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Abstract This study was conducted to evaluate the efficacy
of a new topical ectoparasiticidal spot-on containing 4.95 %
dinotefuran (w/w), 36.08 % permethrin (w/w) and 0.44 %
pyriproxyfen (w/w) (Vectra 3D™, Ceva, Libourne, France)
against Portuguese strain of Phlebotomus perniciosus and a
French strain of Ctenocephalides canis in dogs. Twelve bea-
gle dogs were exposed for 1 h to 100 P. perniciosus on day 6
for allocation in two groups. One group was treated on day 0,
and the other group was the control group. The dogs were
exposed for 1 h to 100 P. perniciosus on days 1,7, 14,21 and
28. After each sandfly challenge, the same dogs were infested
with 100 C. canis. Counts of living fleas were determined
48 h after infestation on days 4, 3, 9, 16, 23 and 30. For
sandflies, the anti-feeding effect was 96.9,99.7,98.7, 83.5 and
87.0% ondays 1,7, 14,21 and 28, respectively. The mortality
effect was 97.8, 99.8, 73.7, 27.5 and 39.6 % on days 1, 7, 14,
21 and 28, respectively. At each challenge point, the mortality
and anti-feeding effects on sandflies were significantly differ-
ent between the control and treatment groups (p <0.05). The
adulticidal effect on C. canis remained above 99 % through-
out the study period. The results indicate that a combination
with dinotefuran, permethrin and pyriproxyfen may be used as
an effective part of an overall flea and sandfly control strategy
in dogs for monthly use.
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Introduction

The phlebotomine sandfly Phlebotomus perniciosus is one of
the main vectors of Leishmania infantum, the agent of human
and canine leishmaniasis in the Mediterranean Basin and the
south of France. Prevention of leishmaniasis in dogs can be
achieved using an integrative approach. It could include an
effective canine vaccine against L. infantum (Dantas-Torres
2006; Moreno et al. 2012) associated with a topical registered
veterinary product (including synthetic pyrethroids, permethrin
or deltamethrin) with a highly repellent effect against sandflies
(Mir6 et al. 2008; Solano-Gallego et al. 2009, 2011; Maroli
et al. 2010; Gramiccia 2011; Beugnet and Franc 2012).
Preventing sandfly bites protects dogs from leishmaniasis and
reduces the risk of human infection (Killick-Kendrick 1999;
Quinnel and Courtenay 2009; Mazloumi Gavgani et al. 2002).
Several products have demonstrated their sandfly anti-feeding
effect: a deltamethrin-impregnated collar (Killick-Kendrick
et al. 1997; Franc and Bouhsira 2009a; Reithinger et al. 2004
and Reithinger et al. 2001), a permethrin—imidacloprid spot-on
(Mencke et al. 2003; Otranto et al. 2007; Mir6 et al. 2007) and a
permethrin—pyriproxyfen spray (Molina et al. 2006). A formu-
lation combining dinotefuran, permethrin and pyriproxyfen
(Vectra 3D™) was registered in the USA in 2007 and is
indicated for the prevention and the treatment of fleas, ticks
and mosquitoes in dogs (Franc et al. 2012). This study was
conducted to assess the efficacy of the spot-on formulation on
another target: P. perniciosus . The activity on a European strain
of Ctenocephalides canis was simultaneously tested. C. canis
has a worldwide distribution. Its prevalence in dogs carrying
fleas was higher than the prevalence of Ctenocephalides felis in
some countries in Europe, such as Albania or Greece (Xhaxhiu
et al. 2009; Dobler and Pfeffer 2011). Besides its direct
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pathogenic role, this flea has been proven to be a vector of
various pathogens such as Rickettsia felis , Dipylidium caninum
and Acanthocheilonema reconditum (Pantchev et al. 2011;
Traversa 2013). To the authors’ knowledge, only a few studies
have been addressed to test the efficacy of various insecticides
against this flea species (McTier et al. 2000; Cadiergues et al.
2001; Franc and Bouhsira 2009b; Bouhsira et al. 2011). Eval-
uation of insecticide susceptibilities between two close Aedes
species, Aedes aegypti and Aedes albopictus, showed a higher
tolerance of 4. albopictus than A. aegypti to six larvicides
tested (Gomez et al. 2011). By extension, the direct result
implementation of the insecticide tests performed for C. felis
to C. canis is not a tolerable position and requires strict
assessment, especially for registration purposes.

Materials and methods

The study was conducted in the Ecole Nationale Vétérinaire
de Toulouse (ENVT) and was a single-centre, randomized,
blinded, controlled efficacy study on two groups of six dogs
each. Dogs were handled in accordance with the Animal
Welfare and Good Clinical Practice, and the study protocol
was approved by the ethics Committee of Midi-Pyrenees. All
personnel involved with the collection of efficacy data were
blinded to the treatment.

Animals

Twelve beagle dogs (seven females and five males with an age
range of 5 to 10 years and weighing between 9 and 13.11 kg)
were enrolled in the study. They had not been exposed to
ectoparasiticides for 3 months prior to treatment and remained
in good health throughout the study. They were housed in
individual indoor cages in a controlled environment and had a
4-h daily access to a 2x4 m concrete run without contact with
another dog. Each dog was identified with the number of a
subcutaneously implanted microchip. They were fed a com-
mercial dry dog food, ration calculated so as to maintain the
animal in a healthy physical state. Water was available ad
libitum through automatic lickers. Dogs were maintained
and handled with due regard for their welfare and were accli-
matized to the caged environment for 13 days prior to treat-
ment. They were observed daily for their general health con-
ditions throughout the trial. No concurrent medication was
needed to be given during the study.

Six days prior to treatment, each dog was challenged with
100 unfed adult female P. perniciosus. The number of
engorged female sandflies was used for ranking and group
allocation. Dogs were ranked in descending order of their
individual pre-treatment sandfly engorgement status. They
were then introduced into blocks of two animals; each, and
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within each block, dogs were randomly allocated in two
groups: treatment or control group.

Treatment

The six dogs from the control group remained untreated and
the six dogs from the treatment group received on day 0 a
dinotefuran, permethrin and pyriproxyfen combination spot-
on of 1.6 ml (for dogs weighing between 4.1 and 10.0 kg) or
3.6 ml (for dogs weighing between 10.1 and 25.0 kg). For all
treated animals, the formulation was applied accordingly to
manufacturer’s instructions by parting the hair and applying it
directly to the skin: for dogs weighing less than 10.0 kg, the
1.6-ml pipette was used from which one half of the dose was
applied between the shoulder blades and the other at the base
of the tail. For dogs weighing more than 10.1 kg, a 3.6-ml
pipette was applied to three areas: between the shoulder
blades, in the middle of the dorsal midline and at the base of
the tail. Treatment dosages ranged from 68.27-129.65 mg/kg
for permethrin, 9.36-17.78 mg/kg for dinotefuran and 0.83—
1.58 mg/kg for pyriproxyfen.

Flea and sandfly maintenance and supply

The P. perniciosus exposure was induced using laboratory
reared adult females only. The sandfly strain was obtained
from Lisboa, Portugal and was maintained at ENVT under
laboratory conditions since 2003.

The C. canis infestation was induced using laboratory
reared adult fleas (males and females). This strain was obtained
from a wild strain (Montesquieu-Volvestre, Ariége, France) and
maintained at ENVT under laboratory conditions since 2008.

Experimental design

The 12 dogs were infested with 100 (£2) P. perniciosus for a
total of six times. The day before exposure, sandflies were
aspirated from their breeding cage with a vacuum pump and
then placed in challenge nets (100+2 female sandflies per net)
with cotton soaked with water and sugar. The challenge as-
sessment cages (60x40x50 cm) were constructed from fine
mesh netting mounted on a wooden frame and placed in
environmentally controlled rooms. Sandflies were fasted 2 h
before exposure to dogs by removing the cottons from cages.
Before exposure, dogs were sedated by intramuscular injec-
tion of medetomidine (Dexdomitor®, Pfizer Santé animale,
Paris, France), ketamine (Clorketam®, Laboratoire Vetoquinol
S.A., Lure, France) and diazepam (Valium®, Roche injectable,
Neuilly % Seine, France) at a dose rate of 4 pg/kg, 9 mg/kg and
0.5 mg/kg, respectively and then placed in individual infesta-
tion proof nets containing sandflies. The dosage of the anaes-
thetic was approximately calculated to immobilize dogs for
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1 h. The exposition duration was 60+5 min. During infesta-
tions, treated and control dogs were placed into separated
infestation rooms where temperature and relative humidity
were maintained between 25 and 26 °C and between 58 and
72 %, respectively. Cages and nets were thoroughly cleaned
after each sandfly challenge.

After sandfly exposure, dogs were carefully taken out of
the net and examined for any dead sandflies (which were
counted). Dogs were then replaced in their cage. All living
sandflies were aspirated from each challenge net using a
vacuum pump, counted and recorded as engorged or
unengorged. All dead sandflies were collected, counted and
recorded as dead non-engorged or dead engorged. On days 6,
1,7, 14,21 and 28, living sandflies recovered from individual
animals at the end of the exposure were placed in separate nets
and kept in the infestation rooms at room temperature for
1 day. Each individual net was labelled with an animal number
and study code. At 1 day post-exposure, dead sandflies of
each net were counted and removed. Then, all remaining
sandflies were discarded.

Once dogs had regained full consciousness after anaesthe-
sia (i.e. 3 h=30 min after the end of exposure to sandflies),
they were infested with 100+2 C. canis. Forty-eight hours

Anti—feeding effect = 100 x

after infestation, fleas were counted by carefully combing the
entire coat of each dog. Each dog was simultaneously combed
by two technicians for at least 10 min, using a fine-toothed
comb. If no flea was collected during the last minute, the
combing was stopped. If not, the dog was combed until no
flea was collected during a period of 1 min. Collected fleas
were counted, recorded and discarded.

Dogs were infested on days 6, 1, 7, 14, 21 and 28 and
combed on days 4, 3, 9, 16, 23 and 30.

Data analysis
Sandfly anti-feeding effect For each time point after exposure,
the anti-feeding rate was evaluated for each group as described

below and compared to the control group:

Total number of unengorged sand flies

Anti—feeding rate =
f & Total number of recovered sand flies

Then, the anti-feeding effect (expressed in percentage) was
determined:

Anti—feeding rate in treated dogs—anti—feeding rate in untreated dogs

l—anti—feeding rate in untreated dogs

Sandfly mortality effect For each time point after exposure,
the mortality rate was evaluated for each group as described
below and compared to the control group:

Total number of dead sand flies

Mortality rate =
v Total number of recovered sand flies

Then, the mortality effect (expressed in percentage) was
determined:

mortality rate in treated dogs — mortality rate in untreated dogs

Mortality effect = 100

1 — mortality rate in untreated dogs

Anti-flea efficacy The data collected were the number of fleas
found alive on the dogs after combing. Effect was assessed on

Efficacy = 100 x

a group basis (the total number of fleas in each group of six
dogs). Efficacy of the treatment was calculated as follows:

Meancount in control dogs—Meancount in treated dogs

Mean count in control dogs
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The mean count is calculated using the arithmetic mean
respecting the EMEA recommendation. The treated group
was compared to the control group. Efficacy evaluations are
in accordance with those published in July 12, 2012 in the
EMEA/CVMP/EWP/82829/2009-Rev. 2 document of the Eu-
ropean Medicines Agency (2012).

Statistical analysis

The non-parametric test of Kruskall Wallis was used to test
both sandfly and flea data. Differences were considered sig-
nificant at a p value lower than 0.05. Analyses were
performed with Systat 9 software.

Results

No adverse events related to treatment were observed.

Sandflies and anti-feeding effect

The percentages of engorged females before treatment were
73.40 and 74.28 % for both the treated and the control groups,
respectively. Dogs from both groups included in the study
demonstrated an equal and high pre-treatment parasite holding
ability (i.e. above 50 % of engorged females per dog, Fig. 1).
All control dogs maintained an adequate number of engorged
females throughout the study. After the treatment, only a few
engorged females were found in the treated group during the
first 2 weeks. For the six treated dogs, a total of 13, one and
five engorged females were observed on days 1, 7 and 14,
respectively. In the same conditions, the total number of
engorged females was 428, 381 and 429 for the control dogs.

Fig.1 Mean number of engorged 100 4
Phlebotomus perniciosus females
after 1 h exposure to control and
treated dogs. Dogs were treated
on day 0 with a dinotefuran,
permethrin and pyriproxyfen
combination spot-on and then
weekly challenged with 100 P.
perniciosus females
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The treatment had an anti-feeding effect between 96.89 and
99.70 % during the first 2 weeks and between 83.54 and
86.96 % until the end of the trial.

At each challenge point post-treatment (day 1, day 7, day
14, day 21 and day 28), the difference of engorgement status
of P. perniciosus females between treated and controlled
group was significant (p <0.05).

Sandflies and mortality effect

Table 1 reports the mortality effect (or insecticidal effect) of
the treatment 1 and 24 h after exposure to dogs. The mortality
rate observed 24 h after exposure is close to the one obtained
after 1 h exposure: the mortality effect of the formulation has
not increased within the 24 h post-exposure and was already
quite efficient after 1 h exposure. At each challenge point,
there was a significant statistical difference (p <0.05) in the
number of dead P. perniciosus after 1 and 24 h of exposure
between the treatment and control group.

Anti-flea efficacy

Mean counts (SD) of fleas combed 48 h after each infestation
are represented in Fig. 2. On days 3, 9, 16 and 23, no fleas were
collected in the treated group: the spot-on provided 100 %
adulticidal efficacy. The mean counts obtained in the control
group remained between 74.33 and 79.33 for the same period.
On day 30, no fleas were observed on four of the six treated
dogs and only one flea per dog was combed on the other two
dogs: the spot-on provided an efficacy of 99.6 %. Before
treatment, no significant statistical difference was observed
in the number of combed between groups (p>0.5). Then at
each challenge point, the difference was significant (p <0.05).

Control group
—®*—Vectra 3D treated group

D-7
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Table 1 Mortality and anti-feeding effect of a dinotefuran, permethrin
and pyriproxyfen combination against P. perniciosus

Dayl Day7 Dayl4 Day2l Day 28

Mortality effect 1h 976% 99.8% 729% 241% 38.0%
24h 978 % 99.8% 73.7% 27.5% 39.6 %

Anti-feeding effect 1 h 969 % 99.7 % 98.7% 83.5% 87.0%

The spot-on was applied to dogs on day 0, and animals were weekly
exposed to 100 P. perniciosus females

Discussion

The combination of several products (acaricides, insecticides
and insect growth regulators) is available and safe for the
integrated control of ectoparasites on domestic dogs (Horak
et al. 2012). The development of insecticide resistance is a
continuing threat. Simultaneous use of several insecticides
exhibiting several mechanisms of action with different molec-
ular targets could be a way to decrease the emerging risk of
genetic resistance among pests of domestic animals. In the
present study, the efficacy of a spot-on combining dinotefuran,
permethrin and pyriproxyfen was experimentally assessed on
P. perniciosus and C. canis. Moreover, dinotefuran has been
suggested to be used in areas of resistant mosquitoes against
common insecticides (Corbel et al. 2004).

Pyriproxyfen has not a repellent or adulticidal activity. We
assume that the repellent and insecticidal effects on adults ob-
served here were due to the combination of permethrin and
dinotefuran.

The repellent effect provided by the association of pyre-
throids and neonicotinoids in the current trial could ensure a
rapid and high efficient protection of dogs against P.

perniciosus bites, which is interesting in the context of a short
stay in an endemic area of canine leishmaniasis. No difference
during the first week post-treatment of the anti-feeding effects
was noticed between our results and the report of Molina et al.
(2012) using a 65 % permethrin spot-on. In this previous
study, the values of anti-feeding effect were 99.13 % (day 1)
and 93.43 % (day 8). These results were close to the values
found here: 96.9 % (day 1) and 99.7 % (day 7). However, the
anti-feeding effect obtained with permethrin alone was not as
persistent as the combination of dinotefuran and permethrin
tested here. The decrease was more dramatically for permeth-
rin alone ranging from 86.8 % at day 15 to 61.03 % at day 29;
meanwhile, the repellency was up to 87 % at day 28 in the
present study. Another test combining 10 % imidacloprid (w/
v)/ and 50 % permethrin (w/v) spot-on presented anti-feeding
effects close to those obtained with the currently tested for-
mulation for the first 3 weeks post-treatment (Mird et al.
2007): 97.7 % (dayl), 96.3 % (day 7), 96.5 % (day 14),
92.7 % (day 22) and 74 % (day 29). Considering all these
results, an added value of dinotefuran was strongly suggested
for the anti-feeding lasting effect against P. perniciosus .

The association of permethrin with dinotefuran exhibited a
similar insecticidal effect (or mortality effect) against P.
perniciosus compared to permethrin alone for the first 2 weeks
(Molina et al. 2012) but was more persistent over time. Indeed,
the 65 % permethrin solution provided mortality effects of
97.6 % (day 1) and 79.7 % (day 8). Interestingly, the new
combination tested here ensured a better and longer insecticidal
effect than permethrin in association with imidacloprid (Mird
et al. 2007): 53.2 % (day 1), 49.4 % (day 7), 15.1 % (day 14),
13.2 % (day 22) and 2.9 % (day 29). The synergy of action can
result to this specific combination as it was demonstrated for

Fig. 2 Mean numbers of 100 1
Ctenocephalides canis on treated T
and control dogs 48 h after each 90
weekly infestation. Dogs were ( L
treated on day 0 with a 8 80 l
dinotefuran, permethrin and ‘g
pyriproxyfen combination spot- = 70 L
on and then weekly infested with 8
100 C. canis. They were combed @ 60
48 h after infestation @
o
%5 50 Control group
5 —®—Vectra 3D treated group
L 40 -
£
=]
c 30
c
3
= 20 -
10 A
0 L i B - n
Day-4 Day 3 Day 9 Day 16 Day 23 Day 30
Study days
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imidacloprid and flumethrin against ticks and C. felis and re-
quired more investigations (Stanneck et al. 2012). The compar-
ison of long- or medium-term repellent and insecticidal efficacy
is often difficult for different topical applications such as collar,
spot-on or spray (Horak et al. 2012). Nevertheless, our results
suggest a high improved insecticidal activity using the combina-
tion of permethrin and pyriproxyfen with the addition of
dinotefuran in comparison to the spray associating permethrin
and pyriproxyfen at day 7 (29.6 %) to day 28 (0.8 %); mean-
while, values of repellent effect were similar throughout the
survey period (Molina et al., 2006). The high mortality effect
with high repellent activity was reported by Franc et al. (2012)
against Aedes aegypti the day following the treatment without
explanation. The lethality or repellency was probably not due to
the volatility of permethrin and dinotefuran. Vapour pressures of
both compounds are very low: 1.7x10°® Pa at 25 °C for
dinotefuran and 7> 10~ Pa at 20 °C for permethrin. New surveys
with specific designs are necessary to elucidate this issue.

No divergence has been observed for the adulticidal efficacy
of the tested formulation between C. canis (100 % efficacy until
day 23 and 99.6 % on day 30) and a French strain of C. felis
previously tested (100 % efficacy until day 16, 99.7 % on day 23
and 96.2 % on day 30, Bouhsira et al. 2012). These results
suggest a similar susceptibility for both Ctenocephalides species
to the tested association. The combination of dinotefuran and
pyriproxyfen has been tested on cats against C. felis (Murphy
et al. 2009). The adulticidal activity of dinotefuran has been
found to be more immediate in the first 2 h after the application
than imidacloprid. Eventually, Dryden et al. (2011) showed that
this combination was efficient in in-home investigations in Flor-
ida (USA) for at least 1 month in the control of flea infestations
and re-infestations.

To conclude, the tested combination of dinotefuran, per-
methrin and pyriproxyfen had an immediate repellent effect
against P. perniciosus and an adulticidal effect on C. canis
that lasted for 4 weeks. This combination can be recommend-
ed for use on dogs living or travelling in leishmaniosis en-
demic areas with an application repeated every 3 to 4 weeks.
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