author details
1
Dept. of Diagnostic Medicine/Pathobiology, Kansas State University,
Manhattan, KS 66506, USA. 2Merck Animal Health, 2 Giralda Farms, Madison,
NJ 07940, USA.
Received: 5 May 2015 Accepted: 25 June 2015

References
1. Akin DE. Relationship between feeding and reproduction in the cat flea,
Ctenocephalides felis (Bouche).M.S. Thesis, University of Florida, Department
of Entomology. 1984.
2. Dryden MW. Host Association, On host longevity and egg production of
Ctenocephalides felis. Vet Parasitol. 1989;34:117–22.
3. Dryden MW, Broce AB. Integrated flea control for the 21st Century. Comp
Cont Ed Pract Vet. 2002;24(1):36–9.
4. Rust MK. Advances in the control of Ctenocephalides felis felis (cat flea) on
cats and dogs. Trends Parasitol. 2005;21:232–6.
5. Dryden MW. How you and your clients can win the flea control battle. Vet
Med-US Supplement. 2009, March;17–26.
6. Dryden M, Carithers D, McBride A, Riggs B, Smith L, Davenport J, et al. Gross
S.A comparison of flea control measurement methods for tracking flea
populations in highly infested private residences in Tampa FL, following
topical treatment of pets with FRONTLINE® Plus (fipronil/(S)-methoprene).
Intern J Appl Res Vet Med. 2011;9(4):356–567.
7. Chin A, Lunn P, Dryden MW. Persistent flea infestations in dogs and cats
controlled with monthly topical applications of fipronil and methoprene.
Aust Vet Pract. 2005;35(3):89–96.
8. Dryden MW, Payne PA, Smith V, Heaney K, Sun F. Efficacy of indoxacarb
applied to cats against the adult cat flea, Ctenocephalides felis, flea eggs and
adult flea emergence. Parasites &Vectors. 2013;6:126.
9. Dryden MW, Perez HR, Ulitchny DM. Control of flea populations on naturally
infested dogs and cats and in private residences with either topical
imidacloprid spot application or the combination of oral lufenuron and
pyrethrin spray. Am J Vet Med Assoc. 1999;215(1):36–9.
10. Dryden MM, Magid-Denenberg T, Bunch S. Control of fleas on naturally
infested dogs and cats and in private residences with topical spot
applications of fipronil or imidacloprid. Vet Parasitol. 2000;93:69–75.
11. Coles TB, Dryden MW. Insecticide/acaricide resistance in fleas and ticks
infesting dogs and cats. Parasites & Vectors. 2014;7:8.
12. Dryden MW. Efficacy of Topically Applied dinotefuran formulations and
orally administered spinosad tablets against the KS 1 flea strain infesting
dogs.Int J Appl Res. Vet Med. 2011;9(2):124–9.
13. Brakke Consulting Inc. The US flea control and heartworm markets.
December 2013.

16

Page 7 of 7

14. Ozoe Y. γ-aminobutyrate- and glutamate-gated chloride channels as targets
of insecticides. In: Cohen E, editor. In: Advances in Insect Physiology. Oxford,
UK: Elsevier, Ltd; 2013. p. 211–86.
15. Freedom of Information Summary. Original New Animal Drug Application
(NADA 141-426). BRAVECTO Chews. Date of Approval: May 15, 2014.
16. Kilp S, Ramierez D, Allan MJ, Roepke Rainer KA, Nuernberger MC.
Pharmacokinetics of fluralaner in dogs following a single oral or intravenous
administration. Parasites & Vectors. 2014;7:85.
17. Walther FM, Allan MJ, Roepke Rainer KA, Nuernberger MC. Safety of oral
administration of flavored chewable tablets containing fluralaner,
(Bravecto™), a novel systemic antiparasitic drug, in dogs after oral
administration. Parasite & Vectors. 2014;7:87.
18. Walther FM, Paul AJ, Allan MJ, Roepke Rainer KA, Nuernberger MC. Safety of
fluralaner, a novel systemic antiparasitic drug, in MDR1(−/−) collies after oral
administration. Parasite & Vectors. 2014;7:86.
19. Taenzler J, Wengenmayer C, Williams H, Fourie J, Zschiesche E, Roepke
Rainer KA, et al. Onset of activity of fluralaner (BRAVECTO™) against
Ctenocephalides felis on dogs. Parasites & Vectors. 2014;7:567.
20. Dryden MW. Flea and tick control in the 21st century, challenges and
opportunities. Vet Dermatol. 2009;20:435–40.
21. Dryden MW, Payne PA, Smith V, Ritchie D, Allen L. Evaluation of the ovicidal
activity of lufenuron and spinosad on fleas‘ eggs from treated dogs. Intern J
Appl Res Vet Med. 2012;10(3):198–204.
22. Dryden M, Payne P, Smith V. Efficacy of selamectin and fipronil ⁄ (S)methoprene spot-on formulations applied to dogs against the adult cat flea,
Ctenocephalides felis, flea eggs and adult flea emergence. Vet Therapeutics.
2007;8:255–62.
23. Payne PA, Dryden MW, Smith V, Ridley RK. Effect of 0.29 % w/w fipronil
spray on adult flea mortality and egg production of three different cat flea,
Ctenocephalides felis (Bouché), strains infesting dogs. Vet Parasitol.
2001;102(4):331–40.
24. Bossard RL, Dryden MW, Broce AB. Insecticide susceptibilities of cat fleas
(Siphonaptera: Pulicidae) from several regions of the United States. J Med
Entomol. 2002;39:742–6.
25. Rust MK, Waggoner M, Hinkle NC, Mencke N, Hansen O, Vaughn M, et al.
Development of a larval bioassay for susceptibility of cat fleas
(Siphonaptera: Pulicidae) to imidacloprid. J Med Entomol. 2002;39:671–4.
26. Bass C, Schroeder I, Turberg A, Field L, Williamson MS. Identification of
mutations associated with pyrethroid resistance in the para-type sodium
channel of the cat flea. Ctenocephalides felis Insect Biochem Mol Bio.
2004;34:1305–13.
27. Dryden MW, Payne PA, Smith V, Kobuszewski D. Efficacy of topically applied
dinotefuran formulations and orally administered spinosad tablets against
the KS1 flea strain infesting dogs.Intern J Appl Research. Vet Med.
2010;9(2):123–8.
28. Dryden MW, Smith V, Payne PA, McTier TL. Comparative speed of kill of
selamectin, imidacloprid, and fipronil–(S)-methoprene spot-on formulations
against fleas on cats. Vet Therapeutics. 2005;6(3):228–36.
29. Garcia-Reynaga P, Zhao C, Sarpong R, Casida JF. New GABA/glutamate
receptor target for [3H] isoxazoline insecticide. Chem. Res. Toxicol. 26, 514–516.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

EXTRAORDINARY SCIENCE EXTRAORDINARY MEDICINE

15577_Bravecto_ScienceBook_TextPages_Jan19.indd 16

1/19/17 12:14 PM

EXTRAORDINARY SCIENCE EXTRAORDINARY MEDICINE

15577_Bravecto_ScienceBook_TextPages_Jan19.indd 17

17

1/19/17 12:14 PM

Williams et al. Parasites & Vectors 2014, 7:275
http://www.parasitesandvectors.com/content/7/1/275

RESEARCH

Open Access

Fluralaner, a novel isoxazoline, prevents flea
(Ctenocephalides felis) reproduction in vitro and in
a simulated home environment
Heike Williams1*, David R Young2*, Tariq Qureshi3, Hartmut Zoller1 and Anja R Heckeroth1
Abstract
Background: Fluralaner, a novel isoxazoline, has both acaricidal and insecticidal activity through potent blockage of
GABA- and L-glutamate-gated chloride channels. This study investigated the in vitro and in vivo effects of fluralaner
exposure on flea (Ctenocephalides felis) reproduction.
Methods: Blood spiked with sub-insecticidal fluralaner concentrations (between 0.09 and 50.0 ng/mL) was fed to
fleas for 10 days using a membrane system. Cessation of reproduction in exposed fleas was assessed using flea
survival, egg hatchability, and control of oviposition, pupae, and flea emergence. Fluralaner efficacy for in vivo
Ctenocephalides (C.) felis control on dogs was assessed using a simulated flea-infested home environment. During a
pre-treatment period, dogs were infested twice on days −28 and −21 with 100 adult unfed fleas to establish a thriving
population by day 0 of the study. On day 0, one group of dogs was treated with fluralaner (Bravecto™; n = 10), while
another group served as negative control (n = 10). Following treatment, dogs were infested three times with 50 fleas
on days 22, 50 and 78 to simulate new infestations. Live flea counts were conducted weekly on all dogs for 12 weeks
starting 1 day before treatment.
Results: Fluralaner potently inhibited flea reproduction capacity in vitro. Oviposition ceased completely at concentrations
as low as 25.0 ng/mL. While no ovicidal effect was observed, fluralaner exerted a larvicidal effect at exceptionally low
concentrations (6.25 ng/mL). In the simulated flea-infested home environment, flea-control efficacy on fluralaner-treated
dogs was >99% at every time point measured for 12 weeks. No adverse events were observed in fluralaner-treated dogs.
Conclusions: Fluralaner completely controls egg laying, larval development and flea reproduction even at subinsecticidal concentrations. Oral treatment of dogs with fluralaner is highly effective for eliminating fleas in a simulated
flea-infested home environment.
Keywords: Ctenocephalides felis, Fluralaner, Flea efficacy, Insecticidal, Reproduction, Dog, Simulated home environment

Background
Fluralaner is a new molecular entity of the isoxazoline
class that has shown potent acaricidal and insecticidal
activity through a dual mechanism of binding to neuronal
GABA- and glutamate-gated chloride channels in susceptible invertebrates [1,2]. Fluralaner has high selectivity for
arthropods and a very favorable safety profile in vertebrates including dogs [3]. Oral fluralaner administration
* Correspondence: heike.williams@msd.de; youngDVM@yvrs.com
1
MSD Animal Health Innovation GmbH, Research Antiparasitics, Zur Propstei,
55270 Schwabenheim, Germany
2
David R Young, Young Veterinary Research Services, 7243 East Avenue,
Turlock, CA 95380, USA
Full list of author information is available at the end of the article

(Bravecto™) provides 12 weeks efficacy against tick and flea
infestations on dogs [4,5].
Flea-adulticide activity on infested dogs is important,
but represents only part of the flea-control program
needed to effectively eliminate the flea population. The
adult population on the dog represents only approximately 5% of the total flea infestation in a dwelling, while
the other 95% of the population consists of eggs, larvae
and pupae in the dog’s home environment [6]. These maturing stages will re-infest the dog as they become adults.
Effective flea control needs to include highly potent
adulticide activity that kills fleas quickly after treatment
for immediate relief; maintenance of this high adulticide

© 2014 Williams et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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efficacy through the treatment period; and control of flea
reproduction [7]. Fluralaner is a systemic insecticide that
kills fleas that feed on treated dogs. The efficacy demonstrated in field trials for both flea control and reduction
in signs of allergic flea dermatitis, suggests that treated
dogs are exposed to fewer fleas developing from the
environmental population of juvenile fleas [5]. Therefore, the objective of the in vitro study was to investigate
if fluralaner concentrations below the instant flea-killing
effect were able to inhibit flea reproduction and thus contribute to the control of environmental flea life stages.
Additionally, a simulated home-environment study was
conducted to prove fluralaner’s flea-control properties not
only on the dog but also the external flea population that
would naturally occur in a household containing an
infested animal.

Methods
In vitro membrane-feeding exposure

A membrane-feeding method [8] was modified to assess
the impact of fluralaner exposure on flea reproduction.
Defibrinated sheep blood was prepared in a series of dilutions with fluralaner to obtain concentrations between
50.0 and 0.09 ng/mL. Test solutions were prepared twice
and each preparation was tested in duplicate resulting in
a total of 4 replicates per concentration, along with a
fluralaner-negative solvent control (a solvent concentration equivalent to that of the highest concentrated fluralaner test solution) and an untreated control.
Unfed adult fleas (C. felis; 20 males and 20 females)
were placed into a plastic unit that was then closed with
a gauze lid. A grid inside the plastic unit divided the unit
into 2 chambers, an upper chamber for flea feeding and a
lower chamber for egg collection [8]. Test or controlblood preparations (2 mL) were placed in an artificial
membrane-closed glass tube that was then placed on the
plastic unit as the food source. Feeding units were incubated (38°C and 60% RH) for 10 days. Test and negativecontrol-blood preparations were freshly prepared and exchanged (on days 1, 3, 5, and 8) to permit continuous flea
feeding. Fleas were transferred into fresh plastic units on
days 5 and 8 to facilitate egg collection. Collected eggs
were mixed with flea nourishment medium and incubated
(28°C and 80% RH) in darkness for 22 (±3) days to enable
flea development. Parameters recorded were flea survival,
oviposition control, egg hatchability, pupa control and
flea-emergence control.
In vivo study to assess flea-control efficacy in a simulated
home environment

Twenty healthy male and female mixed breed dogs ≥12 weeks
old were housed in individual pens. Ten dogs per group
were randomly assigned to receive either a fluralaner
chewable tablet (Bravecto™) or no treatment. Each pen
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contained the bottom half of a dog carrier lined with
carpet as bedding. Before treatment, each dog was infested
twice, (28 and 21 days pre-treatment) with 100 adult, unfed C. felis to establish a flea population prior to treatment
on each dog. Flea media was added to the carpet four
weeks before the treatment date and weekly thereafter for
the remainder of the study to encourage development of
an active, developing population of juvenile flea stages in
each pen. On the treatment day, dogs in the treated group
received fluralaner at a dose close to 25 mg/kg body
weight by oral administration of one or more flavored
chewable tablets. The chewable tablet(s) were administered by placement in the back of the oral cavity over the
tongue to initiate swallowing. Dogs in the negative-control
group remained untreated.
Flea counts were performed on all dogs 1 day before
treatment, 1 day after treatment and then every 7 days
until completion of the study 84 days later. All live fleas
recovered were held and re-infested on the dog after the
comb count was completed. Each dog was also infested
with 50 newly emerged unfed adult fleas on days 22, 50
and 78 to simulate natural infestation post-treatment.
Statistical analysis

The individual dog was the experimental unit and data
from each flea-count time point were analyzed separately. Flea-count data were transformed [Y = loge(x + 1)]
and analyzed by a mixed linear model including treatment as the fixed effect and block as the random effect.
Kenward-Rogers adjustment was used to determine the
denominator degree of freedom. A two-tailed F-test was
used within the mixed linear model for the comparison
between treatment groups and statistical significance
was declared when P ≤ 0.05. SAS version 9.3 was the primary software used for analysis.
Efficacy was calculated using arithmetic and geometric
means with Abbott’s formula:
Efficacy (%) = 100 × (MC - MT)/MC, where MC was the
arithmetic or geometric mean number of total adult live
fleas on untreated dogs and MT the arithmetic or geometric mean number of total adult live fleas on treated dogs.
The study was conducted in California, USA in compliance with the Animal Welfare Act as overseen by the
United States Department of Agriculture (USDA) and ethical approval was obtained before the start. The study was
approved by the Institutional Animal Care and Use
Committee (IACUC no. S11453-00).

Results
Impact on flea reproduction after in vitro
membrane-feeding exposure

Feeding exposure to concentrations of 50 ng fluralaner/mL
resulted in a flea survival of 78.1% (day 2), 20.0% (day 3),
8.7% (day 4) and 1.2% (day 5). At 25 ng/mL flea survival
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Table 1 Flea survival after feeding on blood containing
fluralaner at sub-insecticidal concentrations
Fluralaner
(ng/mL)

50.0

Flea survival (%)
Exposure daya
2

3

4

5

8

9

10

78.1

20.0

8.7

1.2

0

0

0

Table 3 Flea larvae emergence from eggs of parent fleas
fed on blood containing fluralaner at sub-insecticidal
concentrations
Fluralaner
(ng/mL)

Larval emergence
3

4

5

8

9

10

NA

NA

NA

NA

NA

NA

Exposure daya

25.0

90.6

67.5

31.9

11.3

0

0

0

50.0

12.5

100

100

67.5

38.9

21.7

17.9

12.3

25.0

NA

NA

NA

NA

NA

NA

no

NA

NA

yes

yes

NA

6.25

100

100

97.5

92.8

85.0

73.1

69.7

12.5

3.13

100

100

98.7

97.8

83.1

79.5

78.8

6.25

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

1.56

100

100

99.4

99.1

93.9

92.9

90.3

3.13

0.78

100

100

100

100

100

100

100

1.56

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

0.39

100

100

100

100

100

100

98.7

0.78

0.19

100

100

100

100

100

100

100

0.39

yes

yes

yes

yes

yes

yes

100

0.19

yes

yes

yes

yes

yes

yes

0.09

yes

yes

yes

yes

yes

yes

0.09

100

100

100

100

100

100

a

No flea counts were performed on exposure days 6 and 7.

a

rates were 90.6% (day 2), 67.5% (day 3), 31.9% (day 4) and
11.3% (day 5). The flea survival rates increased at lower
concentrations (Table 1). Concentrations of 50 and 25 ng
fluralaner/mL achieved complete control of oviposition
(100%), because fleas that survived 4 to 5 days of feeding at
these concentrations did not produce any eggs. At lower
concentrations of 12.5 and 6.25 ng fluralaner/mL, the oviposition was controlled by 99.6% and 80.6%, respectively
(Table 2). Fluralaner did not affect the hatching of larvae,
as hatch was observed in almost all flea groups that were
able to lay eggs (Table 3). The pupal development was
strongly reduced (85.1% at 12.5 ng fluralaner/mL, 88.7% at
6.25 ng fluralaner/mL) indicating that fluralaner exposure
has a potent larvicidal effect (Table 4). The same effect
Table 2 Flea oviposition control after feeding on blood
containing fluralaner at sub-insecticidal concentrations
Fluralaner
(ng/mL)

Oviposition control (%)

continued through to 100% control of adult emergence at
12.5 ng fluralaner/mL (Table 5).
In vivo flea-control efficacy in a simulated home
environment

No adverse events were observed in any fluralaner
(Bravecto™) treated dog following administration. Mean
flea counts (arithmetic/geometric) on untreated-control
dogs were 52.3/26.4 fleas before the day of treatment
(day −1) and in the range of 5.1/1.8 to 57.1/40.6 fleas

Table 4 Pupal development control from eggs of parent
fleas fed on blood containing fluralaner at sub-insecticidal
concentrations
Fluralaner
(ng/mL)

Exposure daya
3

4

5

8

9

10

Meanb

50.0

100

100

100

NA

NA

NA

100

25.0

100

100

100

NA

NA

NA

100

12.5

99.6

100

100

98.9

99.1

100

99.6

6.25

82.6

85.9

81.3

79.9

67.5

86.4

80.6

3.13

32.0

35.7

43.1

70.5

59.9

62.0

50.5

1.56

0

0

17.3

49.8

30.1

29.2

21.1

0.78

8.7

3.0

13.8

12.5

0

18.5

9.4

0.39

6.72

22.8

23.2

23.8

0

20.3

16.1

0.19

0

5.1

21.0

15.1

0

13.9

9.2

0.09

0

11.3

10.9

16.7

0.3

8.1

7.9

a

No egg counts were performed on exposure days 6 and 7.
b
Arithmetic mean.
NA: not applicable because all fleas were killed (Table 1).

20

No assessment of larval emergence was performed on exposure days 6 and 7.
NA: not applicable because fleas were either killed or did not lay eggs (Table 1
and Table 2).

Pupal development control (%)
Exposure daya
3

4

5

8

9

10

Meanb

50.0

NA

NA

NA

NA

NA

NA

NA

25.0

NA

NA

NA

NA

NA

NA

NA

12.5

100

NA

NA

55.2

100

NA

85.1

6.25

90.2

92.4

87.3

86.4

89.9

86.0

88.7

3.13

66.3

68.9

61.7

70.3

62.1

57.4

64.5

1.56

35.3

36.3

34.6

35.5

41.6

27.2

35.1

0.78

7.5

11.4

16.7

10.8

11.9

14.5

12.1

0.39

9.8

0

1.5

3.3

6.3

0.8

3.6

0.19

8.8

0.2

6.8

0

2.7

0

3.1

0.09

9.1

4.5

1.4

0

5.9

2.9

4.0

a

No pupal counts were performed on exposure days 6 and 7.
Arithmetic mean.
NA: not applicable because fleas were either killed or did not lay eggs (Table 1
and Table 2).

b
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Table 5 Adult flea emergence control after parent fleas
fed on blood containing fluralaner at sub-insectcidal
concentrations

or very close to 100% at all post-treatment time points
(Table 6).

Fluralaner
(ng/mL)

Discussion
Fluralaner has potent inhibitory effects on C. felis fleas
as demonstrated in the aforementioned in vitro and
in vivo experiments. The control of flea reproduction
prevents the formation of a flea population within a
household. In addition to a field study that showed fluralaner (Bravecto™) to be effective against fleas on dogs for
12 weeks [5], an in vitro study was performed to investigate the effect of fluralaner on flea reproduction using
sub-insecticidal concentrations.
The fluralaner concentrations tested in this study were
sufficiently low that fleas survived for 2 to 10 days. This
survival duration allows for flea reproduction, as viable
eggs can be produced 24 hours after fleas start feeding.
Fluralaner concentrations tested correlated with the effects on the reproduction cycle. 50 to 25 ng fluralaner/
mL effectively controlled the oviposition (egg laying),
and 12.5 to 6.25 ng/mL largely reduced the pupal development (indicating a strong larvicidal effect). Overall,
sub-insecticidal concentrations as low as 12.5 ng fluralaner/mL achieved 100% cessation of flea reproduction,
illustrating that fluralaner provides dog owners’ with
additional protection against re-infestation of their pets
in the home environment.
The potent in vitro effects on flea reproduction substantiate the results of the in vivo study where dogs were
treated with oral fluralaner (Bravecto™) compared to

Adult flea emergence control (%)
Exposure daya
3

4

5

8

9

10

Meanb

50.0

NA

NA

NA

NA

NA

NA

NA

25.0

NA

NA

NA

NA

NA

NA

NA

12.5

NA

NA

NA

100

NA

NA

100

6.25

29.2

0

0

9.2

30.8

0

11.5

3.13

4.4

11.9

3.2

8.6

7.5

0

5.9

1.56

0

0

0

10.2

0

0

1.7

0.78

3.8

0

0

3.1

1.8

0

1.5

0.39

0

0

0

1.6

5.2

0

1.1

0.19

4.6

0

1.3

0.8

6.7

0

2.2

0.09

1.1

0.5

0

0

0

0

0.3

a

No adult flea counts were performed on exposure days 6 and 7.
b
Arithmetic mean.
NA: not applicable because fleas were either killed or did not lay eggs
(Table 1, Table 2, and Table 4).

following treatment. Mean flea counts (arithmetic/geometric)
on fluralaner-treated dogs were 35.0/14.1 fleas before
treatment, 0/0 fleas on days 1, 7, 14, 21, 28, 35, 42, 63,
77 and 84, and 0.1/0.1 fleas on days 49, 56, and 70 after
treatment. Compared to control, these counts were significantly different (P ≤0.021) on all post-treatment
count days. Calculated efficacy results were either 100%

Table 6 Flea-control efficacy on treated dogs (25 mg fluranaler/kg body weight) compared with untreated dogs in a
simulated home environment
Day post treatment
−1

Mean flea numbers (arithmetic/geometric)
Control group

Treated group

52.3/26.4

35.0/14.1

Efficacya (%)

P-value

N/A

N/A

1

12.8/6.0

0/0

100/100

0.001

7

5.1/1.8

0/0

100/100

0.021

14

7.1/2.7

0/0

100/100

0.012

21

16.5/4.1

0/0

100/100

0.011

28

53.2/24.8

0/0

100/100

0.000

35

44.1/15.7

0/0

100/100

0.000

42

42.6/10.8

0/0

100/100

0.002

49

48.7/20.6

0.1/0.1

99.8/99.7

0.000

56

57.1/40.6

0.1/0.1

99.8/99.8

0.000

63

42.3/25.6

0/0

100/100

0.000

70

30.0/16.2

0.1/0.1

99.7/99.6

0.000

77

21.9/12.3

0/0

100/100

0.000

84

40.7/33.2

0/0

100/100

0.000

a

Efficacy calculated from arithmetic/geometric mean flea counts.
NA: not applicable.
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untreated-control dogs in a simulated home environment.
The environment was created by allowing the dogs access
to a carpeted bedding area and heavy flea-challenges during the month preceding the fluralaner treatment. This resulted in an environment with a thriving flea population
including all developmental stages before treatment
administration, leading to an increased flea burden on
untreated-control dogs throughout the study duration.
Thus, fleas were permanently present on control dogs
during the study, however, some variability was observed
in flea numbers although the study design should have
provided a high flea burden on controls at all assessment
times. Following treatment, the flea populations were effectively controlled on the fluralaner (Bravecto™) -treated
dogs, with efficacy at, or near, 100% throughout the 12week post-treatment period.
The long-lasting adulticidal activity of fluralaner
(Bravecto™) provides two benefits with respect to flea control: first, it prevents a sustainable re-infestation of dogs
by offspring from the environment, and second, it prevents new flea eggs from being added to the environment
as female fleas are killed within 8 hours (before they produce eggs) [9]. Both effects lead to the depletion of the environmental flea population. The studies described here
indicate that fluralaner’s flea-control capabilities combine
an adulticidal effect with long-term efficacy and, additionally, effective prevention of flea reproduction. This is an
advantage over pure adulticides which are often combined
with an insect-growth regulator (IGR) to provide the same
effect.
Highly effective control of environmental flea populations has been recorded with topically applied insecticides
[7], but is not reliably achieved with previously evaluated
systemically administered insecticides [10]. Taken together
the results of both the in vitro and in vivo studies support
the claims of fluralaner’s effective flea control properties.
In addition to the fast flea killing effect within 8 hours [9]
the studies indicate that fluralaner, a systemic flea treatment, is successful in controlling developing flea populations in the environment.
The efficacy of monthly treatments is dependent on dog
owner compliance. It has recently been shown that owner
compliance with monthly re-treatment recommendations
is weak [11] which may jeopardize flea control. The results
reported here provide evidence that a single systemic fluralaner treatment (Bravecto™) provides 12 weeks of fleapopulation control and is a valuable new tool for achieving
effective and long-term flea control for dogs and their
homes.

Conclusions
Fluralaner is a potent inhibitor of flea reproduction at
various developmental stages and at exposure levels that
are far below its immediate insecticidal activity. Thus,
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fluralaner treatment disrupts the flea-breeding cycle and
protects dogs and their homes from flea infestations over
a 12-week period without additional premise treatment.
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Background – Fluralaner is an isoxazoline systemic insecticide and acaricide that provides persistent flea-killing
activity on dogs for 12 weeks. European and US field studies have shown that fluralaner treatment alleviates the
signs of flea allergy dermatitis (FAD) in client-owned dogs.
Hypothesis/Objective – To assess the clinical response in FAD affected dogs over the 12-week period following a single oral fluralaner treatment.
Animals – Twenty client-owned dogs were diagnosed with FAD on the basis of compatible clinical signs and a
positive response in flea antigen tests, using intradermal and or serological methods.
Methods – An open-label small-scale study with all dogs receiving a single oral fluralaner treatment. All enrolled
dogs were diagnosed with FAD and then clinically monitored at 4-week intervals for 12 weeks. Twenty dogs
completed the study.
Results – All dogs were flea-free at all post-treatment assessments except for one dog that had a single flea at
the first post-enrollment assessment at 4 weeks. At the 4-week post-treatment assessment active FAD signs
had resolved in all dogs; at 8 weeks post-treatment, two dogs showed mild signs. All clinical signs of FAD had
resolved at the final assessment of 12 weeks after treatment.
Conclusions and clinical importance – A single administration of fluralaner alleviated or resolved signs associated with FAD in all treated dogs over the recommended 12-week treatment period.

Introduction
Flea allergy dermatitis (FAD) is a common skin disease of
dogs in which affected individuals experience a hypersensitivity response induced by salivary antigens that are
injected intradermally during flea feeding. Affected dogs
develop skin lesions that tend to be more prevalent over
the back and dorsal lumbosacral area, and are associated
with moderate to intense pruritus. The isoxazoline compound fluralaner is widely commercially available for the
treatment of flea infestations of dogs. Fluralaner acts by
antagonising the arthropod ligand-gated chloride channels
and is available as a 13.64% w/w flavoured chewable
tablet (Bravecto, MSD Animal Health; Madison, NJ,
USA). Fluralaner is administered to fed dogs, achieving
peak blood levels within 1 day. The apparent half-life of
12–15 days and mean residence time of 15–20 days are
associated with a high level of flea-killing activity maintained for 12 weeks after treatment.1,2
Field studies in several European countries and the United States have reported on the effectiveness of
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fluralaner treatment in client-owned dogs to provide flea
control for three consecutive months.3,4 In both studies it
was noted that fluralaner-treated dogs showed substantial improvements in clinical signs of flea allergy dermatitis (FAD), although this was not a primary outcome
measure of either study.3,4
The demonstration of improvement in clinical signs of
FAD can be difficult to quantify because of the confounding effects of other dermatoses.5 The aim of this study
was to assess the response to fluralaner treatment of client-owned dogs with clinical signs of FAD.

Materials and methods
The protocol and study procedures complied with Australian Animal
Welfare guidelines and was conducted with the approval of the
Queensland Department of Primary Industries and Fisheries: Community Access Animal Ethics Committee.6

Inclusion/exclusion criteria
The enrollment procedure was initiated during the weeks prior to the
active flea season and consisted of a preliminary screening telephone
call, a screening home visit by the study investigator (SI) and a visit to
a local veterinary referral clinic. The home visit verified that all dogs in
enrolling households were at least 8 weeks of age and that at least
one dog, which had a temperament that would allow for completion
of study procedures, was showing clinical signs consistent with
FAD.7 Animals showing aggression towards the investigators were
excluded from the study. To avoid introduction of potentially confounding factors, enrolled dogs had to be in good health with no
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obvious disease processes that would preclude assessments and be
neither lactating nor pregnant. Households were excluded if any dogs
spent significant periods away from the residence, if other animals
visited the residence, or if a cat shared living quarters with any of the
canine residents. Exclusion criteria resulted in no households with
cats being enrolled.
Dogs were included in the study if previous flea treatments had
not been used within a period prior to enrollment of twice the
claimed duration of effectiveness or re-treatment interval. Alternatively, a dog with signs of FAD could be included if previous flea treatments had been used according to a consistent, label-compliant
treatment regimen for a minimum of the previous 3 months, thus
demonstrating that the flea population was not being controlled.
In order to complete the provisional enrollment, owners of qualifying dogs signed a detailed Owner Consent and Agreement Form.
This form indicated that all dogs resident within the household would
receive the study treatment and that neither household dogs nor
their bedding and living areas would be treated with any insecticides
during the study.
At this and subsequent visits by the SI, flea counts were performed using a modification of the Dryden thumb count method.8
For study assessments the operator counted fleas for exactly 1 minute at each of six specified areas of the dog’s body. If no fleas were
found the operator spent two more minutes examining other areas
on the dog. It was assumed that where very low-level infestations
were present, they would be difficult to detect and could still be the
cause of FAD signs in sensitive dogs. Therefore, dogs were not
required to have a positive flea count at enrollment.9 Dogs meeting
all inclusion criteria were then clinically evaluated to establish a diagnosis of FAD.

Clinical assessment
The FAD diagnosis was initially established on the basis of the clinical presentation. When examining the dog the veterinarian followed a published description of the regional distribution and
lesion appearance of FAD.7 The severity of the signs of FAD was
graded on the following unvalidated scale: very mild – mild – moderate – severe – very severe. The veterinarian also had to determine that any non-FAD related skin disease was minor in severity
and unlikely to affect either the resolution or interpretation of the
signs of FAD.5
Intradermal injection of a commercial flea antigen (Greer Laboratories, Greer Veterinary; Lenoir, NC, USA) was performed for each
study subject. An immediate hypersensitivity reaction was defined
as wheal formation at the flea antigen injection site within 5–10 minutes following injection. Dogs without immediate reactivity were
monitored for up to 24 hours for delayed hypersensitivity reactions.
Responses to the flea antigen were compared to a negative control
(saline; standard wheal grade 0), a positive control (histamine; standard wheal grade 4+) and an irritant control (maize; standard wheal
grade 2+). A wheal which developed at the flea antigen injection site
and was graded between 2+ and 4+ was classified as consistent with
FAD.
Dogs that were negative for both immediate and delayed skin test
site reactions had serum samples submitted to a commercial laboratory (Allercept, Heska, Gribbles Veterinary Pathology Laboratory;
Clayton, VIC, Australia) for flea antigen-specific IgE antibody testing.
A positive result for one, or more, of these three tests (immediate or
delayed IDT, or serology) was required for enrollment. Dogs were
provisionally enrolled and treated with fluralaner pending receipt of
test results. One provisionally enrolled dog was withdrawn when the
serology result was negative.
At the clinic visit, owners were asked to mark a validated pruritus
visual analog scale (PVAS)10 using a score from 0 to 100. The extent
of the skin disease was recorded for each dog using the canine atopic
dermatitis extent and severity (CADESI-03) index; the index is not validated for the assessment of dogs with signs of FAD.11 Tape impression smears and skin scraping samples were assessed for evidence
of secondary infection and ectoparasitic mites, respectively. Plucked
hairs were submitted for dermatophyte culture.

2

Treatment
As soon as possible after provisional enrollment, the SI visited
the household to administer oral fluralaner at a minimum dose of
25 mg/kg. Immediately after treatment dogs were offered a
meal, observed for 5 min post-dosing and confined for 1 h for
further owner observation. Treatment for each dog was administered once, on Day 0, and all dogs were assessed over the following 12 weeks (range 82–90 d). All household animals were to
be maintained as usual, with respect to diet, housing and other
management. Cohabiting dogs were not enrolled but were treated with the fluralaner formulation to avoid a potential flea population reservoir. Participants received no concomitant treatment
with any other flea-control products or with any drug having
antipruritic or anti-inflammatory activity, including glucocorticoids,
antihistamines and nonsteroidal anti-inflammatory agents, throughout the 12-week study; bathing was permitted. Owners maintained a daily observation log noting any changes in the health
or behaviour of the dog (positive or negative). They also
recorded other information including any concomitant treatments
administered, any deviations from routine management, bathing
or swimming, and any animal incursions or excursions.

Assessments and follow-up visits
For clinical assessment and CADESI scoring, follow-up visits to
the clinic were scheduled for weeks 4, 8 and 12. Clinical FAD
presentation was categorized as being either active or inactive
based on the presence of signs including erythema and acute
excoriations for active FAD. Secondary effects of self-trauma
including alopecia, chronic excoriations, lichenification and salivary
staining may take longer to resolve; these were classified as
inactive FAD lesions. Other observed skin lesions that were
inconsistent with a description of FAD7 were classified as nonFAD dermatitis. Owners recorded their evaluation of the dog’s
pruritus using the PVAS each month during the follow up visits.
All monthly SI visits to the households were performed at similar
intervals as the clinic visits and were for flea thumb counts, verification of protocol compliance and owner responses to questions about their perceptions of efficacy, health issues and
adverse events.

Statistical analysis
The CADESI data were log-transformed for analysis. A value of
one was added to all observations to make log-transformation
applicable. The log-transformed data were analysed by a mixed
linear model with repeated measures including fixed effect Week
and repeated subject Animal. Kenward–Roger correction was
used to determine the denominator degrees of freedom. Akaike
information criterion (AIC) was used as the criterion to select the
covariance structure for repeated measures. Least-squares
means were used for treatment comparisons and were backtransformed to obtain the estimates for the geometric mean at
each week. The flea count data were analysed using the same
model, whereas the PVAS data were analysed using the
same model without log-transformation. Statistical significance was declared when P ≤ 0.05. Two-tailed tests were used
for the comparison among time points. The primary software
was SAS Language: Reference, v9.3, (SAS Institute Inc., Cary,
NC, USA).

Results
This study was conducted in south-east Queensland,
Australia, during the summer to early autumn season.
This is a region and time period known to be highly
favourable to flea infestation on pets.
Twenty two dogs from 18 households were provisionally enrolled at the initial SI visit. The enrolled
dogs were of mixed breeds or purebreds ranging
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between 3 and 18 years of age and weighing from
3.40 to 40.65 kg. There were 15 males (seven castrated) and five females (two spayed) enrolled in the
study. Twelve households contained a single dog
whereas four households had two dogs enrolled. One
dog was eliminated at the initial clinic visit because
other clinical signs observed on the dog were not
considered to be typical of FAD and were sufficiently
serious to potentially confound FAD interpretation. The
results of the cytology, fungal and skin scraping tests
were either negative or deemed unlikely to invalidate
enrollments. Therefore, 21 provisionally enrolled FAD
dogs were successfully treated with fluralaner (between 1 February and 1 March 2013). All dogs ate
their meal within an hour of dosing and none of the
animals vomited within 24 h post treatment. No dog
exhibited any treatment-related adverse event. One
dog was removed because of three negative FAD
immunological tests (as noted above) and the remaining 20 dogs from 16 households completed the study
and were included in the analysis.
All dogs with skin lesions consistent with active
FAD, observed at the clinic enrollment visit, were
found to be free of active FAD lesions at Week 4
(Table 1). At the Week 8 visit two dogs showed skin
lesions consistent with active FAD; these were graded
as mild or very mild; by Week 12 these had resolved
and no dog showed signs of active FAD at Week 12
(100% resolution).
The CADESI, PVAS and flea count scores declined
steadily over the 12-week treatment period with the most
rapid decrease observed in the initial 4 weeks after treatment (Figure 1).
The geometric mean of the CADESI scores on Day 0
was 68.4 and this decreased to 21.4 at Week 4, 8.4 at
Week 8 and 2.2 at Week 12. In the pairwise comparisons,
the CADESI scores were highly significantly different
between any two time points (P-values <0.0001 for all
pairs of time points).
The PVAS mean score was 71.4 on Day 0, this
decreased to 20.9 at Week 4, 9.9 at Week 8 and 4.0 at
Week 12. In the pairwise comparisons, the PVAS scores
were highly significant between any two time points (Pvalue ≤ 0.0270).
The geometric flea count mean was 5.7 on Day 0; this
decreased to 0.0 at Week 4 and remained at 0.0 at weeks

Table 1. Clinical assessment of skin lesions
Number of dogs
(% of total)
Presence of
active* FAD
lesions
Presence of only
inactive* FAD
lesions
Non-FAD lesions
No lesions

Day 0
20 (100%)

0

4 (20%)
0

Week 4
0

Week 8

Week 12

2 (10%)

0

17 (85%)

1 (5%)

0

5 (25%)
1 (5%)

9 (45%)
11 (55%)

3 (15%)
17 (85%)

*Active lesions were erythema and acute excoriation; inactive
lesions of FAD were alopecia, chronic excoriations, lichenification
and salivary staining.

Mean value
140
120
CADESI

100
PVAS

80
Flea count

60
40
20
0

0

4

Weeks

8

Figure 1. Mean and standard deviation for flea counts (green line),
Canine Atopic Dermatitis Extent and Severity Index (CADESI) scores
(blue line) and owner-assessed Pruritus Visual Analog Scale (PVAS)
scores (red line) for 20 flea allergy dermatitis (FAD)-affected dogs
before treatment and during the 12 weeks following administration
of oral fluralaner. Y-axis units are: CADESI – mean numerical value;
PVAS – mean percentage, owner assessed PVAS score; Flea count –
mean total count.

8 and 12. In the pairwise comparisons, the flea count at
Week 0 was significantly higher to the flea counts at
weeks 4, 8 and 12 (P value<0.0001).
The complete absence at Week 12 of any FAD-related
signs, either active or inactive, indicated that there was
100% resolution of FAD lesions in all dogs.

Discussion
A single fluralaner treatment eliminated flea burdens on
treated dogs, reduced skin lesions as measured with
CADESI scoring and reduced owner assessments of pruritus; there were no treatment-related adverse effects. All
FAD-associated lesions in all of the dogs resolved over
the 12-week post-treatment period. Therefore, fluralaner
was successfully used as a treatment for FAD-associated
skin lesions in dogs.
The study protocol was aligned with a previous
study on the impact of indoxacarb treatment on FAD
in dogs.5 In both studies the combination of examination by a referral clinician, negative results on test for
other infectious causes and positive intradermal fleaantigen and serology testing, was used to establish
that enrolled dogs were suffering from FAD. Followup assessments with clinical examination, flea counts,
owner-assessed PVAS scoring and evaluation using a
CADESI scoring system, allowed comparison of
changes in the clinical status with comparison to
baseline values. It is important to acknowledge that
the CADESI-03 scoring system is only validated for
canine atopic dermatitis and not for dogs with FAD.
In this study CADESI-03 scores provided a measure
of the severity of clinical signs; this index cannot be
used to classify the clinical signs as being definitively
caused by flea bite allergy.5 The authors are not
aware of a validated clinical assessment tool for scoring the signs of FAD in dogs.
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A major weakness of this small study is that there was
no comparator flea control agent used as a control group,
and therefore the assessment of response to treatment
was not blinded to the owner or the veterinarians assessing the cases.
Resolution of FAD clinical signs subsequent to fluralaner treatment was seen in field studies in clientowned dogs in Europe and the United States.3,4 The
degree of recovery from FAD in the field studies was
less than the 100% seen in this study. The diagnosis
of FAD in the field study protocols was based on the
observation of characteristic FAD lesions by first-opinion veterinarians; it did not include examination by a
clinician working in a referral setting and did not
include intradermal and serological tests that can be
used to support a diagnosis of FAD, as required in
this study. The diagnostic criteria used in this study
may explain the greater resolution of clinical signs
seen, because causes other than flea allergy may
have contributed to the dermatological lesions
observed in field trial dogs.
Animals in this study were enrolled even if they were
showing mild signs of other skin conditions so long as
these signs were not severe and did not interfere with
the FAD assessments. As the signs of FAD in the study
animals improved after fluralaner treatment, some mild
non-FAD conditions that had been concealed by the
severity of the FAD signs at the start of the study became
apparent. At Week 12, three dogs showed non-FAD skin
conditions; one had mild atopic dermatitis, the second
had bacterial pyoderma (confirmed by cytology and not
associated with the clinical signs of FAD), and the third
had a patch of alopecia on its nose caused by trauma. In
all three cases the skin condition was considered to be
clearly not associated with FAD.
The occurrence of clinical signs of FAD in two dogs
at the Week 8 re-examination (Table 1) may have
been associated with a low level of exposure to adult
fleas emerging from pupae in the home environment.
Fluralaner treatment eliminates all flea life stages in
the home environment over the 12-week treatment
period;2 however, there may be continued emergence
of adults in a heavily infested home during the earlier portion of this interval. Dogs can also become
re-infested with fleas during their usual routine exercise such as walking in a park frequented by other
animals.
The apparent improvement in assessment parameters
during a 12-week open trial of a single dose of fluralaner

may offer a high level of flea control and help in the management of dogs with signs of FAD.12
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Resumen
� n – Fluralaner es un insecticida y acaricida siste
�mico de tipo isoxazolina que aporta actividad
Introduccio
persistente frente a las pulgas en perros durante 12 semanas. Estudios europeos y americanos de campo
�rgica por pulgas (FAD) en perros de
han demostrado que Fluralaner alivia los signos de la dermatitis ale
propietarios privados.
� tesis/Objetivos – evaluar la respuesta cl�ınica en perros con dermatitis ale
�rgica por pulgas durante las
Hipo
�nico oral con Fluralaner.
doce semanas posteriores a un tratamiento u
�rgica por pulgas en base
Animales – 20 perros de propietarios privados se diagnosticaron con dermatitis ale
�todos
a signos cl�ınicos compatibles y respuesta positiva a las pruebas de ant�ıgenos de pulgas utilizando me
�gicos.
intradermales y/o serolo
�todos – un estudio a pequen
~a escala abierto con todos los perros recibie
�ndo una sola dosis oral de FluMe
�rgica por pulgas y se
ralaner. Todos los perros incluidos en el estudio se diagnosticaron con dermatitis ale
controlaron cl�ınicamente a intervalos de cuatro semanas durante 12 semanas. 20 perros completaron el
estudio
Resultados – todos los perros estaban libres de pulgas en todos los puntos posttratamiento evaluados
�n a las cuatro semanas. A las cuatro semsalvo un perro que ten�ıa una sola pulga en la primera evaluacio
�rgica por pulgas presentaron resolucio
�n
anas tras el primer tratamiento todos los perros con dermatitis ale
de las lesiones; a las 8 semanas posttratamiento dos perros mostraron ligeros signos cl�ınicos. Todos los
�rgica por pulgas se hab�ıan resuelto al final del per�ıodo de evaluacio
�n a las
signos cl�ınicos de dermatitis ale
12 semanas tras el tratamiento.
�n de Fluralaner alivia o resuelve los signos
Conclusiones e importancia cl�ınica – una sola administracio
�rgica por pulgas en todos los perros tratados en el periodo recomendado de 12
cl�ınicos de dermatitis ale
semanas.
Zusammenfassung
Hintergrund – Fluralaner ist ein Isoxazolin, ein systemisches Insektizid und Akarizid, welches eine lang€tungsaktivit€
€r die Dauer von 12 Wochen bietet. Europ€aische und US Feldwirksame Flohto
at bei Hunden fu
studien haben gezeigt, dass eine Behandlung mit Fluralaner die Symptome einer Floh-allergischen
Dermatitis (FAD) bei Privathunden lindert.
€ber eine 12Hypothese/Ziele – Eine Beurteilung der klinischen Reaktion bei an FAD erkrankten Hunden u
€chige Periode nach einer einzigen Behandlung mit Fluralaner per os.
wo
Tiere – Zwanzig Hunde in Privatbesitz wurden basierend auf vergleichbaren klinischen Anzeichen und einer
positiven Reaktion beim Flohallergentest, mittels intradermalen oder serologischen Methoden mit FAD
diagnostiziert.
Methoden – Eine offene Studie in kleinem Format bei der alle Hunde eine einzige Fluralanerbehandlung
€ber ein Interper os erhielten. Alle teilnehmenden Hunde wurden mit FAD diagnostiziert und dann klinisch u
vall von 4 Wochen 12 Wochen lang beobachtet. Zwanzig Hunde beendeten die Studie.
Ergebnisse – Alle Hunde waren bei allen Beurteilungen nach der Behandlung Floh-frei außer einem Hund,
der bei der ersten Untersuchung nach 4 Wochen einen einzigen Floh hatte. Bei der Untersuchung 4
Wochen nach der Behandlung waren bei allen Hunden die aktiven FAD Symptome abgeklungen; bei der
Untersuchung 8 Wochen nach der Behandlung zeigten 2 Hunde geringgradige Anzeichen. Alle klinischen
Anzeichen von FAD waren bei der letzten Untersuchung 12 Wochen nach der Behandlung verschwunden.
Schlussfolgerungen und klinische Bedeutung – Eine einzige Behandlung mit Fluralaner erleichterte
€ber die empfohlene 12
oder heilte die Anzeichen, die mit FAD einhergehen, bei allen behandelten Hunden u
€chige Behandlungsperiode.
wo
要約
背景 – フルララネルはイヌにおいて12週間のノミ殺虫効果の持続をもたらすイソキサゾリン全身性殺虫剤およびダニ駆除
剤である。ヨーロッパおよびUSの実地検査ではフルララネル治療が飼い犬のノミアレルギー性皮膚炎(FAD)の症状を緩
和することを示していた。
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Open field study on the efficacy of oral
fluralaner for long-term control of flea
allergy dermatitis in client-owned dogs in
Ile-de-France region
Odile Crosaz1, Elodie Chapelle1, Noëlle Cochet-Faivre1, Diane Ka1, Céline Hubinois2 and Jacques Guillot1*
Abstract
Background: Fluralaner is the first orally administered isoxazoline to provide 12 weeks of activity against fleas and
ticks after a single administration. As a result of its potent anti-flea activity, oral fluralaner may be proposed as a
component of a strategy for the control of flea allergy dermatitis (FAD) in dogs. The open field study reported here
assessed the efficacy of fluralaner for long-term control (up to 6 months) of FAD in affected client-owned dogs
maintained under common household conditions in the Ile-de-France region.
Methods: This was an open pre-treatment versus post-treatment study. Client-owned dogs with clinical signs
of FAD were recruited and treated with oral fluralaner (Bravecto®) at 25-56 mg/kg body weight on days 0 and 84.
The dogs’ condition was assessed at each visit (on days 0, 28, 84 and 168) using the following three parameters:
(i) extent of skin lesions based on the scoring system for canine FAD; (ii) pruritus severity based on the pruritus
visual analog scale; (iii) presence or absence of fleas or flea feces.
Results: Of the 26 dogs initially enrolled, 23 were presented on day 28, 20 on day 84 and 16 for the final evaluation on
day 168. Eighteen out of 20 dogs (90 %) presented on day 84 and 15 out of 16 dogs (94 %) presented on day 168
showed a complete clinical resolution. The post-treatment FAD clinical scores on days 28, 84 and 168 were significantly
different from that of the pre-treatment with a reduction of 89.8 %, 98.8 % and 99.8 %, respectively. The post-treatment
pruritus index values on days 28, 84 and 168 were significantly different from that of the pre-treatment with a
reduction of 45.2 %, 71.2 % and 80.8 %, respectively.
Conclusions: The present study confirmed that oral fluralaner treatment should be considered as effective for longterm control of clinical signs in FAD affected dogs.
Keywords: Fluralaner, Flea, Ctenocephalides felis, Flea allergy dermatitis, Long-term control

Background
Ctenocephalides felis is the main flea species infesting
both dogs and cats. It also represents the most important
ectoparasite for dogs in many parts of the world. Without
treatment, a persistent flea infestation can induce intense
pruritus and self-inflicted trauma. With repeated exposure, dogs may develop hypersensitivity to components of flea saliva, a “condition” that leads to flea
* Correspondence: jacques.guillot@vet-alfort.fr
1
Department of Parasitology, Mycology and Dermatology, CHUVA, École
nationale vétérinaire d’Alfort, UPE, Maisons-Alfort 94704, France
Full list of author information is available at the end of the article

allergy dermatitis (FAD) [1, 2]. Dogs that are predisposed
to FAD and live in a flea endemic area will typically develop clinical signs by the age of 5 years. However, clinical
signs can develop at any age, particularly if animals move
from a low-exposure risk area to an area where fleas are
endemic. Once sensitization has occurred, clinical relapse
can be initiated by a small number of flea bites [3].
In dogs, the typical clinical presentation of FAD is a
pruritic papular dermatitis that is concentrated on the
rump, dorsal thorax, flanks, tail, and perineal area.
Pruritus is usually focused on the caudal areas and tail,
although some dogs express generalized pruritus. Clinical

© 2016 Crosaz et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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signs can include alopecia, crusts, hyperpigmentation,
lichenification and pyotraumatic dermatitis lesions. Secondary skin infections frequently complicate the clinical
picture of dogs, which can develop bacterial folliculitis
and/or Malassezia dermatitis [1–3].
The isoxazolines are a novel class of antiparasitic
drugs that inhibit gamma-aminobutyric acid (GABA)
and glutamate-gated chloride channels with significant
selectivity for insect neuron receptors compared with
mammalian receptors. This results in excess neuronal
stimulation and arthropod death. To date, this new class
includes three molecules: afoxolaner, fluralaner, sarolaner,
which are all formulated for prescription by veterinarians
as flavored chewable tablets for dogs. Fluralaner is the first
orally administered active ingredient (Bravecto®, MSD
Animal Health, Madison NJ) to provide 12 weeks of insecticidal activity against fleas and up to 12 weeks of
acaricidal activity against important tick genera after a
single administration. Following oral administration to
dogs, fluralaner is rapidly absorbed and provides 100 %
effectiveness against fleas and ticks within 12 h. Blood
levels are then sustained and provide a high level of flea
and tick killing activity for up to 12 weeks [4, 5]. Oral
fluralaner has shown efficacy as a component of a strategy for control of FAD [6–8]. A polymer matrix collar
containing a combination of 10 % imidacloprid and
4.5 % flumethrin has been licensed for use in dogs and
cats and this collar confers a long-term (8 months) protection against fleas (and ticks).
The open field study reported here assessed the efficacy
of fluralaner for long-term control (up to 6 months)
of FAD in affected client-owned dogs maintained
under common household conditions in the Ile-deFrance region.

Methods
This was an open pre-treatment versus post-treatment
clinical field study. The study was conducted in the
Small Animal Hospital of Alfort Veterinary College
(CHUVA, France) from June 2014 to July 2015. Cases
were recruited from the canine patient population
presented for examination at the dermatology unit of
the hospital.
Client-owned dogs diagnosed with FAD were enrolled
in the study with written informed consent from their
owners. All dogs came from Ile-de-France region and
were each enrolled independently. During the study,
dogs were kept at home by their owners and fed and
exercised according to their usual routine.
Dogs were diagnosed with FAD on the basis of clinical
signs consistent with published descriptions [9, 10]
and exhibited both pruritus and typical FAD lesions
were noticed. Lesions compatible with FAD included:
erythema, papules, alopecia, crusts, lichenification and
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hyperpigmentation in specific areas (dorsolumbar, anogenital, tail), and/or pyotraumatic dermatitis.
Dogs were excluded from the study if: (i) they had
been treated with an external antiparasitic treatment
within the 30 days before presentation; (ii) they were
suspected to have sarcoptic mange or showed a positive
otopodal reflex; (iii) they were suspected to have canine
atopic dermatitis (CAD). CAD diagnosis was based on
the following clinical criteria [9]: facial lesions, otitis,
pododermatitis or carpal or tarsal dermatitis. The absence of flea or flea feces was not included in exclusion
criteria. Dogs were not included if it was not possible to
treat all animals in the household against fleas.
During the first visit (day 0), the clinical history was
collected for each dog and a standard clinical examination was performed. The owner was requested to
present each enrolled dog for clinical evaluation on days
0, 28 (D0 + 1 month), 84 (D0 + 3 months) and 168
(D0 + 6 months). The dog’s condition was assessed at
each visit using the following three parameters:
1. Skin lesions were measured by a veterinary
dermatologist using the scoring system for canine
FAD (SSCFAD, based on Laffort-Dassot et al. [9]).
This scoring system is based on evaluation of 6
primary and secondary lesions (erythema, papules,
excoriations, alopecia, kerato-seborrheic dermatitis
and lichenification) at each of 6 body areas
(dorsolumbar area, lateral area, hind limb, anogenital area, front-ventral area and hind ventral area).
Each lesion is graded from 0 (no clinical sign) to 10
(severe signs). The minimum possible score is 0, and
the maximum possible score (indicating the most
severe skin lesions) is 360.
2. Pruritus severity was assessed by the dog owner
using a validated pruritus visual analog scale (PVAS)
[11] using a score from 0 to 10.
3. Presence or absence of fleas or flea feces. Fleas were
counted if they were observed.
Each dog was treated with a Bravecto® tablet administered according to the SPC recommended dose
based on the dog’s weight on day 0 and again on day
84 (D0 + 3 months). Included dogs received no concomitant treatment with any other flea-control drugs or with
any drug with antipruritic or anti-inflammatory activity
throughout the 6-month study. Antiseptic or antibiotic
treatments were allowed only during the first month of
the study. Cohabiting animals residing at study households also received an antiparasitic treatment either with
indoxacarb spot-on (Activyl®) for cats (every month), or
oral fluralaner (Bravecto®) for dogs (every 12 weeks).
Owners were asked to report any observed health issues
or adverse events following treatment. An antiparasitic
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spray/fogger could be used for the house, at the discretion
of the veterinarian.
The SSCFAD reduction was calculated at each time
point t using the SSCFAD arithmetic mean in the following formula:
SSCFAD reduction ð%Þ

¼ 100 � ðmean day 0 – mean tÞ =mean day 0:

The PVAS reduction was calculated at each time point
t using the arithmetic mean of pruritus scale according
to the following formula:
PVAS reduction ð%Þ

¼ 100 � ðmean day 0 – mean tÞ=mean day 0:

SSCFAD and PVAS values were analyzed by a mixed
linear model including day as a fixed effect. KenwardRoger correction was used to determine the denominator degrees of freedom [12]. Least squares means were
used for treatment comparisons.
The null hypothesis was that there was no significant
difference in the testing parameter between the pretreatment and post-treatment. Two tailed tests were used
for the comparison. Statistical significance was declared
when P ≤ 0.05. The primary software was SAS version 9.3
(SAS Institute Inc., Cary, NC, USA).

Results
Twenty-six client-owned dogs with suspected FAD were
enrolled in the study. They were mixed and pure breed,
ranging from 1 to 14 years old, and weighing between
4.5 and 40 kg. There were 11 females and 15 males. Four
breeds were more frequently represented: Maltese (4),
Jack Russell Terrier (4), Labrador Retriever (3) and
Shih Tzu (3). Fourteen dogs lived in a house with access to a garden while 12 exclusively lived in an
apartment. Fourteen of the enrolled dogs were the
only animal of the house, while 12 lived with at least
one other pet (Additional file 1).
Five of the 26 enrolled dogs received a topical antiseptic treatment during the first month, and nine received
antibiotics (sometimes combined with topical antiseptic
treatments). A spray formulation (containing permethrin
and (S)-methopren) (Tiquanis®) was used for the control
of environmental stages of fleas in five cases. Of the 26
dogs enrolled on day 0, 23 were presented on day 28, 20 on
day 84 and 16 for the final clinical evaluation, on day 168.
Clinical examination on the first visit found that dogs
mostly showed lesions in two body areas: the dorsolumbar area and the ano-genital area. Eighteen out of 20
dogs (90 %) presented on day 84 and 15 out of 16 dogs
(94 %) presented on day 168 showed complete clinical
resolution. A significant improvement in clinical signs
was observed for all the dogs over the study period
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(Table 1 and Fig. 1). The post-treatment FAD clinical
scores on days 28, 84 and 168 were significantly different
from that of the pre-treatment on day 0 (P values <
0.0001 for all 3 post-treatment days) with a reduction of
89.8 %, 98.8 % and 99.8 %, respectively. The FAD clinical
scores on post-treatment days 28, 84 and 168 were not
significantly different (P = 0.3651 for the difference between day 28 and day 84; P = 0.3511 for the difference
between day 28 and day 168; P = 0.9363 for the difference between day 84 and day 168) from each other.
The owner assessment of pruritus decreased significantly over the same period (Table 1). The post-treatment
pruritus visual analogue scales on post-treatment days 28,
84 and 168 were significantly different from that of the
pre-treatment (P values < 0.0001 for all 3 post-treatment
days) (Additional file 2), with a reduction of 45.2 %,
71.2 %, and 80.8 %, respectively. The PVAS values on
post-treatment days 84 and 168 were significantly different
from that on the post-treatment day 28 (P = 0.0031 for the
difference between day 28 and day 84; P = 0.0002 for the
difference between day 28 and day 168), but were not significantly different from each other (P = 0.2963). The
SSCFAD reduction and the pruritus score reduction were
not affected by whether the dog had access to a garden or
lived with another pet in the household (data not shown).
The flea count mean was 1.38 on day 0; this decreased to
0.00 on day 28 and remained at 0.00 on days 84 and 168.
An antiparasitic spray was used in the house (on day 0)
in only five of the cases (17 %). Due to this small number,
it was not possible to show any difference in response
when comparing houses that were fogged and those that
were not fogged.
No adverse clinical event was observed in any dog
after either of the two oral fluralaner administrations at
days 0 and 84.

Discussion
This is the first report to show long-term successful
management of FAD, as enrolled dogs were requested to
return for follow-up examinations at a final visit 168 days
(6 months) following the first treatment. This report was
an open study because both investigators and owners
knew which treatment was being administered to the
dogs. An untreated control group was not included for
Table 1 Clinical scores assessed by a veterinary dermatologist
and pruritus severity assessed by owners in FAD-affected dogs
following oral fluralaner treatment
Parameter

D0

D28

D84

D168

Number of dogs

26

23

20

16

Mean SSCFAD-score values

54

5.5

0.6

0.1

Mean pruritus scale values

7.3

P value compared with D0

4

2.1

1.4

< 0.0001

< 0.0001

< 0.0001

EXTRAORDINARY SCIENCE EXTRAORDINARY MEDICINE

15577_Bravecto_ScienceBook_TextPages_Jan19.indd 32

1/19/17 12:14 PM

Crosaz et al. Parasites & Vectors (2016) 9:174

Fig. 1 A 6 year-old Jack Russell Terrier presented with a dorsolumbar
lesion at day 0 (a) and the same dog at day 84 (b) showing complete
resolution of the lesion

ethical reasons. To date, there are only few clinical field
studies published regarding treatment strategies for controlling FAD in dogs [7, 8, 13]. Rohdich et al. [7] conducted a randomized, multi-centered field European
study to compare the flea- and tick-control efficacy for
dogs over a 12-week period with either a single oral dose
of fluralaner or with three sequential topical fipronil
treatments. Of dogs showing clinical FAD at the study
start, 85.7 % (30 out of 35) in the fluralaner-treated
group and 55.6 % (10 out of 18) in the fipronil-treated
group were evaluated at each time point as showing no
clinical signs of FAD until study completion. Fisara et al.
[13] evaluated the clinical response to topical indoxacarb
treatment every 4 weeks for 12 weeks in 25 client-owned
dogs with FAD in Australia [12]. Of the 24 dogs that
completed the study, 21 (87.5 %) showed complete resolution of clinical signs on the final visit. Fisara et al. [8]
conducted an open study to assess the clinical response
in 20 FAD affected dogs in Australia over a 12-week
period following a single oral fluralaner treatment [8].
All clinical signs of FAD in dogs included in this study
had resolved at the final assessment. In the two last
studies, the assessment of dogs with FAD was based on
canine atopic dermatitis extent and severity index version 3 (CADESI-03) [8, 13]. The CADESI-03 scale is validated to score canine atopic disease skin lesions and is
recommended for use in clinical trials of atopic dogs,
but not for FAD. In the present study, a specific scoring
system (SSCFAD) was used to assess the progression of
clinical signs over the course of the trial. However, this
scoring system, based on Laffort-Dassot et al. [9], has
not been tested for validity, reliability (i.e. inter- and
intra-observer reliability and internal consistency), and
responsiveness (i.e. sensitivity to change). In the present
study, 18 of the 20 dogs (90 %) presented on day 84 and
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15 of the 16 dogs (94 %) presented on day 168 showed
complete clinical resolution.
Assessment of the severity of pruritus in dogs is critical and difficult. Various methods have been described
but, to date, only one has been validated: the Pruritus
Visual Analog Scale (PVAS) [11]. This scale was used
in two out of three previous studies about FAD in
dogs [8, 13]. In the present study PVAS was confirmed to
be an easy and repeatable method for owners.
FAD was diagnosed in affected dogs on the basis of
observed compatible skin lesions at typical body locations, and by exclusion of other primary pruritic skin
diseases. Dogs were not skin tested with flea allergens.
Some authors [8, 10, 13] used intradermal injection of
flea antigens or serology as diagnostic criteria for FAD.
However, positive immediate intradermal flea antigen reactivity can be observed in normal dogs, and Kunkle et
al. [14] reported that 24 % of dogs can show a falsepositive reaction to flea extract injections. Laffort et al.
[9] demonstrated that skin testing with pure flea saliva
provided the best correlation between the clinical approach to FAD diagnosis and intradermal testing, with a
sensitivity of 93 %, a specificity of 90 %, and an overall
accuracy of 91 % [9].
Several different insecticides (and combinations) are
known to be effective against fleas and can be used to
control the clinical signs of FAD. In order to deliver the
best possible control of flea allergy, the antiparasitic
drug should combine two major characteristics: (i) a
quick flea adulticide activity; and (ii) a long duration of
action with persistent efficacy. Fluralaner meets both criteria and is currently the only isoxazoline to deliver flea
insecticidal efficacy >95 % for 12 weeks [4, 5]. In the
present study there was no increase of mean SSCFAD or
PVAS scores at D84 or D168 suggesting that a longterm control of fleas is an effective way to manage the
clinical signs of FAD in dogs.

Conclusions
Two oral fluralaner treatments effectively controlled the
clinical signs of FAD in dogs and reduced the severity of
the pruritus as assessed by the dog owner over a
6 months period. Orally administered fluralaner is effective for long-term control of FAD.
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Abstract
Background: Pathogens that are transmitted by ticks to dogs, such as Anaplasma phagocytophilum, Babesia spp.,
Borrelia burgdorferi sensu latu, and Ehrlichia canis, are an increasing problem in the world. One method to prevent
pathogen transmission to dogs is to kill the ticks before transmission occurs. Fluralaner (Bravecto™) is a novel
isoxazoline insecticide and acaricide that provides long persistent antiparasitic activity following systemic
administration. This study investigated the speed of kill of fluralaner against Ixodes ricinus ticks on dogs.
Methods: A total of 48 dogs were randomized to 8 groups of 6 dogs and each dog was infested with 50 female
and 10 male I. ricinus ticks. Two days later (day 0), 4 groups received a single treatment of 25 mg fluralaner/kg body
weight as Bravecto™ chewable tablets; the dogs in the other 4 groups were left untreated. Separate control and
treatment groups were paired at each time point (4, 8, 12, or 24 hours after treatment) for assessment of tick-killing
efficacy. At 4, 8, and 12 weeks after treatment, all dogs were re-infested with 50 female I. ricinus ticks and subsequently
assessed for live or dead ticks at either 4, 8, 12, or 24 hours after re-infestation. Efficacy was calculated for each
assessment time point by comparison of the treatment group with the respective control group.
Results: Tick-killing efficacy was 89.6% at 4 hours, 97.9% at 8 hours, and 100% at 12 and 24 hours after treatment.
Eight hours after re-infestation, efficacy was 96.8%, 83.5%, and 45.8% at 4, 8, and 12 weeks after treatment,
respectively. At least 98.1% tick-killing efficacy was demonstrated 12 and 24 hours after re-infestation over the
entire 12 week study period.
Conclusions: Fluralaner kills ticks rapidly after treatment at 4 hours, and over its entire 12-week period of efficacy,
it achieves an almost complete killing effect within 12 hours after tick infestation. The rapid tick-killing effect
together with the long duration of efficacy enables fluralaner to aid in the prevention of tick borne diseases.
Keywords: Bravecto™ chewable tablets, Fluralaner, Speed of kill, Dog, Tick, Ixodes ricinus, Tick-borne diseases, Efficacy

Background
Ticks are a common nuisance to humans and animals,
as they not only feed on the blood of their host, but also
carry numerous pathogens such as viruses, bacteria, and
parasites. Through feeding, infected ticks can transmit
pathogens to both human and domestic animal hosts,
especially dogs [1,2]. Vector-borne diseases are a growing problem worldwide [3,4], due to increasing pet ownership, more owners traveling with their pets, and the
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ability of vector arthropods to establish themselves in
new localities [5]. Ticks and tick-borne diseases are
spreading worldwide and are no longer restricted to certain areas.
Prevention of tick-borne diseases can be achieved by
avoiding tick habitats and by physical removal of ticks
from infested dogs. A better approach is the use of treatments capable of repelling, or rapidly killing ticks prior to
transmission, ideally with a long duration of efficacy [6-9].
Fluralaner (Bravecto™), a new ectoparasiticide that belongs to the novel isoxazoline compound class, is efficacious against Ixodes ricinus, Ixodes scapularis, Dermacentor
reticulatus, Dermacentor variabilis, and Rhipicephalus
sanguineus, i.e., against all tick species that potentially

© 2014 Wengenmayer et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this
article, unless otherwise stated.

EXTRAORDINARY SCIENCE EXTRAORDINARY MEDICINE

15577_Bravecto_ScienceBook_TextPages_Jan19.indd 35

35

1/19/17 12:14 PM

Wengenmayer et al. Parasites & Vectors 2014, 7:525
http://www.parasitesandvectors.com/content/7/1/525

harbor the most relevant pathogens to humans and domestic animals, such as Anaplasma phagocytophilum, Babesia
spp., Borrelia burgdorferi sensu latu, and Ehrlichia canis [3].
Fluralaner’s mode of action is antagonism of ligandgated chloride channels (both gamma-aminobutyric acid(GABA) receptor and glutamate-receptor) that potently
inhibit the arthropod nervous system [10], resulting in
paralysis and death of fleas and ticks [11]. Fluralaner has
a significantly high selectivity for arthropod versus mammalian neurons [10,12] and is well tolerated by dogs that
are at least 8 weeks old, including MDR 1 (−/−) Collies
[13,14].
In dogs, fluralaner has a long elimination half-life, a
long mean residence time, a relatively high apparent volume of distribution, and a low clearance rate [15]. The
long residence time of fluralaner in the dog’s plasma results in persistent killing activity on fleas and ticks for
12 weeks after a single oral treatment [16]. The efficacy
of fluralaner depends on ticks attaching to the host’s
skin, commencing feeding and thereby ingesting the active compound [11]. Sustained feeding increases risk of
pathogen transmission from ticks to dogs, but transmission usually does not occur immediately after a tick attaches to a dog. Instead, an initial attachment and
feeding period of at least 24 to 48 hours is required before transmission occurs in most tick-borne disease
systems, a period in which reactivation of tick-borne
pathogens takes place [2]. The time period between attachment and transmission allows a systemic ectoparasiticide such as fluralaner to take effect. If the infected
ticks are killed within this time period, the transmission
can most likely be prevented. Therefore, the speed of
kill, defined as the time necessary to kill already attached
ticks or to kill ticks after re-infestation, is an important
factor in the prevention of tick-borne diseases.
Based on the rationale outlined above, 2 studies were
conducted to evaluate the speed of kill of fluralaner by
measuring the tick-killing efficacy at 4 and 8 hours (study
1) or 12 and 24 hours (study 2) after a single treatment,
and at various time points after re-infestation of these
dogs over the entire 12-week duration of efficacy.
In both studies, I. ricinus ticks were selected to infest
the dogs, because this species is the vector for one of
the most common tick-borne infections, Lyme borreliosis (caused by B. burgdorferi), in the temperate northern
hemisphere [17].

Methods
Both studies were in compliance with German animal
welfare regulations, and ethical approval was obtained
before start of the study by the “Landesuntersuchungsamt
Rheinland-Pfalz”. The studies were conducted in accordance with the OECD Principles of Good Laboratory
Practice (GLP) and the GLP Principles of the German
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Chemikaliengesetz (Chemicals Act). Both studies were
conducted as blinded, randomized, negative controlled efficacy studies.
Study design

The studies investigated the speed of kill of fluralaner
against I. ricinus ticks on dogs. In total, 48 healthy adult
Beagles (≤7 years) that had not been treated with any parasite control product for at least 12 weeks prior to starting
this study were included. Prior to randomization, dogs
were weighed (range 9.3–19.9 kg) and clinically examined.
Participating dogs were previously infested with 80 fleas
(Ctenocephalides felis) to demonstrate their susceptibility
to parasite infestation and to prove the absence of ectocides. Ranking of the dogs was performed by descending
flea counts (between 63 – 80 fleas/dog) and dogs were
randomly allocated to 8 study groups (4 treatment and 4
corresponding control groups) of 6 dogs each using a
computer generated randomization list.
All dogs were kept indoors. During periods without
parasite infestation, dogs were group-housed within their
corresponding study group, while during periods of
parasite infestations, all dogs were housed individually.
Temperature in the dog housing facility ranged between
17 – 22°C and the relative humidity between 40 – 90%.
Dogs were fed a standard commercially available dry dog
food once daily, and drinking water was provided ad
libitum. General health observations were performed
once daily throughout the study.
Treatment

On day 0 (i.e., day of treatment), dogs in the 4 treatment
groups received fluralaner chewable tablets based on the
dog’s individual body weight to achieve a minimum dose
of 25 mg fluralaner/kg body weight. The fluralaner
chewable tablets were administered by placement in the
back of the oral cavity over the tongue to initiate swallowing. Dogs received half of their daily food ration
within 20 minutes prior to treatment and the balance
immediately thereafter. Each dog was continuously observed for 1 hour after administration to assess whether
chewable tablets were vomited or spit out, which did not
occur. Dogs in the 4 control groups were left untreated.
Tick infestations and assessments

The I. ricinus ticks used in the studies were reared in a
laboratory for at least 2 generations since their introduction from the wild (Europe). Tick infestations were conducted on medetomidin sedated dogs on days -2, 28
(4 weeks), 56 (8 weeks) and 84 (12 weeks). At each infestation time point, every dog was infested with 50 female unfed adult ticks applied directly to their fur along
the back, lateral side, and head. Approximately 10 male
ticks were additionally applied to give Ixodes females
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best conditions for attachment. Tick-infested dogs were
held in individual pens until parasite removal. The tick
burden (male and female ticks) of all dogs in each treatment and control group pairing were assessed at either 4
(±0.75), 8 (±0.75), 12 (±1.5), or 24 (±1.5) hours after treatment (week 0) or after re-infestation (weeks 4, 8, and 12).
The entire body of each dog was examined and ticks were
carefully removed using forceps. Ticks were classified as
dead or alive, attached or unattached, and counted.
Personnel conducting tick classification and tick counts
were blinded to the treatment status of each dog.
Statistical analysis

The statistical analysis was performed using the software
package SAS® (SAS Institute Inc., Cary, NC, USA, release 9.2). The individual animal was the statistical unit
in all statistical calculations. The percentage of tick efficacy was calculated for each treated group and assessment time point according to Abbott’s formula:
Efficacy (%) = 100 x (MC – MT) / MC, where Mc is
the geometric mean of live ticks on control group dogs
and MT is the geometric mean of live ticks on treatment
group dogs. In case of zero counts, the geometric mean
of ticks (x g) was calculated as follows:

xg ¼

n
Y
i¼1

ðxi þ 1Þ

!n1

−1

where n is the number of animals, i the index and xi is
the number of ticks on the i-th animal.
Significance of differences was assessed between the
log-counts of the live ticks of each treated group in comparison with the log-counts of the respective untreated
control group for each assessment time point. The
treated and control groups were compared using a linear
mixed model that includes treatment group as a fixed effect and block as a random effect. The two-sided level of
significance for the F-tests of the model effects was set
to α = 0.05.

Results
No treatment-related adverse events were observed in
any of the 24 fluralaner-treated dogs during the 12-week
post-treatment observation period. The mean tick
counts and the detailed efficacy results are shown in
Table 1. Tick-killing efficacy was 89.6% at 4 hours, 97.9%
at 8 hours, and 100% at 12 and 24 hours after treatment.
Eight hours after re-infestation, efficacy was 96.8%,
83.5%, and 45.8% at 4, 8, and 12 weeks after treatment,
respectively. At least 98.1% tick-killing efficacy was demonstrated 12 and 24 hours after re-infestation over the
entire 12 week study period.
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Tick counts 4, 8, 12 or 24 hours after treatment were
significantly lower (p < 0.0001) in fluralaner treated dogs
compared with tick counts from untreated control dogs.
Tick counts assessed 8, 12 or 24 hours after re-infestation
were also significantly lower (at all time points p < 0.0001;
8 hours following re-infestation in week 12: p < 0.004) in
fluralaner treated dogs compared with untreated control
dogs. Significant lower tick counts were also assessed
4 hours after re-infestation in week 4 (p < 0.03).

Discussion
Fluralaner (Bravecto™) is the first orally administered
ectoparasiticide to exhibit an extended period of efficacy
against ticks. The present study clearly demonstrate that
fluralaner rapidly kills ticks with increasing efficacy over
time, reaching full efficacy at 12 hours for the entire 12week duration of efficacy.
The systemic mode of action of fluralaner necessitates
some uptake of the host’s body fluid by the ticks. The
fast killing effect limits this uptake to a short period of
time. The transmission of tick-borne disease pathogens
to the host does not usually occur immediately after tick
attachment, but after sustained feeding.
Pathogens are activated directly in the salivary glands
prior to transmission or require a reactivation period to
replicate and migrate to the salivary glands [2]. This reactivation period starts upon attachment to the host and
the transmission takes place when the tick regurgitates
excess fluid into the bite wound [2,18].
Several studies have been conducted to assess the time
necessary for pathogen transmission [9,19-21]. Infected
ticks were allowed to feed on host animals for defined
time periods. After removal of the ticks, the host was
checked for the absence or presence of the pathogen, or
a specific immune reaction. If the data indicated that the
host was in contact with the pathogen, the time the tick
was on the host was considered sufficient for pathogen
transmission.
For example, the transmission of B. burgdorferi to mice
by Ixodes nymphs did not occur prior to 24 hours after
attachment: 0 out of 18 mice became infected after exposure to B. burgdorferi-infected I. ricinus nymphs for 24 or
48 hours, and none of 58 mice were infected after exposure to B. burgdorferi-infected I. scapularis nymphs for
24 hours [20,21]. For Babesia canis, transmission from infected D. reticulatus ticks to dogs did not occur prior to
48 hours [19]. Furthermore, Prullage et al., concluded that
the transmission rates of B. burgdorferi, A. phagocytophilum, and B. microti drop significantly if ticks are prevented
from feeding for longer than 24 hours [22].
Once transmission is possible, the probability of pathogen
transmission increases significantly and continues to increase with the duration of the blood meal [21]. Comparing
these transmission times with the results of our study
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Table 1 Mean tick counts and tick-killing efficacy (%) after oral administration of fluralaner to dogs
Assessment time pointa
Week 0

Mean tick countsb (control/treated) [n]
b

Mean tick counts (control/treated) [n]
Efficacy [%]

Week 8

b

Mean tick counts (control/treated) [n]
Efficacy [%]

Week 12

8 hours

12 hours

24 hours

33.0/3.4

30.6/0.6

28.1/0

15.8/0

#

Efficacy [%]
Week 4

4 hours

b

Mean tick counts (control/treated) [n]
Efficacy [%]

#

#

89.6

97.9

100

36.5/24.4

40.5/1.3

36.7/0.1

#

30.6/0

33.2*

96.8

99.7

100#

38.6/31.8

31.2/5.2

32.0/0.3

29.8/0.1

17.5

83.5

99.2

99.6#

37.4/34.5

30.0/16.2

34.3/0.6

32.7/0.6

7.8

#

#

100#

§

45.8

#

#

98.3

98.1#

a

Assessment for ticks in hours after treatment or re-infestation.
Geometric mean.
*Log-counts of live ticks from the treated group were significantly different (p < 0.03) from log-counts of the respective untreated control group.
§
Log counts of live ticks from the treated group were significantly different (p < 0.004) from log-counts of the respective untreated control group.
#
Log counts of live ticks from the treated group were significantly different (p < 0.0001) from log-counts of the respective untreated control group.
b

results, we conclude that fluralaner kills ticks before transmission of Borrelia and Babesia pathogens commences.
The A. phagocytophilum and E. canis pathogens are
harbored in the midgut, but can also be found in salivary
glands, which makes an earlier transmission possible.
For example, the transmission of A. phagocytophilum
from I. scapularis nymphs to mice occurs within the first
24 hours [20] and the transmission of E. canis occurs
within 3–6 hours [9]. Thus, the risk of transmission of
such pathogens cannot be completely excluded when
considering the speed of kill of fluralaner and the reported transmission times from laboratory investigations. However, these studies were conducted under
laboratory conditions; all existing variables of the vector:
host natural state (e.g., vector infection rate and pressure, interrupted tick feeding, variations in the age,
breed, and immune status of the host, and presence of
other reservoir hosts) cannot be replicated in a laboratory. More importantly, in several studies conducted in
dogs the use of commercial acaricidal products protected from an A. phagocytophilum or E. canis infection
[8,23-27]. These products are described as having a
slower speed of kill (i.e., time needed after treatment/
re-infestation to kill >90% of attached ticks) compared
with fluralaner [23,28-31]. Thus, fluralaner is likely to have
at least the same ability to prevent A. phagocytophilum or
E. canis infection in dogs.
The systemic mode of action of fluralaner adds some
more advantages for the user over substances that are
applied topically or by a collar and remain on the surface
of a dog. A decrease of tick efficacy due to the loss of a
collar or by swimming is possible after the use of respective products. Furthermore, the fact that the ticks
are killed after feeding on a fluralaner treated dog also
reduces the possibility of another dog getting infected as
it can happen with solely repellent active substances.
Additionally to its rapid speed of kill and the systemic
mode of action, the long duration of efficacy of fluralaner
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benefits owners by permitting fewer treatments over time
than other commercially available monthly acaricidal
products. Frequent and consistent use of ectoparasiticides
is a major tool in tick-borne disease prevention. However,
owner compliance is often poor [32,33], resulting in times
when the dog is not protected [34], i.e. when monthly
treatments are not re-administered in the recommended
treatment interval. This puts not only the dog’s health at
risk, but poses a risk to other dogs and humans, because
an unprotected dog is a potential pathogen reservoir.
Therefore, an ectoparasiticide with a rapid speed of kill and
long duration of efficacy, such as fluralaner (Bravecto™),
helps in the prevention and control of tick-borne diseases.

Conclusions
Fluralaner kills ticks rapidly after treatment at 4 hours,
and over its entire 12-week period of efficacy, it achieves
an almost complete killing effect within 12 hours after
tick infestation. The systemic mode of action of fluralaner is of advantage as it thus overcomes the decrease of
efficacy due to the loss of a collar or swimming of the
dog. The 12-week duration of efficacy is an additional
benefit as it overcomes poor owner compliance regarding re-treatment. The rapid tick-killing effect together
with the long duration of efficacy enables fluralaner to
aid in the prevention of tick borne diseases.
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Prevention of transmission of Babesia canis
by Dermacentor reticulatus ticks to dogs
treated orally with fluralaner chewable
tablets (Bravecto™)
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Abstract
Background: The preventive effect of fluralaner chewable tablets (Bravecto™) against transmission of Babesia canis
by Dermacentor reticulatus ticks was evaluated.
Methods: Sixteen dogs, tested negative for B. canis by PCR and IFAT, were allocated to two study groups. On
day 0, dogs in one group (n = 8) were treated once orally with a fluralaner chewable tablet according to label
recommendations and dogs in the control group (n = 8) remained untreated. On days 2, 28, 56, 70 and 84,
dogs were infested with 50 (±4) B. canis infected D. reticulatus ticks with tick in situ thumb counts 48 ± 4 h
post-infestation. Prior to each infestation, the D. reticulatus ticks were confirmed to harbour B. canis by PCR analysis.
On day 90, ticks were counted and removed from all dogs. Efficacy against ticks was calculated for each assessment
time point. After treatment, all dogs were physically examined in conjunction with blood collection for PCR every
7 days, blood samples for IFAT were collected every 14 days and the dog’s rectal body temperature was measured
thrice weekly. From dogs displaying symptoms of babesiosis or were PCR positive, a blood smear was taken, and,
if positive, dogs were rescue treated and replaced with a replacement dog. The preventive effect was evaluated by
comparing infected dogs in the treated group with infected dogs in the untreated control group.
Results: All control dogs became infected with B. canis, as confirmed by PCR and IFAT. None of the 8 treated
dogs became infected with B. canis, as IFAT and PCR were negative throughout the study until day 112. Fluralaner
chewable tablet was 100 % effective against ticks on days 4, 30, 58, and 90 and an efficacy of 99.6 % and 99.2 %
was achieved on day 72 and day 86 after treatment, respectively. Over the 12-week study duration, a 100 %
preventive effect against B. canis transmission was demonstrated.
Conclusions: A single oral administration of fluralaner chewable tablets effectively prevented the transmission of B.
canis by infected D. reticulatus ticks over a 12-week period.
Keywords: Bravecto™, Babesia canis, Babesiosis, Chewable tablets, Fluralaner, Dermacentor reticulatus, Dog, Efficacy,
Preventive effect, Tick, Tick-borne disease, Transmission blocking
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Background
Canine babesiosis, caused by protozoa of the genus
Babesia through the bite of a vector tick, is a clinically
important tick-borne disease. In Europe to date, four
Babesia species known to affect dogs have been identified. Babesia canis, Babesia vogeli, Babesia gibsoni and
Babesia vulpes sp. nov., previously known as Babesia
microti-like [1–3]. Of these species, B. canis is the most
widely distributed in Europe, coinciding with the distribution of its known vector Dermacentor reticulatus, the
ornate dog tick. B. vogeli is most often found around the
Mediterranean basin where Rhipicephalus sanguineus is
the predominant tick species. The Babesia vulpes sp.
nov. species seems to be centered in the northwest of
Spain whereas the occurrence of B. gibsoni is reported
more sporadically [2, 4].
Babesia spp. are intracellular protozoa habiting in the
red blood cells of the host. The clinical signs of babesiosis
in dogs vary from mild transient illness to acute disease
due to severe haemolysis that rapidly results in death.
Clinical findings include pale mucus membranes, elevated
body temperature, anorexia, icterus, pyrexia, and splenic
and hepatic enlargement [2]. However, the severity of the
disease depends on various factors such as the Babesia
species involved, the age and immune status of the dog
and the presence of other infectious diseases [4].
Worldwide, canine babesiosis is one of the most eminent tick-borne diseases [5]. Due to increasing pet ownership, more owners travelling with their pets and the
ability of vector arthropods to establish themselves in
new localities [6], ticks and tick-borne diseases are spreading throughout the world and are no longer restricted to
certain areas.
Once the infected tick has attached to the dog, the risk
of pathogen transmission from the tick to the dog is increased by sustained feeding. In most tick-borne disease
systems, after initial tick attachment, a feeding period of
at least 24 to 48 h is required before transmission of
protozoa occur [7]. To prevent the pathogen transmission,
it is necessary to kill the infected tick within this time
period. To quantify the dynamics of transmission of tickborne pathogens, transmission blocking tick models have
been developed. Such a model includes a sufficient
number of treated dogs to test the duration of preventive activity, plus an untreated control group wherein the
majority of dogs become infected with the tick-borne
pathogen.
In the current study, dogs were treated once orally
with fluralaner chewable tablets (Bravecto™). Fluralaner,
a new ectoparasiticide in the novel isoxazoline compound class, elicits its primary action through feeding
activity, with a duration of efficacy over 12 weeks resulting in the immediate and persistent killing of ticks and
fleas on dogs [8]. As fluralaner is a systemic acting
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ectoparasiticide; its efficacy depends on ticks attaching
to the host’s skin and commencing to feed, thereby
ingesting the active compound. Due to its rapid speed of
killing within 12 h after tick attachment [9], the potential
of orally administered fluralaner to prevent B. canis
transmission was tested in the outlined study.

Methods
Study set-up

The study was conducted in accordance with Good
Clinical Practice (VICH guideline GL9, Good Clinical
Practice, EMA, 2000), and was in compliance with the
South African National Standard “SANS 10386:2008:
The care and use of animals for scientific purposes” and
ethical approval was obtained by the ClinVet Animal
Ethics Committee (CAEC) before the study start. The
study was performed as a negative controlled, partly
blinded, randomized efficacy study.
Sixteen mixed breed dogs (8 males, 8 females) tested
negative for babesial DNA by PCR analysis and negative
for B. canis antibodies (IFAT) before treatment were used.
All dogs included were between 1 and 8 years of age and
weighed between 13.2 and 26.9 kg. Each dog was in good
health; had not been treated with any parasite control
product within 3 months prior to a 7-day acclimatization
period; did not harbour any ticks before treatment; and
was uniquely identified by a microchip number.
Prior to randomization, dogs were clinically examined
and weighed. Dogs were ranked within gender by descending body weight and randomly allocated to two study
groups (one treatment and one control group) of 8 dogs
each using a computer-generated randomization list.
All dogs were kept indoors and housed individually
during the study course. Temperature in the dog housing facility ranged between 15.1 and 27.9 °C and the
relative humidity between 21.9 and 66.4 %. All dogs were
fed a standard commercially available dry dog food once
daily and drinking water was provided ad libitum.
Treatment

On day 0 (i.e., day of treatment), dogs in the treatment
group were treated once orally with fluralaner chewable
tablets (Bravecto™), according to label recommendations.
Each dog received half of its daily food ration approximately 20 min before administration of treatment and
the balance directly after treatment. The chewable tablet
was administered by placement in the back of the oral
cavity over the tongue to initiate swallowing. Each treated
dog was continuously observed for 1 h after administration to monitor for vomit or tablet spit out, which did not
occur in any of the 8 dogs. Dogs in the control group
remained untreated. Specific health observations on day 0
were performed hourly, up to 4 h after administration on
all dogs (treated and untreated).
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Tick infestations and assessments

A laboratory-bred D. reticulatus tick isolate (European
origin) infected with B. canis was used for each infestation. Tick infestations were conducted on all dogs on
days 2, 28 (4 weeks), 56 (8 weeks), 70 (10 weeks), and 84
(12 weeks). One sample of D. reticulatus ticks (approximately 50) was taken from each batch of ticks used for
each infestation to determine the percentage of infection
with B. canis by PCR analysis. At each infestation time
point, each dog was infested with 50 (± 4) viable, unfed
adult D. reticulatus ticks (50 % female; 50 % male). Dogs
were not sedated for infestation, but during each infestation every dog was placed in an infestation restrainer
measuring 90 × 80 × 70 cm (L x W x H) and ticks were
manually applied to the animal’s fur; thereafter the
animals were restrained for approximately 10 min. During this time ticks which fell off from the animal were
re-applied. After 10 min the infestation restrainer was
closed, and after 4 h (± 10 min) the dog was released
into its cage.
Tick in situ thumb counts were performed on each
dog at 48 ± 4 h post each infestation (i.e., on days 4, 30,
58, 72, and 86), but ticks were not removed. On day 90,
all remaining ticks on each dog were removed and
counted. The personnel conducting tick infestation, tick
in situ counting and tick removal on day 90 were blinded
to the treatment status of each dog.
Animal health

To monitor each dog closely for any signs of canine
babesiosis, each dog was physically examined by a veterinarian on a 7-day interval until completion of the study
(i.e., days 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91,
98, 105, and 112). Starting on day 8 after treatment, the
rectal body temperature of each dog was measured
thrice weekly. General health observations, noting the
dog as normal or abnormal, were performed once daily
throughout the complete study duration (i.e., starting 7
days prior to treatment until day 112 after treatment).
If a dog was noted as abnormal or the rectal body
temperature was measured above or equal to 39.4 °C,
an additional physical examination by a veterinarian
was performed. If one or more parameters were observed as abnormal during this examination, a blood
sample for blood smear performance was collected.
The blood smear was air dried and stained with a Diffquick Stain Kit prior to evaluation.
Blood for serology (IFAT) and PCR analysis

Blood samples for serum analysis for B. canis antibodies
were collected on a 14-day interval, starting on day 14
after treatment. IFATs were performed using the “MegaScreen® FLUOBABESIA canis” commercial kit. All sera
were diluted at 1:80 and were recorded as positive if
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specific fluorescence was observed, or negative if no
fluorescence was observed.
Blood samples for PCR analysis regarding B. canis
DNA were collected in EDTA tubes from each dog on a
7-day interval. Total genomic DNA was isolated from
whole blood samples using a commercial genomic DNA
isolation kit (GeneJet Genomic DNA Purification kit,
Thermo Scientific). PCR entailed the use of primers
Babesia2F (5′-GGAAGGAGAAGTCGTAACAAGGTTT
CC-3′) and Bcanis2R (5′-CAGTGGTCACAGACCGG
TCG-3′) with combined specificity to the B. canis ITS1
region of the DNA in order to amplify a target region of
302 bp [10]. Up to 400 ng isolated DNA served as template for PCR amplification of the target region. PCR
products were analysed using agarose gel electrophoresis. A PCR product of approximately 300 bp indicated
the presence of the target region in the sample. To verify
PCR success in each individual tube, positive, negative,
no templates as well as internal amplification controls
were included in each run.
Rescue treatment

A blood sample for blood smear performance was collected from each dog displaying a rectal body temperature
above or equal to 39.4 °C, or with a positive PCR analysis
result for babesial DNA, or clinical signs of babesiosis observed during physical examination. Dogs confirmed positive for B. canis protozoa by blood smear were rescue
treated and received the appropriate treatment with diminazene (Berenil; MSD Animal Health) at a dosage of 1 mL/
20 kg body weight on the first day and with imidocarb
(Forray 65; MSD Animal Health) at a dosage of 1.2 mL/20
kg body weight on the next day. A rescue-treated dog
remained part of all health observations (i.e., general
health, rectal body temperature assessment, physical
examination) but was not subjected to subsequent tick
infestations. This dog was moved from the study housing facilities to an outdoor run exposed to ambient environmental conditions, and group housed until final
study exclusion. Before moving, all ticks were removed.
Blood samples for PCR and IFAT were collected and after
confirmation of a babesial infection by both analysis
methods, this dog was finally excluded from the study.
Replacement dogs

Due to the several planned tick infestation time points
during the study duration (i.e., tick infestations on days
2, 28, 56, 70, and 84), in addition to the 8 primary included dogs in the control group, replacement dogs were
included as required, and to replace animals in this
group rescue treated for babesiosis. Before study inclusion,
a replacement dog was acclimatized for 7 days prior to
first tick infestation for that animal. During this period the
dog was tested negative for B. canis by PCR analysis and
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IFAT, and a physical examination by a veterinarian was
performed. Replacement dogs were not randomized, but
whenever possible the replacement dog had the same sex
as the control dog replaced.
Efficacy evaluation

The statistical analysis was performed using the software
package SAS® (SAS Institute Inc., Cary, NC, USA, release 9.3). The individual dog was the experimental unit
in all statistical calculations. Data from each tick in situ
thumb count time point were analysed separately.
The percentage of efficacy against ticks was calculated
for the treatment group at each assessment time point
using geometric means with Abbott’s formula:
Efficacy (%) = 100 × (MC - MT)/MC, where MC was the
mean number of total live attached ticks on untreated
control dogs and MT the mean number of total live attached ticks on treated dogs. In case of zero counts, the
geometric mean was calculated as follows:

xg ¼

n
Y
i¼1

ðxi þ 1Þ

!n1

−1

Significant differences were assessed between the logcounts of live attached ticks in the treated group at each
assessment time point and the log-counts of the untreated
control group. Study groups were compared using a linear
mixed model including study group as a fixed effect and
block as a random effect. The two-sided level of significance was declared when P ≤ 0.05.
The percentage of preventive effect against B. canis
transmission for the treatment group was calculated as
follows: Preventive effect (%) = 100 × (TC - TT)/TC,
where TC is the total number of infected dogs in the untreated group and TT is the total number of infected
dogs in the treated group. A dog was regarded infected
with B. canis, if it was tested serologically positive for B.
canis antibodies (IFAT) and positive for B. canis DNA in
PCR assay.

Page 4 of 6

consisted of 4 animals. Efficacy calculation for day 86 and
day 90 were therefore calculated with 4 control dogs. The
mean tick counts and the detailed efficacy against ticks
are shown in Table 1. An efficacy against ticks at each assessment time point between 99.2 and 100 % was achieved
after single oral fluralaner treatment.
None of the dogs treated with Bravecto™ chewable tablets developed any clinical signs referring to babesiosis.
Dogs in the control group developed clinical signs referring to babesiosis as pale mucous membranes, rectal body
temperature above or equal to 39.4 °C, depressed/listless
general behaviour, enlarged lymph nodes and enlarged
spleen.
Rectal body temperatures were measured for each dog
thrice weekly. In 19 of 27 control dogs a rectal body
temperature above or equal to 39.4 °C was measured on
at least one measurement time point during the study.
In the treated group in 1 of 8 dogs a rectal body
temperature above or equal to 39.4 °C was measured
once 17 days after treatment. This elevated rectal body
temperature was not confirmed to be related to an infection with B. canis, as blood analysis results (blood smear,
PCR and IFAT) for this animal were negative for B. canis
throughout the study period (see Table 2).
At each infestation time point, 12–16 % of ticks were
found to be infected with B. canis by PCR analysis. The
infection model was regarded as valid as all dogs in the
untreated control group were infected with B. canis, as
confirmed positive for B. canis by blood smear; for babesial DNA by PCR analysis; and for B. canis antibodies by
IFAT after first or subsequent tick infestation. None of
the treated dogs became infected with B. canis during
the complete study duration, as confirmed by the absence of B. canis antibodies in the IFAT and a negative
test result for babesial DNA by PCR analysis on any of
Table 1 Mean tick counts and efficacy against ticks after single
oral treatment with fluralaner chewable tablets
Day 4
Day 30

Results
No treatment-related adverse events were observed in
any of the 8 dogs treated orally with fluralaner during
the 12-week post-treatment observation period. In total
19 replacement dogs (10 male, 9 female) were included
in the control group throughout the study, ensuring that
at each tick infestation time point, the control group
consisted of 8 animals, which was possible for all infestation time points except the last one on day 84. For tick
challenge on day 84 only 6 control animals were available,
from which two were tested positive by blood smear and
PCR analysis on day 85 and rescue treated, so that for tick
in situ thumb counting on day 86 the control group

Day 58
Day 72
Day 86
Day 90

Mean tick countsa (control/treated) [n]

18.6/0.0

Efficacy [%]

100b

Mean tick countsa (control/treated) [n]

18.8/0.0

Efficacy [%]

100b
a

Mean tick counts (control/treated) [n]

12.7/0.0

Efficacy [%]

100b

Mean tick countsa (control/treated) [n]

22.2/0.1

Efficacy [%]

99.6b

Mean tick countsa (control/treated) [n]

23.0/0.2

Efficacy [%]

99.2b

Mean tick countsa (control/treated) [n]

22.3/0.0

Efficacy [%]

100b

a

Geometric mean live attached ticks
Log-counts of ticks from the treated group were significantly different
(p < 0.0001) from log-counts of the untreated control group

b
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Table 2 Number of dogs with increased rectal body
temperature (RBT) and number of dogs tested positive for B.
canis via blood smear, PCR and IFAT
Study group

RBT

Blood smear

PCR

IFAT

≥39.4 °C

[POS]

[POS]

[POS]

Untreated control [n]

19/27

27/27

27/27

27/27

Treatment groupa [n]

1b/8

0/8

0/8

0/8

a

oral treatment with fluralaner chewable tablets
one dog had a RBT of 39.8 °C once 17 days after treatment

b

the scheduled blood analysis time points up to 4 weeks
after the last tick infestation (see Table 2). A 100 %
preventive effect against the transmission of B. canis by
infected D. reticulatus ticks was achieved after single
oral fluralaner treatment (see Table 3).

Discussion
The blocking of pathogen transmission (preventive effect) to dogs through the bite of vector ticks has become
an increased demand of pet owners and veterinarians in
the evaluation of the capacity of anti-tick compounds.
Canine babesiosis is one of the clinically most significant
and eminent tick-borne diseases [5], and was therefore
used as study model to determine the ability of fluralaner
to prevent the transmission of B. canis by infected D. reticulatus ticks. B. canis protozoa infect the red blood cells,
causing mild to severe disease with different severities in
clinical signs until death, if untreated. For this reason,
dogs in the untreated control group were immediately rescue treated after they had been tested positive by blood
smear. For these rescue-treated dogs, replacement dogs
were included, to maintain a sufficient number of at least
6 dogs in the control group for statistical analysis, as required by the guideline for evaluating the efficacy of parasiticides for the treatment, prevention and control of flea
and tick infestations on dogs and cats [11].
Fluralaner is the first orally-administered compound
leading to systemic activity with an efficacy duration
over 12 weeks against ticks and fleas [8, 12]. Until 2014,
tick control compounds for dogs were available as spotons, sprays or collars exhibiting its tick-killing efficacy
via blood meal and/or contact exposure/repellency [13].
In the speed of kill studies from Wengenmayer et al. [9],
Table 3 Preventive effect against the transmission of B. canis by
D. reticulatus ticks
Untreated control

Treatment groupa

Infected [n]

27/27

0/8

Non-infected [n]

0/27

8/8

Infected [%]

100

0

Prevention [%]

-

100

p-Value

-

0.0002

a

oral treatment with fluralaner chewable tablets
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it was demonstrated that orally-administered fluralaner
starts to kill ticks present on the dog as early as 4 h
(89.6 %), showing almost complete tick-killing efficacy
within 12 h after treatment over the entire 12-week period
of efficacy. These results are confirmed in this study by
the excellent efficacy results against ticks (see Table 1). As
fluralaner elicits its primary action through feeding activity, the protective effect of fluralaner is less obvious. The
efficacy of fluralaner depends on ticks attaching to the
host’s skin and commencing feeding, thereby ingesting the
active compound before being killed [8]. The transmission
time of B. canis from infected D. reticulatus ticks is given
by Heile et al. [14] with 48–72 h after tick attachment.
The tick’s attachment to the host’s skin starts the maturation of the sporozoites located in the salivary glands of
the tick. A few days later after the tick has attached,
pathogen transmission through the saliva from the tick
causes host infection [15]. Due to its rapid tick-killing
effect, fluralaner effectively prevented the transmission of
B. canis from infected D. reticulatus ticks to the dogs
(Table 3). Fluralaner chewable tablets demonstrated an efficacy against ticks between 99.2 and 100 % over the entire
12-weeks study duration.
An active ingredient with a longer re-treatment interval such as fluralaner reduces the risk of treatment
failure as a consequence of poor owner compliance with
monthly treatment recommendations. Owner compliance is an important component of successful control
and prevention of tick infestations during tick season.
This study demonstrated that treatment with fluralaner
chewable tablet is not only effective against ticks and
protects the dog against pathogen transmission, but also
remains effective over a 12-week period following treatment. Moreover, in addition to its efficacy against D.
reticulatus, fluralaner is effective for the same period of
time against other ticks and fleas that may concomitantly infest these animals [12, 16].

Conclusions
Single oral administration of fluralaner chewable tablets
(Bravecto™) to dogs prevented the transmission of B. canis
by infected D. reticulatus ticks by 100 % over 12 weeks.
An efficacy against ticks between 99.2 and 100 % was
achieved over the entire 12-week study duration. The long
re-treatment interval of fluralaner chewable tablets offers
more convenience over monthly tick-control treatments,
with a potential compliance advantage.
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and the start of laying eggs [1]. Thus, it is necessary to
effectively kill all adult fleas within this time frame.
The active ingredient of Bravecto™, fluralaner, is a
member of the isoxazoline class, a novel class of antiparasitic drugs that inhibits γ-aminobutyric acid (GABA)and glutamate-gated chloride channels with significant
selectivity for insect neurons over mammalian neurons
[5,6]. Fluralaner formulated as a flavoured chewable tablet is commercially available for immediate and persistent killing of ticks and fleas on dogs over 12 weeks,
eliciting its primary action through feeding activity [7]. In
a field trial, a single dose of fluralaner provided 12 weeks
activity against fleas in dogs [8], and it was shown to be
safe and well tolerated [8,9].
The aim of the current studies was to determine a)
how fast fluralaner starts to kill fleas (within 0.5-4 hours
post-treatment) and b) the speed of flea kill within the
4–24 hours after infestation over the 12-week efficacy
duration of fluralaner.

Methods
Study set-up

Three blinded, randomized, negative controlled studies
were performed, one start to kill study in South Africa
and two speed of kill studies in Germany. The start to
kill study was conducted in accordance with Good Clinical Practice (VICH guideline GL9, Good Clinical Practice (EMA, 2000)), in compliance with the South African
National Standard “SANS 10386:2008: The care and use of
animals for scientific purposes” and ethical approval was
obtained by the ClinVet Animal Ethics Committee (CAEC)
before the study start. The 2 speed of kill studies were conducted in accordance with the OECD Principles of Good
Laboratory Practice (GLP) and the GLP Principles of the
German “Chemikaliengesetz” (Chemicals Act), in compliance with the German animal welfare regulations and ethical approval was obtained before the start of the study.
For each flea assessment time point in each of the
three studies, 6 treated dogs and 6 control dogs were included, thus in total 96 dogs (52 male and 44 female).
All dogs included were over 6 months of age, weighed
between 8.9 and 18.8 kg, and were mixed or pure bred
(Beagles). Each dog was in good health, had not been
treated with any parasite control product within 3 months
prior to a 7 day acclimatization period, and was uniquely
identified by a microchip number. In the start to kill study
and the speed of kill studies, laboratory bred flea strains,
both originating from Germany and collected from the
field less than 10 years prior to the studies, were used.
Within the acclimatization period, the flea susceptibility of each dog was confirmed by a flea infestation with
100 (± 4) fleas (start to kill) or 80 fleas (speed of kill),
followed by flea removal and count 24 (± 2) hours later.
All dogs included in the study harboured more than 50%
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of the number of originally infested fleas. Ranking of the
dogs was performed within gender (start to kill study) or
without gender separation (speed of kill studies) by descending flea counts and dogs were randomly allocated to
study groups using a computer generated randomization
list. In the start to kill study, dogs were housed individually. In the speed of kill studies, dogs were group-housed
within their corresponding study group during periods
without flea infestation. On days when dogs carried fleas,
all dogs were individually housed.
Treatment

One or 2 days before treatment, all dogs were infested
with either 100 (± 4) (start to kill study) or 80 (speed of
kill studies) unfed adult C. felis fleas. On the day of treatment (day 0), each dog received half of its daily food ratio approximately 20 minutes before treatment and the
balance directly after treatment. Dogs in the treatment
groups were treated orally with fluralaner chewable tablets (Bravecto™), based on the dog’s individual body
weight, to achieve a minimum dose of 25 mg fluralaner/
kg body weight. The chewable tablet was administered
by placement in the back of the oral cavity over the
tongue to initiate swallowing. Each treated dog was continuously observed for 1 hour after administration to
monitor for vomit or tablet/s spit out, which did not occur
in any of the 3 studies. Control group dogs remained untreated. General health observations were performed daily
throughout the complete study period in all 3 studies.
Flea infestations and assessments

In the start to kill study, all dogs were infested with 100
(± 4) fleas 1 day before treatment. Flea counts were performed with one pair of treatment plus control group at
either 0.5 (± 5 min), 1 (± 15 min), 2 (± 15 min), or 4 (±
15 min) hours after fluralaner treatment. In the two
speed of kill studies, dogs were infested with 80 fleas on
days −2, 28 (4 weeks), 56 (8 weeks) and 84 (12 weeks).
Flea counts were performed with one pair of treatment
plus control group at either 4 and 8 (± 0.75) hours in
one study or at 12 and 24 (± 1.5) hours in the other
study after fluralaner treatment (week 0) or each flea reinfestation (weeks 4, 8, and 12). Each dog was combed
to remove and count live adult fleas. Personnel conducting
comb counts were blinded with regard to study group.
Efficacy evaluation

The individual dog was the experimental unit in all statistical calculations. Data from each flea count time point were
analysed separately. Significant differences were assessed between the log-counts of adult live fleas in each treated group
at each assessment time point in comparison to the logcounts of the respective untreated control group. Study
groups were compared using a linear mixed model including
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Plasma pharmacokinetic profile of fluralaner
(Bravecto™) and ivermectin following concurrent
administration to dogs
Feli M. Walther1*, Mark J. Allan2 and Rainer KA Roepke2
Abstract
Background: Fluralaner is a novel systemic ectoparasiticide for dogs providing immediate and persistent flea, tick
and mite control after a single oral dose. Ivermectin has been used in dogs for heartworm prevention and at off
label doses for mite and worm infestations. Ivermectin pharmacokinetics can be influenced by substances affecting
the p-glycoprotein transporter, potentially increasing the risk of ivermectin neurotoxicity. This study investigated
ivermectin blood plasma pharmacokinetics following concurrent administration with fluralaner.
Findings: Ten Beagle dogs each received a single oral administration of either 56 mg fluralaner (Bravecto™), 0.3 mg
ivermectin or 56 mg fluralaner plus 0.3 mg ivermectin/kg body weight. Blood plasma samples were collected at
multiple post-treatment time points over a 12-week period for fluralaner and ivermectin plasma concentration
analysis.
Ivermectin blood plasma concentration profile and pharmacokinetic parameters Cmax, tmax, AUC∞ and t½ were
similar in dogs administered ivermectin only and in dogs administered ivermectin concurrently with fluralaner, and the
same was true for fluralaner pharmacokinetic parameters.
Conclusions: Concurrent administration of fluralaner and ivermectin does not alter the pharmacokinetics of either
compound. Based on the plasma pharmacokinetic profile and the clinical observations, there is no evident interaction
between fluralaner and ivermectin, and co-administration does not increase the risk of ivermectin associated
neurotoxicity.
Keywords: Fluralaner, Bravecto™, Ivermectin, Dog, Pharmacokinetic, P-glycoprotein, MDR1

Findings
Background

Fluralaner is a novel systemically administered isoxazoline class compound that provides immediate and persistent insecticidal and acaricidal efficacy after oral
administration to dogs. A field study has shown that a
single fluralaner dose administered orally to dogs provides at least 12 weeks of flea and tick control [1] and
another study demonstrated efficacy against mites
(Demodex spp.) [2]. Fluralaner was shown to be safe
when administered orally at overdoses of up to 5 times
the maximum clinical dose at 8-week intervals in healthy
* Correspondence: feli.walther@merck.com
1
Merck Animal Health, 2 Giralda Farms, Madison, NJ, USA
Full list of author information is available at the end of the article

Beagle dogs [3] and at overdoses of 3 times the maximum clinical dose in Collies bearing a homozygous defect of the multi-drug-resistance 1 gene (MDR1 −/−) [4].
There are no known interactions of fluralaner with
other veterinary medicinal drugs [5] and fluralaner was
shown to be safe when administered concurrently with
macrocyclic lactones like milbemycin oxime [6] and
moxidectin [7].
Ivermectin is registered for the use in dogs at monthly
oral doses of 6 mcg/kg BW for heartworm protection
[8]; some veterinarians may choose to administer ivermectin at higher off label doses to treat dogs for different worm or mite infestations (for example 0.05 mg/kg
for hookworm, 0.1 mg/kg BW for whipworms, 0.2 mg/
kg for Toxocara canis, 0.2-0.4 mg/kg for sarcoptic
mange, 0.2 mg/kg for nasal mites Pneumonyssus caninum, 0.3 mg/kg for cheyletiellosis, 0.3–0.6 mg/kg for

© 2015 Walther et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Table 1 Study groups for evaluation of the pharmacokinetic
profile of ivermectin and fluralaner when administered
concurrently to dogs
Ivermectin

Fluralaner

Ivermectin plus
Fluralaner

Ivermectin dose
(mg/kg BW)

0.3

-

0.3

Fluralaner dose
(mg/kg BW)

-

56

56

Male

5

5

5

Female

5

5

5

Mean ± SD

13.1 ± 1.2

13.3 ± 1.5

13.1 ± 1.0

Gender
Body weight
(kg)

SD standard deviation

demodicosis; orally or subcutaneous as single or repeated treatments) [9–20]; however, such high doses of
ivermectin cannot safely be administered to “ivermectin-sensitive” dogs carrying a MDR1 mutation [21, 22].
Ivermectin is a substrate for the p-glycoprotein (p-gp)
transporter encoded by the MDR1 gene [22, 23]. This
transporter limits the entry of its substrates into the
body by an efflux-based mechanism, particularly at the

blood–brain barrier [24]. Dogs with a homozygous
defect of the MDR1 gene do not carry a functional pglycoprotein transporter and are therefore more susceptible to neurotoxicity caused by ivermectin [21].
Furthermore, drug-drug interactions at the p-glycoprotein
transporter may occur following the concurrent use of
ivermectin and drugs, leading to an increased risk of
neurotoxicity of ivermectin in MDR1 intact dogs. One
example is spinosad that inhibits the p-glycoprotein
transporter-mediated elimination of ivermectin in MDR1
intact dogs, thereby increasing ivermectin blood concentrations, which leads to a higher risk of neurotoxicity
when administering high off-label doses of ivermectin
concurrently with spinosad [25–30].
Veterinarians may choose to administer fluralaner and
ivermectin concurrently. To ensure that the concurrent
use does not increase the risk of ivermectin-associated
neurotoxicity, the pharmacokinetic profile of ivermectin
was investigated when administered concurrently with
fluralaner. For pharmacokinetic characterization over
time, fluralaner and ivermectin were administered at
high dose rates (i.e. 56 mg fluralaner/kg BW, the highest
expected dose in clinical use, and 0.3 mg ivermectin/
kg BW) and on a single occasion.
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Ivermectin plasma concentration (ng/mL)

70
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40

30
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0
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6

Ivermectin

7

8

9

Time (days)
Ivermectin plus fluralaner

10
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Fig. 1 Mean ivermectin plasma concentration (± standard deviation) in dogs following oral administration (0.3 mg/kg BW) alone or concurrently
with fluralaner (56 mg/kg BW)
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Fig. 2 Mean fluralaner plasma concentration (± standard deviation) in dogs following oral administration (56 mg/kg BW) alone or concurrently
with ivermectin (0.3 mg/kg BW)

Thirty healthy Beagle dogs (15 males and 15 females)
were included in the study. Dogs were kept indoors in
pens with sealed floors and were housed in groups of
two or three, with the exception of the 3 days after
ivermectin/fluralaner administration, when dogs were
housed individually. Dogs had access to water ad libitum
throughout the study period and were fed a standard
dog diet.
This study was conducted in Ireland in compliance
with Directive 2010/63/EU S.I. No. 543 of 2012 and the

Irish national animal protection legislation framework
(experimental license no. B100\4500), and the study plan
was approved by the research organization institutional
(Charles River Laboratories Preclinical Services Ireland
Ltd.) ethics committee.
The 30 dogs were allocated to three study groups by
sorting within gender according to descending body
weight and random allocation to a group (Table 1). Ivermectin (Ivomec Classic Injection for Cattle and Sheep;
Merial Animal Health) was administered orally at a dose
of 0.3 mg/kg BW and fluralaner (Bravecto™; Merck/MSD

Table 2 Ivermectin pharmacokinetic parameters in dogs following
oral administration (0.3 mg/kg BW) alone or concurrently with
fluralaner (56 mg/kg BW)

Table 3 Fluralaner pharmacokinetic parameters in dogs following
oral administration (56 mg/kg BW) alone or concurrently with
ivermectin (0.3 mg/kg BW)

Parameter

Parameter

Methods

Unit

Cmax

(ng/mL)

tmax

(day)

AUC∞

(day*ng/mL)

t½

(days)

Ivermectin

Ivermectin
plus Fluralaner

Mean ± SD

Mean ± SD

P-value

Unit

92.70 ± 26.77

80.52 ± 21.41

0.2465

Cmax

(ng/mL)

0.29 ± 0.10

0.31 ± 0.11

0.7269

tmax

(day)

141.96 ± 27.23

134.26 ± 37.99

0.5073

AUC∞

(day*ng/mL)

2.07 ± 0.71

1.84 ± 0.42

0.4888

t½

(days)

SD standard deviation

Fluralaner

Fluralaner
plus Ivermectin

Mean ± SD

Mean ± SD

P-value

7976 ± 4239

9312 ± 1767

0.1529

3.00 ± 1.49

3.20 ± 2.66

0.8379

175778 ± 75122

184030 ± 49524

0.5373

14.27 ± 2.53

13.45 ± 1.68

0.5107

SD standard deviation
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Animal Health) was administered orally at the maximum
clinical dose of 56 mg/kg BW on study day 0. Blood
samples for plasma concentration determination were
collected prior to administration and at 1, 2, 4, 6, 8, 10,
24, 48, 72, 120, 168, 240, 336, 504, 672, 1008, 1344, 1656
and 2016 h (84 days) after administration. Ivermectin
and fluralaner blood plasma concentrations were determined using validated methods (lower limit of quantification 1 ng ivermectin/mL and 10 ng fluralaner/mL).
Standard pharmacokinetic parameters including maximum plasma concentration (Cmax), time to Cmax (tmax),
the extrapolated area under the curve (AUC∞) and the
elimination half-life (t½) were calculated using noncompartmental and linear trapezoidal methods. Statistical
analysis of pharmacokinetic parameters was performed
after natural logarithmic transformation, with the exception of tmax, using ANOVA models and 90 % confidence
intervals, and the individual animal being the experimental unit. Pharmacokinetic and statistical analyses were performed using SAS/STAT® (Language: Reference, Version
9.3, SAS Institute Inc., Cary, NC, USA).
Results and discussion

The plasma concentration versus time profile of ivermectin was comparable in dogs administered ivermectin only
and in dogs administered ivermectin concurrently with
fluralaner (Fig. 1). Similarly, the plasma concentration
versus time profile of fluralaner was comparable in dogs
administered fluralaner only and in dogs administered
fluralaner concurrently with ivermectin (Fig. 2). The
pharmacokinetic parameters of both, ivermectin and
fluralaner, were also comparable across groups (Tables 2
and 3), with no statistical significant differences between groups.
Conclusions

Concurrent administration of fluralaner and ivermectin
does not alter the pharmacokinetics of either compound.
There is no evident interaction of fluralaner and ivermectin indicating an increased risk of ivermectin-associated
neurotoxicity in fluralaner-treated dogs.
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and the start of laying eggs [1]. Thus, it is necessary to
effectively kill all adult fleas within this time frame.
The active ingredient of Bravecto™, fluralaner, is a
member of the isoxazoline class, a novel class of antiparasitic drugs that inhibits γ-aminobutyric acid (GABA)and glutamate-gated chloride channels with significant
selectivity for insect neurons over mammalian neurons
[5,6]. Fluralaner formulated as a flavoured chewable tablet is commercially available for immediate and persistent killing of ticks and fleas on dogs over 12 weeks,
eliciting its primary action through feeding activity [7]. In
a field trial, a single dose of fluralaner provided 12 weeks
activity against fleas in dogs [8], and it was shown to be
safe and well tolerated [8,9].
The aim of the current studies was to determine a)
how fast fluralaner starts to kill fleas (within 0.5-4 hours
post-treatment) and b) the speed of flea kill within the
4–24 hours after infestation over the 12-week efficacy
duration of fluralaner.

Methods
Study set-up

Three blinded, randomized, negative controlled studies
were performed, one start to kill study in South Africa
and two speed of kill studies in Germany. The start to
kill study was conducted in accordance with Good Clinical Practice (VICH guideline GL9, Good Clinical Practice (EMA, 2000)), in compliance with the South African
National Standard “SANS 10386:2008: The care and use of
animals for scientific purposes” and ethical approval was
obtained by the ClinVet Animal Ethics Committee (CAEC)
before the study start. The 2 speed of kill studies were conducted in accordance with the OECD Principles of Good
Laboratory Practice (GLP) and the GLP Principles of the
German “Chemikaliengesetz” (Chemicals Act), in compliance with the German animal welfare regulations and ethical approval was obtained before the start of the study.
For each flea assessment time point in each of the
three studies, 6 treated dogs and 6 control dogs were included, thus in total 96 dogs (52 male and 44 female).
All dogs included were over 6 months of age, weighed
between 8.9 and 18.8 kg, and were mixed or pure bred
(Beagles). Each dog was in good health, had not been
treated with any parasite control product within 3 months
prior to a 7 day acclimatization period, and was uniquely
identified by a microchip number. In the start to kill study
and the speed of kill studies, laboratory bred flea strains,
both originating from Germany and collected from the
field less than 10 years prior to the studies, were used.
Within the acclimatization period, the flea susceptibility of each dog was confirmed by a flea infestation with
100 (± 4) fleas (start to kill) or 80 fleas (speed of kill),
followed by flea removal and count 24 (± 2) hours later.
All dogs included in the study harboured more than 50%

52
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of the number of originally infested fleas. Ranking of the
dogs was performed within gender (start to kill study) or
without gender separation (speed of kill studies) by descending flea counts and dogs were randomly allocated to
study groups using a computer generated randomization
list. In the start to kill study, dogs were housed individually. In the speed of kill studies, dogs were group-housed
within their corresponding study group during periods
without flea infestation. On days when dogs carried fleas,
all dogs were individually housed.
Treatment

One or 2 days before treatment, all dogs were infested
with either 100 (± 4) (start to kill study) or 80 (speed of
kill studies) unfed adult C. felis fleas. On the day of treatment (day 0), each dog received half of its daily food ratio approximately 20 minutes before treatment and the
balance directly after treatment. Dogs in the treatment
groups were treated orally with fluralaner chewable tablets (Bravecto™), based on the dog’s individual body
weight, to achieve a minimum dose of 25 mg fluralaner/
kg body weight. The chewable tablet was administered
by placement in the back of the oral cavity over the
tongue to initiate swallowing. Each treated dog was continuously observed for 1 hour after administration to
monitor for vomit or tablet/s spit out, which did not occur
in any of the 3 studies. Control group dogs remained untreated. General health observations were performed daily
throughout the complete study period in all 3 studies.
Flea infestations and assessments

In the start to kill study, all dogs were infested with 100
(± 4) fleas 1 day before treatment. Flea counts were performed with one pair of treatment plus control group at
either 0.5 (± 5 min), 1 (± 15 min), 2 (± 15 min), or 4 (±
15 min) hours after fluralaner treatment. In the two
speed of kill studies, dogs were infested with 80 fleas on
days −2, 28 (4 weeks), 56 (8 weeks) and 84 (12 weeks).
Flea counts were performed with one pair of treatment
plus control group at either 4 and 8 (± 0.75) hours in
one study or at 12 and 24 (± 1.5) hours in the other
study after fluralaner treatment (week 0) or each flea reinfestation (weeks 4, 8, and 12). Each dog was combed
to remove and count live adult fleas. Personnel conducting
comb counts were blinded with regard to study group.
Efficacy evaluation

The individual dog was the experimental unit in all statistical calculations. Data from each flea count time point were
analysed separately. Significant differences were assessed between the log-counts of adult live fleas in each treated group
at each assessment time point in comparison to the logcounts of the respective untreated control group. Study
groups were compared using a linear mixed model including
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fluralaner uptake by ticks (Ixodes ricinus,
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parameters tick weight and coxal index
Heike Williams1*, Janina Demeler2, Janina Taenzler1, Rainer K.A. Roepke1, Eva Zschiesche1 and Anja R. Heckeroth1
Abstract
Background: Fluralaner is a new antiparasitic drug that was recently introduced as BravectoTM chewable tablets for
the treatment of tick and flea infestations in dogs. Most marketed tick products exert their effect via topical application
and contact exposure to the parasite. In contrast, BravectoTM delivers its acaricidal activity through systemic exposure. Tick
exposure to fluralaner occurs after attachment to orally treated dogs, which induces a tick-killing effect within 12 h. The
fast onset of killing lasts over the entire treatment interval (12 weeks) and suggests that only marginal uptake by ticks is
required to induce efficacy. Three laboratory studies were conducted to quantify the extent of uptake by comparison of
ticks’ weight and coxal index obtained from BravectoTM-treated and negative-control dogs.
Methods: Three studies were conducted using experimental tick infestation with either Ixodes ricinus or Ixodes scapularis
after oral administration of fluralaner to dogs. All studies included a treated (BravectoTM chewable tablets, MSD Animal
Health) and a negative control group. Each study had a similar design for assessing vitality and weighing of ticks collected
from dogs of both groups. Additionally, in one study the coxal index (I. ricinus) was calculated as a ratio of tick’s ventral
coxal gap and dorsal width of scutum. Tick weight data and coxal indices from BravectoTM-treated and negative-control
groups were compared via statistical analysis.
Results: Ticks collected from BravectoTM-treated dogs weighed significantly less (p ≤ 0.0108) than ticks collected from
negative-control dogs, and their coxal index was also significantly lower (p < 0.0001). The difference in tick weights was
demonstrated irrespective of the tick species investigated (I. ricinus, I. scapularis). At some assessments the mean tick
weights of BravectoTM-treated dogs were significantly lower than those of unfed pre-infestation (baseline) ticks.
The demonstrated tick-killing efficacy was in the range of 94.6 – 100 %.
Conclusions: Tick weights and coxal indices confirm that a minimal uptake results in a sufficient exposure of
ticks to fluralaner (BravectoTM) and consequently in a potent acaricidal effect.
Keywords: BravectoTM chewable tablets, Fluralaner, Dog, Tick weight, Coxal index, Ixodes ricinus, Ixodes scapularis,
Efficacy
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Background
Numerous options for tick control in companion animals
are known and used by veterinarians and pet owners. Existing commercial products are usually topical treatments
such as spot-ons, sprays or collars, which have a tick-killing
and/or repellent effect (also known as ‘knock down’ effect
in pyrethroids [1]) via contact exposure of ticks to the
treated animal [1, 2], e.g. a dog. An alternative for tick
control in dogs that provides a different mechanism of
exposure is the systemic treatment of ticks and fleas
delivered through a chewable tablet (BravectoTM, MSD
Animal Health [3]; NexGardTM, Merial [4]). This option of tick control exerts its effect when ticks attach to
the host and are exposed to a drug from the isoxazoline
chemical class (e.g. fluralaner [3, 5]; afoxolaner [4]) that
was absorbed in the host’s gut and distributed through
the blood circulation. An uptake of the medicated tissue fluid by the parasite results in a potent tick-killing
effect and also provides insecticidal effects against fleas
[3, 4, 6, 7].
Fluralaner (BravectoTM, MSD Animal Health) offers
veterinarians and dog owners long-lasting tick and flea
control after a single oral administration (12 weeks [3, 6–
10]), a fast onset of parasite-killing effect (ticks: 12 h [8];
fleas: 8 h, [6]), prevention of flea reproduction in the dogs’
living environment [7] and a favorable safety profile
[11–13] even in MDR1(−/−) Collies [14]. Fluralaner
also offers ease of administration, due to its high success
rate of being taken voluntarily when offered as a chewable
tablet to dogs [10].
Irrespective of their mode of action, the ultimate aim
of all tick control products is to provide prevention of
tick infestation, ideally before engorgement occurs and
tick-borne pathogens are transmitted. Two recently introduced systemic products have demonstrated successful
tick control after a single oral administration to dogs for
4 weeks (NexGardTM [4]) or for 12 weeks (BravectoTM
[3]). However, pet owners may perceive the systemic
nature of a product as a drawback because ticks need
to attach to enable the product to become effective.
Fluralaner’s fast onset of action [8] provides strong evidence that the uptake required for efficacy is extremely
small. The aim of the study described in this paper was
to investigate the extent of uptake by means of comparing
weight and coxal index of ticks obtained from fluralaner(BravectoTM) treated and control dogs. A significant reduction in these measurements between ticks from untreated
control dogs compared to fluralaner-treated dogs would
indicate a reduced contact time with the host as a result of
acaricidal treatment.
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fluralaner (BravectoTM, MSD Animal Health) to dogs.
Two studies were conducted with the European castor
bean tick, I. ricinus, and one study was conducted with the
American deer tick, also known as Blacklegged tick, I. scapularis. All studies included a treated group (BravectoTM)
and a negative-control group (untreated). Dogs in the
BravectoTM-treated group were weighed before treatment.
The negative-control dogs remained either entirely untreated (Studies 1 and 2) or were only sham treated (Study
3). For inclusion in each study, dogs had to be clinically
healthy, without ectoparasitic product treatment three
months prior to study start, and were identified by microchip numbers. Each of the studies had a similar design for
assessing tick vitality (i.e. ability of coordinated movement
after thermal stimulation) and weighing of ticks, for which
a calibrated analytical scale was used. The statistical analysis was performed using the software package SAS® (SAS
Institute Inc., Cary, NC, USA, release 9.2).
Studies 1 and 2
Study design

Four healthy Beagle dogs were clinically examined for
inclusion in the study and assigned to two study groups
(BravectoTM or negative-control group) of two dogs each.
Dogs were group-housed indoors within their corresponding study group and fed a standard, commercially available
dry dog food. In both studies dogs had free access to drinking water, and general health observations were performed
once daily.
Infestation

Laboratory-reared ticks were used for repeated infestation
of sedated dogs. Fifty unfed, adult female ticks were applied
directly onto the fur, along the back, lateral side, and head
of each dog. Approximately ten male ticks were additionally
applied to provide Ixodes females with the best conditions
for attachment and feeding to repletion. For the infestation
process, sedated dogs (0.1 ml medetomidinhydrochlorid/kg
bodyweight by intramuscular injection, e.g. Domitor®) were
kept separately in an infestation box for up to 3 h. In Study
1, tick infestations with I. ricinus were performed at 7 days
(week 1), 28 (±1) days (week 4), 56 days (week 8) and
84 days (week 12) after treatment. In Study 2, tick infestations with I. scapularis in the BravectoTM-group were performed at 1 day after treatment (week 1), and dogs in the
negative-control group were infested three days later (due
to resource constraints). Further infestations were conducted in both study groups at 31 days (week 4), 56 days
(week 8) and 84 days (week 12) after treatment.
Tick collection

Methods
Three studies were conducted consisting of experimental
tick infestation of dogs after single oral administration of
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Starting 1 day after the week 1 infestation, three female
ticks per dog were randomly collected (if less than three
ticks were present on dogs, the available number of ticks
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per dog was collected). Tick collection was continued
daily until no more ticks were found. After the infestations at week 4, week 8 and week 12, all ticks were collected from dogs at once, approximately 48 h (I. ricinus)
or approximately 12 h (I. scapularis) after the respective
infestation.
Assessment

Collected female ticks were assessed for vitality (dead/
alive) and each female tick was weighed to quantify the
extent of fluralaner uptake since attachment. Thereafter,
ticks were photographed to further illustrate tick development on treated versus untreated dogs. Additionally,
separate sets of 20 unfed female ticks per species (I. ricinus,
I. scapularis) were obtained from the same batch used for
the infestations during the study (i.e. these adult ticks
had not been used for host infestations). These ticks were
weighed for comparison, and henceforth are referred to as
baseline ticks.

Page 3 of 8

medetomidinhydrochlorid/kg bodyweight intramuscular,
e.g. Domitor®). Dogs were infested with approximately 50
viable, adult, unfed female I. ricinus ticks. Approximately
five male ticks were additionally applied to provide the
Ixodes females with the best conditions for attachment
and feeding to repletion. Infestations took place two days
before treatment to assess immediate efficacy, and 28 days
(4 weeks), 56 days (8 weeks) and 84 days (12 weeks) after
treatment to assess persistent efficacy. For the infestation
process and for sedation, dogs were kept separately in
an infestation box for up to three hours, and were then
housed individually until removal of ticks.
Tick collection

Tick removal/counts on each animal were carried out 48
(±2) hours after treatment to assess immediate efficacy,
and 48 (±2) hours following each infestation at 4, 8 and
12 weeks to assess persistent efficacy.
Assessment

Statistical analysis

All group comparisons were independent, testing for significant differences in tick weights. The statistical test
applied was a two-sided, two-sample t-test. Depending
on the results of a preceding equality of variance test, either pooled variances (equal variance situation) or the
Satterthwaite approximation (unequal variance situation)
were used for the t-test. The level of significance was set
to α = 0.05.
In both studies, comparisons of tick weights from
BravectoTM-treated and negative- control groups were
carried out for all assessment times, and additionally,
comparisons of ticks collected from Bravecto TM-group
and baseline ticks were carried out.
Study 3
Study design

Ten healthy Beagle dogs (five males and five females)
were used in the study. During a pre-treatment period, a
tick infestation (I. ricinus) was conducted to evaluate the
susceptibility of each dog to experimental infestation and
for random allocation of the dogs to the study groups
based on total counts of live ticks obtained two days after
the infestation. Nine dogs with the highest tick counts
were randomized to two study groups (BravectoTM-group
of six dogs; negative-control group of three dogs). In
addition, veterinary examinations, general health observations, and the weighing of all animals were performed
during the pre-treatment period.
Infestation

Ticks of a laboratory-reared I. ricinus isolate, which was
regularly substituted with ticks caught from the field,
were used for the infestations of sedated dogs (0.1 ml

The study personnel who carried out tick assessments
(i.e. vitality, weight and coxal index) were masked with
regard to the treatment status of each dog. Live and
dead ticks were counted and the intact ticks of both
groups were weighed on each assessment day. Additionally, the scutal width across the dorsal side of the ticks
and the gap between the bases of the fourth pair of legs
across the ventral abdomen of the ticks were measured
using a stereomicroscope (magnification of 25). The coxal
index was then calculated as a ratio of coxal gap to scutal
width [15, 16].
Furthermore, a separate set of 20 unfed female ticks
was obtained from the same batch used for the respective
infestation at each assessment time (i.e. adult ticks had not
been infested to a dog). These ticks were also weighed for
comparison and used as baseline ticks.
Statistical analysis

The statistical analysis of tick weight and coxal index
was conducted as described in Studies 1 and 2. Adequacy
of infestation was assessed on each tick count day by determining the mean tick attachment rate of live ticks in
the control group. Efficacy for the fluralaner group was
calculated at each assessment time point using geometric
(or arithmetic) means with Abbott’s formula:
Efficacy (%) = 100 x (MC – MT)/MC, where MC was
the mean number of total live attached ticks on the untreated dogs, and MT was the mean of total live attached
ticks on the BravectoTM-treated dogs. Log-transformed
tick counts in both study groups were compared using a
two –sample t-test. The two-sided level of significance
was set to α = 0.05. Efficacy was claimed if the efficacy
against ticks in the BravectoTM-treated group was greater
than or equal to 90 %.
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Table 1 Tick weights of I. ricinus collected from BravectoTM-treated and untreated dogs in Study 1
Infestation

Collection

Tick weighta [mg]
BravectoTM

Week 1

Week 4

Daily after infestation

2 days after infestation

Week 8
Week 12

Negative control

Mean

Min

Max

1.0e

0.7

1.9

Mean
2.2

Min
1.8

Max
3.0

1.4e

0.7

2.5

4.2

3.6

5.2

e

0.7

0.5

1.3

8.4

6.2

10.2

0.6eb

0.5

0.7

21.4

19.9

23.8

0.4ec

0.3

0.6

33.2

24.9

39.1

N/A

N/A

N/A

211.5

133.7

290.8

N/A

N/A

N/A

186.9

22.4

402.4

N/A

N/A

N/A

227.0d

179.9

300.8

e

0.8

0.4

2.3

3.9

2.8

6.1

1.5e

0.7

3.0

4.1

2.0

8.4

e

0.5

2.8

4.3

3.1

9.4

1.5

N/A Not applicable because no ticks were found on dogs
a
Arithmetic mean, minimum (Min) and maximum (Max) tick weight
b, c, d
Less than three ticks per dog were present at tick collection. Therefore, the mean tick weight was derived from five (b) or three ticks (c) in the treated group,
and from three ticks (d) in the negative-control group
e
Tick weight in treated group is significantly different from negative control (p ≤ 0.0006)

Results
All dogs (treated and control) were healthy at study enrollment, on day of treatment administration and throughout
the duration of each study. At treatment all dogs swallowed
the tablet and therefore were successfully dosed, and
no adverse events were observed in any treated dog.

In all studies, the mean attachment rates on negative
control dogs were at least 31 % at all times of assessment
demonstrating that ticks used were vigorous.
The mean tick weights of Study 1 and Study 2 are
presented in Table 1 (I. ricinus) and Table 2 (I. scapularis), respectively. Photos of ticks collected daily from

Table 2 Tick weights of I. scapularis collected from BravectoTM-treated and untreated dogs in Study 2
Infestation

Collection

Tick weighta [mg]
BravectoTM

Week 1

Week 4

Daily after infestation

Approx.12 h after infestation

Negative control

Mean

Min

Max

Mean

Min

Max

1.0e

0.7

1.2

1.7

1.5

2.4

0.9e

0.6

1.9

3.6

3.1

4.1

e

0.7

0.6

0.8

6.2

4.8

9.4

0.6e

0.4

0.9

12.2

5.9

23.5

0.6eb

0.4

0.8

22.8

11.4

37.5

0.6c

0.6

0.6

17.8

10.1

38.7

N/A

N/A

N/A

16.2

7.8

23.2

N/A

N/A

N/A

23.1d

13.6

56.9d

N/A

N/A

N/A

23.3

12.1

35.2

N/A

N/A

N/A

21.1

11.7

30.7

1.7

1.0

2.7

1.8

1.0

2.4

Week 8

1.6e

1.0

2.1

1.8

1.3

2.1

Week 12

1.6e

0.7

2.2

1.8

1.4

2.1

N/A Not applicable because no ticks were found on dogs
a
Arithmetic mean, minimum (Min) and maximum (Max) tick weight
b, c
Less than three ticks per dog were present at tick collection. Therefore, the mean tick weight was derived from four (b) or one tick (c) in the treated group
c
No statistical analysis was performed because only one tick was recovered from treated group
d
The mean tick weight was derived from seven ticks in the negative-control group because a fourth tick (d) dropped from one control dog after tick collection
and was included in the assessment
e
Tick weight in treated group is significantly different from negative control (p-values in the range of 0.0108 to < 0.0001)
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BravectoTM-treated and negative-control dogs are presented in Fig. 1 (I. ricinus) and Fig. 2 (I. scapularis).
For Study 3 (I. ricinus) the mean tick weight results are
presented in Table 3, the coxal indices in Table 4 and tick
efficacy results are given in Table 5.

negative-control dogs (p-values in
to p < 0.0001). The mean weights
BravectoTM-treated dogs in week
week 12 were significantly lower
ticks (in both cases p < 0.0001).

Study 1: Oral treatment of fluralaner (BravectoTM) against
experimental infestation of I. ricinus on dogs

Study 2: Oral treatment of fluralaner (BravectoTM) against
experimental infestation of I. scapularis on dogs

All ticks collected from BravectoTM-treated dogs after
infestation at week 1, week 4, week 8 and week 12 were
dead, and all ticks collected from negative-control dogs
were alive.

the range of p = 0.0006
of ticks collected from
1 and from week 4 to
than those of baseline

All ticks collected from BravectoTM-treated dogs were dead,
and all ticks collected from negative-control dogs were
alive.
Tick weights

Tick weights

Baseline ticks weighed in the range of 1.3 to 2.1 mg,
with a mean tick weight of 1.7 mg.
At all assessment times, the mean weights of ticks collected from BravectoTM-treated dogs were significantly
lower than the mean weights of ticks collected from

Baseline ticks weighed in the range of 1.3 – 2.1 mg, with
a mean tick weight of 1.7 mg.
At all assessment times, the mean weights of ticks collected from BravectoTM-treated dogs were lower than the
mean weights of ticks collected from negative-control dogs,
and at all assessment times except at the 4-week assessment

Fig. 1 Example of I. ricinus - tick growth on an untreated dog (left) in comparison to ticks killed after infesting a dog treated with BravectoTM
(right) (Study 1)
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Fig. 2 Example of I. scapularis - tick growth on an untreated dog (left) in comparison to ticks killed after infesting a dog treated with BravectoTM
(right) (Study 2)

this difference in tick weight between both study groups
was significant (p ≤ 0.0108). The mean weights of ticks from
BravectoTM-treated dogs at daily collections after the week
1 infestation were also significantly lower than those of
baseline ticks (p < 0.0001).
Study 3: Oral treatment of fluralaner (BravectoTM) against
experimental infestation of I. ricinus on dogs

At all infestation time points (including first infestation
when the dogs’ ability to retain ticks was assessed), all

58

control dogs were adequately infested (infestation rate of
at least 25 % of the number of applied ticks), and therefore the efficacy calculation is considered valid.
Efficacy

Based on geometric (and arithmetic) means, the immediate
efficacy against an existing tick infestation after BravectoTM
treatment was 100 % (100 %), and persistent efficacy against
tick challenges at 4, 8 and 12 weeks following BravectoTM
treatment was 100 % (100 %), 99.5 % (99.1 %) and 94.6 %
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Table 3 Tick weights of I. ricinus collected from BravectoTMtreated and untreated dogs in Study 3

Table 5 Mean tick counts and tick-killing efficacy after BravectoTM
treatment conducted in Study 3

Infestation Collection

Assessment timea

Mean tick countsb [n] (control/treated)

Efficacy [%]
(I. ricinus)

Stdevb

Week 1

34.2/0c (34.3/0)

100 (100)

5.85

Week 4

40.9/0 (41.0/0)

100 (100)

38.6/0.2c (38.7/0.3)

99.5 (99.1)

38.5/2.1c (38.7/2.2)

94.6 (94.4)

Tick weight [mg]
Bravecto

TM

Negative control

Meana Stdevb Meana
Week 1

2 days after infestation

Week 4

4.32c

1.31

3.80

0.59

c

1.82

3.65

0.72

Week 12

2.26

c

Week 12

10.88

Week 8

1.41

Week 8

3.51

c

2.38

1.72

3.76

0.59

a

Arithmetic mean
Standard deviation
Tick weight in treated group is significantly different from negative
control (p < 0.0001)

b
c

(94.4 %), respectively. At all assessment times, logtransformed live-attached tick counts in the treated
group differed significantly from the log-transformed
live-attached tick counts in the negative-control group
(p ≤ 0.0001).
Tick weights

Baseline ticks had a mean tick weight of 1.99 ± 0.23 mg.
At all assessment times, the mean weights of ticks collected from BravectoTM-treated dogs were significantly
lower than the mean weights of ticks collected from the
negative-control dogs (p < 0.0001). The mean weight of
ticks collected from BravectoTM-treated dogs after the
4-week infestation was also significantly lower than that
of baseline ticks (p < 0.0144).
Coxal index

At all assessment times, the mean coxal indices of ticks
collected from BravectoTM-treated dogs were significantly
lower than the mean coxal indices of ticks collected from
negative-control dogs (p < 0.0001).

Discussion
All studies demonstrated a consistent and high acaricidal
efficacy and favorable tolerability after administration of
Table 4 Coxal indices of I. ricinus collected from BravectoTMtreated and untreated dogs in Study 3
Infestation Collection

Coxal index
BravectoTM

Negative control

Meana Stdevb Meana

Stdevb

c

0.26

1.14

0.20

Week 4

c

0.49

0.21

0.74

0.07

Week 8

0.58c

0.26

0.68

0.06

c

0.25

0.73

0.07

Week 1

2 days after infestation

Week 12
a

0.80

0.59

Arithmetic mean
b
Standard deviation
c
Coxal index in the treated group is significantly different from negative
control (p < 0.0001)

c

a

Efficacy assessment either 48 (±2) hours after treatment (week 1) or 48 (±2)
hours after re-infestation (week 4, 8 and 12)
b
Geometric mean results; in parenthesis () the arithmetic mean results
are given
c
Log-transformed live tick count in the treated group is significantly different
from negative control (p < 0.0001)

BravectoTM to dogs. Twelve weeks of efficacy against ticks
of Ixodes spp. was demonstrated in accordance with
BravectoTM chewable tablets’ label claims [3], irrespective
of the tick species tested (I. ricinus, I. scapularis). Even
short-term tick exposure of approximately 12 h to BravectoTM-treated dogs resulted in a potent tick-killing effect (I.
scapularis), a finding that supports the 12-h speed of kill
claim for ticks [3, 8].
To enable tick weight comparisons and allow for statistical analysis with sufficient numbers of ticks in treated
and untreated groups, dogs in all studies were kept under
controlled laboratory conditions which included avoidance
of any potential influence that could cause ticks to detach
during the infestation periods. In contrast to the home environment wherein dogs are often encouraged to be active
(e.g. at dog walks, play time) and routinely experience intense human-dog and dog-dog interactions, the controlled
study conditions restricted the handling of dogs to a minimum during the times when ticks were present. It can be
assumed that this reduced the number of detaching ticks
(particularly of dead ticks on treated dogs) and thereby enabled a statistical analysis of tick weights in both groups.
In line with the high consistency of acaricidal effect
(i.e. tick efficacy) observed in the studies, the tick weight
evaluations also demonstrated highly consistent results.
The mean weights of ticks that were all killed when collected from BravectoTM-treated dogs were lower than the
mean weights of ticks from negative-control dogs, statistical comparison shows a significant difference at all assessment times except at week 4 (Study 2). The significant
difference was demonstrated over the entire duration of
tick efficacy (i.e. over 12 weeks, p ≤ 0.0108) and for both
Ixodes species tested. Thus, the tick weight results of all
three studies provide strong evidence that ticks encountering BravectoTM-treated dogs are killed very quickly after
attachment, and that the uptake of fluralaner before ticks
start dying is minimal. This conclusion is substantiated by
the coxal indices (Study 3), which were significantly lower
in BravectoTM-treated dogs compared to negative controls
consistently over a 12 week period (p < 0.0001).
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These data add to fluralaner’s demonstrated rapid
killing effect [8] and suggest that BravectoTM is able to
reduce the risk of tick-borne disease transmission in
treated dogs. A recent transmission study further supports the conclusion and demonstrates a 100 % preventive effect over a 12-week period against Babesia
canis transmission using infected Dermacentor reticulatus for repeated infestations of fluralaner (BravectoTM) -treated dogs in comparison to negative control
dogs [17].
The baseline ticks in the first two studies had mean
tick weights of 1.7 mg (I. ricinus, I. scapularis) whereas
in a third study the mean tick weight of baseline-I. ricinus was slightly higher (2.0 mg). Surprisingly, on some
occasions the mean weights of ticks obtained from
BravectoTM-treated dogs were significantly lower than
those of baseline ticks, which had not been infested to
dogs (p ≤ 0.0162). This can be explained with a drying of
ticks after being killed on treated dogs. The data support
the very low uptake by ticks following systemic treatment
of dogs that is further illustrated by the tick photographs
in Figs. 1 and 2.

Conclusions
Systemic treatment using oral administration of fluralaner (BravectoTM) effectively controls tick infestations on
dogs. The tick weights and coxal indices determined in
these studies confirm that a minimal uptake results in
sufficient exposure to fluralaner to induce a potent acaricidal effect in treated dogs.
Compliance statement
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welfare regulations, and ethical approval was obtained
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(VICH guideline GL9, Good Clinical Practice (EMA,
2000)), as partially blinded, randomized, negative controlled efficacy study.
Competing interests
HW, JT, RR, EZ and AH are employees of Merck/MSD Animal Health and
these studies were conducted as part of a research program to evaluate the
safety and efficacy of fluralaner for treatment of fleas and ticks on dogs. JD is
employed by the Free University of Berlin, Germany, and was the
investigator of Study 3.

Page 8 of 8

Acknowledgements
The authors would like to express their sincere appreciation for the assistance
they received from the following people: Mirjam Békefi, Jane Fanke, Peggy
Hoffmann-Koehler, Bernd Juergens, Friederike Knapp-Lawitzke, Mareen Kohn.
Author details
1
MSD Animal Health Innovation GmbH, Research Antiparasitics, Zur Propstei,
55270 Schwabenheim, Germany. 2Free University of Berlin, Institute of
Parasitology and Tropical Veterinary Medicine, Robert-von-Ostertag-Str. 2,
14163 Berlin, Germany.
Received: 13 April 2015 Accepted: 23 June 2015
References
1. Beugnet F, Franc M. Insect and acaricide molecules and/or combinations to
prevent pet infestation by ectoparasites. Trends Parasitol. 2012;28:7.
2. Blagburn BL, Dryden MW. Biology, treatment and control of flea and tick
infestations. Vet Clin Small Anim. 2009;39:1173–200.
3. Bravecto EPAR summary for the public. European Medicines Agency 2014.
EMA/783442/2013.
4. NexGard EPAR summary for the public. European Medicines Agency 2014.
EMA/783550/2013.
5. Gassel M, Wolf C, Noack S, Williams H, Ilg T. The novel isoxazoline
ectoparasiticide fluralaner: Selective inhibition of arthropod γ-aminobutyric
acid- and L-glutamate-gated chloride channels and insecticidal/acaricidal
activity. Insect Biochem Mol Biol. 2014;45:111–24.
6. Taenzler J, Wengenmayer C, Williams H, Fourie J, Zschiesche E, Roepke RKA,
et al. Onset of activity of fluralaner (BravectoTM) against Ctenocephalides felis
on dogs. Parasit Vectors. 2014;7:567.
7. Williams H, Young DR, Qureshi T, Zoller H, Heckeroth AR. Fluralaner, a novel
isoxazoline, prevents flea (Ctenocephalides felis) reproduction in vitro and in
a simulated home environment. Parasit Vectors. 2014;7:275.
8. Wengenmayer C, Williams H, Zschiesche E, Moritz A, Langenstein J, Roepke
RKA, et al. The speed of kill of fluralaner (BravectoTM) against Ixodes ricinus
on dogs. Parasit Vectors. 2014;7:525.
9. Rohdich N, Roepke RKA, Zschiesche E. A randomized, blinded, controlled and
multi-centered field study comparing the efficacy and safety of BravectoTM
(fluralaner) against FrontlineTM (fipronil) in flea- and tick-infested dogs. Parasit
Vectors. 2014;7:83.
10. Meadows C, Guerino F, Sun F. A randomized, blinded, controlled USA field
study to assess the use of fluralaner tablets in controlling canine flea
infestations. Parasit Vectors. 2014;7:375.
11. Walther FM, Allan MJ, Roepke RKA, Nuernberger MC. Safety of fluralaner
chewable tablets (Bravecto™), a novel systemic antiparasitic drug, in dogs
after oral treatment. Parasit Vectors. 2014;7:87.
12. Walther FM, Fisara P, Allan MJ, Roepke RKA, Nuernberger MC. Safety of
concurrent treatment of dogs with fluralaner (BravectoTM) and milbemycin
oxime – praziquantel. Parasit Vectors. 2014;7:481.
13. Walther FM, Fisara P, Allan MJ, Roepke RKA, Nuernberger MC. Safety of the
concurrent treatment of dogs with BravectoTM (fluralaner) and ScaliborTM
protectorband (deltamethrin). Parasit Vectors. 2014;7:105.
14. Walther FM, Paul AJ, Allan MJ, Roepke RKA, Nuernberger MC. Safety of
fluralaner, a novel systemic antiparasitic drug, in MDR1(−/−) Collies after oral
administration. Parasit Vectors. 2014;7:86.
15. Gray J, Stanek G, Kundi M, Kocianova E. Dimensions of engorging Ixodes ricinus
as a measure of feeding duration. Int J Med Microbiol. 2005;295:567–72.
16. Wilhelmsson P, Lindblom P, Fryland L, Nyman D, Jaenson TGT, Forsberg P,
et al. Ixodes ricinus ticks removed from humans in Northern Europe:
seasonal pattern of infestation, attachment sites and duration of feeding.
Parasit Vectors. 2013;6:362.
17. Taenzler J, Liebenberg J, Roepke RKA, Heckeroth AR. Prevention of
transmission of Babesia canis by Dermacentor reticulatus ticks to dogs
treated orally with fluralaner chewable tablets (Bravecto™). Parasit Vectors.
2015;8:305.

Authors’ contributions
HW and RR prepared the study design and protocol of Studies 1 and 2. JT,
HW and AH prepared the study design and protocol of Study 3. HW assisted
in conducting Studies 1 and 2 and supervised the data analysis. JT supervised
the data analysis of Study 3. EZ provided the statistical analysis. HW drafted
the manuscript and all authors revised and approved the final version.

60

EXTRAORDINARY SCIENCE EXTRAORDINARY MEDICINE

15577_Bravecto_ScienceBook_TextPages_Jan19.indd 60

1/19/17 12:15 PM

Williams et al. Parasites & Vectors (2015) 8:90
DOI 10.1186/s13071-015-0704-x

RESEARCH

Open Access

Fluralaner activity against life stages of ticks using
Rhipicephalus sanguineus and Ornithodoros
moubata IN in vitro contact and feeding assays
Heike Williams*, Hartmut Zoller, Rainer KA Roepke, Eva Zschiesche and Anja R Heckeroth
Abstract
Background: Fluralaner is a novel isoxazoline eliciting both acaricidal and insecticidal activity through potent blockage
of GABA- and glutamate-gated chloride channels. The aim of the study was to investigate the susceptibility of juvenile
stages of common tick species exposed to fluralaner through either contact (Rhipicephalus sanguineus) or contact and
feeding routes (Ornithodoros moubata).
Methods: Fluralaner acaricidal activity through both contact and feeding exposure was measured in vitro using two
separate testing protocols. Acaricidal contact activity against Rhipicephalus sanguineus life stages was assessed using
three minute immersion in fluralaner concentrations between 50 and 0.05 μg/mL (larvae) or between 1000 and
0.2 μg/mL (nymphs and adults). Contact and feeding activity against Ornithodoros moubata nymphs was assessed
using fluralaner concentrations between 1000 to 10−4 μg/mL (contact test) and 0.1 to 10−10 μg/mL (feeding test).
Activity was assessed 48 hours after exposure and all tests included vehicle and untreated negative control groups.
Results: Fluralaner lethal concentrations (LC50, LC90/95) were defined as concentrations with either 50%, 90% or 95%
killing effect in the tested sample population. After contact exposure of R. sanguineus life stages lethal concentrations
were (μg/mL): larvae - LC50 0.7, LC90 2.4; nymphs - LC50 1.4, LC90 2.6; and adults - LC50 278, LC90 1973. After exposure of
O. moubata nymphs to fluralaner lethal concentrations were (μg/mL): contact exposure - LC50 720, LC95 1133; and
feeding exposure- LC50 0.00007, LC95 0.09.
Conclusions: Fluralaner demonstrates potent in vitro acaricidal activity against all life stages of the brown dog tick,
R.sanguineus. The testing of fluralaner contact and feeding routes using O. moubata nymphs demonstrates a high
acaricidal activity in both exposure routes.
Keywords: Rhipicephalus sanguineus, Ornithodoros moubata, Fluralaner, Acaricidal activity, Tick life stages

Background
Fluralaner is a new molecular entity of the isoxazoline
class and provides potent acaricidal and insecticidal activity through a dual mechanism of binding to both
neuronal GABA and glutamate channels in susceptible
invertebrates [1,2]. The favorable properties of fluralaner
led to the development of a novel veterinary parasiticide
(Bravecto™, MSD Animal Health), whose remarkably
long duration of activity against tick and flea infestations
after the oral administration to dogs was confirmed in

clinical field studies in different geographic regions of
Europe and the USA [3,4]. Only a short period of time is
needed to effectively kill fleas (8 hours) and ticks (12
hours) on orally treated dogs [5,6]. This rapid speed of
kill lasts for a 12-week period, a benefit for dog owners
with respect to the disruption of the flea life cycle [5,7],
treatment of flea allergy dermatitis (FAD) [3-5] and reducing the risk of pathogen transmission [6].
Due to its selectivity to arthropods, fluralaner has a
very favorable safety profile in dogs [8] including MDR1
(-/-) Collies [9]. It was shown that concurrent treatments
of oral fluralaner with milbemycin oxime – praziquantel

* Correspondence: heike.williams@msd.de
MSD Animal Health Innovation GmbH, Research Antiparasitics, Zur Propstei,
55270 Schwabenheim, Germany
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reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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(Milbemax™, Novartis Animal Health) [10] or deltamethrin
(Scalibor™ protectorband, MSD Animal Health) [11] is
also well tolerated in dogs.
While fluralaner’s effects on different flea life cycle
stages have already been described [7], more information
regarding the susceptibility of juvenile ticks to fluralaner
is desirable. The studies discussed in this paper were
designed to provide quantitative in vitro data on the susceptibility of common tick species exposed to fluralaner
through both contact and feeding routes.

Methods
All test procedures were conducted on three replicates
per species and life stage (where appropriate) along with
a vehicle control (solvent concentration equivalent to
that of the highest fluralaner concentration test solution)
as well as an untreated negative control.

62

Page 2 of 5

nymphs, followed by counting the number of live and
dead adults on a heated plate.
Tick contact exposure of O. moubata

A fluralaner stock solution (20 mg/mL) was diluted with
deionized water to a test concentration of 1000 μg/mL
and a series of 1:10 dilutions with deionized water were
prepared to obtain fluralaner test concentrations between 1000 and 10−4 μg/mL (i.e. 1000, 100, 10, 1, 0.1,
0.01, 0.001 and 10−4 μg/mL).
Twenty unfed O. moubata nymphs were immersed
in 5 mL of either test or a vehicle solution in an
Erlenmeyer flask for five minutes or nymphs remained
untreated. Ticks were then strained, dried on a paper
towel, transferred into a Petri dish lined with a dry filter paper and covered. The Petri dish was incubated at
20°C and 95% RH for 48 hours. Thereafter, the number
of live and dead ticks was counted on a heated plate.

Tick contact exposure of R. sanguineus life stages

Tick membrane feeding exposure of O. moubata

A fluralaner stock solution (20 mg/mL) was diluted with
deionized water to a fluralaner concentration of 1000
μg/mL and then further diluted with sufficient volume
of deionized water to obtain the test concentrations between 50 and 0.05 μg/mL for larvae (i.e. 50, 25, 12.5, 6.2,
3.1, 1.5, 0.78, 0.39, 0.2, 0.1 and 0.05 μg/mL), and between 1000 and 0.2 μg/mL for nymphs and adults (i.e.
1000, 500, 100, 50, 25, 12.5, 6.2, 3.1, 1.5, 0.78, 0.39 and
0.2 μg/mL). A sufficient number of R. sanguineus larvae
(i.e. 88-390 per replicate) or nymphs (i.e. 35-115 per replicate) were placed with a brush between two filter papers in a Petri dish and 5 mL of either test or vehicle
solution was added to immerse the larvae and nymphs
while another group remained untreated. Larvae were
immersed in fluralaner concentrations between 50 and
0.05 μg/mL, while nymphs were immersed in fluralaner
concentrations between 1000 and 0.2 μg/mL. After three
minutes, the solution was poured off and the filter papers were unfolded and placed with the exterior side on
a paper towel to remove excess solution. All ticks were
then stripped onto a new filter paper that was folded
into a sachet and sealed. Sachets were incubated at
approximately 22°C and 90% relative humidity (RH) for
48 hours. The sachets were then opened and transferred
to a heated plate for counting the number of live and
dead larvae and nymphs.
Adult ticks were tested with fluralaner concentrations
between 1000 and 0.2 μg/mL. Twenty unfed adult ticks
were immersed in 5 mL of either test or negative control
solution in an Erlenmeyer flask for three minutes while
another group remained untreated. Then ticks were
strained from the flask contents, dried on a paper towel,
transferred to dry filter paper in a Petri dish and covered. Petri dishes were then incubated as for larvae and

Defibrinated sheep blood was added to a fluralaner stock
solution (50 mg/mL) to produce a 1000 μg/mL fluralaner
preparation that was then further diluted in series of 1:10
with sheep blood to obtain test concentrations between
0.1 and 10−10 μg/mL (i.e. 0.1, 0.01, 0.001, 10−4, 10−5, 10−6,
10−7, 10−8, 10−9 and 10−10 μg/mL).
Twenty O. moubata nymphs were fed using artificial
membranes with either a test or vehicle control preparation or an untreated control (feeding on blood only)
until engorgement. Ticks were counted and placed into
a plastic vial that was then closed with a stretched
membrane and placed upside down on a glass dish containing 2 mL warmed test or vehicle preparation to permit feeding. Fully engorged ticks were transferred to
dry filter paper in a Petri dish and covered. Ticks were
incubated at 22°C and 90% RH for 48 hours, then the
dishes were opened and numbers of live and dead ticks
counted on a heated plate.
Statistical analysis

The corrected percentages of mortality were calculated
for all test methods, fluralaner concentrations and for
each species and life stage (where appropriate) using
Schneider-Orelli’s formula:
Corrected Mortality ð%Þ ¼ ðM in treated plot – M in control plotÞ
=ð100 – M in control plotÞ � 100;

where M was the mortality (%) for each tick stage/species per concentration tested and included either ticks
from all replicates of the respective test preparation (M
in treated plot) or control preparation (M in control
plot, i.e. the arithmetic mean mortality obtained from
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Table 1 R. sanguineus- mortality of different tick life
stages after contact exposure to fluralaner

Table 3 O. moubata- mortality of nymphs after contact or
feeding exposure to fluralaner

Fluralaner
(μg/mL)

Mortality (%)a
Larvae

Nymphs

Adults

1000

NT

100

88.5

1000

88.5

NT

500

NT

100

58.5

100

0

NT

100

NT

100

28.5

10

0

NT

50

100

100

6.5

1

0

NT

25

100

100

3.5

0.1

0

100

12.5

100

100

0

0.01

0

100

6.2

100

100

1.5

0.001

0

83.0

3.1

98.9

97.0

3.5

10−4

0

14.4

−5

NT

14.4

−6

1.5

91.7

Mortality (%)a

Fluralaner (μg/mL)

54.9

0

Via contact

10

Via feeding

0.78

31.0

4.1

0

10

NT

9.2

0.39

9.1

1.1

0

10−7

NT

16.4

−8

0.20

4.6

0.8

0

10

NT

7.7

0.10

4.7

NT

NT

10−9

NT

0

NT

0

0.05

3.1

NT

NT

−10

10

a

The mortality results were corrected with the mortality in controls (i.e. larvae
3.1%, nymphs 0.7%, adults 0%) using Schneider-Orelli’s formula.
NT: not tested.

a

vehicle and untreated control). M was calculated using
the following formula:

fluralaner contact exposure of R. sanguineus LC90 results
were 2.41 μg/mL (larvae), 2.61 μg/mL (nymphs) and
1973 μg/mL (adults).

M ð%Þ ¼ arithmetic mean of dead ticks per preparation=
arithmetic mean of ticks used per preparation:

The corrected mortality results were then used to
calculate lethal concentrations LC50 and LC90 or LC95,
defined as concentrations with either 50%, 90% or 95%
killing effect in the tested sample population. Lethal fluralaner concentrations for each exposure method were
calculated using probit analysis (SAS®, release 9.2).

Results
Tick contact exposure of R. sanguineus life stages

The arithmetic mean mortality obtained from vehicle
control and untreated control was 3.1% (larvae), 0.7%
(nymphs) and 0% (adults). The corrected R. sanguineus
life stage mortality (Table 1) at 48 hours after contact
exposure to fluralaner were used to calculate predicted
LC50 and LC90 fluralaner concentrations (Table 2). After
Table 2 Lethal concentrations (LC) of fluralaner for
different tick life stages after contact exposure

The mortality results were corrected with the mortality in controls (i.e. contact
exposure 0%, feeding exposure 2.5%) using Schneider-Orelli’s formula.
NT: not tested.

Tick contact and membrane feeding exposure of
O. moubata

The arithmetic mean mortality obtained from vehicle
control and untreated control was 0% after contact exposure and 2.5% after feeding exposure. The corrected
O. moubata nymph mortality after both contact and
membrane feeding exposure to fluralaner are presented
(Table 3) and predicted LC50 and LC95 fluralaner concentrations were calculated (Table 4). After fluralaner
contact and feeding exposure of O. moubata LC95 results were 1133 μg/mL (contact) and 0.09104 μg/mL
(feeding).

Discussion
The results show that fluralaner has potent acaricidal activity against two different tick genera that is observed in
both of the in vitro contact and feeding exposure routes
tested.
Table 4 Lethal concentrations (LC) of fluralaner for ticks
after contact or feeding exposure

R. sanguineus

Fluralaner (μg/mL)
LC50

LC90

Larvae

0.70

2.41

Nymphs

1.35

2.61

Adults

278.04

1973.0

O. moubata
Nymphs

Fluralaner (μg/mL)
Exposure method

LC50

LC95

Contact

719.5

1133.0

Feeding

0.00007

0.09104
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Contact exposure via immersion of three life stages
(larvae, nymphs and adults) of R. sanguineus, all of
which feed on dogs, shows that juvenile life stages are
more susceptible to contact fluralaner exposure than
adults, and among the juvenile stages larvae are slightly
more sensitive than nymphs (Table 1). Comparison of
the LC90 results shows that larvae and nymphs are about
700-fold more sensitive to the acaricidal activity of fluralaner than the adults. The greater acaricidal activity
against juvenile ticks compared with adult ticks offers
additional protection to dogs and their owners, because
fluralaner treated animals that are free of visible adult
ticks are even more likely to be free of smaller, and
therefore more difficult to spot, juvenile ticks. The prominent efficacy demonstrated for fluralaner (Bravecto™)
in a clinical field study supports this conclusion as some
juvenile ticks (Ixodes spp.) were present on dogs when
included into the study [3], indicating the possibility that
dogs were exposed to larval and nymph infestations also
in the further course of the study.
Comparison of the LC values between both exposure
routes tested shows that fluralaner’s acaricidal potency is
greater following feeding exposure than following contact exposure. This result supports that fluralaner can be
highly effective for systemic administration to dogs for
ectoparasite control.
In vitro feeding of argasid (soft) ticks, e.g. Ornithodoros
spp., on blood through ready to use artificial membranes
is a long-established method [12-14] with the advantage
of ticks completing their blood meal within a few hours
[14], and it is an established model at the authors’
laboratory. The method has also been adapted to several
ixodid (hard) tick species [14-16] including the brown
dog tick, R. sanguineus [17]. The drawback, however, is
that the longer feeding duration until repletion of hard
ticks is a challenge [14] and increases the complexity of
the assay compared to soft tick in vitro feeding. One of
the limiting factors of the in vitro feeding of hard ticks
seems to be the length of the tick’s mouthparts [17]. The
attempt to feed larvae of R. sanguineus on bovine blood
through a silicone membrane failed because larvae did
not attach [17]. Taking this into consideration, R. sanguineus ticks were evaluated using contact exposure tests
which allowed for a direct comparison of the susceptibility of all three life stages to fluralaner.
After contact exposure, O. moubata exhibits similar
susceptibility to fluralaner as adult R. sanguineus while
juvenile R. sanguineus are even more susceptible. Thus,
O. moubata can serve as a surrogate for R. sanguineus
in the assessment of sensitivity to fluralaner after feeding
exposure.
After feeding exposure to fluralaner, LC95 for O. moubata
is extremely low (<0.1 μg/mL), far lower (around 12,000fold) than the contact LC95 suggesting that fluralaner also
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has much greater acaricidal potency against all stages of R.
sanguineus through feeding exposure rather than through
contact exposure. The field study results [3] on clientowned dogs using oral administration of fluralaner
(Bravecto™) strongly support this observation.

Conclusions
Fluralaner demonstrates potent acaricidal in vitro activity against all life stages of R. sanguineus. The investigation of contact as well as feeding routes using O.
moubata nymphs underlines the high acaricidal activity
of fluralaner via both exposure routes. Given the fact
that juvenile tick stages are even more susceptible to
fluralaner than adult ticks, this molecule offers the opportunity to even more effectively control ticks across
their lifecycle.
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and the start of laying eggs [1]. Thus, it is necessary to
effectively kill all adult fleas within this time frame.
The active ingredient of Bravecto™, fluralaner, is a
member of the isoxazoline class, a novel class of antiparasitic drugs that inhibits γ-aminobutyric acid (GABA)and glutamate-gated chloride channels with significant
selectivity for insect neurons over mammalian neurons
[5,6]. Fluralaner formulated as a flavoured chewable tablet is commercially available for immediate and persistent killing of ticks and fleas on dogs over 12 weeks,
eliciting its primary action through feeding activity [7]. In
a field trial, a single dose of fluralaner provided 12 weeks
activity against fleas in dogs [8], and it was shown to be
safe and well tolerated [8,9].
The aim of the current studies was to determine a)
how fast fluralaner starts to kill fleas (within 0.5-4 hours
post-treatment) and b) the speed of flea kill within the
4–24 hours after infestation over the 12-week efficacy
duration of fluralaner.

Methods
Study set-up

Three blinded, randomized, negative controlled studies
were performed, one start to kill study in South Africa
and two speed of kill studies in Germany. The start to
kill study was conducted in accordance with Good Clinical Practice (VICH guideline GL9, Good Clinical Practice (EMA, 2000)), in compliance with the South African
National Standard “SANS 10386:2008: The care and use of
animals for scientific purposes” and ethical approval was
obtained by the ClinVet Animal Ethics Committee (CAEC)
before the study start. The 2 speed of kill studies were conducted in accordance with the OECD Principles of Good
Laboratory Practice (GLP) and the GLP Principles of the
German “Chemikaliengesetz” (Chemicals Act), in compliance with the German animal welfare regulations and ethical approval was obtained before the start of the study.
For each flea assessment time point in each of the
three studies, 6 treated dogs and 6 control dogs were included, thus in total 96 dogs (52 male and 44 female).
All dogs included were over 6 months of age, weighed
between 8.9 and 18.8 kg, and were mixed or pure bred
(Beagles). Each dog was in good health, had not been
treated with any parasite control product within 3 months
prior to a 7 day acclimatization period, and was uniquely
identified by a microchip number. In the start to kill study
and the speed of kill studies, laboratory bred flea strains,
both originating from Germany and collected from the
field less than 10 years prior to the studies, were used.
Within the acclimatization period, the flea susceptibility of each dog was confirmed by a flea infestation with
100 (± 4) fleas (start to kill) or 80 fleas (speed of kill),
followed by flea removal and count 24 (± 2) hours later.
All dogs included in the study harboured more than 50%
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of the number of originally infested fleas. Ranking of the
dogs was performed within gender (start to kill study) or
without gender separation (speed of kill studies) by descending flea counts and dogs were randomly allocated to
study groups using a computer generated randomization
list. In the start to kill study, dogs were housed individually. In the speed of kill studies, dogs were group-housed
within their corresponding study group during periods
without flea infestation. On days when dogs carried fleas,
all dogs were individually housed.
Treatment

One or 2 days before treatment, all dogs were infested
with either 100 (± 4) (start to kill study) or 80 (speed of
kill studies) unfed adult C. felis fleas. On the day of treatment (day 0), each dog received half of its daily food ratio approximately 20 minutes before treatment and the
balance directly after treatment. Dogs in the treatment
groups were treated orally with fluralaner chewable tablets (Bravecto™), based on the dog’s individual body
weight, to achieve a minimum dose of 25 mg fluralaner/
kg body weight. The chewable tablet was administered
by placement in the back of the oral cavity over the
tongue to initiate swallowing. Each treated dog was continuously observed for 1 hour after administration to
monitor for vomit or tablet/s spit out, which did not occur
in any of the 3 studies. Control group dogs remained untreated. General health observations were performed daily
throughout the complete study period in all 3 studies.
Flea infestations and assessments

In the start to kill study, all dogs were infested with 100
(± 4) fleas 1 day before treatment. Flea counts were performed with one pair of treatment plus control group at
either 0.5 (± 5 min), 1 (± 15 min), 2 (± 15 min), or 4 (±
15 min) hours after fluralaner treatment. In the two
speed of kill studies, dogs were infested with 80 fleas on
days −2, 28 (4 weeks), 56 (8 weeks) and 84 (12 weeks).
Flea counts were performed with one pair of treatment
plus control group at either 4 and 8 (± 0.75) hours in
one study or at 12 and 24 (± 1.5) hours in the other
study after fluralaner treatment (week 0) or each flea reinfestation (weeks 4, 8, and 12). Each dog was combed
to remove and count live adult fleas. Personnel conducting
comb counts were blinded with regard to study group.
Efficacy evaluation

The individual dog was the experimental unit in all statistical calculations. Data from each flea count time point were
analysed separately. Significant differences were assessed between the log-counts of adult live fleas in each treated group
at each assessment time point in comparison to the logcounts of the respective untreated control group. Study
groups were compared using a linear mixed model including

EXTRAORDINARY SCIENCE EXTRAORDINARY MEDICINE

15577_Bravecto_ScienceBook_TextPages_Jan19.indd 66

1/19/17 12:15 PM

Meadows et al. Parasites & Vectors 2014, 7:375
http://www.parasitesandvectors.com/content/7/1/375

RESEARCH

Open Access

A randomized, blinded, controlled USA field study
to assess the use of fluralaner tablets in
controlling canine flea infestations
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Abstract
Background: The novel isoxazoline molecule fluralaner provides 12 weeks activity against fleas and 8 to 12 weeks
against tick infestations according to label claims.
Methods: This blinded, multi-center study in client-owned dogs evaluated the flea control provided by a single oral
fluralaner treatment (25–56 mg/kg; Bravecto™, Merck Animal Health) compared to a control group administered
three oral spinosad (30 – 60 mg/kg; Comfortis®, Elanco) treatments at 4-week intervals together with an amitraz
collar (9%, Preventic®, Virbac). Households were randomized (3:1 ratio) to either fluralaner (224 dogs, 118 households)
or control (70 dogs, 39 households). Within households, one primary dog with at least 10 live fleas at enrollment was
randomly selected for whole body flea counts every 4 weeks through Week 12; all dogs were followed for safety
until Week 12. Fluralaner dogs received two additional doses at Weeks 12 and 24 for further safety and palatability
observations through Week 26.
Results: Geometric mean flea count reductions from baseline for the fluralaner group at Weeks 4, 8, and 12 were
99.7%, 99.8%, and 99.8%, respectively; and 96.1%, 99.5%, and 99.6% for the spinosad controls. Percentages of flea-free
primary dogs at Weeks 4, 8, and 12 were 91.1%, 95.4%, and 95.3% for the fluralaner group; and 44.7%, 88.2%, and 84.4%
for the controls; the differences were significant at Weeks 4 (P < 0.0001) and 12 (P = 0.0370). Improvements in veterinarian
assessed flea allergy dermatitis (FAD) were observed in both groups. Fluralaner tablets were accepted free choice in over
90% of doses. The most common adverse event was vomiting, occurring in 7.1% of the fluralaner group and 14.3% of
the controls. No treatment related serious adverse events were reported.
Conclusions: A single treatment of dogs with the palatable fluralaner flavored chewable tablet provides a safe and
effective option for 12 weeks of flea control at least equivalent to that of 3 sequential treatments with spinosad tablets.
Linked to the high level of flea control was a substantial alleviation of associated signs of FAD.
Keywords: Fluralaner, Fleas, Spinosad, Efficacy, Safety, Field study

Background
The last three decades have seen significant advances in
the treatment and control of canine ectoparasites. Topically applied pesticides, such as imidacloprid and fipronil,
were introduced in the 1990’s, and provided convenient
month long flea control and, for fipronil, additional activity against a range of tick species [1]. The use of such topically applied products became a routine preventive health
practice in veterinary medicine. These products, and
others that were later introduced, either as single entities
* Correspondence: cheyney.meadows@merck.com
Merck Animal Health, Summit, NJ, USA

or as combinations of molecules, reduced or eliminated
existing flea infestations and, for the month following
treatment, killed most reinfesting fleas before egg-laying
could begin. As a result, the need for adjunctive application of environmental chemicals was largely eliminated
[2]. However, these topical ectoparasite control advances
presented limitations, including the need for careful and
sometimes challenging application by pet owners, potential reductions in effectiveness resulting from wash-off
during swimming or bathing, and owner concerns regarding exposure in the household [3]. In 2007, an orally administered pulicide (spinosad, Comfortis, Elanco) was

© 2014 Meadows et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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launched that provided an alternative means of killing
fleas for one month following treatment [4]. While oral
spinosad resolved many concerns linked to topical products, it lacked efficacy against ticks and maintained the
need for owner compliance with monthly administration.
Fluralaner is a novel isoxazoline insecticide/acaricide
that offers the most recent advance in the control of ectoparasites of dogs, with 12 weeks of flea control and 8
to 12 weeks of tick control after a single oral dose. This
treatment was shown in a multi-centered field trial in
Europe to be superior to three sequential doses of fipronil for flea control and also effective for tick control [5].
Bravecto (13.64% w/w flavored chewable tablet formulation of fluralaner, Merck Animal Health) is an oral fluralaner formulation that is the first product approved by the
US Food and Drug Administration (NADA 141–426) to
provide 12 weeks activity against fleas and 8 to 12
weeks activity against the 4 common tick genera in the
United States (Amblyomma, Ixodes, Dermacentor and
Rhipicephalus) at a minimum dose of 25 mg/kg. Following oral administration to dogs with or without
food, fluralaner is rapidly absorbed, and provides 100%
effectiveness against fleas and ticks (Ixodes ricinus) within
1 day after treatment [6,7]. Blood levels are then sustained
and provide flea and tick effectiveness >95% for up to
12 weeks [6,7]. Safety has been demonstrated in puppies
administered repeated doses of up to 280 mg/kg (five times
the recommended rate) at 8-week intervals, beginning at
8 weeks of age, and in ivermectin-sensitive collies administered doses of 3 times the approved dose rate [8,9].
The current field study was undertaken in the United
States to confirm the effectiveness over 12 weeks
(84 days) of a single owner-administered fluralaner flavored chewable tablet dose to treat and control flea infestations. These results were compared to that of a
control group treated with spinosad and an amitraz collar. Evidence of flea allergy dermatitis (FAD) was not an
enrollment criterion, but secondary objectives included
an assessment of improvement from baseline in signs of
FAD in a subset of dogs that presented with signs of
FAD. Furthermore, safety and palatability of fluralaner
tablets were assessed through 26 weeks (182 days) with
dogs receiving an additional two treatments at 12-week
intervals. Observational assessments of the tick control
provided by each study regimen were also completed.

Methods
This investigator-blinded, multicentric, positive-controlled
study was undertaken to assess the flea control effectiveness of fluralaner tablets administered by owners to their
flea-infested dogs. Comparisons were made with a control
group receiving three sequential treatments of orally administered spinosad at 4-week intervals plus an amitraz
collar. The study protocol complied with Good Clinical
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Practice (VICH GL9), the International Guiding Principles
for Biomedical Research Involving Animals, and was
reviewed and approved by an ethics committee. Written
informed consent was obtained from each dog owner
prior to the commencement of any screening activities.
The study was conducted from August 2011 through June
2012 at 18 veterinary clinics located in nine different
states – Alabama, Florida, Kansas, Louisiana, Maine,
Missouri, North Carolina, Pennsylvania, and Texas. At
each site, the investigator was the clinic veterinarian who
was responsible for protocol supervision, oversight of
owner communication, animal examination including flea
allergy dermatitis (FAD) assessments, and supervision of
flea counts. To maintain appropriate blinding, the flea
treatment product assigned to each dog was dispensed by
non-blinded trained clinic personnel who were instructed
not to participate in collecting flea count data, physical examinations, or in the assessment of FAD. These personnel
were also responsible for any additional measures required
to ensure blinding, such as removing the amitraz collar
on enrolled control dogs before they were examined
by blinded personnel. Collars were replaced by owners
or non-blinded personnel once blinded activities were
completed.
Enrollment and participation

Eligible households were permitted to have up to 5
dogs, all of which had to be at least 12 weeks of age,
weigh at least 4.4 lb, and be in general good health.
However, dogs with chronic medical conditions (e.g.,
endocrinopathies, cardiovascular conditions, seizures)
were permitted to enroll if the condition was stabilized
prior to enrollment in the study. There were no breed
or gender restrictions, but households with pregnant
or lactating dogs were not eligible for enrollment.
Households in which dogs had exposure to non-confined
pets (other than dogs) that could harbor fleas (e.g.,
cats) were not eligible. Similarly, households were excluded if they contained another dog which did not
meet inclusion criteria.
Whole-body flea counts lasting at least 15 minutes per
dog were performed on all dogs by a trained individual
masked to treatment assignment. The criterion for
household enrollment was that at least one dog in each
household be infested with a minimum of 10 live fleas at
the screening assessment.
The following signs of FAD were separately graded by
a masked veterinarian (No Sign, Mild, Moderate, or Severe): erythema [10,11], alopecia [11], papules [10,11],
scales [10], crusts [10] and excoriations [11]. When
present (i.e., Mild, Moderate, or Severe), each sign was
further assessed by the masked veterinarian concerning
anatomic location and whether or not the sign was indicative of FAD. There was no protocol definition of FAD,
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and the veterinarian used their experience and knowledge to determine if signs were indicative of FAD. Evidence of FAD was not used as a criterion for enrollment
or randomization.
Enrollment restrictions based on prior use of flea control medications and treatments were based on product
label. Products labeled for monthly use had a minimum
30 day washout, products labeled for use every two
weeks had a 14 day washout, and products labeled for
weekly use had a seven day washout. Treatment that
could affect assessment of signs of FAD (for example
steroids, antihistamines, creams, ointments, baths, etc.)
was permissible, but any FAD data collected after a dog
was treated with such a product were excluded from
summary and analysis of FAD data.
No concomitant treatments for flea and/or tick infestations were permitted during the study period. Grooming, bathing, swimming, and other water activities were
permitted during the study, although participating dog
owners were asked to temporarily remove amitraz collars prior to bathing. Grooming and bathing were not
allowed within 72 hours before protocol-scheduled flea
counting to avoid any impact on flea recovery.
To assess palatability of fluralaner tablets, owners were
instructed to first offer the dose by itself, for instance by
hand or in a bowl. The owner recorded if the dose was
freely taken within 1 minute or within 1 – 5 minutes. If
not, the owner could take alternative measures for voluntary uptake by the dog, such as hiding the tablet(s) in
food or treats. If these methods failed then the owner
could force feed the treatment or contact the investigator. The palatability of spinosad tablets was not assessed.
Owners were instructed to monitor dogs for one hour
after dosing and to be alert for any evidence of vomiting,
coughing, gagging, retching, drooling, salivating, or
other adverse signs. The owner was instructed to contact
the dispensing clinic to receive a replacement dose for
any dog which vomited or regurgitated the tablet within
1 hour after dosing.
Randomization and treatments

At each study site, qualifying households were assigned to
a treatment group according to a randomized complete
block design, with time of entry into the study as the
blocking factor. Within blocks, dogs were randomly
assigned in a 3:1 ratio to either the fluralaner group or the
control group consisting of spinosad + amitraz. Because
evidence of flea infestation was an enrollment criterion
and because there are numerous approved flea control
products, we decided against using a negative control
group. Commercially available spinosad was chosen as a
positive control product because at the time of study start
this was the only FDA-approved oral product that provided flea knockdown and a month of anti-flea activity.
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This product does not have labeled activity against ticks,
nor was there a FDA-registered product effective against a
range of tick genera. As tick control would be required in
some enrolling areas, we provided an amitraz collar due
to its known effectiveness against ticks and absence of
effect on fleas.
Each site had its own unique randomization table for
assignment of households to treatment group; all dogs
within a household received the same treatment. The
randomization tables also included a scheme for random
selection of a primary dog for households that had more
than 1 dog with ≥ 10 live fleas at enrollment. The primary dog was managed identically to the other dogs,
with the exception that the primary dog was the only
dog in the household for which flea counting was performed for efficacy assessments at Visits 2, 3, and 4.
Fluralaner was administered at the label dose (25 –
56 mg/kg). Owners were instructed to administer treatment at meal time, immediately before the dog was offered its food. Additional doses of fluralaner tablets were
dispensed at Weeks 12 and 24 in accordance with each
dog’s body weight at those visits. Dogs in the control
group received a 9% amitraz tick collar plus spinosad
tablets at the labeled dose range of 30 to 60 mg/kg body
weight. Spinosad tablets were also dispensed at Weeks 4
and 8 in accordance with each dog’s body weight measured at Weeks 4 and 8. The first administration of the
allocated treatment(s) to any dog in the household,
which occurred on the day of or shortly after the first
visit, was classified as study Day 0.
Justification of sample size

Sample size calculation was based on significant reduction of flea count from baseline at each time point.
Using data from prior controlled studies demonstrating
the effectiveness of fluralaner against fleas, power calculations indicated that no more than 10 households
would be sufficient to provide 80% power to demonstrate statistically significant (p < 0.05) reduction of flea
counts from baseline levels. To ensure broad regional
inclusion of households and dogs, the study targeted
enrollment of 100 households to be allocated to the fluralaner treatment group and 33 households to the control (spinosad + amitraz) group. The 3:1 enrollment
ratio provided sufficient households in the control
group for reference and comparison while maximizing
the opportunity for post-treatment safety observations
in the fluralaner group.
Efficacy assessments

All study dogs returned to the study site for assessment
visits every 4 weeks from Days 0 to 84, with a window ±
2 days at the Week 4 visit and ± 3 days at subsequent
visits. All sites were trained in study assessment procedures.
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Blinding of any staff involved in study assessments was
maintained by having a non-blinded individual (either the
dog’s owner or a non-blinded member of clinic staff)
remove the tick collar from control dogs prior to performance of flea counts, FAD assessment, or physical examination. Non-blinded individuals were not permitted to
perform study tasks (flea count, FAD assessment, physical
examination) that required blinding. Whole body flea
counts were performed using a flea comb for at least 15 minutes. If fleas were recovered during the last minute of the
procedure, combing was continued for an additional 5 minutes until no fleas were recovered. All live fleas were
counted. Personnel at sites were also trained to manually
search for ticks using a whole body examination lasting for
5 minutes. During the study, any attached ticks collected
during clinic visits or by owners between visits were placed
into sealable alcohol-containing vials for later identification
by an experienced tick study investigator. Collected tick
data were observational, and none of the study products
were assessed for effectiveness against ticks. Fleas and ticks
were counted on primary dogs at all visits (Weeks 0, 4, 8,
and 12). For non-primary dogs, the protocol limited these
assessments to the enrollment visit.
The primary effectiveness criterion was based on live
flea counts in primary dogs as the experimental unit at
Weeks 4, 8, and 12 (Days 28, 56, and 84) compared to
baseline counts. For assessment of other variables
(safety/adverse events, FAD assessment, counting and
identification of ticks, palatability of fluralaner flavored
chewable tablets), each dog was the experimental unit.
The geometric mean live flea count of the primary
dogs was calculated separately for fluralaner and control
dogs for each time point (Days 28, 56, and 84). The
percent reduction at each time point was calculated
according to the equation:

Percentage Effectiveness ¼



Dx
1−
D0



� 100

where D0 = geometric mean at baseline, and Dx = geometric mean on Day x (x = 28, 56, or 84).
The geometric mean flea count data were transformed
prior to analysis using the Y = loge(x + 1) transformation.
The log-transformed data were analyzed by a mixed linear model with repeated measures including treatment,
visit and treatment*visit as the fixed effects and site as
the random effect with the primary dogs in household as
the repeated subject.
The model least squares means were used for comparisons and were back-transformed to obtain the estimates
of geometric mean flea counts. A Kenward-Rogers adjustment was used to determine the denominator degrees of freedom for hypothesis testing.
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Comparisons were conducted within each treatment
group between the pre-treatment count and Days 28, 56
and 84 as well as between treatment groups at Days 28,
56, and 84. A two-sided test was used for each comparison at significance level α = 0.05. Statistical analysis was
performed with the software package SAS (SAS Institute
Inc., Cary, NC, USA, release 9.3).
Treatment was considered effective at each time point
if the mean live flea count reduction was 90% or greater
compared to Day 0, and the mean counts at Days 28, 56,
and 84 were statistically significantly different (P ≤ 0.05)
from and lower than Day 0. The percentages of flea-free
primary dogs (those with 0 fleas) at Days 28, 56, and
84 (Weeks 4, 8, and 12) were compared between fluralaner and spinosad + amitraz treatment groups using a
two-sided test with significant level α = 0.05. A nonparametric asymptotic approach was used to obtain the
estimates for the differences of the percentages between
treatment groups. StatXact v9 was used to perform the
summary and analysis. All enrolled and treated dogs
were included in the analysis of clinical safety. Collected
tick data were observational, and none of the study
products were assessed for effectiveness against ticks.
Signs of FAD were evaluated for all study dogs at each
clinic visit. Assessment was performed by a masked veterinarian, evaluating the severity (No Sign, Mild, Moderate, and Severe) and anatomic location of the following
signs of FAD: erythema, alopecia, papules, scales, crusts,
and excoriation. If a sign was present, the veterinarian
also indicated if it was indicative of FAD. Finally, it was
recorded if the dog had received any medications (e.g.,
steroids, antihistamines, etc.) that could affect the assessment of FAD. The presence of signs of FAD in dogs
that had not received any interfering medications was
summarized for both treatment groups. For each sign of
FAD, the percentage of dogs with the sign (Mild, Moderate, or Severe) at enrollment that resolved (became No
Sign) at Week 12 without any interfering medications
was summarized.
Safety assessments

All study dogs were monitored until at least Week 12
(Day 84) for safety assessments, including clinic visits
every 4 weeks. Fluralaner-treated dogs were monitored
through Week 26, including clinic visits every 4 weeks
from Week 12 through Week 24 and a final study visit
on Week 26, 2 weeks after final fluralaner dose. Owners
were instructed to monitor closely each dog after treatment administration, and to watch for possible adverse
events that might occur at any time during the course
of the study. Owners were asked to document all unfavorable or unintended health events or any other observations, including the finding of attached ticks, in a
study diary.
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Blood and urine were collected from all control dogs
at baseline (Day 0) and Week 12 (Day 84). Blood and
urine were collected from all fluralaner-treated dogs at
baseline (Day 0), Week 12, and Week 26. Samples were
submitted for clinical pathology assessments (CBC,
chemistry screen, including liver and kidney panels, and
urinalysis) for determination of any potential adverse
treatment effects.

Results
Two hundred and ninety-four (294) dogs from 157 households were enrolled between August 2011 and December
2011 at 18 study sites, with 118 primary dogs assigned to
receive fluralaner (plus an additional 106 household dogs)
and 39 primary dogs assigned to receive spinosad +
amitraz (plus an additional 31 household dogs). Dogs
remained under study until June 2012. Approximately
50% (56/118 fluralaner and 19/39 control) of enrolled
households in each group contained a single dog. Age,
gender and weight of the two treatment groups were balanced (Table 1). Approximately one third of dogs in each
group were described as mixed breed, with the most common breed identifications being Chihuahua (6.7% [15/224]
of fluralaner group dogs; 5.7% [4/70] of spinosad + amitraz
dogs), Jack Russell (4.0% [9/224] and 4.3% [3/70]), Labrador retriever (4.0% [9/224] and 2.9% [2/70]) and Boxer
(3.1% [7/224] and 4.3% [3/70]).
In the population of household dogs, 8.0% (18/224) in
the fluralaner group (including eleven primary dogs) and
11.4% (8/70) in the spinosad + amitraz group (including
three primary dogs) were not included in the outcomes
assessments completed on Day 84. One non-primary
Table 1 Demographics of enrolled dogs and distribution
of numbers of dogs in each household

Age (years)

Fluralaner

Spinosad + Amitraz

n = 224

n = 70

Mean (SD)

5.1 (3.7)

5.3 (3.7)

0.2 − 15.0

0.3 − 13.6

Mean (SD)

37.3 (29.16)

38.7 (26.25)

Range

4.4 − 152.0

4.6 − 83.6

Female, Intact

33 (14.7%)

14 (20.0%)

Female Spayed

82 (36.6%)

24 (34.3%)

Male, Intact

53 (23.7%)

9 (12.9%)

Male Neutered

56 (25.0%)

23 (32.9%)

Range
Weight (lb)
Gender

Distribution of Household Sizes (number of dogs)
1

56/118 (47.5%)

19/39 (48.7%)

2

32/118 (27.1%)

12/39 (30.8%)

3

21/118 (17.8%)

6/39 (15.4%)

4

4/118 (3.4%)

1/39 (2.6%)

5

5/118 (4.2%)

1/39 (2.6%)

dog in the fluralaner group was removed at the owner’s
request because it vomited following the first treatment;
the other two dogs in the household remained in the
study. All other removals were considered unrelated to
treatment and were due to diverse reasons including dispensing error, unblinding, protocol violations including
failure to return for scheduled visits, and two deaths –
one dog was hit by a car and died, and another dog was
euthanized after a pre-existing cardiac failure condition
worsened.
Pre-treatment flea counts were similar between assigned
treatment groups (Table 2). In both treatment groups,
flea counts of the primary dogs were significantly reduced
(P < 0.0001 and the ≥ 90% efficacy was exceeded) compared to baseline at each timepoint (Table 2). The percentage of primary dogs free of fleas in the fluralaner
group was significantly different from that in the spinosad +
amitraz group on Days 28 and 84 (P values <0.0001
and =0.0370, respectively); but was not significantly different on Day 56 (P value =0.1364).
No major treatment-related adverse events were reported in either the fluralaner or the spinosad + amitraz
group. The most commonly reported adverse event in
each group was represented by emesis which was reported in a greater percentage of dogs in the spinosad +
amitraz group than in the fluralaner group (Table 3).
There were no clinically relevant changes in complete
blood count, blood chemistry or urinalysis variables in
either treatment group.
At baseline (enrollment visit), in sites in Florida,
Missouri, Alabama, Pennsylvania and Louisiana, a total
of 47 attached ticks were found on 13 dogs assigned to
the fluralaner group and 11 attached ticks were found
on three dogs assigned to the spinosad + amitraz group.
At Visit 2, one fluralaner dog had one dead nonengorged tick removed and at Visit 3 another fluralaner
dog had two ticks (one alive non-engorged and one dead
non-engorged tick) removed. At Visit 4, one control dog
had one alive non-engorged tick removed.
In addition to the 62 attached ticks collected by investigators, 14 ticks were collected by owners and returned
to the investigators. The 76 total ticks were submitted
for tick identification. Across these sites, the identified
tick genera were Ixodes (82.9% [63/76] of all submitted
ticks), Amblyomma (13.2% [10/76]), Dermacentor (2.6%
[2/76]) and Rhipicephalus (1.3% [1/76]).
Owner assessments of palatability of the fluralaner flavored chewable tablets were available for 559 of 621
doses administered over the course of the study. The
palatability was consistent throughout the three doses
(Table 4). Approximately 80% (451/559) of fluralaner
doses were accepted free choice within 5 minutes after
being offered and an additional 12.5% (70/559) were
consumed with food or other treat. Therefore, a total of
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Table 2 Primary dog geometric mean flea counts, percentage reduction from baseline, and flea-free dogs for treated
dogs at each visit
V1

V2

V3

V4

(enrollment)

(Day 28)

(Day 56)

(Day 84)

Fluralaner

117

113

108

106

Spinosad + Amitraz

39

38

34

32

Fluralaner

32.2 (27.1 – 38.2)

0.1 (0.0 – 0.2)

0.1 (0.0 – 0.1)

0.1 (0.0 – 0.1)

Spinosad + Amitraz

32.6 (23.6 – 44.9)

1.3 (0.7 – 2.0)

0.2 (0.0 – 0.4)

0.1 (0.0 – 0.2)

0.9469

<0.0001

0.1766

0.2189

Fluralaner

NA

99.7%

99.8%

99.8%

Spinosad + Amitraz

NA

96.1%

99.5%

99.6%

NA

91.1%

95.4%

95.3%

Number of Primary Dogs

Geometric mean flea count (95% CI)

P-value for comparison*
% effectiveness (reduction from baseline)

% flea-free primary dogs
Fluralaner
Spinosad + Amitraz

NA

44.7%

88.2%

84.4%

P-value for comparison**

NA

<0.0001

0.1364

0.0370

“NA” indicates that the value or calculation is “not applicable”. No effectiveness comparison was performed at V1 and no primary dogs were flea-free at V1.
*- P-value for comparison of model least squares means parameter estimates.
**- P-value for comparison of percentages using non-parametric asymptotic approach.

92.5% of the fluralaner doses were consumed voluntarily
by dogs in this study.
Resolution of signs of FAD between enrollment and
Week 12 (Day 84) in dogs not receiving medications that
could affect the evaluation of FAD is summarized in
Table 5. Relative to baseline, at Week 12 (Day 84) there
was a high level of resolution of all signs of FAD in both
groups.

Discussion
A single fluralaner administration not only provided flea
count reductions at least equivalent to three monthly spinosad treatments, but also resulted in significantly more

Table 3 Frequency of adverse events reported in dogs
randomized to receive either fluralaner flavored
chewable tablets or spinosad together with amitraz
Adverse Event

72

Fluralaner, dogs observed Spinosad + Amitraz,
over 26 weeks
dogs observed
over 12 weeks
(N = 224)

(N = 70)

Emesis

16 (7.1%)

10 (14.3%)

Decreased appetite

15 (6.7%)

0 (0.0%)

Diarrhea

11 (4.9%)

2 (2.9%)

Lethargy

12 (5.4%)

5 (7.1%)

Polydipsia

4 (1.8%)

3 (4.3%)

Flatulence

3 (1.3%)

0 (0.0%)

dogs being flea-free at Week 4 (fluralaner 91.1% [103/113]
vs spinosad 44.7% [17/38]) and at the final assessment at
Week 12 (fluralaner 95.3% [101/106] vs spinosad 84.4%
[27/32]) after the study began. This finding of high fluralaner efficacy parallels that reported from a European study
in which the flea control, including the percentage of fleafree fluralaner-dogs at Week 4 post treatment, was superior to that provided by topical fipronil/(s)-methoprene [5].
Such rapid achievement of flea-free status in treated dogs,
a status sustained for at least 12 weeks, points to fluralaner as providing a significant advance in the treatment
and control of canine flea infestations.
These reductions in flea counts and high rate of complete
flea elimination from study dogs translated into direct
clinical benefits in alleviating signs of FAD. In each of the
recorded signs of FAD, fluralaner treated dogs that enrolled with signs and had no interfering medications
showed improvements of 80% (scales [16/20]) to 95%
(crusts [21/22]). During protocol development, it was
decided that this registration study would limit FAD assessments to those that could be objectively identified by
investigators. Subjective assessments of owner-reported
pruritus were therefore not completed. Nonetheless, because pruritus and other signs of FAD are caused by flea
bites, and because both treatments were effective in eliminating fleas, it can be expected that associated benefits
would include reductions in pruritus.
This was a real-world study designed to investigate the
potential of owner-administered fluralaner tablets as a
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Table 4 Palatability of three sequential treatments with fluralaner flavored chewable tablets administered at 12 week
intervals
Step when dose accepted by dog

Percentage of doses taken
1st Dose

Free choice within 1 minute

2nd Dose

3rd Dose

Total

~D0

~D84

~D168

(N = 207)

(N = 188)

(N = 164)

(N = 559)

158 (76.3%)

142 (75.5%)

116 (70.7%)

416 (74.4%)

Free choice within 1 – 5 minutes

11 (5.3%)

15 (8.0%)

9 (5.5%)

35 (6.3%)

Hidden in food or other treat

27 (13.0%)

17 (9.0%)

26 (15.9%)

70 (12.5%)

Dose force fed to dog

10 (4.8%)

10 (5.3%)

13 (7.9%)

33 (5.9%)

Investigator contacted for dosing

1 (0.5%)

4 (2.1%)

0 (0.0%)

5 (0.9%)

novel approach for controlling canine flea infestations.
The study was open-label for owners and for clinic staff
dispensing products, but all staff undertaking assessments remained blinded throughout. The only treatment
instructions provided to owners were to administer the
tablets before a meal and according to package directions with the one between-treatment protocol difference related to recording palatability of the fluralaner
chewables. Two similar spinosad studies, only one of
which assessed palatability (in a manner similar to our
protocol) produced remarkably similar efficacy outcomes
[3,12]. The results from those studies are consistent with
the results we report, indicating that palatability assessments did not affect results in any way.
At the enrollment visit, ticks were found on 24 study
dogs, indicating that there would be some challenge
with tick exposure during the study. Subsequent to
treatment, few ticks were found, consistent with the reported effectiveness of the amitraz collar and supporting
the sustained anti-tick activity of fluralaner that has
been demonstrated in other field and laboratory studies
[5,7,13].
The absence of serious adverse events (Table 3) indicates the safety of both products, with vomiting the
most commonly reported adverse event (reported in

Table 5 Percentage of dogs with baseline flea allergy
dermatitis signs that resolved without interfering
medications at the final visit
Flea allergy
dermatitis sign

Fluralaner

Spinosad + Amitraz

Erythema

89.3% (50/56 dogs)

70.6% (12/17 dogs)

Alopecia

88.2% (30/34)

80.0% (8/10)

Papules

92.3% (12/13)

100.0% (7/7)

Scales

80.0% (16/20)

88.9% (8/9)

Crusts

95.5% (21/22)

100.0% (7/7)

Excoriation

91.7% (11/12)

100.0% (6/6)

7.1% [16/224] of dogs treated three times with fluralaner
tablets over the 26 week observation period (3 doses)
and in 14.3% [10/70] of the control group dogs over the
12 week observation period (3 doses of spinosad). In
other field studies of canine antiparasitic products,
vomiting rates have varied substantially – rates as high
as 18% and 15% have been reported to follow oral
treatment of dogs with ivermectin tablets and ivermectin chewables, respectively, and a vomiting rate of
12% was reported to follow a single topical dose of
selamectin or oral dose of spinosad [12,14,15]. Other
adverse events were typically transient and mild, supporting the safety profile of spinosad and amitraz and
indicating that fluralaner can be used safely in dogs. The
detailed owner observations, the inconsequential adverse events associated with three sequential fluralaner
treatments over 26 weeks, and uneventful laboratory
analyses also confirmed earlier reports demonstrating
the safety of fluralaner in dogs [5,7-9].

Conclusion
In conclusion, the results of this clinical study demonstrate that a single treatment of dogs with the fluralaner
flavored chewable tablet, administered by owners, provides a level of flea control that is at least equivalent to
that provided by 3 sequential treatments with spinosad
tablets together with an amitraz collar. Linked to the
high level of flea control, a substantial alleviation of associated clinical signs of FAD was also seen. The fluralaner flavored chewable tablets were found to be highly
palatable for dogs. This study also demonstrated a favorable safety profile for fluralaner. The study therefore
demonstrates that fluralaner flavored chewable tablets
offer a significant advance in the treatment and control
of canine flea infestations, providing sustained 12-week
effectiveness with a single treatment.
Abbreviation
FAD: Flea allergy dermatitis.
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A randomized, blinded, controlled and
multi-centered field study comparing the efficacy
and safety of Bravecto™ (fluralaner) against
Frontline™ (fipronil) in flea- and tick-infested dogs
Nadja Rohdich*, Rainer KA Roepke and Eva Zschiesche
Abstract
Background: Fluralaner, a new molecular entity of the isoxazoline class, has potent insecticidal and acaricidal
activity and can be safely administered orally to dogs.
Methods: A randomized, investigator-blinded, multi-centered field study compared the flea- and tick-control
efficacy for dogs over a 12-week period with either a single oral dose of Bravecto™ (fluralaner) formulated as a
chewable tablet or with three sequential topical Frontline™ (fipronil) treatments. Individual dogs were the
experimental unit for ticks and households were the experimental unit for fleas. A total of 108 tick-infested dogs
were treated with Bravecto™ (fluralaner) and 54 tick-infested dogs were treated with Frontline™ (fipronil). Dogs in
115 flea-infested households received Bravecto™ (fluralaner) and dogs in 61 flea-infested households received
Frontline™ (fipronil). Flea and tick counts were conducted on all dogs at weeks 2, 4, 8, and 12 following initial
treatment and efficacy was calculated as the mean percent reduction in tick or flea count at each time point
compared with the mean pretreatment initiation count for each treatment group. Additionally, the percentages of
tick-free and flea-free households were determined.
Results: At weeks 2, 4, 8, and 12, Bravecto™ (fluralaner) flea-control efficacy in treated households was 99.2%, 99.8%,
99.8%, and 99.9% respectively, while Frontline™ (fipronil) efficacy was 94.1%, 93.0%, 96.0%, and 97.3%,
respectively. Bravecto™ (fluralaner) tick-control efficacy on treated dogs at weeks 2, 4, 8, and 12 was 99.9%, 99.9%,
99.7%, and 100%, respectively, and Frontline™ (fipronil) tick efficacy was 97.6%, 93.8%, 100%, and 100%, respectively.
Of dogs showing clinical flea allergy dermatitis (FAD) signs at the study start, 85.7% in the Bravecto™
(fluralaner)-treated group and 55.6% in the Frontline™ (fipronil)-treated group were evaluated at each time point as
showing no clinical signs of FAD until study completion.
Conclusions: Bravecto™ (fluralaner) administered once orally to dogs in a chewable tablet was highly effective for
12 weeks against fleas and ticks on privately-owned dogs and was significantly non-inferior (ticks) and superior
(fleas) in comparison with topical Frontline™ (fipronil) administered 3 times sequentially.
Keywords: Fleas, Ticks, Bravecto™ (fluralaner), Isoxazoline, Frontline™ (fipronil), Efficacy, Field study, Dog
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Background
New and effective treatments of companion animal ectoparasite infestations are important because these parasites
can become tolerant to existing treatment options and
have the potential to develop resistance [1]. Veterinarians
and animal owners are also looking for more effective and
longer lasting treatments to include in their ectoparasite
control protocols. They have concerns about the irritation
and injury caused directly by fleas and ticks and the risks
these parasites introduce as infectious-disease vectors.
Additionally, poor owner compliance is a concern with
current monthly ectoparasite control retreatment recommendations [2].
Fluralaner is a member of the isoxazoline class, a novel
class of antiparasitic drugs representing safe and effective
new acaricidal and insecticidal products for management
of ectoparasitic infestations on dogs and cats [3]. Fluralaner
has been proven to have potent efficacy against ectoparasites and to be safe for oral administration to dogs [4].
In vitro testing determined that fluralaner is a highly potent
arthropod-specific GABA-gated chloride channel inhibitor,
with a less potent, but still significant, inhibitory activity
on arthropod glutamate-gated chloride channels and its
receptor binding was 5–236 fold better than fipronil on
arthropod GABA-gated chloride channels [5]. This receptor
potency difference could translate into improved efficacy
for fluralaner over fipronil for ectoparasite control under
field conditions.
This study presents results of a rigorous, Good Clinical
Practice (GCP) compliant, blinded field study comparing
Bravecto™ (fluralaner) with a positive control (fipronil)
under typical veterinary practice conditions. This study
evaluated whether Bravecto™ (fluralaner) is statistically
at least as effective (non-inferiority analysis) as the positive
control treatment.
Methods
This was a multicenter, randomized, field efficacy study
conducted at veterinary practices in Germany, France, and
Spain, which enrolled privately-owned dogs of any breed
or gender. The study started in August 2011 and was finished in February 2012. The veterinarians who performed
clinical assessments and parasite counts were blinded to
the treatment allocation of the dogs. The study design
used the individual dog as the experimental unit for
statistical analysis of tick infestations and the household
as the experimental unit for analysis of flea infestations.
For enrollment in the study, dogs had to have either a
visible flea or tick infestation (or both) on initial examination, with observation of at least 4 individual ectoparasites.
The dogs also needed to have an appropriate temperament
to permit required manipulations for parasite counting;
to be 10 weeks or older, at least 2 kg body weight, and
sufficiently healthy to follow the study schedule. Dogs
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were ineligible if the household included a severely ill
animal requiring intensive veterinary care, any dog who
had received previous ectoparasiticide treatment within the
previous 7 to 30 days depending on the expected duration
of effect of the treatment, a pregnant or lactating female
dog, more than 5 dogs, or other pet species that could harbor fleas and/or ticks (e.g. cats, rabbits, guinea pigs) sharing
the same resting area; if insecticide or insect growth regulator had been applied in the household environment within
the previous two months; or if the dog would need to spend
substantial time at a dog sitter or animal shelter during
the study period. Dog owners were briefed on the study
protocol and required to sign an informed consent
allowing enrollment of their dog(s) in the study.
Dogs were randomly assigned, using a computergenerated list, to receive either Bravecto™ (fluralaner,
25–56 mg/kg body weight once) or a positive control
treatment Frontline™ (fipronil, ≥6.7 mg/kg for three
sequential times) at a 2:1 fluralaner:fipronil enrollment
ratio. All dogs from the same household were treated
using the same product. A clinical examination including
a descriptive evaluation of skin and hair examinations
to document any skin lesions possibly related to FAD was
completed. An initial parasite count was performed using
the World Association for the Advancement of Veterinary
Parasitology (WAAVP) comb-counting method [6] followed
by administration of the initial treatment in the veterinary hospital. All dogs that received the oral Bravecto™
(fluralaner) treatment were initially offered the opportunity
to eat the tablet voluntarily. If the tablet was refused,
the dogs were given the tablet directly into the mouth.
All dogs remained in the owner’s home and were fed
their usual diet with access to water according to their
normal routine. Grooming, bathing, and swimming were
permitted during the study, but not within 3 days prior
to a scheduled visit or within 2 days after treatment application. Participating veterinarians and owners were
required to collect details on any suspected adverse events
throughout the study.
Regular follow-up procedures in weeks 2, 4, 8, and
12 after initial treatment included re-examinations of
dogs to document health status and any changes in
skin and hair lesions for dogs that originally presented
with FAD, followed by parasite counts. In weeks 4 and
8, dogs in the positive control group were retreated
after these procedures. Ticks were removed gently with
forceps; counted; and categorized as “live or “dead”;
ticks were subsequently sent for microscopic identification
of the species.
The percentage reduction of ticks in initially infested
dogs and percentage reduction of fleas in flea-infested
households were calculated for weeks 2, 4, 8, and 12
compared with baseline for both treatments according
to the following formula:
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Table 1 Demographics of enrolled dog population

x pre−treatment −x post−treatment
⋅100
x pre−treatment

where x pre−treatment is the geometric mean number of live
ticks or fleas at baseline (day 0) and x post−treatment is the
geometric mean number of live ticks or fleas posttreatment (week 2, 4, 8, and 12).
For each visit, non-inferiority of the percentage of
parasite-free households was investigated in the Bravecto™
(fluralaner) group compared with the Frontline™ (fipronil)
group. The Farrington-Manning test [7] of non-inferiority
for the risk difference was used with a level of significance
of α=0.025 and a tolerated difference of δ=0.15.
All data for statistical analysis (SAS Institute Inc., Cary,
NC, USA, release 9.2) were entered into a computer using
the double data entry technique with subsequent comparison of data sets and a plausibility check for missing values,
entry errors, and implausible entries.

Results
The study population included dogs in households in
Germany, France, and Spain. Overall, 176 flea-infested
households (115 treated with Bravecto™ (fluralaner) and 61
treated with Frontline™ (fipronil)) and 162 tick-infested
dogs (108 treated with Bravecto™ (fluralaner) and 54 with
Frontline™ (fipronil)) completed the study. Dogs had a
mean age of 4.6 years (range 10 weeks to 15 years) and a
mean body weight of 19.9 kg (range 2.2 to 59.8 kg); 46%
were males (13% of males were neutered) and 54% were
females (17% of females were neutered). Breeds represented
by more than ten dogs included: Great Anglo-French
Hound, English Setter, Spanish Greyhound, Brittany,
Beagle, Yorkshire Terrier, Dachshund, Fawn Brittany Basset,
Cavalier King Charles Spaniel, and Maltese. Additional
population characteristics were recorded (Table 1).
At baseline (day 0), the mean tick count/dog was
6.5 (range 1–57) and 6.1 (range 1–60) on dogs in the
Bravecto™ (fluralaner) and Frontline™ (fipronil) groups, respectively. The most prevalent tick species identified at
baseline (day 0) were Rhipicephalus sanguineus group ticks
(34.8%), followed by Ixodes hexagonus (25.4%), Ixodes ricinus
(25.2%), Dermacentor reticulatus (9.6%), Ixodes spp. larvae (4.0%), and Ixodes spp. nymphs (1.0%). The mean flea
count/household was 41.8 (range 0–254 per dog) and 38.1

Bravecto™ (fluralaner)

Frontline™ (fipronil)

n = 325

n = 154

Short

139 (42.8%)

66 (42.9%)

Moderate

137 (42.2%)

64 (41.6%)

Long

49 (15.1%)

24 (15.6%)

Inside

84 (25.8%)

44 (28.6%)

Outside

155 (47.7%)

59 (38.3%)

Inside and outside

86 (26.5%)

51 (33.1%)

Hair length:

Living conditions:

Number of dogs in the household:
n = 144

n = 70

1

76 (52.8%)

32 (45.7%)

2

19 (13.2%)

14 (20.0%)

3

11 (7.6%)

8 (11.4%)

4

11 (7.6%)

8 (11.4%)

5

27 (18.8%)

8 (11.4%)

(range 0–176 per dog) in the Bravecto™ (fluralaner) and
Frontline™ (fipronil) groups, respectively (Tables 2 and 3).
Flea-control efficacy in households was higher in
Bravecto™ (fluralaner) treated dogs and was 99.2% or
higher at all time points (Table 4). Tick-control efficacy on
individual dogs was higher in Bravecto™ (fluralaner)
treated dogs in weeks 2 and 4. In week 8, Frontline™
(fipronil) efficacy was slightly higher at 100% compared
with 99.7% for Bravecto™ (fluralaner). Both treatment
groups had a tick efficacy of 100% at week 12 (Table 5).
The percentage of households free of fleas (top of Table 6,
superiority with p < 0.025) was higher after Bravecto™ (fluralaner) treatment compared with Frontline™ (fipronil) treatment at all time points. The percentage of households with
Bravecto™ (fluralaner) treated dogs that were free of ticks
was higher at all time points compared with households
with Frontline™ (fipronil)-treated dogs (bottom of Table 6,
non-inferiority with p < 0.0024) except for week 12 when
both groups were 100% free of ticks.
There were 35 (10.8%) Bravecto™ (fluralaner)-treated
dogs and 18 (11.7%) Frontline™ (fipronil)-treated dogs
with clinical signs of FAD at inclusion in the study. In

Table 2 Household flea infestations before treatment with Bravecto™ (fluralaner) or Frontline™ (fipronil)
Germany

France

Spain

No. of HHs* No. of fleas (mean ± std) No. of HHs* No. of fleas (mean ± std) No. of HHs* No. of fleas (mean ± std)
BravectoTM (fluralaner)

35

695

52

(19.9 ± 23.0)
FrontlineTM (fipronil)

17

261
(15.4 ± 17.2)

3056

28

(58.8 ± 92.7)
27

1280
(47.4 ± 59.2)

1059
(37.8 ± 38.2)

17

783
(46.1 ± 44.0)

*

HHs = households.
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Table 3 Dog tick infestations before treatment with Bravecto™ (fluralaner) or Frontline™ (fipronil)
Germany

France

Spain

No. of dogs No. of ticks (mean ± std) No. of dogs No. of ticks (mean ± std) No. of dogs No. of ticks (mean ± std)
BravectoTM (fluralaner)

26

186

16

164

(7.2 ± 8.3)
FrontlineTM (fipronil)

13

73

11

353
(5.3 ± 2.9)

98

(5.6 ± 7.9)

30

(8.9 ± 17.4)

160
(5.3 ± 3.1)

Discussion
A single orally administered Bravecto™ (fluralaner) treatment at the recommended dose effectively controlled flea
and tick infestations in client-owned dogs for 12 weeks
under natural infestation challenge. Bravecto™ (fluralaner) is
the first orally administered ectoparasiticide to demonstrate
this extended period of efficacy against both fleas and ticks
on dogs following a single dose. A single Bravecto™ (fluralaner) treatment was significantly non-inferior to 3 sequential Frontline™ (fipronil) treatments for controlling fleas
and ticks on dogs, as shown by the lower 97.5% confidence limit > −0.15 at all time points (Table 6). Furthermore, Bravecto™ (fluralaner) treatment was demonstrated
to be superior to Frontline™ (fipronil) treatment in the
percentage of flea-free households in the study, as shown
by the lower 97.5% confidence limit > 0 at all time points

(Table 6). Therefore, these efficacy results are consistent
with previously reported in vitro comparative insect neuronal membrane receptor binding results reported for fluralaner and fipronil [5].
Bravecto™ (fluralaner) posted higher results for fleacontrol efficacy at every time point (Table 4) and for tickcontrol efficacy at every time point except for weeks 8 and
12, where the result was close to 100% for both treatments
(Table 5). The tick efficacy of Bravecto™ (fluralaner)
remained close to 100% over the entire 12 week study
period. This is a unique duration of effect for a single
orally administered acaricide.
A concern of veterinarians in clinical practice is patient
safety for new treatments. Considering the entire study
period of 12 weeks, only 4 of the 383 (1.0%) Bravecto™ (fluralaner)-treated dogs in the study had an adverse event and
these were exclusively transient gastrointestinal-related
events including vomiting and appetite loss. The 178
Frontline™ (fipronil)-treated dogs also had 4 adverse
events (2.2%) that were primarily dermal, as might be
expected with a topical treatment.
Poor compliance rates with required monthly retreatment
protocols for existing ectoparasite therapeutic options
are a potential factor in observed reduced ectoparasite
treatment efficacy [2]. Bravecto™ (fluralaner) is effective
over a 12 week retreatment interval compared to a standard
monthly treatment. There is no need to retreat with
Bravecto™ (fluralaner), which therefore should offer
increased compliance compared with recommended
monthly treatments.
Bravecto™ (fluralaner)-treated dogs demonstrated a very
strong recovery rate from clinical signs of FAD, with 85.7%
of these dogs showing immediate resolution of all clinical
signs compared with their skin lesions on entry into
the study. Although fleas must feed to be exposed to
systemic Bravecto™ (fluralaner) treatment, the degree

Table 4 Flea control efficacy calculated using household
flea counts

Table 5 Tick control efficacy calculated using tick counts
on individual dogs

the Bravecto™ (fluralaner) group, 85.7% (30 of 35) of
these dogs were evaluated at each time point as showing
no clinical signs of FAD until the end of the study, while
in the Frontline™ (fipronil) group, only 55.6% (10 of 18)
had no clinical signs of FAD.
Overall, 8 adverse events reported during the entire
study period of 12 weeks were considered to be possibly
related to the administered treatment, with 4 reported
in each treatment group despite the 1:2 allocation ratio.
There were 2 dogs (0.5%) with vomiting/diarrhea and 2
dogs (0.5%) with appetite loss among the 383 dogs in
the Bravecto™ (fluralaner)-treated group; all of these
dogs recovered from their clinical signs and remained
in the study. In the 178 Frontline™ (fipronil)-treated
dogs, 3 dogs (1.7%) developed alopecia and crusts in
the dorsal lumbo-sacral area and 1 dog (0.6%) developed
intense pruritus. All of these dogs remained in the
study; 3 recovered and 1 had ongoing clinical signs at
the conclusion of the study.

78

66

(10.3 ± 16.7)

BravectoTM (fluralaner)

FrontlineTM (fipronil)

BravectoTM (fluralaner)

FrontlineTM (fipronil)

Week 2

99.2%

94.1%

Week 2

99.9%

97.6%

Week 4

99.8%

Week 8

99.8%

93.0%

Week 4

99.9%

93.8%

96.0%

Week 8

99.7%

100%

Week 12

99.9%

97.3%

Week 12

100%

100%
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Table 6 Percentage of households free of fleas or ticks
Bravecto™
(fluralaner)

Frontline™
(fipronil)

p value

Lower 97.5%
1-sided C.I.a

Week 2

89.57%

62.30%

<0.0001

0.1498

Week 4

94.87%

63.93%

<0.0001

0.1916

Week 8

95.65%

70.49%

<0.0001

0.1416

Week 12

97.39%

81.97%

<0.0001

0.0586

Week 2

97.67%

89.47%

0.0006

−0.0575

Week 4

97.67%

84.21%

0.0001

−0.0175

Week 8

97.67%

94.74%

0.0024

−0.0953

Week 12

100.0%

100.0%

n/ab

n/ab

Fleas

2.

3.

Ticks

a
Result greater than −0.15 required to declare significant non-inferiority. Result
greater than 0 required to declare significant one-sided superiority with
α = 0.025.
b
No statistical test as all households were free of ticks at week 12.
n/a: not applicable.

of flea control efficacy achieved led to the elimination
of clinical signs of FAD at a higher rate than observed
with topical Frontline™ (fipronil) treatment.

4.

5.

6.

7.

Beck S, Schein E, Baldermann C, von Samson-Himmelstjerna G, Kohn B: Tick
infestation and tick prophylaxis in dogs in the area of Berlin/Brandenburg –
results of a questionnaire study. Berl Munch Tierarztl Wochenschr 2013,
126:69–76.
Ozoe Y, Asahi M, Ozoe F, Nakahira K, Mita T: The antiparasitic isoxazoline
A1443 is a potent blocker of insect ligand-gated chloride channels.
Biochem Biophys Res Commun 2010, 391:744–749.
European Commission, Community register of veterinary medicinal
products, Product information Bravecto: Annex 1 Summary of product
characteristics. Bruxelles; 2014. http://ec.europa.eu/health/documents/
community-register/html/v158.htm.
Gassel M, Wolf C, Noack S, Williams H, Ilg T: The novel isoxazoline
ectoparasiticide fluralaner: Selective inhibition of arthropod γ-aminobutyric
acid- and L-glutamate-gated chloride channels and insecticidal/acaricidal
activity. Insect Biochem Mol Biol 2014, 45:111–124.
Marchiondo AA, Holdsworth PA, Green P, Blagburn BL, Jacobs DE: World
Association for the Advancement of Veterinary Parasitology (WAAVP)
guidelines for evaluating the efficacy of parasiticides for the treatment,
prevention and control of flea and tick infestation on dogs and cats.
Vet Parasitol 2007, 145:332–344.
Farrington CP, Manning G: Test statistics and sample size formulae for
comparative binomial trials with null hypothesis of non-zero risk difference
or non-unity relative risk. Stat Med 2009, 9:1447–1454.
doi:10.1186/1756-3305-7-83
Cite this article as: Rohdich et al.: A randomized, blinded, controlled and
multi-centered field study comparing the efficacy and safety of Bravecto™
(fluralaner) against Frontline™ (fipronil) in flea- and tick-infested dogs. Parasites
& Vectors 2014 7:83.

Conclusions
A single oral dose of Bravecto™ (fluralaner) administered
to dogs in a chewable tablet is highly effective for 12 weeks
against naturally acquired flea and tick infestations on
client-owned dogs under field conditions. A single oral
dose of Bravecto™ (fluralaner) is significantly noninferior (ticks) and superior (fleas) to three doses of topical
Frontline™ (fipronil) administered over the same period.
Bravecto™ (fluralaner) is safe and well tolerated and the duration of activity offers a more convenient treatment over
monthly flea and tick control treatments with a potential
compliance advantage.
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A randomized controlled trial of the efficacy of
orally administered fluralaner (Bravecto™) against
induced Ixodes holocyclus (Australian paralysis tick)
infestations on dogs
Petr Fisara1* and Maurice Webster2
Abstract
Background: Ixodes holocyclus ticks are a frequently fatal threat to dogs in eastern Australia. These ticks secrete a
neurotoxin that can produce an ascending paralysis after 72 h attachment that can lead to death in affected animals.
Fluralaner is a potent systemic acaricide with immediate and persistent efficacy for tick control including evidence of
100% efficacy against Ixodes ricinus ticks within 72 h. This study investigated the potential for oral fluralaner administration
to control I. holocyclus infestation and the subsequent risk of host paralysis.
Methods: Healthy Foxhound and Foxhound cross dogs immunized against holocyclotoxin were randomly allocated to
receive either a single fluralaner (at least 25 mg/kg) dose or no treatment. All dogs were penned individually and infested
with 30 adult unfed female I. holocyclus 1 day before treatment and 14, 28, 42, 56, 70, 84, 112 and 140 days following
treatment. Ticks were counted and assessed at 24, 48 and 72 h after the initial fluralaner treatment and after each
subsequent infestation. Ticks were not removed at the 24 and 48 h assessments, but were removed after the 72 h
assessments. On 112 and 140 days post treatment a new group of untreated control dogs was used.
Results: Fluralaner treatment efficacy against I. holocyclus was 100% at 72 h post treatment. Following re-infestations the
efficacy remained at 100% at the 72 h assessments for 115 days and reached 95.7% at 143 days. The differences between
mean live tick counts on treatment and control groups were significant (P < 0.00l) at all assessment time points for 143 days
following treatment.
Conclusions: Oral fluralaner treatment can prevent Australian paralysis tick infestations for at least 115 days.
Keywords: Dog, Fluralaner, Tick, Paralysis, Australia, Ixodes holocyclus

Background
The female of the Ixodes holocyclus tick secretes a potent
holocyclotoxin following attachment that causes severe
neurotoxicosis in man and domestic animals, including:
dogs, cats, cattle, sheep, horses and goats. The neurotoxicosis is manifested as a rapidly ascending flaccid paralysis
that can result in paralysis of respiratory muscles and
death if not treated [1]. An estimated 10,000 domestic
dogs are affected by I. holocyclus annually in Australia [2];
however, a recent study found that toy breeds were most
at risk of tick paralysis associated death [3]. Most tick
* Correspondence: petr.fisara@merck.com
1
MSD Animal Health, 26 Artisan road, Seven Hills 2147, NSW, Australia
Full list of author information is available at the end of the article

paralysis cases in dogs are reported in spring and early
summer, although ticks and cases of paralysis may be
found all year [3], and this seasonality corresponds with
the presence of adult female ticks [4]. The I. holocyclus
geographic range in eastern Australia extends from Lake
Entrance in Victoria in the South, along the New South
Wales and Queensland Coast to Cairns in the North. Tick
distribution is based on several factors, and high humidity
with low vegetation provide the ideal habitat for ticks [5].
Another factor affecting I. holocyclus prevalence is the
bandicoot population as these animals are the most common natural hosts. Bandicoots are native marsupial species found on the eastern board of Australia. The most
common species are the long-nosed bandicoot (Perameles

© 2015 Fisara and Webster; licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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nasuta) and the northern brown bandicoot (Isoodon
macroorus); These small mammals often inhabit areas of
coastal bushland and their presence is linked to the incidence of I. holocycus ticks [1].
Bandicoots can survive heavy tick infestations apparently because of an acquired immunity to the toxin rather
than an intrinsic resistance [1].
Dogs at risk of tick attachment need protection against
I. holocyclus, particularly when adult female ticks are
present; however, pet owner compliance with tick control
treatment application – even in the face of the risk of
death from paralysis - remains a challenge. A prospective
survey conducted at 42 veterinary clinics along the eastern
coast of Australia showed that only 14% of all dogs
presented at veterinary clinics with tick paralysis were
correctly treated with a prophylactic tick control agent.
Mortality in the surveyed dogs reached 5% despite the animals being treated in veterinary hospitals [6]. Therefore,
currently registered preventative products are not achieving the goal of providing protection.
Understanding the relationship between feeding activity
of I. holocyclus and the associated paralysis is important
for understanding how this neurotoxicity can be prevented. I. holocyclus engorge in two phases with initial
slow feeding over the first 72 h after attachment and then
a more rapid phase after 120 h. The swelling from the
initial slow feeding can be obvious from as early as 10 minutes after attachment, when the tick changes from a
flattened dorso-ventral appearance to having a slightly turgid appearance. At 24 h post attachment the ticks are not
noticeably wider, but appear slightly swollen. Ticks continue swelling over the following 48 h, and by 72 h post attachment are approximately 30% of the volume of a fully
engorged tick and show a rectangular block shape. The
end of the engorgement process is marked with a dramatic engorgement just prior to detachment after
approximately 7 days [7].
Toxin secretion has a specific timing during the engorgement process. Studies on factors affecting salivary
gland extract toxicity in a mouse bioassay found that toxin
quantity increased rapidly from the third day after feeding,
apparently associated with major physiological changes in
tick salivary glands occurring on the third day. Once these
changes are stimulated, they continue independently of
further tick feeding [8]. Onset of paralysis is never seen
before the end of the fourth, or beginning of the fifth day
after attachment [9]. Laboratory dogs infested with 3 to 4
ticks had an onset of clinical signs of toxicity between 5.5
and 7 days (mean = 6.2) after attachment with death occurring in a mean of 23.3 h after the onset of signs [10].
Therefore, to prevent the occurrence of fatal paralysis in
infested dogs, it is critical to kill the ticks within 72 h post
infestation and prior to the onset of clinical signs. Paralysis
in dogs can be avoided if ticks are found and removed 1-2
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days after attachment, however, once clinical signs begin
to manifest from the fourth day onwards the paralysis
may be fatal if left untreated even if the tick(s) are
removed.
Fluralaner (Bravecto, MSD Animal Health) has proven
to have immediate and persistent efficacy against multiple
genera and species of ticks that infest dogs in Europe and
in the USA [11,12]. Fluralaner is orally administered and
is systemically effective against ticks and therefore the tick
must attach and initiate feeding to be exposed to the active ingredient. However, the onset of activity of fluralaner
against ticks results in greater than 90% kill of I. ricinus
ticks within 12 h throughout the 12 week post-treatment
interval [13] and tick mortality was found to reach 100%
within 12 h following the initial treatment [14]. This speed
of kill suggests that fluralaner treatment has the potential
to effectively prevent tick paralysis by killing I. holocyclus
ticks before they begin to secrete increased amounts of
holocyclotoxin which occurs after the third day of feeding
[8]. This study was designed to measure the efficacy of
fluralaner treatment against I. holocyclus using dogs
hyper-immunized against holocyclotoxin. The study was
conducted in compliance with the VICH GL9 Good
Clinical Practices [15], the World Association for the
Advancement of Veterinary Parasitology (W.A.A.V.P.)
Guidelines for Evaluating the Efficacy of Parasiticides for
the Treatment, Prevention and Control of Flea and Tick
Infestation on Dogs and Cats [16] and the APVMA
Guidelines for small animal ectoparasiticide efficacy submission [17]. Animals were handled in compliance with
Animal Research Authority no. 12/544(23) issued by the
AEC convened by the Director General of NSW DPI on 6
February 2012, and any applicable local regulations.

Methods
Twenty four healthy male and female dogs between 1.0
and 10.8 years old that had not been treated with an ectoparasiticide in the previous 60 days were immunized
against holocyclotoxin, the tick paralysis toxin. All dogs
were infested with I. holocyclus prior to random allocation
to ensure that they were capable of carrying adequate
numbers of ticks. The 20 dogs found to have the highest
tick carrying capacity were randomly assigned to either
the treatment or control groups using a randomized block
design based on pre-treatment live tick counts. Each dog
was weighed once prior to treatment and then dogs in the
treated group received orally administered fluralaner
(Bravecto, MSD Animal Health) at a minimum dose of
25 mg/kg in a flavoured chewable tablet. The dose for
each dog was based on the chewable tablet size recommended for the weight band that the dog fell into. The
individual doses ranged between 25.8 and 35.0 mg/kg fluralaner. This is lower than the maximum possible dose
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(56 mg/kg) administered to a dog treated according to the
package insert. Following fluralaner treatment administration the animals were offered food and were closely
observed for adverse reactions.
The study protocol was designed to end at 87 days following the initial treatment; however, efficacy remained
high and the study was extended for a further 8 weeks.
Some dogs in the original control group could not
continue in the extended study because of previous
unrelated commitments. Therefore, a new control group
was created by combining 4 of the original 10 untreated
control dogs with 4 new untreated immunized dogs.
There were no changes made to the treated group. All
dogs in the extended study period were tick challenged 2
more times on days 112 and 140.
Adult unfed female I. holocyclus were collected from the
Northern Rivers region of New South Wales. All dogs in
the experiment, including the second control group, were
immunized against holocyclotoxin using a modification of
the methods described by Stone, Neish & Wright [18]. At
the end of this process, dogs were able to tolerate a
challenge of 30 ticks with no evidence of intoxication. For
each tick infestation during the experiment, 30 ticks were
manually attached to each dog predominantly on the
head, shoulders and dorsal midline. Infestations were
applied 1 day before the treatment date and 14, 28, 42, 56,
70, 84, 112 and 140 days following treatment. During the
tick challenge dogs were housed individually, while at all
other times they were housed in socially compatible
groups of 2 or 3 dogs from the same experimental groups.
All dogs survived the study and were returned to their
original colony on study completion.
The same personnel conducted all tick counts to ensure a standardized technique during assessments. Tick
counting personnel wore disposable overalls to avoid
skin contact with treated dogs and thoroughly washed
their hands with non-acaricidal soap after assessing each
dog and between counts on groups of dogs to ensure no
possible transfer of active ingredient. Tick counts were
conducted 24, 48 and 72 h after each infestation by
searching the whole body of the dog visually and by palpation until no more ticks could be found. The 24 and
48 h assessments were conducted without removing
ticks, while at the 72 h assessments any remaining ticks
were removed, assessed and discarded. All dogs were
searched again prior to each infestation to ensure that
no ticks had been missed during the previous tick
assessment. Each tick observed during the count was
described according to selected parameters (Table 1).
Some ticks were classified as ‘dead’ when examined in
situ at 24 and 48 h but displayed uncoordinated agonal
leg movement after removal at 72 h and were then reclassified as “moribund”. These ticks typically exhibited
reduced engorgement and were smaller than live ticks of
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the same age with evidence of mild crenation (slightly
shriveled appearance). These ticks were included in the
total dead tick count as they were not feeding and were
not capable of causing paralysis in the dogs.
The recorded description of each tick was then used to
place it in one of seven categories (Table 2). At each
counting period the total number of ticks counted on each
dog that were assigned to categories 1, 2, 3 & 7 were used
in the calculation of the results.
Treatment efficacy was calculated using arithmetic
means as:
Treatment efficacy ¼ 100 � ðControl Group Mean– TreatedGroup MeanÞ
� ðControl GroupMeanÞ

The experimental unit was the individual animal; very few
ticks were counted on treated dogs for most of the study
and block differences were negligible, therefore, they were
not included in the analyses. Generalized linear models
for Poisson data using the logarithmic link function (loglinear modelling or regression, or Poisson regression) [19]
was used to compare mean total live tick counts for dogs
in control and treated groups at each post-treatment sampling occasion. This method produces an analysis of deviance, analogous to the analysis of variance for normally
distributed data. In the generalized linear models method,
the observed counts are analyzed and the mean-variance
relation is used to link mean counts to the linear model
on the logarithmic scale [20].

Results and discussion
Mean tick counts at each sampling point (Table 3) show
that the tick infestation level on control dogs was sufficient
and that trial results can be used to confirm treatment
efficacy. Mean tick counts on treated dogs were significantly lower than the mean tick counts on control group
dogs at each time point post-infestation and posttreatment (Table 3). Mean tick counts on treated dogs at
24 h post-infestation were below 1.0 until 113 days posttreatment (Table 3). The 72 h post-infestation mean tick
counts were 0 (and therefore an efficacy of 100% was
achieved ) at any measurement point prior to the final
count at 143 days post treatment.
Efficacy results (Figure 1) show that fluralaner treatment provided 100% efficacy at 72 h following induced I.
holocyclus infestation of dogs for 115 days post treatment.
Onset of paralysis following I. holocyclus attachment is
never seen before the end of the fourth, or beginning of
the fifth day after attachment [9]; therefore, the 100%
efficacy at 72 h found in this study means that all
attached adult female ticks are killed before the onset
of clinical signs. It should be noted that due to the systemic nature of action of fluralaner, without any apparent repellency effect, dead attached ticks can be still
seen on animals following treatment. These ticks will
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Table 1 Parameters used to describe observed ticks at each assessment
Parameter Choices

Comments

Viability

Live ticks showed leg movement, no crenation and possible engorgement, presence of tick faeces
and/or attachment site inflammation. Dead ticks had no leg movement, no reaction when
stimulated, and possible crenation.

Live, Dead

Attachment Attached, Free

A tick classified as attached had its hypostome embedded into the dog’s skin and was not easily
dislodged. A free tick was either live and moving through the coat, or dead and sitting in the hair.

Feeding

\Unengorged ticks showed no swelling or evidence of blood ingestion; engorged ticks were 12 - 15 mm
long, 8- 10 mm wide and had a turgid appearance. Engorged ticks are typically not seen before 6 days
post infestation and were not observed during this study because ticks were removed at 72 h post
infestation. Engorging ticks show a conspicuous swelling of the alloscutum, and appear wider and
longer than unengorged ticks. These ticks also contain blood or digested blood.

Unengorged, Partially Engorged
or Fully Engorged

often appear partially engorged and can be easily mistaken for live ticks by an untrained person. This could
be perceived as a lack of efficacy by pet owners, however, fluralaner relies on the parasite to ingest the medicated blood during feeding to become affected and
killed. Dead ticks can be easily removed as opposed to
live ticks which take some force to dislodge from the
skin of the animals. Despite the fact that attached ticks
were seen on the dogs at post treatment counts in this
trial, all of these ticks were killed well within the critical
period of 72 hours after attachment before paralysis
begins to set in. Consequently, pet owners will need to
be educated about the way fluralaner works and protects their dogs from tick paralysis so that they are not
unduly alarmed by a dead attached tick.
It is assumed that fluralaner oral treatment can, under
the conditions of this study, effectively prevent the
occurrence of fatal paralysis for 115 days. Additionally,
fluralaner treatment continued to significantly reduce
the number of ticks at 72 h post infestation for 143 days,
reaching 95.7% at the last measurement time point in
this study. This is a uniquely persistent efficacy against
this dangerous parasite following a single administration
of a systemic treatment.
Lack of pet owner compliance with recommendations
for topical treatment [6] has limited the ability of veterinarians to prevent tick paralysis in Australian dogs.
Therefore, the formulation of fluralaner into a palatable
and easily administered tick control treatment provides
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an important new option for veterinarians and owners
in preventing the neurotoxicosis associated with I. holocyclus. Palatability, defined as voluntary acceptance of
the chewable tablet following administration to the dog
by the owner at home, was reported to be 92.5% [12].
Table 3 Arithmetic mean I. holocyclus tick counts in
fluralaner treated and untreated dogs
Time following
treatment (d)

Time after treatment
or re-infestation (h)

Control

Treated

P

1

24

23.6

0.1

<0.001

2

48

23.7

0.0

<0.001

3

72

23.0

0.0

<0.001

15

24

25.7

0.1

<0.001

16

48

24.8

0.0

<0.001

17

72

24.8

0.0

<0.001

29

24

25.8

0.1

<0.001

30

48

25.7

0.2

<0.001

31

72

25.7

0.0

<0.001

43

24

26.7

0.8

<0.001

44

48

26.8

0.0

<0.001

45

72

27.0

0.0

<0.001

57

24

26.1

0.1

<0.001

58

48

25.8

0.0

<0.001

59

72

25.6

0.0

<0.001

71

24

25.4

0.2

<0.001

72

48

25.3

0.0

<0.001

Table 2 Tick category assignments used to assess the
acaricidal effect of treatment

73

72

25.1

0.0

<0.001

85

24

26.4

0.3

<0.001

Category Observations

Acaricidal effect

86

48

25.6

0.2

<0.001

1

Live, Free, Unattached

No

87

72

25.6

0.0

<0.001

2

Live, Attached, Not Engorged

No

113

24

27.1

3.5

<0.001

3

Live, Attached and Engorging or Engorged No

114

48

26.6

0.1

<0.001

4

Dead, Free

Yes

115

72

26.5

0.0

<0.001

5

Dead, Attached, Not Engorged

Yes

141

24

26.4

14.4

<0.05

6

Dead, Attached, Engorging

Yes

142

48

25.9

5.7

<0.01

7

Dead, Attached, Engorged

No

143

72

25.5

1.1

<0.001
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% Efficacy

1-3

15 - 17

29 - 31

43 - 45

57 - 59

71 - 73

85 - 87 113 - 115 141 - 143

Days post-treatment
24 h post-infestation
48 h post-infestation
72 h post-infestation

Figure 1 Acaricidal efficacy of fluralaner treatment of dogs against adult Ixodes holocyclus ticks.

No treated dog vomited the administered medication during the post treatment period in this study,
which is consistent with results observed in an extensive field trial in Europe [11]. However, there were 3
adverse events reported in untreated dogs and 2 in
treated dogs during this study. Adverse events in
treated dogs included one dog that developed otitis
externa 79 days after treatment and one dog that
developed forelimb lameness 95 days after treatment.
The timing and nature of these 2 events was such that
neither adverse event was considered to be related to
fluralaner administration.

Conclusions
Oral fluralaner treatment of dogs kills 100% of attached
I. holocyclus adults within 72 h post infestation for at
least 115 days and can be used to prevent the onset of
clinical signs of tick paralysis. The tick killing effect of
95.7% is still present at 143 days post administration.
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Safety of concurrent treatment of dogs with
fluralaner (Bravecto™) and milbemycin oxime praziquantel
Feli M Walther1*, Petr Fisara2, Mark J Allan1, Rainer KA Roepke1 and Martin C Nuernberger1
Abstract
Background: Fluralaner (Bravecto™; Merck/MSD Animal Health) is a novel systemic ectoparasiticide for dogs
providing long-acting flea and tick control after a single oral dose. Milbemycin oxime and praziquantel are routinely
used to control Dirofilaria immitis and intestinal worm infections in dogs. The safety of concurrent use of fluralaner
and a commercially available milbemycin oxime plus praziquantel combination tablet, in particular with regard to
gastrointestinal symptoms, was investigated using oral doses at or above the maximum recommended rates.
Findings: Some minor and transient clinical findings were observed during the study period; however, none of
these was considered to be related to concurrent treatment with fluralaner and milbemycin oxime plus
praziquantel, or to the use of either product alone.
Conclusions: Concurrent treatment with fluralaner, milbemycin oxime and praziquantel is well tolerated in dogs.
Keywords: Bravecto™, Fluralaner, Dog, Safety, Milbemycin oxime, Praziquantel

Findings
Fluralaner (Bravecto™; Merck/MSD Animal Health) is a
systemically administered insecticidal and acaricidal
product. Numerous studies including a recent field
study in dogs have shown that a single fluralaner dose
administered orally as chewable tablet provides flea
and tick control for twelve weeks [1].
Milbemycin oxime is active against larval and adult
stages of intestinal nematodes as well as against larval
blood stages of heartworm (Dirofilaria immitis). Praziquantel is active against cestodes and trematodes [2,3].
Dogs may concurrently be exposed to tick and flea
infestations, heartworm infestations and intestinal worm
infestations, therefore veterinarians may choose to administer fluralaner concurrently with milbemycin oxime and
praziquantel. For both products mild and transient gastrointestinal effects, like vomiting, inappetence, drooling and
diarrhea, may occur after oral administration [2-4]. To
confirm the safety of the concurrent use of fluralaner and
milbemycin oxime plus praziquantel, in particular with
* Correspondence: feli.walther@msd.de
1
MSD Animal Health Innovation GmbH, Zur Propstei, 55270 Schwabenheim,
Germany
Full list of author information is available at the end of the article

regard to gastrointestinal symptoms, a study was conducted
in healthy dogs. Fluralaner tablets (Bravecto™) and a commercially available milbemycin oxime plus praziquantel
combination tablet were orally administered at or above
the recommended treatment dose (recommended treatment dose: 25–56 mg/kg BW for fluralaner, 0.5 - 5 mg/kg
BW for milbemycin oxime, 5–50 mg/kg BW for praziquantel) [2-4].

Methods
The study was conducted in Queensland, Australia,
with the authorization of relevant regulatory authorities
(Queensland Department of Agriculture, Fisheries and
Forestry, approval no. CA 2014/05/768).
Twenty healthy male and female dogs of various breeds,
1.4 – 8.6 (mean 5.3) years of age and weighing 5.8 – 33.9
(mean 21.6) kg, were randomly assigned to two study
groups. Dogs were acclimatized for 7 days before treatment.
On day 0, dogs of the treatment group were administered
fluralaner chewable tablets and commercially available
milbemycin oxime plus praziquantel combination tablets.
Dogs of the control group received the milbemycin oxime
plus praziquantel combination tablets only.

© 2014 Walther et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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Table 1 Doses of fluralaner, milbemycin oxime and praziquantel administered to dogs of the treatment and control
group
Active ingredient (mg/kg)
Fluralaner

Treatment group

Control group

Dose range

Mean dose

Dose range

Mean dose

50 – 87

64

-

-

Milbemycin oxime

2.6 – 4.4

2.9

2.5 – 4.1

2.8

Praziquantel

26 – 44

29

25 – 41

28

The actual doses administered to dogs of both study
groups are presented in Table 1. Dogs in both groups
were fed directly before treatment as recommended on
the product leaflets [2-4].
Dogs of both groups were observed for general health
during the first hour following treatment and were examined by a veterinarian at 2, 3, 4, 5, 6, 9, 12, 24, 36, 48,
60, 72 and 84 hours, and 4, 5, 6 and 7 days after treatment. The veterinarian examined for abnormalities in
behavior, locomotion, coat and skin, respiration, eyes,
ears, nose, oral cavity, mucous membranes, capillary refill time, pulse palpation, vomitus, feces and urine as
present in pen, and any other visible abnormalities.
Veterinary examinations continued on study days 16
and 28 (examinations included assessment of abnormalities in behavior, locomotion, auscultation of heart
and thorax, heart rate, respiratory rate, pulse palpation,
mucous membranes, capillary refill time, abdominal
palpation, superficial lymph nodes, skin, eyes, pupils,
ears, nose, mouth, teeth, tongue, anus, vagina, penile
orifice, mammary glands, testicles, joints, feet, pads,
rectal temperature, body condition) and general health
observations of dogs in their pen were performed twice
daily at least 6 hours apart. The veterinary study investigator assessed all parameters recorded and all clinical
findings for their relationship to treatment with fluralaner and/or with the milbemycin oxime plus praziquantel
combination product. Body weights were recorded
weekly.

Results and discussion
Throughout the 4-week study period, there were no
findings related to the concurrent treatment with fluralaner and milbemycin oxime plus praziquantel (treatment
group), or to the treatment with milbemycin oxime plus
praziquantel (control group).
Dogs were in the fed status when treated ensuring
maximum systemic exposure to fluralaner [5]. Clinical
observations were scheduled to cover the period of
highest systemic exposure to milbemycin oxime, praziquantel [2,3] and fluralaner [6]. Therefore, clinical signs
associated with the concurrent use, e.g. gastrointestinal
symptoms, would most likely be apparent at these time
points. However, no vomiting, diarrhea, drooling or
other clinical signs were observed in any dog during the
first hour of clinical observation or during the frequent
veterinary examinations performed over the first days
following treatment. Occasional clinical findings were
observed in individual dogs from the treated and control group during the study (Table 2). Clinical findings
included incidences of single small and mild skin lesions
(both groups; includes scar, papilloma, sore spots, alopecia,
erythema, laceration, graze, scab, scaling), small amounts of
serous eye discharge (both groups), excess ear wax (treated
group), dental tartar (both groups), penile discharge (control group), transient limping immediately post-treatment
(control group), sinus arrhythmia (both groups; single event
in the treated group 28 days post-treatment) and loose
feces with normal feces (treated group; single event 7 days

Table 2 Clinical findings in the treatment and control group post-treatment
Number of dogs affected
Treatment group*

Control group**

Single small and mild skin lesions (scar/papilloma/sore
spots/alopecia/erythema/laceration/graze/scab/scaling)

4

7

Small amount of serous eye discharge

2

1

Sinus arrhythmia

1: day 28

(1: day −7)

Loose feces with normal feces

1: day 7

0

Others

1 excess ear wax, 2 dental tartar

1 penile discharge, 1 dental tartar,
1 transient limping

*None of these observations was considered to be treatment related, because a similar incidence occurred in the control group, they were already observed
pre-treatment and/or the long interval between treatment and occurrence. All observations were common findings in a dog colony.
**None of these observations was considered to be treatment related, because they were already observed pre-treatment and/or are common findings in a
dog colony.
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post-treatment); all of these were minor and transient in
both groups, and none affected the general health condition of dogs. The observations in the treated group were
considered to be unrelated to the concurrent treatment
with fluralaner and milbemycin oxime plus praziquantel
or to the use of either product alone, because a similar incidence occurred in the control group, they were already
observed pre-treatment and/or the long interval between
treatment and observation. All observations were considered to be common findings in a dog colony. The
observations in the control group were considered to
be unrelated to the treatment with milbemycin oxime
plus praziquantel, because they were already observed
pre-treatment and/or are common findings in a dog
colony.
There were no obvious changes in group mean bodyweights during the study (mean body weights for the
treatment group were 21.3 kg pre-treatment and
22.1 kg at study end, and for the control group 21.9 kg
pre-treatment and 22.6 kg at study end).
These results are consistent with previous data showing
no evidence for interactions of Bravecto™ with other
routinely used veterinary medicinal products [3,7].
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Conclusion
Concurrent treatment with fluralaner, milbemycin oxime
and praziquantel is well tolerated in dogs.
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Safety of the concurrent treatment of dogs with
Bravecto™ (fluralaner) and Scalibor™
protectorband (deltamethrin)
Feli M Walther1*, Petr Fisara2, Mark J Allan1, Rainer K A Roepke1 and Martin C Nuernberger1
Abstract
Background: Bravecto™ (fluralaner; MSD Animal Health) is a novel systemic ectoparasiticide for dogs providing
long-acting flea- and tick-control after a single oral dose. Scalibor™ Protectorband (deltamethrin; MSD Animal
Health) is a collar often used to reduce sandfly feeding for leishmaniasis prevention. This study investigated the
safety of the concurrent use of BravectoTM and ScaliborTM Protectorband at the recommended dosage regimens.
Findings: Throughout the study period of 24 weeks, there were no clinical findings related to the concurrent
treatment with Bravecto™ in dogs fitted with Scalibor™ Protectorband at the recommended dosage regimen.
Conclusions: Concurrent treatment with Bravecto™ in dogs fitted with Scalibor™ Protectorband is well tolerated.
Keywords: BravectoTM, Fluralaner, Dog, Safety, Scalibor™, Deltamethrin

Findings
Bravecto™ (active ingredient: fluralaner) is a new systemically administered insecticidal and acaricidal product.
Numerous studies including a recent field study in dogs
have shown that a single fluralaner dose administered
orally as chewable tablet provides flea and tick control
for twelve weeks [1].
Scalibor™ Protectorband (active ingredient: deltamethrin) is a collar that provides an anti-feeding effect for up
to 6 months against ectoparasites including phlebotomine sandflies and mosquitos [2]. Sandflies are the vectors of Leishmania spp.
To protect dogs from tick and flea infestations, as well
as from sandfly bites, both products may be administered
concurrently. This study was conducted in healthy dogs
to confirm the safety of the concurrent use of Bravecto™
and Scalibor™ Protectorband at the recommended dosage
regimens [2,3].
Methods
The study was conducted in Queensland, Australia, after
obtaining the authorization of the relevant regulatory
* Correspondence: feli.walther@msd.de
1
MSD Animal Health Innovation GmbH, Zur Propstei, 55270 Schwabenheim,
Germany
Full list of author information is available at the end of the article

authorities (Queensland Department of Agriculture,
Fisheries and Forestry, approval no. CA 2013/06/701).
Twenty healthy male and female dogs of various breeds
were randomly assigned to two study groups. On day 0,
dogs of the treatment group were fitted a Scalibor™ Protectorband collar and received a Bravecto™ (fluralaner)
chewable tablet while dogs of the control group remained
un-treated. Dogs of the treatment group were administered Bravecto™ on a second occasion on day 84. The actual fluralaner doses administered were 27 - 50 mg/kg
BW. As indicated on the product leaflet dogs were fed
around the time of Bravecto™ treatment [3], since bioavailability of fluralaner is higher in fed dogs [4]. All dogs were
carefully observed for general health during the first hour
following treatment and were examined by a veterinarian
at 6, 12, 24, 32, 48, 56, 72, 80 hours, and 4, 6, 8, 10 days
after each Bravecto™ treatment. The veterinarian examined for abnormalities in behaviour, coat and skin including collar administration site, locomotion, respiration,
eyes, ears, nose, oral cavity, mucous membranes, capillary
refill time, pulse palpation, vomitus, feces and urine as
present in pen, and any other visible abnormalities. The
clinical observations were scheduled to cover the period
of highest systemic fluralaner exposure [5] and the time
Scalibor™ Protectorband delivers the full efficacy following
application [2]. Therefore, clinical signs associated with

© 2014 Walther et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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the concurrent use would most likely be apparent at
these time points. Veterinary examinations continued
on study days 27, 55, 83, 111, 139 and 168 (examinations
included assessment of abnormalities in behaviour, locomotion, auscultation of heart and lung, heart rate, respiratory rate, pulse palpation, mucous membranes, capillary
refill time, abdominal palpation, superficial lymph nodes,
skin including collar administration site, eyes, pupils, ears,
nose, mouth, teeth, tongue, anus, vagina, penile orifice,
mammary glands, testicles, joints, feet, pads, rectal temperature) and general health observations (observations of
dogs in their pen including check of collar administration
site) were performed on all dogs once to twice daily. The
veterinary study investigator assessed all parameters recorded and all clinical findings for their relationship to
Bravecto™ and/or Scalibor™ treatment. Body weights were
recorded weekly.
At monthly intervals dogs in both groups received moxidectin orally at a minimum dose of 3 mcg/kg BW for
heartworm prevention. No clinical findings were observed
in treatment or control group dogs associated with moxidectin administration.

Results and discussion
Throughout the 24-week study period, there were no
clinical findings related to the concurrent treatment with
Bravecto™ in dogs fitted with Scalibor™ Protectorband.
In the treatment group single incidences of minor and
transient localized skin reactions were observed at the
collar application site, which were considered to be due
to the mechanical influence of the collar. These observations are not unexpected in dogs wearing collars and are
consistent with the product leaflet [2]; none of the collars needed to be removed. Such findings have not been
reported in studies where only Bravecto™ was administered [1,6]. No other clinical findings related to the
use of either product alone, or to the concurrent use
of Bravecto™ and Scalibor™ Protectorband were observed.
There were no obvious changes in group mean bodyweights during the study (the mean body weight of treated
group was 17.3 kg pre-treatment on day −1 and 18.1 kg
on day 168).
Conclusion
Concurrent treatment with Bravecto™ (fluralaner) in dogs
fitted with Scalibor™ Protectorband (deltamethrin) is well
tolerated.
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Safety of fluralaner chewable tablets (BravectoTM),
a novel systemic antiparasitic drug, in dogs after
oral administration
Feli M Walther*, Mark J Allan, Rainer KA Roepke and Martin C Nuernberger
Abstract
Background: Fluralaner is a novel systemic insecticide and acaricide that provides long acting efficacy in dogs after
a single oral treatment. This study investigated the safety of oral administration of fluralaner in chewable tablets to
dogs at the highest recommended treatment dose and at multiples of this dose.
Methods: Thirty-two (16 male and 16 female) healthy 8-week old Beagle dogs weighing 2.0 - 3.6 kg at first administration
were included in the study. Fluralaner was administered on three occasions at 8-week intervals at doses of up to 56, 168,
and 280 mg fluralaner/kg body weight, equivalent to 1, 3, and 5 times the highest recommended treatment dose of
fluralaner; sham dosed dogs served as controls.
During the study, all dogs were clinically observed, and their health was carefully monitored including body weight
development, food consumption and measurement of hematology, coagulation, clinical chemistry (including
measurement of levels of ACTH and C-reactive protein) and urinalysis. Following euthanasia of the dogs, complete gross
post mortem examination, including organ weight determination, and histopathological examination of multiple tissues
were conducted.
Results: There were no clinical findings related to fluralaner treatment. Statistically significant differences between the
treated groups and the control group were observed for some clinical pathology parameters and organ weights; none of
these findings were considered to be of clinical relevance.
Conclusions: Oral administration of fluralaner at the highest recommended treatment dose (56 mg/kg) at 8-week
intervals is well tolerated and has a safety margin of more than five in healthy dogs eight weeks of age or older and
weighing at least 2 kg.
Keywords: Fluralaner, Dog, Safety, Bravecto™

Background
Fluralaner is a novel systemically administered insecticidal
and acaricidal product that provides long acting efficacy
after oral administration to dogs. Fluralaner belongs to a
new class of compounds with antiparasitic activity, the isoxazolines. These compounds have activity against γaminobutyric acid- (GABA-) and glutamate-gated chloride
channels with significant selectivity for insect neurons
over mammalian neurons [1]. A field study has shown
that a single fluralaner dose administered orally to dogs
provides at least twelve weeks of flea- and tick control [2].
* Correspondence: feli.walther@msd.de
MSD Animal Health Innovation GmbH, Zur Propstei, Schwabenheim 55270,
Germany

This long duration of activity offers a more convenient
treatment over monthly flea and tick control treatments
with a potential compliance advantage.
This study was designed to demonstrate the safety of
this systemic treatment and to investigate any possible
health impact from repeated oral administration to healthy
dogs of either the highest recommended dose or multiple
overdoses.

Methods
This randomized, parallel-group, blinded study included
32 (16 male and 16 female) healthy 8-week old Beagle
dogs. A total of 24 dogs received fluralaner repeatedly
and 8 sham dosed dogs served as controls. The study
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design was based on VICH GL 43 target animal safety
requirements for veterinary pharmaceutical products [3].
This study was conducted in Ireland in compliance with
the Irish national animal protection legislation framework.
The study plan was approved by the ethics committee of
Charles River Laboratories Preclinical Services Ireland
Ltd. The experimental license number of the investigator
was B100/3771.
Beagle pups were enrolled in the study on day −14
(start of acclimation) and were found to be healthy on
initial physical and clinical pathological evaluation. Dogs
received sulfadiazine and trimethoprim during acclimation for prophylaxis of coccidiosis, which might occur in
dog colonies. Fecal samples collected from all dogs prior
to study start revealed coccidia for several samples; however, all dogs were in good general health and therefore
included in the study. Dogs were housed in a climate
controlled room (16° - 20°C) with a day length of 10 hours
light and 14 hours darkness and fed a standard commercial diet at recommended rates. Dogs were housed individually from day −3 to the end of the study. All dogs
were vaccinated once against Bordetella bronchiseptica
and canine parainfluenza virus and twice (5 weeks apart)
against canine distemper virus, canine adenovirus 2, canine parvovirus, canine parainfluenza virus and Leptospira
interrogans with the second vaccine given 22 days after
the first fluralaner treatment/sham dosing. All dogs received praziquantel, pyrantel embonate, and febantel before and 22 days after the first fluralaner treatment/sham
dosing for intestinal parasite infection. No clinical findings
were observed in any dog in association with the vaccination or deworming.
Dogs were randomly allocated into groups using a block
randomization procedure. Dogs were separated by gender
and ranked in descending order of body weight. If two dogs
had the same bodyweights, the dogs were sub-ranked by
decreasing microchip number. The top four dogs within
each gender formed a block that was randomly allocated to
each of the four groups, and the process repeated until 4
male and 4 female dogs were allocated to each group.
Three groups received fluralaner at different doses and one
group served as sham dosed control.
The recommended dose range of fluralaner during routine clinical use is between 25 and 56 mg/kg [2,4]. This
study evaluated the oral administration of fluralaner, formulated as a chewable tablet, at up to 1, 3, or 5 times the
highest recommended treatment dose, i.e. up to 56 (1X
group), 168 (3X group), or 280 (5X group) mg fluralaner/
kg body weight. The tablet formulation used was the final
commercial formulation intended to be marketed as
Bravecto™ [MSD Animal Health, 4], produced under Good
Manufacturing Practice (GMP). Dogs were administered
fluralaner three times at 8-week (56 days) intervals on days
0, 56 and 112, with the first dose administered at 8 weeks
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Table 1 Study dog body weights and ages at the time of
first treatment
Parameter

Group
Control Fluralaner Fluralaner Fluralaner

Body weight Range 2.1 - 2.8
(kg)
Age (days)

1X

3X

5X

2.0 - 3.6

2.0 - 3.3

2.0 - 3.0

Mean

2.6

2.8

2.8

2.7

Range

56 - 62

54 – 62

56 – 59

54 – 62

Mean

58

57

57

58

(54–62 days) of age and 2.0 - 3.6 kg of body weight
(Table 1). The dogs were weighed before each fluralaner
treatment to calculate the appropriate dose. A single
whole tablet or a combination of whole tablets, containing
112.5 mg or 250 mg fluralaner, were administered to each
dog to deliver a dose as close as possible to the calculated
dose (Table 2). Following tablet administration, a small
amount of water was administered to encourage swallowing. Dogs from the control group were not administered
fluralaner and were sham dosed with water on days 0, 56
and 112. On treatment days, dogs of all groups received a
portion of their normal daily ration of food approximately
10 to 20 minutes prior to treatment and the remaining
portion of the daily ration directly after treatment. Dogs
were fed around the time of treatment to ensure high systemic fluralaner exposure, since fluralaner bioavailability is
higher in fed dogs [5].
Dogs were observed twice daily for general health
throughout the study. In addition, all dogs were observed
by a technician for signs like gagging, salivation, tablet regurgitation or vomiting during the first hour following each
treatment. Detailed clinical assessments were performed by
a veterinarian, who was blinded (masked) to the treatment
each dog had received, before each treatment and at 1, 2, 3,
4, and 8 hours after each treatment. These examinations included assessments of abnormalities in behaviour, coat,
locomotion, respiration, eyes (discharge, mydriasis, miosis,
corneal opacity), mucous membranes, salivation, auscultation of heart, vomitus, feces and urine as present in pen,
and any other visible abnormalities. Physical examinations
were performed by a blinded veterinarian for all dogs on
days −14, −7, −1, 1, 55, 57, 111, 113 and 167. These
Table 2 Fluralaner dose range administered to dogs in
each group
Treatment

Dose range per group (mg/kg)
Fluralaner

Fluralaner

1X

3X

Fluralaner
5X

First treatment (day 0)

31.3 – 56.3

139.4 – 168.8

255.2 – 281.3

Second treatment (day 56)

47.2 – 55.6

153.1 – 163.0

253.1 – 272.5

Third treatment (day 112)

43.1 – 55.3

151.5 – 166.0

254.2 – 277.8
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Table 3 Clinical pathology parameters analyzed and
mean results of day 162 for the control group and the
fluralaner 5X group
Parameter (unit)
Hematology Basophils (x 10^9/L)

Control fluralaner
5X

Sodium (mmol/L)

148.6

147.8

Total bile acids (μmol/L)

5.98

4.51

Total bilirubin (μmol/L)

1.78

2.10

Total protein (g/L)

52.88

53.38

Triglycerides (mmol/L)

0.44

0.34

Urea (mmol/L)

5.20

4.08

0

0

0.175

0.171

Eosinophils (x 10^9/L)

0.368

0.748

Hematocrit (L/L)

0.476

0.451

Hemoglobin (g/dL)

15.24

14.29

Large unclassified cells (x 10^9/L)

0.04

0.06

Lymphocytes (x 10^9/L)

3.81

4.13

Mean corpuscular hemoglobin (pg)

21.01

21.26

Blood pigments (mg/dL)

0.029

0.004

Mean corpuscular hemoglobin
concentration (g/dL)

31.99

31.65

Leukocytes (cells/μL)

150

106

Mean corpuscular volume (fL)

65.69

67.14

pH

6.44

6.44

Monocytes (x 10^9/L)

0.56

0.60

Protein (mg/dL)

8.75

5.00

Neutrophils (x 10^9/L)

6.67

6.65

Specific gravity

1.031

1.025

Platelets (x 10^9/L)

506

536

Urobilinogen (mg/dL)

0.40

0.20

Red blood cells (x 10^12/L)

7.24

6.74

133

153

Reticulocytes (x 10^9/L)

70.8

53.3

Total white blood cells (x 10^9/L)

11.62

12.34

12.78

13.59

Fibrinogen (mg/dL)

128.3

172.0

Prothrombin time (s)

6.08

6.16

Clinical

Adrenocorticotrophic
hormone (pg/mL)

32.89

34.68

chemistry

Alanine aminotransferase (U/L)

41.9

39.3

Albumin (g/L)

34.75

33.13

Albumin/globulin ratio

1.96

1.65

Alkaline phosphatase (U/L)

70.50

72.00

900

800

Aspartate aminotransferase (U/L)

37.63

35.75

Calcium (mmol/L)

2.77

2.76

Chloride (mmol/L)

113.50

115.13

5.96

5.68

Coagulation Activated partial
thromboplastin time (s)

Amylase (U/L)

Cholesterol (mmol/L)

94

Table 3 Clinical pathology parameters analyzed and
mean results of day 162 for the control group and the
fluralaner 5X group (Continued)

Creatine kinase (U/L)

306.5

223.4

Creatinine (μmol/L)

54.25

50.50

C-reactive protein (μg/mL)

3.84

10.16

Gamma glutamyl
transpeptidase (U/L)

3.50

3.13

Globulin (g/L)

18.13

20.38

Glucose (mmol/L)

6.24

6.24

Inorganic phosphate (mmol/L)

2.14

2.14

Lactate dehydrogenase (U/L)

32.50

23.88

Magnesium (mmol/L)

0.69

0.71

Phospholipid (mmol/L)

6.03

5.83

Potassium (mmol/L)

4.75

4.75

Urinalysis

Bilirubin (mg/dL), ketones
(mg/dL), glucose (mg/dL), turbidity

Volume (mL)
Urine color
Microscopic examination
(crystals, casts, red blood cells,
white blood cells, epithelial cells,
bacteria, other abnormalities)

Light yellow - yellow
Similar frequency
distribution

examinations included assessments of abnormalities in behaviour, locomotion, musculoskeletal system, coat, skin,
superficial lymph nodes, eyes, pupils, ears, oral cavity, mucous membranes, capillary refill time, respiration, auscultation of heart and respiratory tract, heart rate, respiratory
rate, pulse, abdominal palpation, rectal temperature, any
other visible abnormalities and body condition scaled 1
(cachexia) to 5 (adiposity).
The individual food consumption was recorded daily
and body weights were recorded weekly throughout the
study. Blood samples were collected for clinical pathology
(hematology, coagulation, clinical chemistry including
ACTH and C-reactive protein; Table 3) before the first
treatment and on days 8, 50, 106 and 162; and to monitor
systemic exposure to fluralaner before and 2, 7, 14 and
28 days after each treatment. Urine samples were taken
before the first treatment and on days 7/8, 49/50, 105/106
and 161/162.
To complete the safety assessment, all dogs underwent a
post mortem examination, as required by VICH GL 43 [3].
On day 168, all dogs were sedated by intramuscular injection of ketamine and xylazine and thereafter euthanized by
intravenous injection of sodium pentobarbitone as per
study plan. A complete post-mortem examination was performed on all dogs under the supervision of a blinded veterinary pathologist. Selected organs were weighed and
multiple tissues were examined histopathologically (Table 4).
Tissue samples were formalin-fixed (epididymides and eyes
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Table 4 Table of organs and tissues examined
histopathologically and of organs weighed
Organ/tissue examined
histopathologically

Organ
weighed

Brain

√

Heart

√

Liver

√

Spleen

√

Kidneys

√

Pituitary gland

√

Thymus gland

√

Thyroid and parathyroid glands

√

Adrenal glands

√

Testes

√

Epididymides

√

Prostate gland

√

Ovaries

√

Uterus with cervix

√

Trachea, lung

-

Eyes, sciatic nerve

-

Different sections of spinal cord

-

Submandibular salivary gland

-

Tongue, oesophagus

-

Larynx, pharynx

-

Aortic arch

-

Gall bladder

-

Pancreas

-

Different section of gastro-intestinal tract, Peyer’s
patches

-

Femur, stifle joint with bone, sternum

-

Skeletal muscle

-

Skin, mammary gland

-

Lymph nodes (submandibular, bronchial, mesenteric)

-

Urinary bladder

-

Vagina

-

Gross lesions

-

were fixed in Davidson’s fixative, and testes in modified
Davidson’s fixative) and paraffin-embedded. Microscopy
slides were stained with hematoxylin and eosin stain. Additional formalin-fixed frozen oil red O stained slides were
prepared for heart, kidney and liver to ascertain the presence of fat. Femur bone marrow smears were prepared and
stained with May Grunewald’s Giemsa stain. All samples
were assessed by a veterinary histopathologist.
Body weight, food consumption (averaged over weekly
intervals), physical examination results, clinical pathology
parameters and absolute and relative organ weights were
statistically compared between groups (SAS® Language:

Reference, Version 9.3, SAS Institute Inc., Cary, NC, USA)
using 2 sided tests with the individual dogs as the experimental unit to evaluate the hypothesis that there are
no differences between the groups. Body weight, food
consumption, clinical pathology parameters (including
numeric urinalysis parameters), heart rate and rectal
temperature were analyzed using a repeated measured
mixed model analysis of covariance. Categorical urinalysis parameters were analyzed using descriptive statistics.
Organ weights were analyzed using analysis of variance
models. Frequency distributions of the numbers of animals with abnormalities during clinical assessments or
physical examinations were compiled for categorical
parameters.
For clinical pathology parameters study-specific reference
ranges were compiled, as these values were considered
most suitable for the dog population examined. These reference ranges included results from the control group at all
collection time points (before the first sham dosing and
on days 8, 50, 106 and 162) and from the fluralaner-treated
groups before the first treatment. In support, reference
ranges from historical controls, the clinical pathology
laboratory or from literature may be used to assess results
[6]. All clinical pathology parameters found to be statistically significantly different were compared with these
study-specific reference ranges to evaluate the clinical relevance. Individual values outside these reference ranges
were assessed for possible clinical relevance. Clinical relevance was assessed by the veterinary investigator based on
the following criteria: transience (temporary observation),
dose–response relationship, values close to or within the
reference ranges, association with evidence of clinical signs
and with tissue changes on gross post mortem or histopathological examination.
The veterinary investigator assessed all parameters recorded and any findings for their relationship to fluralaner treatment. Any clinically relevant treatment-related
findings were classified as adverse events.

Results and discussion
There were no findings related to the treatment with
fluralaner for any of the parameters assessed.
The 8-week treatment interval used in the present study
is expected to be shorter than the recommended 12-week
treatment interval for fluralaner tablets in clinical veterinary practice [2,4]. An 8-week treatment interval was selected in this study to provide data for clinicians who may
select a shorter treatment interval under field conditions
[4], and to provide an additional safety margin compared
with the expected field use conditions.
The highest fluralaner dose administered during the
study was in an eight-week old dog in the 5X group (281.3
mg/kg; Table 2). Fluralaner was administered on three
occasions as previous pharmacokinetic data (unpublished
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Table 5 Clinical findings in dogs of treated and control groups following the first treatment
Observation
Scattered incidences of abnormal feces
(loose, mucoid, traces of fresh blood)

Number of dogs affected

Analysis

Conclusion

Total observed: n = 15

Similar number of animals affected in each treated
group compared to controls; abnormal feces
already observed pre-treatment across all groups

Not treatment related,
no adverse event

Similar (3X group, 5X group) or lower (1X group)
number of animals affected compared to controls;
no dose–response relationship

Not treatment related,
no adverse event

Similar (1X group, 5X group) or lower (3X group)
number of animals affected compared to controls;
no dose–response relationship

Not treatment related,
no adverse event

Single case; no dose–response relationship;
not observed following repeated treatment

Not treatment related,
no adverse event

Single case; no dose–response relationship;
not observed following repeated treatment

Not treatment related,
no adverse event

Control group: n = 4
1X group: n = 5
3X group: n = 3
5X group: n = 3

Reduced body condition score
(2 or 2–3 on a scale of 1–5)

Total observed: n = 8
Control group: n = 3
1X group: n = 0
3X group: n = 3
5X group: n = 2

Localized hair thinning/pressure
wound/wound

Total observed: n = 6
Control group: n = 2
1X group: n = 3
3X group: n = 0
5X group: n = 1

Vomiting of food after first treatment,
no other clinical findings

Total observed: n = 1
Control group: n = 0
1X group: n = 1
3X group: n = 0
5X group: n = 0

Gastroenteritis with inappetence,
dullness, vomit

Total observed: n = 1
Control group: n = 0
1X group: n = 0
3X group: n = 1
5X group: n = 0

observations) have shown that three treatments are sufficient to achieve steady state plasma concentrations. Administration of three sequential treatments at 8-week intervals
produced a 24-week study period with the highest systemic
exposure to fluralaner at doses of five times the highest recommended treatment dose. To further ensure peak plasma
concentrations in treated dogs, fluralaner was administered at the time of feeding, since fluralaner bioavailability
is higher in fed dogs [5]. All dogs partially or totally consumed the diet offered prior to the first treatment (day 0)

and totally consumed the diet offered prior to the second
and third treatment (day 56 and 112).
Fluralaner was quantifiable in the plasma of all treated
dogs, confirming absorption and systemic exposure.
Throughout the 24-week study, no differences in growth
rates or food consumption between the treated groups
and the control group were observed.
All dogs were carefully observed for any clinical findings
during the first hours following treatment to cover the
period of rapidly increasing systemic fluralaner exposure

Table 6 Frequency distribution by group of dogs with abnormalities recorded following the first treatment
Time point

No. of animals with abnormalities
recorded per group

Analysis

Conclusion

Control group 1X group 3X group 5X group

96

Clinical assessment

2

5

1

1

Physical examination

4

4

4

3

Number of animals with abnormalities higher
Not treatment
related
in 1X group than in controls, but similar to controls in
3X and 5X group; no dose–response relationship
Number of animals with abnormalities
similar to controls;
no dose–response relationship

Not treatment
related
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[7] when acute clinical signs would most likely be apparent. However, no clinical findings related to the treatment
with fluralaner were observed throughout these frequent
observations following any of the fluralaner treatments
on days 0, 56 and 112, or throughout the remainder of the
study. Two cases of vomiting occurred during the study.
One dog treated with a 1X dose for the first time vomited
4 hours after treatment. This dog was not administered a
second dose based on the canine gastric emptying halftime of approximately 3 hours in fed dogs [8]. Absorption
of the administered dose was confirmed by dose-related
plasma concentrations of fluralaner. This dog remained in
the study and did not show any other clinical signs (including vomiting) in the remainder of the study. Another
dog developed signs of gastroenteritis (vomiting and diarrhea) 5 days after administration of the first fluralaner
dose at 3 times the highest recommended treatment dose.
The dog was treated with injectable antibiotics (enrofloxacin) and clinical signs resolved fully over the next
four days. These clinical signs were considered to be
unrelated to fluralaner administration due to the 5-day
interval between fluralaner treatment and the onset of
clinical signs, as well as the subsequent rapid resolution
of clinical signs following antibacterial treatment. This
dog did not show any further signs of gastroenteritis
and remained in the study.
Occasional clinical findings were observed in individual
dogs from the treated and control groups, during the 168day study (Table 5). Clinical findings included incidences
of mild abnormal feces (small amount of loose feces, small
amount of mucoid feces/mucus in feces, traces of fresh
blood), slight reductions in body condition score (2 or 2–3
on a scale of 1–5), or mild superficial skin injury; all of
these were minor and none affected the general health
condition of dogs. These observations were considered to
be unrelated to fluralaner treatment because they occurred
at a similar or lower incidence in the treated groups
compared with the control group and without a dose–
response relationship. In addition, abnormal feces were
observed before the first treatment across all groups. Although all dogs were treated with endoparasiticides, intestinal parasite infections, like coccidia or giardia, may have
been supportive in the occurrence of incidences of mild
abnormal feces observed pre- and post-treatment. Based
on the frequency distribution of the number of dogs with
abnormal findings during clinical assessments or physical
examinations, there were no dose-related differences between groups (Table 6). Treated dogs were found to have
statistically significant lower mean rectal temperatures than
control dogs at six time points (days 55 and 167 – 1X
group; days 55, 111 and 167 – 3X group; and day 55 – 5X
group). This difference was not considered to be of clinical
relevance because there were no clinical signs or significant
changes in clinical pathology in the treated dogs, and the
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rectal temperatures of all treated dogs were within the
range observed in control dogs.
Statistically significant differences between the treated
groups and the control group were observed for some
clinical pathology parameters and organ weights and a
few individual single time point clinical pathology results
fell outside the reference ranges. All of these findings
were evaluated based on the assessment criteria and
were not considered to be clinically relevant. Gross post
mortem and histopathological examinations found no
notable differences between the treated groups and the
control group (data not shown).
The evaluation of the present study is consistent with
the conclusion drawn by authorities [4].

Conclusions
This detailed evaluation of the safety of fluralaner, a novel
systemic antiparasitic drug, following oral administration at
doses much higher than the recommended treatment dose
at 8-week intervals, did not reveal any adverse events.
Oral administration of fluralaner, formulated as a chewable
tablet, to healthy dogs at dose rates of up to 281.3 mg/kg
on three occasions at 8-week intervals did not lead to any
treatment-related findings that could be detected through
careful clinical observation, clinical pathological evaluation
or on gross or microscopic post mortem examination. Oral
administration of fluralaner at the highest recommended
treatment dose (56 mg/kg) is well tolerated by dogs and
has a safety margin of more than five in healthy dogs eight
weeks of age or older and weighing at least 2 kg.
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Abstract
Background: Fluralaner (Bravecto™) is a novel systemic insecticide and acaricide that provides long persistent
antiparasitic activity following a single administration at the minimum dose of 25 mg/kg body weight.
Methods: Three negative controlled, randomized studies were conducted in dogs to evaluate the start to kill (1
study) and the speed of flea kill (2 studies) of fluralaner. All dogs were infested prior to treatment with unfed adult
C. felis fleas. Dogs in the treated groups were administered once orally with fluralaner at a minimum dose of
25 mg/kg body weight, while dogs in the control groups were not treated. Separate control and treatment groups
were paired at each time point of flea assessment. Flea counts were performed by combing dogs at either 0.5, 1, 2,
or 4 hours after fluralaner treatment to measure the start to kill. To evaluate the speed of flea kill over 12 weeks, flea
counts were performed by combing dogs at either 4, 8, 12, or 24 hours after fluralaner treatment and then at 4, 8,
12, or 24 hours after each flea re-infestations performed at 4, 8, and 12 weeks following treatment.
Results: In the start to kill study, the fluralaner activity against fleas started already at 1 hour post-treatment (8% numerical
efficacy). At 2 and 4 hours post-treatment, the flea reduction was significant with 36.7% and 88% efficacy, respectively.
In the speed of kill studies, the efficacy against fleas after fluralaner treatment was 80.5% at 4 hours and remained ≥ 99.4%
at 8, 12 and 24 hours. After flea re-infestations in weeks 4, 8 and 12, the efficacy at 4 hours was 96.8, 91.4, and 33.5%,
respectively. Efficacy at 8, 12 and 24 hours after flea re-infestations was 98.0-100% for the 12 weeks of the study.
Except for 4 hours after the 12-week flea re-infestation, flea reduction was significant for all time points after flea
re-infestation.
Conclusions: Single oral fluralaner administration rapidly eliminates existing flea infestations and provides
excellent protection against fleas over 12 weeks following treatment.
Keywords: Bravecto™, Chewable tablets, Fluralaner, Onset of activity, Start to kill, Speed of kill, Dog, Flea,
Ctenocephalides felis, Efficacy

Background
The cat flea, Ctenocephalides felis, is the main flea species infesting dogs and cats [1] and the most important
ectoparasite for dogs in many parts of the world [2]. A
persistent flea infestation without treatment can provoke
intense pruritus, self-inflicted trauma and even, in case
of massive infestation, anemia [2]. In some dogs, flea exposure leads to the more serious condition of flea allergy
dermatitis (FAD), a result of hypersensitivity to flea
* Correspondence: janina.taenzler@msd.de
1
MSD Animal Health Innovation GmbH, Zur Propstei, 55270 Schwabenheim,
Germany
Full list of author information is available at the end of the article

saliva components [1]. Once sensitization has occurred,
relapse of lesions can be initiated by just a small number
of flea bites. Clinical signs are usually transient, but
chronic skin changes might occur, like alopecia, crusts,
hyperpigmentation and lichenification, if the flea infestation is not eliminated [3]. Dogs are affected by the adult
fleas only. Other flea life-cycle stages contaminate their
environment, where flea development from egg via larvae and pupae to newly emerged adult fleas takes place.
Elimination of adult fleas before they start laying eggs is
essential for successful flea control [4]. Approximately
24 hours are needed between the flea’s first blood meal
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Safety of fluralaner, a novel systemic antiparasitic
drug, in MDR1(−/−) Collies after oral administration
Feli M Walther1*, Allan J Paul2, Mark J Allan1, Rainer KA Roepke1 and Martin C Nuernberger1
Abstract
Background: Fluralaner is a novel systemic ectoparasiticide for dogs providing long-acting flea- and tick-control
after a single oral dose. This study investigated the safety of oral administration of fluralaner at 3 times the highest
expected clinical dose to Multi Drug Resistance Protein 1 (MDR1(−/−)) gene defect Collies.
Methods: Sixteen Collies homozygous for the MDR1 deletion mutation were included in the study. Eight Collies
received fluralaner chewable tablets once at a dose of 168 mg/kg; eight sham dosed Collies served as controls. All
Collies were clinically observed until 28 days following treatment.
Results: No adverse events were observed subsequent to fluralaner treatment of MDR1(−/−) Collies at three times
the highest expected clinical dose.
Conclusions: Fluralaner chewable tablets are well tolerated in MDR1(−/−) Collies following oral administration.
Keywords: Fluralaner, Bravecto™, Dog, Safety, MDR1

Background
Fluralaner is a novel systemically administered insecticidal
and acaricidal product that provides long acting efficacy
after oral administration to dogs. Fluralaner belongs to a
new class of compounds, the isoxazolines. These compounds have activity against γ-aminobutyric acid- (GABA-)
and glutamate-gated chloride channels with significant
selectivity for insect neurons over mammalian neurons
[1]. A field study has shown that a single fluralaner
dose administered orally to dogs provides at least
twelve weeks of flea- and tick-control [2]. The long
duration of activity offers a more convenient treatment
over monthly flea and tick control treatments with a
potential compliance advantage, reducing the risk of
vector-transmitted diseases.
This systemic treatment will likely be administered to
dogs carrying a deletion mutation of the Multi-Drug Resistance gene (MDR1). Dogs homozygous for this mutation do
not express functional P-glycoprotein [3], a drug efflux
pump highly expressed at the blood–brain barrier that restricts drug accumulation in the central nervous system
through an efflux-based transport mechanism [4]. MDR1
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mutations have been detected in various dog breeds such
as rough- and smooth-coated Collie, Shetland Sheepdog,
Australian Shepherd, McNab, Longhaired Whippet, Silken
Windhound, Old English Sheepdog, English Shepherd,
Border Collie and Wäller [5,6]. Homozygous mutations
(MDR1(−/−)) are associated with an increased risk of
neurotoxicity for multiple drugs, leading to clinical findings
such as depression, mydriasis, salivation, tremor, ataxia and
coma [3,7-10]. Although MDR1(−/−) dogs do not express a
functional P-glycoprotein, inter-individual variability in
sensitivity is reported [7,11]. In addition to the low
in vitro affinity of fluralaner to mammalian neuronal
receptors [1], fluralaner did not cause any signs of
neurotoxicity in a previous high-dose safety study in
healthy dogs [12] nor in a field study [2]; this study
was designed to confirm the safety of oral fluralaner
administration in dogs with proven MDR1(−/−) mutation. To account for variability in susceptibility, fluralaner was administered at overdoses, i.e. 3 times the
highest expected clinical dose of 56 mg/kg BW [2].

Methods
This single-center, randomized, parallel-group and
investigator-blinded study included sixteen healthy
male and female rough-coated Collies, 1.7 - 4.0 years
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of age (mean 1.9 years) and weighing 16–27 kg (mean
22 kg). Dogs were from four different litters, with three
different litters per study group. All Collies were homozygous for the MDR1 deletion mutation, as confirmed by
gene testing (www.vetmed.wsu.edu/VCPL).
This study was conducted in Michigan, USA, in compliance with the Animal Welfare Act as overseen by the
United States Department of Agriculture (USDA) and
ethical approval was obtained before the start of the
study. Study was approved by the Institutional Animal
Care and Use Committee (IACUC no. CHK-13-0419).
Healthy Collies, based on initial physical and clinical
pathological evaluation, were housed individually and
fed a standard commercial diet at recommended rates.
Collies were randomly allocated to study groups using
the following block randomization procedure: dogs were
separated by gender and ranked in ascending order of
body weight; if two dogs had identical bodyweights, they
were sub-ranked by increasing microchip number. The
top two dogs within each gender formed a block that
was randomly allocated between each of the two
study groups, and the process repeated until 4 male
and 4 female dogs were allocated to each study group.
A total of 8 Collies received fluralaner and 8 sham
dosed Collies served as controls.
The expected dose range for fluralaner administration
during routine clinical use is between 25 and 56 mg/kg
[2]. This study evaluated the single oral administration
of fluralaner in a chewable tablet at 3 times the highest
expected clinical dose (168 mg fluralaner/kg body weight).
The individual dose for each treated dog was based on the
body weight determined one day before treatment. The tablet formulation used was the final commercial formulation

intended to be marketed as Bravecto™, produced under
Good Manufacturing Practice (GMP). Homogeneous distribution of fluralaner in tablets was previously confirmed as
part of the product development. Whole fluralaner tablets
(1400 mg fluralaner/tablet) and tablet portions were administered to each dog to deliver the calculated dose. The administration of cut tablets resulted in a maximum deviation
from the target dose of 0.5 mg fluralaner/kg body weight.
Following tablet administration, a small amount of water
was administered to encourage swallowing. Control dogs
remained untreated and were sham dosed with water only.
On the treatment day (day 0), dogs of both groups were fed
a portion of canned diet within 30 minutes prior to treatment and another portion of canned diet directly after treatment (approximately 350 grams in total). Dogs were fed
around the time of treatment to ensure high systemic fluralaner exposure, since fluralaner bioavailability is higher in
fed dogs [13]. The normal daily ration of food was offered
one hour following treatment.
All dogs were observed by a technician for general
health before treatment and during the first hour following fluralaner administration. Clinical assessments were
performed by a veterinarian, who was masked to the
treatment status of each dog, at 3, 6, 9, 12, 18, 24, 30,
36, 42, 48, 54, 60 and 72 hours after administration.
Assessments focused on, but were not limited to: behaviour, salivation, vomiting, ataxia, muscular tremor,
mydriasis and pupillary reflex. Between 3 and 7 days
after treatment dogs were observed four times daily
and then twice daily for the remaining 21 days of the
study period by a technician masked to the treatment
status of each dog. Additional physical examinations
were performed by a veterinarian (masked to the treatment

Mean fluralaner plasma concentration (ng/ml)
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Figure 1 Mean fluralaner plasma concentration (± standard deviation) following oral administration at 168 mg/kg to MDR1(−/−) Collies.
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status) before fluralaner administration and on days 7, 14
and 28. The veterinary study director assessed all parameters recorded and all clinical findings for their relationship
to fluralaner treatment. Any treatment-related findings
were classified as adverse events. Blood samples were collected at intervals over the study period to monitor systemic exposure to fluralaner. Blood sampling time points
were selected based on previous pharmacokinetic data [14]
and blood samples were analyzed using a validated LCMS/MS method (lower limit of quantification = 10 ng/ml).

Results and discussion
All fluralaner-treated dogs rapidly consumed the complete
portion of food offered prior to and directly after fluralaner administration.
Fluralaner was quantifiable in plasma of treated dogs
from the first post-treatment sampling time point throughout the study, confirming dose-related systemic exposure
(Figure 1).
No vomiting, excessive salivation or any other findings
were observed during the first hour of clinical observation following treatment or during the frequent clinical
assessments performed over the 3 days following fluralaner administration. Clinical findings observed over the
study period included an abraded callus on the medial
hock of one dog pre-treatment, a dog who bit its tongue
during feeding pre-treatment, evidence of estrus in three
dogs of the fluralaner group and an observation of
tachycardia in a control-group dog. These clinical findings were minor and not related to fluralaner treatment.
This clinical safety evaluation of fluralaner, a novel systemic antiparasitic drug, in MDR1(−/−) dogs treated orally at 3 times the highest recommended clinical dose
did not detect any adverse events. The detailed clinical
observations were timed to provide maximum coverage
during the period of highest expected systemic fluralaner
concentrations to assure that potential neurological clinical signs would have become apparent. However, no
signs of neurotoxicity, or any other adverse events, were
observed during these frequent observations.
These results are consistent with a previous safety study
[12] in healthy Beagle dogs, that found no evidence of
neurotoxic symptoms or any other treatment-related findings associated with repeated oral administration of up to
280 mg fluralaner/kg.
Conclusions
Fluralaner chewable tablets are well tolerated in MDR1
(−/−) Collies following oral administration.
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Pharmacokinetics of fluralaner in dogs following a
single oral or intravenous administration
Susanne Kilp1*, Diana Ramirez2, Mark J Allan1, Rainer KA Roepke1 and Martin C Nuernberger1
Abstract
Background: Fluralaner is a novel systemic insecticide and acaricide. The purpose of these studies was to
investigate the pharmacokinetic properties of fluralaner in Beagle dogs following single oral or intravenous
(i.v.) administration.
Methods: Following the oral administration of 12.5, 25 or 50 mg fluralaner/kg body weight (BW), formulated as
chewable tablets or i.v. administration of 12.5 mg fluralaner/kg BW, formulated as i.v. solution to 24 Beagles, plasma
samples were collected until 112 days after treatment. Plasma concentrations of fluralaner were measured using
HPLC-MS/MS. Pharmacokinetic parameters were calculated by non-compartmental methods.
Results: After oral administration, maximum plasma concentrations (Cmax) were reached within 1 day on average.
Fluralaner was quantifiable in plasma for up to 112 days after single oral and i.v. treatment. The apparent half-life
of fluralaner was 12–15 days and the mean residence time was 15–20 days. The apparent volume of distribution of
fluralaner was 3.1 L/kg, and clearance was 0.14 L/kg/day.
Conclusions: Fluralaner is readily absorbed after single-dose oral administration, and has a long elimination half-life,
long mean residence time, relatively high apparent volume of distribution, and low clearance. These pharmacokinetic
characteristics help to explain the prolonged activity of fluralaner against fleas and ticks on dogs after a single oral dose.
Keywords: Fluralaner, Pharmacokinetics, Dog, Oral, Intravenous

Background
Fluralaner is a novel systemic insecticide and acaricide formulated as a chewable oral tablet that can be administered
to dogs at 12 week intervals for effective persistent killing
of a number of flea and tick species of dogs [1,2].
Fluralaner belongs to a new class of chemicals with an
isoxazoline structure as an essential feature [2,3]. It has a
molecular weight of 556.29, a log Pow (octanol/water partition co-efficient) of 5.35 and is highly bound to plasma
proteins.
Fluralaner is a potent inhibitor of ligand gated chloride
channels (γ-aminobutyric acid (GABA)- and L-glutamategated chloride channels) in neurons with significant selectivity for arthropod neurons over mammalian neurons
[2,3]. In vivo investigations have shown that after a single
oral administration to dogs, fluralaner provides persistent
* Correspondence: susanne.kilp@msd.de
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flea and tick killing activity for 12 weeks [1]. Fluralaner is
an innovative, highly effective, and long-lasting ectoparasite treatment for dogs.

Methods
Chewable tablets containing 13.64% (w/w) fluralaner
were formulated for oral administration to dogs. Test
material for i.v. administration was formulated as solution with 2.5 mg fluralaner /mL in a Polyethylene glycol
(PEG) 200 (90% v/v) vehicle containing 10% v/v water
for injection.
Healthy male and female Beagle dogs were kept indoors
in pens with sealed floors and individually housed until 5
or 6 weeks after fluralaner administration (oral or i.v.) to
avoid potential cross contamination between animals.
Thereafter, dogs were housed in groups of 3 of the same
treatment group and sex. Room environment was monitored continuously, with a temperature of 15-21°C, relative humidity of 40-70%, 10–20 air changes per hour and
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a 12-hour fluorescent light/12-hour dark cycle. Dogs were
fed once daily in the morning with a standard dog diet
and had ad libitum access to water. On the day of oral
fluralaner administration, the dogs received one-half of
their daily food ration shortly before treatment and the
remainder immediately after treatment, because administration of chewable tablets containing fluralaner with food
increases its bioavailability [4].
To determine the rate and extent of systemic exposure
after oral administration and oral dose proportionality, a
parallel-group study was conducted with 3 treatment
groups. Dogs received either 12.5, 25, or 50 mg (target
dose) fluralaner/kg BW orally, with the mid dose (25 mg/kg
BW) based on the minimum recommended treatment
dose [1]. Additional pharmacokinetic parameters such as
total body clearance and volume of distribution were determined in a separate study involving 6 Beagles administered 12.5 mg fluralaner/kg BW by slow i.v. infusion. All
dose rates in the following sections are expressed in mg
fluralaner per kg BW.
In both studies, dogs were randomized to treatment
groups (3 dogs per sex per group), within sex, and blocked
by body weight to ensure a balanced distribution. Both
studies were compliant with the principles of Good
Laboratory Practice [5]. The animal work was conducted
in compliance with respective national legislation and
approved by Animal Experimentation Ethics Committee
at Harlan Laboratories S.A.
Individual oral doses were determined on the basis of
individual body weights and the nominal content of fluralaner in the tablets. Dogs received whole tablets using
either individual 112.5 mg, 250 mg or 500 mg fluralaner
tablets, or a combination of tablets to achieve a dose
close to the calculated target dose. Oral dosing was facilitated by placing the calculated target dose on the back
of the dog’s tongue. Intravenous injection dose volumes
were determined on the basis of individual body weights
and were administered as a constant rate infusion over
5 minutes using an automatic injection system (KDS
Model 200, KD Scientific Inc., Holliston, USA). The
injection rate per hour was approximately 12 times the
respective dose volume to ensure complete administration within 5 minutes.
Blood samples were collected from the jugular vein
into sodium-citrate tubes before and at 2, 4, and 8 hours
and 1, 2, 3, 4, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84,
91, 98, 105, and 112 days after oral dosing and 15 min,
2, 4 and 8 hours, and 1, 2, 3, 4, 7, 14, 21, 28, 35, 49, 63,
77, 91, and 112 days after i.v. dosing. Plasma was harvested by centrifugation and stored frozen in sterile plastic
vials until analysis. The dogs were closely observed for
1 hour after dosing and once daily thereafter.
Plasma samples were extracted by protein precipitation
with acetonitrile and diluted with 0.1% formic acid. The
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resultant solution was analyzed quantitatively using
automated solid phase extraction coupled to liquid
chromatography with mass spectrometric detection (online
SPE-HPLC-MS/MS). The linear range of the method for
determination of fluralaner was 10.0 to 2500 ng/mL, with a
lower limit of quantification (LLOQ) of 10.0 ng/mL. Pharmacokinetic parameters for fluralaner were calculated
using non-compartmental methods with the validated software WinNonlin® Professional Version 5.3 (Pharsight Corporation, California, USA). The peak plasma concentration
(Cmax) and time to peak concentration (tmax) were observed values. The elimination half-life (t1/2) was calculated by
linear regression using the slope of the terminal segment of
the semilogarithmic plasma concentration versus time
curve. The area under the concentration versus time curve
(AUC) from time 0 to the last measurable concentration
(AUC(0→t)) was calculated using the linear trapezoidal rule.
The AUC from time 0 extrapolated to infinity (AUC(0→∞))
was determined as AUC(0→ t) + Ct/λz, where Ct is the
plasma concentration at time t and λz is the first order rate
constant associated with the terminal (log-linear) portion
of the curve. The apparent volume of distribution (Vz) after
i.v. administration, based on the terminal phase was
calculated as Dose/λz × AUC. Total body clearance (Cl)
after i.v. administration was calculated as Dose/AUC.
Bioavailability (F%) via the oral route was calculated using
mean AUC(0→∞) as (AUC(0→∞) oral/AUC(0→∞) iv) × (Dose iv/
Dose oral) × 100. Mean residence time (MRT) extrapolated
to infinity was calculated as the ratio of AUMC/AUC;
where AUMC is the area under the first moment curve.
Dose proportionality was tested for exposure parameters
Cmax and AUC(0→t). For this purpose dose-normalized
(nominal dose) values were analyzed using an appropriate
analysis of variance (ANOVA) regression model. The
tests were two-sided at the 0.05 level of significance.
All data are expressed as arithmetic mean ± SD unless
otherwise stated.

Results and discussion
Each of three groups of six dogs (age 1–2 years; weight
7.8-11.4 kg) was administered fluralaner orally at one of
three target doses (12.5, 25, or 50 mg/kg). The doses were
achieved using whole tablets, and therefore each dog
received a dose around the target dose. This was a range
of 12.0–14.6 mg/kg for a target dose of 12.5 mg/kg, 25.0–
28.8 mg/kg for a target dose of 25 mg/kg, and 42.2–
53.2 mg/kg for a target dose of 50 mg/kg.
No dog showed any clinical finding or adverse event
after oral fluralaner administration.
Plasma concentrations of fluralaner reached Cmax
within 1 day after administration on average, and
progressively declined over time, with some lower
secondary peaks, which may indicate redistribution or
recirculation e.g. enterohepatic re-circulation. There

EXTRAORDINARY SCIENCE EXTRAORDINARY MEDICINE

15577_Bravecto_ScienceBook_TextPages_Jan19.indd 104

1/19/17 12:15 PM

Kilp et al. Parasites & Vectors 2014, 7:85
http://www.parasitesandvectors.com/content/7/1/85

Page 3 of 5

was a dose-dependent increase in mean peak plasma
concentrations. The terminal portion of the plasma
concentration versus time curves followed an almost
parallel course; in the lower two dose groups at the
same concentration with high inter-individual variability, and in the high dose group at a higher concentration with lower inter-individual variability. Fluralaner
could be quantified in plasma (> 10 ng/mL) for up to
112 days after treatment, demonstrating a long systemic persistence (Figure 1).
In the i.v. (12.5 mg/kg) group very slow elimination of
fluralaner was observed after the 5-minute infusion. In
all dogs, plasma concentrations of fluralaner declined as
a function of time, with some secondary peaks, which
may indicate redistribution or recirculation e.g. enterohepatic re-circulation. Fluralaner could be quantified in
plasma for up to 112 days post administration, demonstrating a long systemic persistence after i.v. administration to dogs (Figure 2).
The non-compartmental pharmacokinetic parameters
calculated from the concentration–time data of fluralaner are shown in Table 1.
The mean total plasma clearance of fluralaner was
0.14 L/kg/day and the mean apparent volume of distribution of fluralaner was 3.1 L/kg following i.v.
infusion.

The mean half-life (15 days) and mean residence time
(20 days) values suggest a slow elimination process
following i.v. infusion. These parameters were similar
to values determined after oral administration at different dose rates, indicating that the elimination kinetic
appears to be independent of dose and administration
route.
As only unbound drugs in the vascular system are
available to clearing organs for elimination, apparent
volume of distribution and clearance are determinants
of the terminal half-life [7-9]. Taking into account the
total body water volume (approximately 0.6 L/kg) of
a dog [6], fluralaner has a relatively high apparent
distribution (Vz = 3.1 L/kg) into tissues following i.v.
infusion, despite its high level of binding to plasma
proteins.
For fluralaner, it is assumed that the main route of
elimination is likely hepatic, because the high plasma
protein binding suggests that elimination via renal filtration is minor; therefore, plasma clearance can be
assumed to be equivalent to hepatic clearance. Considering a physiological hepatic blood flow in the dog
of approximately 44.5 L/kg/day [6,7] and hepatic
clearance of fluralaner of 0.14 L/kg/day, the hepatic
extraction ratio is estimated to be low (0.3%). The low
clearance, together with the relatively high distribution to
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Figure 1 Plasma concentrations of fluralaner (Mean ± Standard Deviation) in dogs following single oral administration. Values below
LLOQ (10 ng/mL) were set to zero for calculation of means.
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Figure 2 Plasma concentrations of fluralaner (Mean ± Standard Deviation) in dogs following single i.v. administration. Values below
LLOQ (10 ng/mL) were set to zero for calculation of means.

tissues, may explain the long-lasting systemic availability
of fluralaner in the dog.
The bioavailability of the oral formulation is slightly
higher at lower oral doses (34 ± 16%, 26 ± 11%, and 20 ±
8%, for 12.5, 25 and 50 mg/kg, respectively).
However, there was no statistically significant differences between dose groups in dose-normalized exposure
parameters AUC(0→t) and Cmax (ANOVA, p = 0.165 for
AUC(0→t) and p = 0.206 for Cmax), indicating no evidence
against the null hypothesis of fluralaner dose proportionality over the dose range 12.5 mg/kg to 50 mg/kg.

Conclusions
Fluralaner is readily absorbed after single-dose oral administration, and has a long elimination half-life, long mean
residence time, relatively high apparent volume of distribution, and low clearance. These pharmacokinetic characteristics help to explain the prolonged activity of fluralaner
against fleas and ticks on dogs after a single oral dose.
Compliance statement

This study was conducted in Spain after obtaining the
authorization of the relevant regulatory authorities.

Table 1 Plasma pharmacokinetic parameters of fluralaner in dogs after either single oral or single i.v. administration
Parameters

Oral 12.5 mg/kg
n=6

Oral 25.0 mg/kg
n=6

Oral 50.0 mg/kg
n=6

Intravenous 12.5 mg/kg
n=6

Cmax (ng/mL)

2144 ± 860

3948 ± 1734

5419 ± 2086

7109 ± 908

tmaxa (day)

1 (range 0.08–2)

1 (range 1–2)

1 (range 0.17–3)

n/a

AUC(0-d112) (day* ng/mL)

29665 ± 13858

46115 ± 18932

70171 ± 26412

87198 ± 11835

AUC(0→∞) (day*ng/mL)

29922 ± 13808

46416 ± 18929

70531 ± 26529

87779 ± 12004

t1/2 (day)

13 ± 1

12 ± 3

14 ± 1

15 ± 2

MRT (day)

19 ± 2

15 ± 4

17 ± 3

20 ± 3

Cl (L/kg/day)

n/a

n/a

n/a

0.14 ± 0.02

Vz (L/kg)

n/a

n/a

n/a

3.1 ± 0.5

a

Median, other values are mean ± standard deviation.
n/a - not applicable.
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The effect of food on the pharmacokinetics
of oral fluralaner in dogs
Feli M Walther*, Mark J Allan, Rainer KA Roepke and Martin C Nuernberger
Abstract
Background: Fluralaner is a novel systemic ectoparasiticide for dogs providing long-acting flea- and tick-control
after a single oral dose. The pharmacokinetics of orally administered drugs may be influenced by feeding. This study
investigated the influence of concurrent feeding on fluralaner pharmacokinetics.
Methods: Twelve fasted or fed beagles received a single oral administration of 25 mg fluralaner/kg body weight in
a chewable tablet. Plasma samples were collected at multiple post-treatment time points for fluralaner concentration
analysis. Clinical observations were performed on all dogs at regular intervals throughout the study.
Results: Fluralaner was readily absorbed in fasted and fed dogs administered at a dose of 25 mg/kg BW with a similar
mean tmax for both groups. In fed dogs, AUC and Cmax were increased compared to fasted dogs by a factor of 2.5 and
2.1 respectively. The difference in AUC and Cmax between the fed and fasted groups was statistically significant. No
adverse events were observed following oral fluralaner administration to fasted and fed dogs.
Conclusions: Fluralaner is absorbed to a considerable extent in fasted and fed dogs. Administration of fluralaner
chewable tablets with food significantly increases bioavailability.
Keywords: Fluralaner, Dog, Pharmacokinetics, Food effect, Fasted

Background
Fluralaner is a novel systemically administered insecticidal
and acaricidal compound that provides long-acting efficacy after oral administration to dogs. Fluralaner belongs
to a new class of compounds, the isoxazolines. A field
study has shown that a single fluralaner dose administered
orally to dogs provides at least twelve weeks of flea- and
tick-control [1]. The long duration of activity offers a more
convenient treatment over monthly flea and tick control
treatments with a potential compliance advantage, reducing the risk of vector-transmitted diseases.
Feeding affects gastrointestinal physiology and therefore
may influence the pharmacokinetics of a concurrently administered drug through reduced, delayed, increased, or
accelerated absorption; in addition, there are drugs with
no food interaction [2-4]. Altered pharmacokinetics may
have an impact on the clinical activity of fluralaner [3,4].
For example, an increase in absorption in a fed animal
may lead to a prolonged period of efficacy. Administration
of fluralaner tablets at or around the time of feeding may
* Correspondence: feli.walther@msd.de
MSD Animal Health Innovation GmbH, Zur Propstei, 55270 Schwabenheim,
Germany

be an option chosen by some dog owners to facilitate administration of the chewable tablet. A drug-food effect cannot be predicted on a scientific basis and specific studies
are required to investigate possible effects [2-4]; therefore,
this study was performed to evaluate the impact of food on
the pharmacokinetic profile of fluralaner chewable tablets.

Methods
This study was conducted in compliance with the German
animal protection legislation framework and ethical
approval was obtained before the start of the study
(authorization reference 23 177-07 /G 08-4-003). Dogs
were kept indoors in pens with sealed floors and individually housed until 3 days after tablet administration.
They had access to water ad libitum throughout the study
period and were fed a standard dog diet (Bosch Tiernahrung
GmbH&Co. KG; dry kibble food; composition: protein 21%,
fat 6%, crude fiber 7%, crude ash 6%, moisture 10%). 12
healthy beagles were allocated to either a fed or fasted study
group by sorting dogs within gender according to ascending body weight and alternately assigning dogs to a group
(Table 1).

© 2014 Walther et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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Table 1 Fasted and fed dog groups for evaluation of
fluralaner pharmacokinetic parameters
Fasted group

Fed group

4

3

Gender

Male

2

3

Body weight (kg)

Mean

14.0

13.5

Range

12.2 – 16.6

12.0 – 15.6

Female

All dogs were dosed once orally with 25 mg fluralaner/kg
body weight on day 0 using chewable tablets containing
fluralaner. Chewable tablets were cut to achieve the individual target dose. Tablets were placed on the back of the
tongue and swallowing was stimulated with a small amount
of tap water.
Both groups were fasted for 25 hours prior to fluralaner administration. Dogs in the fed group were offered
half the normal daily food ration 15 minutes prior to
fluralaner administration and the remaining half of the
daily food ration was offered to these dogs immediately
after administration. Dogs in the fasted group received
orally administered fluralaner chewable tablets without
feeding and remained unfed for a further 8 hours. Dogs
were observed at regular intervals for any clinical findings throughout the study. The veterinary study supervisor assessed any clinical findings for their relationship
to fluralaner treatment. All treatment-related findings
were classified as adverse events.
Blood samples for fluralaner plasma concentration determination were collected prior to tablet administration and
at 2, 4, and 8 hours, and then 1, 2, 3, 4, 7, 14, 21, 28, 42, 56,
70, 84, and 91 days after tablet administration. The blood
sampling time points were selected based on previous pharmacokinetic data (unpublished observations), to cover initial
rapid absorption, redistribution and prolonged elimination
over 13 weeks following oral treatment. Fluralaner blood
plasma concentrations were determined using automated
solid-phase extraction coupled to liquid chromatography
with mass-spectrometry (Online-SPE – HPLC/MS/MS;
lower limit of quantification 5 ng/ml). The bioanalytical
method was validated based on regulatory guidelines [5,6].
Fluralaner pharmacokinetics evaluation was based on
the plasma concentration of the parent compound for the
area under the curve from time 0 to the last sampling time
point associated with a quantifiable concentration (91 days
after administration, AUC0-91d), maximum plasma concentration (Cmax) and time to Cmax (tmax). Pharmacokinetic parameters were calculated using noncompartmental
methods (WinNonlin 5.2.1, Pharsight, Mountain View,
California). The AUC0-91d was calculated using the linear
trapezoidal method.
The effect of food on fluralaner pharmacokinetics was
calculated by comparison of the means of AUC0-91d and
Cmax of both groups according to the following ratios:

AUC0-91d(fed)/AUC0-91d(fasted) or Cmax(fed)/Cmax(fasted). Statistics (SAS® Language: Reference, Version 9.3, SAS Institute Inc., Cary, NC, USA) were calculated using the
individual dog as the experimental unit.

Results and discussion
Orally administered fluralaner was readily absorbed (mean
Tmax of 1 day) in both fasted and fed dogs and was quantifiable in both groups throughout the entire study period
(Figure 1). The calculated AUC0-91d ratio between the two
groups was 2.5 and the Cmax ratio was 2.1; AUC0-91d and
Cmax were significantly higher in the fed group (Table 2).
In contrast, tmax was not significantly different between
both study groups (Table 2). Many drugs that show food
interactions as increased absorption also exhibit delayed
absorption [2]. In the present study, the similarity between
fed and fasted groups in the time to reach maximum
plasma concentrations indicates that fluralaner absorption,
and thereby onset of the parasiticide effect, is not delayed
through feeding.
Food can also effect drug distribution, metabolism and
elimination [3,4]. However, the similar pattern of plasma
concentration in both groups of the present study
(Figure 1) indicates that the feeding status of the dog
has no effect on subsequent distribution, metabolism or
excretion of fluralaner.
The extent of a drug-food interaction can be affected by
the drug formulation [2,3]. However, the tablet formulation
used in the present study is equivalent to the formulation
developed for the final commercial product BravectoTM;
therefore, the results of the present study are considered to
represent the drug-food interaction for BravectoTM.
For some drugs, bioavailability is increased with an increase in dietary fat content, whereas dietary fiber may reduce drug availability [3]. For this study, a commercially
available low-fat diet with high fiber content was used with
the expectation that this would potentially minimize the effect of the diet on fluralaner availability. However, the food
effect on fluralaner may be similar for other types of diets.
The timing of feeding relative to oral treatment may impact drug-food interactions [3]. In the present study, all
fed group dogs completely consumed the initial portion of
daily food ration prior to fluralaner administration and
rapidly consumed the remaining daily ration offered after
administration. Therefore, the recommended administration for BravectoTM chewable tablets is at or around the
time of feeding.
Co-administration of a drug with food might reduce
or increase inter-individual variability in drug plasma
concentrations [3]. In the present study, both, the AUC
and Cmax, showed lower standard deviations in the fed
group, indicating less pronounced individual variability
and providing an additional reason to recommend coadministration with food.
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Figure 1 Mean fluralaner plasma concentration (± standard deviation) following oral administration (25 mg/kg) to fasted or fed dogs.

This study did not evaluate the impact on fluralaner
pharmacokinetics of feeding quantities smaller than the
full daily ration at the time of treatment; however, it is
possible that co-administration with smaller quantities
of food will also increase fluralaner bioavailability.
In the present study, no clinical findings were observed in dogs in either group post treatment indicating
an adverse event; therefore, the increase in fluralaner
bioavailability is not thought to be associated with an increased risk of toxicity, as has been suggested for other
compounds [4]. In support of this, fluralaner safety
following high dose oral administration was thoroughly investigated, confirming a high safety margin
for fluralaner [7].

Conclusions
Fluralaner is a novel potent insecticide and acaricide
with a longer duration of action in dogs than currently

available commercial products applied orally or topically
[1]. Fluralaner is formulated as an oral chewable tablet
and some dog owners may choose to facilitate administration by dosing at or around the time of feeding. The
results of this study show that fluralaner is rapidly
absorbed in both fasted and fed dogs and is detectable in
plasma for more than 12 weeks in both groups. Oral administration of fluralaner to dogs together with their full
ration of food resulted in total drug exposure over the
subsequent 91 days that was 2.5 times greater than in
dogs treated while fasting. Similarly, the maximum
plasma concentration was 2.1 times higher in fully fed
dogs compared with fasted dogs.
Administration at the time of feeding more than doubles fluralaner bioavailability and this difference is statistically significant. For these reasons, administration of
fluralaner chewable tablets at or around the time of
feeding is recommended.

Table 2 Fluralaner pharmacokinetic parameters following oral administration (25 mg/kg) to fasted or fed dogs
Parameter

Unit

Cmax

(ng/mL)

tmax

(day)

AUC0-91d

(day*ng/mL)

Fasted group

Fed group

Mean ± SD

Mean ± SD

(range)

(range)

1591 ± 708

3377 ± 669

(1037–2683)

(2325 – 4326)

1.3 ± 1.2

1.4 ± 1.3

(0.17 – 3.00)

(0.33 – 4.00)

31369 ± 20654

78785 ± 11440

(14316 – 63557)

(60862 – 91854)

P value

Ratio (fed/fasted)

0.0015

2.1

0.8096

-

0.0022

2.5

SD: Standard deviation.
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Flavored chews for dogs.
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Caution:
Federal (USA) law restricts this drug to use by or on the order of a licensed veterinarian.
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Description:
Each chew is formulated to provide a minimum dose of 11.4 mg/lb (25 mg/kg) body weight.
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Polydip

The chemical name of fluralaner is (±)-4-[5-(3,5-dichlorophenyl)-5-(trifluoromethyl)-4,5-dihydroisoxazol-3-yl]-2methyl-N-[2-oxo-2-(2,2,2-trifluoroethylamino) ethyl]benzamide.
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Bravecto is also indicated for the treatment and control of Amblyomma americanum (lone star tick) infestations for
8 weeks in dogs and puppies 6 months of age and older, and weighing 4.4 pounds or greater.
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Dosage and Administration:
Bravecto should be administered orally as a single dose every 12 weeks according to the Dosage Schedule below to provide
a minimum dose of 11.4 mg/lb (25 mg/kg) body weight.
Bravecto may be administered every 8 weeks in case of potential exposure to Amblyomma americanum ticks (see
Effectiveness).
Bravecto should be administered with food.
Dosage Schedule

R1

Body Weight Ranges (lb)

Fluralaner Content (mg)

Chews Administered

4.4 – 9.9

112.5

One

>9.9 – 22.0

250

One

>22.0 – 44.0

500

One

>44.0 – 88.0

1000

One

>88.0 – 123.0*

1400

One

*Dogs over 123.0 lb should be administered the appropriate combination of chews
Treatment with Bravecto may begin at any time of the year and can continue year round without interruption.
Contraindications:
There are no known contraindications for the use of the product.
Warnings:
Not for human use. Keep this and all drugs out of the reach of children. Keep the product in the original packaging until
use, in order to prevent children from getting direct access to the product. Do not eat, drink or smoke while handling the
product. Wash hands thoroughly with soap and water immediately after use of the product.
Precautions:
Bravecto has not been shown to be effective for 12-weeks duration in puppies less than 6 months of age. Bravecto is not
effective against Amblyomma americanum ticks beyond 8 weeks after dosing (see Effectiveness).
Adverse Reactions:
In a well-controlled U.S. field study, which included 294 dogs (224 dogs were administered Bravecto every 12 weeks and
70 dogs were administered an oral active control every 4 weeks and were provided with a tick collar); there were no serious
adverse reactions. All potential adverse reactions were recorded in dogs treated with Bravecto over a 182-day period and
in dogs treated with the active control over an 84-day period. The most frequently reported adverse reaction in dogs in the
Bravecto and active control groups was vomiting.
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Flatule

Indications:
Bravecto kills adult fleas and is indicated for the treatment and prevention of flea infestations (Ctenocephalides felis), and
the treatment and control of tick infestations [Ixodes scapularis (black-legged tick), Dermacentor variabilis (American dog
tick), and Rhipicephalus sanguineus (brown dog tick)] for 12 weeks in dogs and puppies 6 months of age and older, and
weighing 4.4 pounds or greater.

Clinical Pharmacolog
Peak fluralaner concen
half-life ranges betwe
effectiveness) through
with food.

Mode of Action:
Fluralaner is for syste
inhibitor of the arthro
channels (gamma-am

Effectiveness:
Bravecto began to kil
laboratory study, Brav
on dogs by > 98% w
effectiveness against
demonstrated ≥ 93%
48 hours post-infesta
72 hours post-infesta

In a well-controlled U
flea allergy dermatitis
of eliminating flea inf

Palatability: In a well
voluntarily consumed
when offered with foo

Animal Safety:
Margin of Safety Stud
and 5X the maximum

There were no clinica
clinical pathology (he
organ weights. Diarrh
incidence in the treat
did so within 6 hours
evidence of bloody di
treatment group vomi

EXTRAORDINARY SCIENCE EXTRAORDINARY MEDICINE

15577_Bravecto_ScienceBook_TextPages_Jan19.indd 112

1/19/17 12:15 PM

Percentage of Dogs with Adverse Reactions in the Field Study

dihydroisoxazol-3-yl]-2-

nocephalides felis), and
ariabilis (American dog
s of age and older, and

r tick) infestations for

edule below to provide

americanum ticks (see

Administered
One

Adverse Reaction (AR)

Bravecto Group: Percentage of
Dogs with the AR During the
182-Day Study (n=224 dogs)

Active Control Group: Percentage
of Dogs with the AR During the
84-Day Study (n=70 dogs)

Vomiting

7.1

14.3

Decreased Appetite

6.7

0.0

Diarrhea

4.9

2.9

Lethargy

5.4

7.1

Polydipsia

1.8

4.3

Flatulence

1.3

0.0

In a well-controlled laboratory dose confirmation study, one dog developed edema and hyperemia of the upper lips within
one hour of receiving Bravecto. The edema improved progressively through the day and had resolved without medical
intervention by the next morning.
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Storage Information
Do not store above 86

For technical assistance or to report a suspected adverse drug reaction, contact Merck Animal Health at 1-800-224-5318.
Additional information can be found at www.bravecto.com. For additional information about adverse drug experience
reporting for animal drugs, contact FDA at 1-888-FDA-VETS or online at http://www.fda.gov/AnimalVeterinary/
SafetyHealth.

How Supplied:
Bravecto is available i
individually into alum
1, 2, or 4 chews per pa

Clinical Pharmacology:
Peak fluralaner concentrations are achieved between 2 hours and 3 days following oral administration, and the elimination
half-life ranges between 9.3 to 16.2 days. Quantifiable drug concentrations can be measured (lower than necessary for
effectiveness) through 112 days. Due to reduced drug bioavailability in the fasted state, fluralaner should be administered
with food.

NADA 141-426, Appro

Mode of Action:
Fluralaner is for systemic use and belongs to the class of isoxazoline-substituted benzamide derivatives. Fluralaner is an
inhibitor of the arthropod nervous system. The mode of action of fluralaner is the antagonism of the ligand-gated chloride
channels (gamma-aminobutyric acid (GABA)-receptor and glutamate-receptor).

Distributed by:
Intervet Inc (d/b/a Me
Madison, NJ 07940
Made in Austria

Copyright © 2014 Inte
All rights reserved

Effectiveness:
Bravecto began to kill fleas within two hours after administration in a well-controlled laboratory study. In a European
laboratory study, Bravecto killed fleas and Ixodes ricinus ticks and reduced the numbers of live fleas and Ixodes ricinus ticks
on dogs by > 98% within 12 hours for 12 weeks. In a well-controlled laboratory study, Bravecto demonstrated 100%
effectiveness against adult fleas 48 hours post-infestation for 12 weeks. In well-controlled laboratory studies, Bravecto
demonstrated ≥ 93% effectiveness against Dermacentor variabilis, Ixodes scapularis and Rhipicephalus sanguineus ticks
48 hours post-infestation for 12 weeks. Bravecto demonstrated ≥90% effectiveness against Amblyomma americanum
72 hours post-infestation for 8 weeks, but failed to demonstrate ≥90% effectiveness beyond 8 weeks.
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In a well-controlled U.S. field study, a single dose of Bravecto reduced fleas by ≥ 99.7% for 12 weeks. Dogs with signs of
flea allergy dermatitis showed improvement in erythema, alopecia, papules, scales, crusts, and excoriation as a direct result
of eliminating flea infestations.
Palatability: In a well-controlled U.S. field study, which included 559 doses administered to 224 dogs, 80.7% of dogs
voluntarily consumed Bravecto within 5 minutes, an additional 12.5% voluntarily consumed Bravecto within 5 minutes
when offered with food, and 6.8% refused the dose or required forced administration.
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Animal Safety:
Margin of Safety Study: In a margin of safety study, Bravecto was administered orally to 8- to 9-week-old puppies at 1, 3,
and 5X the maximum label dose of 56 mg/kg at three, 8-week intervals. The dogs in the control group (0X) were untreated.
There were no clinically-relevant, treatment-related effects on physical examinations, body weights, food consumption,
clinical pathology (hematology, clinical chemistries, coagulation tests, and urinalysis), gross pathology, histopathology, or
organ weights. Diarrhea, mucoid and bloody feces were the most common observations in this study, occurring at a similar
incidence in the treated and control groups. Five of the twelve treated dogs that experienced one or more of these signs
did so within 6 hours of the first dosing. One dog in the 3X treatment group was observed to be dull, inappetant, with
evidence of bloody diarrhea, vomiting, and weight loss beginning five days after the first treatment. One dog in the 1X
treatment group vomited food 4 hours following the first treatment.
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Reproductive Safety Study: Bravecto was administered orally to intact, reproductively- sound male and female Beagles at
a dose of up to 168 mg/kg (equivalent to 3X the maximum label dose) on three to four occasions at 8-week intervals. The
dogs in the control group (0X) were untreated.
There were no clinically-relevant, treatment-related effects on the body weights, food consumption, reproductive
performance, semen analysis, litter data, gross necropsy (adult dogs) or histopathology findings (adult dogs and puppies).
One adult treated dog suffered a seizure during the course of the study (46 days after the second treatment). Abnormal
salivation was observed on 17 occasions: in six treated dogs (11 occasions) after dosing and four control dogs (6 occasions).
The following abnormalities were noted in 7 pups from 2 of the 10 dams in only the treated group during gross necropsy
examination: limb deformity (4 pups), enlarged heart (2 pups), enlarged spleen (3 pups), and cleft palate (2 pups). During
veterinary examination at Week 7, two pups from the control group had inguinal testicles, and two and four pups from the
treated group had inguinal and cryptorchid testicles, respectively. No undescended testicles were observed at the time of
necropsy (days 50 to 71).
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In a well-controlled field study Bravecto was used concurrently with other medications, such as vaccines, anthelmintics,
antibiotics, and steroids. No adverse reactions were observed from the concurrent use of Bravecto with other medications.
Storage Information:
Do not store above 86°F (30°C).
How Supplied:
Bravecto is available in five strengths (112.5, 250, 500, 1000, and 1400 mg fluralaner per chew). Each chew is packaged
individually into aluminum foil blister packs sealed with a peelable paper backed foil lid stock. Product may be packaged in
1, 2, or 4 chews per package.
NADA 141-426, Approved by FDA
Distributed by:
Intervet Inc (d/b/a Merck Animal Health)
Madison, NJ 07940
Made in Austria
Copyright © 2014 Intervet Inc, a subsidiary of Merck & Company Inc.
All rights reserved
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ABOUT MSD ANIMAL HEALTH
OUR VISION
MSD Animal Health is a global, research-driven company that develops, manufactures
and markets a broad range of veterinary vaccines, medicines and services. MSD Animal
Health offers one of the industry’s most innovative portfolios, spanning products for
prevention, treatment and control of disease in all major farm and companion animal
species, and is home to some of the industry’s most trusted brands.

* With respect to product sold in the EU, please note that Bravecto Chew is effective against Rhipicephalus sanguineus
(brown dog tick) for 8 weeks after dosing. The most common adverse reactions were mild and short-lived vomiting,
decreased appetite, diarrhea and drooling.
** With respect to product sold in the United States, please note that Bravecto has a label claim for dogs 6 months
of age or older.
Bravecto kills fleas, prevents flea infestations, and kills ticks (black-legged tick, American dog tick, and brown dog
tick) for 12 weeks. Bravecto also kills lone star ticks for 8 weeks.
IMPORTANT SAFETY INFORMATION: The most common adverse reactions recorded in clinical trials were vomiting,
decreased appetite, diarrhea, lethargy, polydipsia, and flatulence. Bravecto has not been shown to be effective for
12-weeks’ duration in puppies less than 6 months of age. Bravecto is not effective against lone star ticks beyond 8
weeks after dosing.
*** In most markets Bravecto is a prescription-only product
© 2016 Intervet International B.V., also known as MSD Animal Health. All rights reserved.
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