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Abstract
Background: Two laboratory experiments (Studies 1 and 2) were conducted to confirm the efficacy of an
imidacloprid and permethrin combination (Advantix® Spot-on, Bayer) to repel and kill Phlebotomus (Larroussius)
perniciosus sand flies when applied once a month topically to dogs.
Methods: Both studies compared dogs treated with a combination containing 100 mg/ml imidacloprid + 500 mg/ml
permethrin (Advantix® Spot-on, Bayer) to placebo treated dogs. The treatments were applied topically on Day
-28 (Study 2) and Day 0 (Studies 1 and 2). Sand fly exposures with 80 unfed females were performed before
the first treatment for allocation purposes and post-treatment on study days (SDs) 1, 7, 14, 21 and 28 (following first or
second monthly treatment for Studies 1 and 2, respectively). After 60 min, sand flies were assessed for mortality and
engorgement status.
Results: Repellent evaluation (anti-feeding effect) on all days post-infestation showed efficacies that ranged between
88.1–99.3% during the first month and 92.2–98.9% during the second. Analyses of the comparison of fed sand
fly counts for each treatment group resulted in a highly significant reduction (P < 0.0001) at all post-infestation time
points for those dogs treated with Advantix®. A significant (P < 0.0001 for all time points) insecticidal effect was equally
demonstrated. No treatment related adverse events were observed during the study.
Conclusions: In the present studies Advantix® Spot-on demonstrated to be safe and to provide excellent four-week
sand fly (P. perniciosus) repellency of ≥88.1% and ≥92.2% after a first and second monthly treatment, respectively. A
significant insecticidal effect was also observed.
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Background
A significant number of phlebotomine sand fly species are
present in Europe, and their geographical distribution is
dependent on temperatures with a highest relative probability of the presence of Phlebotomus perniciosus in areas
where daytime summer temperature range between 25 °C
and 33 °C, whereas the lower limit temperature is predicted at 16.5 °C [1]. Changes in distribution have been
observed over the past decades and species have been captured in more northerly countries and at higher altitudes
[2–10]. Phlebotomus (Larroussius) perniciosus (Diptera:
Psychodidae) is known to be currently present in Bulgaria,
Croatia, France, Macedonia, Malta, Portugal, Spain, southern Switzerland and western Germany and has recently
been found for the first time in Andorra [8, 10]; its geographical reach increased in Italy [11, 12], and is predicted
to expand in Spain and Germany due to favourable climate changes [13, 14].
In south-west Europe and north-west Africa, the
bloodsucking females of P. perniciosus are the most
widespread sand fly vectors of Leishmania infantum
(Kinetoplastida: Trypanosomatidae), the parasitic
protozoan that causes most visceral and cutaneous
leishmaniosis in humans and canine reservoir hosts in
the region [15–18]. Female sand flies do not seem to
have a clear host preference but rather opportunistically feed on hosts to which they have the easiest access. It is therefore likely that in urban and periurban settings humans and domestic dogs are the
main targets for sand flies [19]. Other sand fly-borne
infections, i.e. phleboviruses causing diseases in
humans ranging from short self-limiting fevers to encephalitis and fatal haemorrhagic fever, have been reported in Europe for the last decades [20, 21].
Further spread is feared because underlying phenomena persist: movements of vectors and animals, and
environmental changes notably related to global
warming [10, 22, 23].
Prevention of sand fly bites in dogs can be achieved by
using effective topical veterinary products that exert
repellent effects (e.g. permethrin-based) [24–27]. The
additional insecticidal effect of repellent products used
on dogs reduces the risk of human infection with L.
infantum [28–30]. The objective of the present studies
was to confirm the repellent and insecticidal efficacy of
a combination containing 100 mg/ml imidacloprid +
500 mg/ml permethrin (Advantix® Spot-on, Bayer)
against sand flies (P. perniciosus) on dogs following a
first and second monthly treatment.
Methods
Two laboratory studies were conducted at the National
Veterinary School of Toulouse, France. The agent used in
the studies is a common sand fly in the Mediterranean
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Basin and one of the main vectors of canine leishmaniosis.
No alternative to an in vivo evaluation is available.
Animals

Fourteen healthy adult Beagle dogs were used in each
study (Study 1: 10 females, 2 males and 2 spayed males,
weighing 8.31 kg to 12.90 kg at inclusion; Study 2: 11 females, 1 neutered female and 2 spayed males, weighing
8.63 kg to 11.14 kg at inclusion). They had not been exposed to short-acting ectoparasiticides for 3 months before inclusion in this work and had never been treated
with any long-acting ectoparasiticides. The dogs were
housed in accordance with the European animal welfare
regulations in individual indoor boxes (approximately
4 m2 per dog) in a controlled environment with approximately 12 h light and 12 h darkness. Each dog was identified with the number of a subcutaneously implanted
microchip. They were fed with a commercial dry dog
food in an appropriate ration and had water available ad
libitum. Dogs were maintained and handled with due regard for their well-being and were acclimatized to the
environment for two weeks before the first treatment.
They were observed daily for their general health condition throughout the respective study and remained
healthy all along the animal phase.
Sand fly exposures

The sand fly strain used in this study originated from
Lisbon, Portugal, and had been maintained under laboratory conditions for 10 years without being exposed
to any insecticide. The sand fly females are fed on rabbit
blood, and the larvae are maintained on specific medium
containing rabbit faeces. The cycle from egg to adult
lasts for 5 to 7 weeks, at optimal conditions of ambient
temperature (25–30 °C) and relative humidity (70–80%).
Sand fly exposure was induced using laboratory reared
adults (unfed females only). All animals were infested
with P. perniciosus females for a total of six times.
Twenty-four hours before each infestation, female sand
flies were aspirated from their breeding cage with a vacuum pump and were placed in sand fly proof nets (80
per net) with access to sugary-water-soaked cotton. They
were fasted approximately 2 h before exposure to dogs
by removing the cotton from the cages. The first infestation was conducted within two weeks before the first
treatment and was used for allocation purposes only.
Five post-treatment infestations were conducted on days
1, 7, 14, 21 and 28 after the first and second treatment
for Studies 1 and 2, respectively. On each infestation
day, animals were weighed and sedated by intramuscular
injections of a mixture of dexmedetomidine (Dexdomitor®, Elanco Santé Animale, Lilly, Suresnes, France) and
ketamine (Clorketam®, Laboratoire Vetoquinol S.A.,
Lure, France). Once the effects of anesthesia were
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visible, they received an intramuscular injection of diazepam (Valium®, Roche injectable, Neuilly s/ Seine, France)
at a dose rate of 4 μg/kg, 9 mg/kg and 5 mg/dog, respectively; The dogs were then placed in individual infestation proof nets containing sand flies. When needed,
re-dosing with a combination of dexmedetomidine and
ketamine by IM injection was performed. Once the first
dog was introduced in its infestation net, the light was
dimmed. During infestation, treated and control dogs
were placed in separated infestation rooms where
temperature and relative humidity were maintained at
18 °C and 27 °C and between 40 and 60%, respectively.
After 60 min of exposure, dogs were carefully taken
out of the net and examined for any dead sand flies
(engorged or unengorged), and then returned to their
box. At the end of the exposure period, all live and dead
sand flies were collected, counted and recorded as unengorged or engorged. The engorgement status was determined by visual observation at the naked eye of
distension of the abdomen and the presence of blood.
After each sand fly challenge, the nets were thoroughly
cleaned.
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up to and including 20 kg received the dose volume distributed evenly to four spots on top of the back, from
the shoulder to the base of the tail. Care was taken not
to spill any product. Dogs were restrained for about
1 min following administration to allow the product to
spread. All dogs were observed at 2 and 4 h after treatment for any adverse reactions to the product.
Data analyses

The data collected on each occasion were the numbers
of live and engorged, live and unengorged, dead and
engorged, and dead and unengorged sand flies. Effects
were assessed on a group basis (the total number of each
type of sand fly in each group of seven dogs). The statistical unit was the individual dog.
Repellent (anti-feeding) efficacy

Repellent efficacy of the combination was assessed by
comparing the number of fed (live or dead) sand flies in
the treated animals to the number of fed (live or dead)
sand flies in the placebo treated control group for each
infestation day. The repellent efficacy was determined as
follows:

Allocation and treatment

Each study followed a randomised block design based
on the number of engorged (dead + live) P. perniciosus
sand flies collected from each dog after the pretreatment infestation. Dogs meeting the inclusion criteria were allocated to one of the study groups (7 dogs
per group) after the first infestation and before the first
treatment. Dogs were ranked according to the number
of engorged (dead + live) sand flies in descending order.
Animal ID number was used to break ties. The dogs
were then introduced into blocks of two animals. Dogs
were randomly allocated into 2 groups by drawing lots.
Study 1: Group 1 dosed with the recommended pipette
size (Advantix® Spot-on for dogs over 4 kg up to 10 kg
or Advantix® Spot-on for dogs over 10 kg up to 25 kg)
delivering ≥10 mg/kg body weight (BW) imidacloprid
and ≥50 mg/kg BW permethrin. This dose corresponded
to ≥0.1 ml Advantix® Spot-on per kg BW and Group 2
placebo treated. Treatment was performed on Day 0.
Study 2: Group 1 dosed with the recommended minimum therapeutic dose (10 mg/kg BW imidacloprid and
50 mg/kg BW permethrin). This dose corresponded to
0.1 ml Advantix® Spot-on per kg BW and Group 2 placebo treated. Treatments were performed on Days -28
and 0. For dose calculation, the body weight of the dogs
was rounded to two decimal places. For all treated animals in both studies, the formulation was applied according to manufacturer’s instructions by parting the
hair and applying the formulation directly on the skin.
Dogs weighing ≤10.0 kg were treated in one spot between the shoulder blades while dogs weighing > 10.0 kg

Repellent efficacy ð%Þ ¼ ½ðMFC–MFTÞ=MFC  100
where MFC is the mean number of fed sand flies in
control dogs, and MFT is the mean number of fed sand
flies in treated dogs.
In addition to the classical approach of evaluating the
product effect based on Abbott’s formula and providing
a measure of percent repellency, the ratio of fed to unfed
female sand flies at each time point was calculated for
each study separately.
Insecticidal efficacy

Insecticidal efficacy (measured by knockdown effect after
60 min) of the combination was assessed by comparing
the number of live (fed or unfed) sand flies in the treated
animals to the number of live sand flies in the placebo
treated control group for each infestation day (i.e. one
hour after sand fly infestation).
The insecticidal efficacy (at one hour after infestation)
was determined as follows:

Insecticidal efficacy ð%Þ ¼ ½ðMLC–MLTÞ=MLC  100

where MLC is the mean number of live sand flies in
control dogs, and MLT is the mean number of live sand
flies in treated dogs.
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Statistical methods

Repellency (anti-feeding)

Descriptive statistics were generated for both study
groups for each challenge time point after treatment.
Both arithmetic and geometric mean counts were calculated for both types of sand fly counts (live and fed).
The two central tendencies (geometric means vs
arithmetic means) for use in the efficacy calculations
were evaluated by examining the distributions within
each treatment group for each given time point
count. Data with approximately normal distributions
would indicate that the arithmetic means would be
appropriate to use in the efficacy calculation, whereas
non-normal distributions would suggest a transformation would be necessary, before calculating the percent efficacy.

In the Advantix® treated groups average counts of sand
flies that had fed ranged from 0.4 to 7.7 per time point,
while average counts of sand flies that had fed ranged
from 57.9 to 68.6 in the control animals. Treated dogs
had significantly fewer fed sand flies at the end of the exposure period than placebo treated control dogs for all
study days (ANOVA: F(1,12) > 72, P < 0.0001 for all data
analysed). The sand fly repellency after 60 min exposure
was 99.3, 97.0, 88.1, 88.2 and 91.3% (Study 1) and 96.5,
98.9, 96.4, 92.2 and 93.1% (Study 2) for Days 1, 7, 14, 21
and 28, respectively (Table 1).
The calculation of the fed to unfed female ratio
showed high values and a wide distribution of feeding
rates of P. perniciosus on control animals in contrast
to homogeneous clusters of very low fed to unfed ratios among treated dogs at each time point for both
studies (Figs. 1 and 2).

Results
No health abnormalities related to treatment were observed throughout the studies.
Both, the live and fed counts were found to be
nearly normally distributed, and thus arithmetic
means were used to calculate efficacy and an analysis
of variance (ANOVA) parametric method using treatment group as the only fixed effect was applied to
the actual sand fly counts (non-transformed) for each
period post-infestation.
High numbers of sand flies that had fed were recovered from all dogs at the allocation infestation meaning that all dogs in both studies demonstrated an
equal and high pre-treatment parasite holding ability.
Then all control dogs maintained an adequate number of engorged females throughout the study (with
means between 57.9 and 68.6 out of the 80 sand flies,
Table 1). The mean number of sand flies found alive
in the control group after the hour of challenge
remained high all along the study: between 75.0 and
77.4 sand flies per control dog, supporting the robustness of the challenge model.
Table 1 Percent repellency of Phlebotomus perniciosus on dogs
treated with the combination of imidacloprid and permethrin
based on arithmetic means
Exposure
day

Number of engorged sand flies
Study 1

Study 2

Study 1

Study 2

Study 1

Study 2

1

58.6

57.9

0.4

2.0

99.3**

96.5**

7

62.0

62.6

1.9

0.7

97.0**

98.9**

14

64.6

63.0

7.7

2.3

88.1**

96.4**

21

65.4

63.9

7.7

5.0

88.2**

92.2**

28

68.6

63.9

6.0

4.4

91.3**

93.1**

Control dogs

Repellency (%)

Treated dogs

**Significant difference between the population means of the treated and
control groups (P < 0.0001)

Insecticidal effect

In the Advantix® treated group average counts of sand
flies that survived exposure ranged from 0 to 36.3 per
time point, while average counts of sand flies still alive
at the end of the exposure ranged from 74.0 to 76.7 in
the control animals. Treated dogs had significantly fewer
live sand flies at the end of the exposure period than placebo treated control dogs for all study days in both studies (ANOVA: F(1,12) > 86, P < 0.0001 for all data
analysed). The insecticidal effect after 60 min exposure
was 100, 100, 93.6, 95.0 and 79.1% (Study 1) and 76.8,
81.7, 73.0, 58.9 and 52.3% (Study 2) for Days 1, 7, 14, 21
and 28, respectively.

Discussion
A commercial formulation containing imidacloprid and
permethrin (Advantix® Spot-on, Bayer) applied at the
minimum recommended label dose provided significant
repellent (anti-feeding) efficacy against the sand fly P. perniciosus for four weeks following monthly administrations
in dogs. The sustained anti-feeding efficacy of ≥88.1% and
≥92.2% was observed from 1 to 28 days post first and second monthly treatment, respectively. Miro [31] evaluated
the activity of the same combination following a single
topical treatment and reported the anti-feeding efficacy of
> 92.7% for three weeks (based on arithmetic means) with
efficacy slightly reduced below the 80% threshold on day
28. Anti-feeding efficacy over 80% is considered as a minimum threshold with levels preferably exceeding 90% by
regulatory authorities [32]. The very low fed to unfed ratios observed in treated dogs in both studies clearly indicate a strong and sustained effect in preventing P.
perniciosus from having a blood meal on dogs These laboratory findings are supported by field data obtained by
Otranto et al. [29]. The results show that Advantix® Spot-
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Fig. 1 Fed to unfed females ratios Study 1. Mean of ratios (bars) from control dogs are shown on the left and those from treated dogs in the right of
each column. One fed/unfed ratio value from an untreated control dog exceeding 15.0 is not shown, although it was included in the mean of ratios
calculation (SD28 = 25.0)

Fig. 2 Fed to unfed females ratios Study 2. Mean of ratios (bars) from control dogs are shown on the left and those from treated dogs in the right of
each column. One fed/unfed ratio value from an untreated control dog exceeding 15.0 is not shown, although it was included in the mean of ratios
calculation (SD7 = 25.3)
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on reduces the risk of Leishmania transmission under natural conditions in endemic areas significantly. A reduction
of 88.9% of Leishmania infantum infection was obtained
in dogs treated every four weeks with Advantix® Spot-on
with incidence density rates of infection significantly lower
than in the untreated control group (P < 0.05).
These results, present and historical, confirm that regular monthly treatments throughout the sand fly activity
season will provide continued high efficacy levels and thus
help in the prevention of sand fly infestation and Leishmania infantum transmission in dogs. This level of efficacy was also observed in other similar studies testing
topical combinations including permethrin [33, 34]. The
short-term insecticidal efficacy (knockdown effect) was
evaluated as a second parameter and was ≥93.6% for three
weeks post treatment and dropped to 79.1% in the fourth
week in Study 1. In Study 2 a less pronounced short-term
insecticidal efficacy (≥ 73.0%) was observed for two weeks
post treatment and dropped to levels below 60% afterwards. The knockdown effect reported here is consistent
with the results observed with other permethrincontaining products in equivalent studies [35].

Conclusions
The combination of imidacloprid and permethrin demonstrated a significant repellent effect against P. perniciosus
bites on the dogs which lasted for four weeks after first
treatment. The repellent efficacy was also demonstrated to
last for four weeks after a second treatment. Therefore,
the results suggest that in endemic areas, the application
of this product every four weeks throughout the vector
season would be a good tool to reduce sand fly bites significantly. It should, therefore, be included in an integrated leishmaniosis control program in dogs. The
education of owners about arthropod-borne pathogens
and the importance of such prevention programmes is
paramount to increase compliance and is anticipated to
become more important with the forecasted spread of
competent vectors to currently non-endemic areas.
Acknowledgements
The authors are sincerely grateful to Professor Luigi Gradoni for his graphical
elaboration of the female sand fly ratios. Particular thanks to Martine Roques
and Sonia Gounaud, who took part in the study, ensured the maintenance
of the sand fly colony and adherence to GCP standards and to Terry Settje
who compiled and analysed the data.
Funding
Bayer Animal Health funded this study.
Availability of data and materials
The datasets used and analysed during the current studies are available from
the corresponding author upon reasonable request.
Authors’ contributions
KD, MF, EB and CLS participated in the design of the study and protocol. EB,
EL and MF carried out the study. KD was responsible for the first draft of the
manuscript which was then substantially revised by EB and then by all
authors. All authors read and approved the final manuscript.

Page 6 of 7

Ethics approval and consent to participate
The experiments were approved by the local ethical committee (Science et
Santé Animale, SSA, agreement number: 115) and conducted according to
Good Clinical Practices (GCP) as described in the International Cooperation
on Harmonisation of Technical Requirements for Registration of Veterinary
Medicinal Products (VICH) guideline 9 [36].
Consent for publication
Not applicable.
Competing interests
The authors are either employees or contractors of Bayer Animal Health.
Advantix® is a registered trademark of Bayer Animal Health. All other
trademarks are the property of their respective owners. This document is
provided for scientific purposes only. Any reference to a brand or trademark
herein is for informational purposes only and is not intended for a
commercial purpose or to dilute the rights of the respective owner(s) of the
brand(s) or trademark(s).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Ecole Nationale Vétérinaire de Toulouse, 31076 Toulouse Cedex, France.
2
Bayer Animal Health GmbH, 51368 Leverkusen, Germany. 3Bayer Animal
Health, 92254 La Garenne Colombes, France.
Received: 26 April 2017 Accepted: 31 January 2018

References
1. Signorini M, Cassini R, Drigo M, Frangipane di Regalbono A, Pietrobelli M,
Montarsi F, Stensgaard AS. Ecological niche model of Phlebotomus
perniciosus, the main vector of canine leishmaniasis in north-eastern Italy.
Geospat Health. 2014;9(1):193–201.
2. Aransay AM, Testa JM, Morillas-Marquez F, Lucientes J, Ready PD.
Distribution of sand fly species in relation to canine leishmaniasis from the
Ebro Valley to Valencia, northeastern Spain. Parasitol Res. 2004;94(6):416–20.
3. Depaquit J, Naucke TJ, Schmitt C, Ferte H, Leger N. A molecular analysis of
the subgenus Transphlebotomus Artemiev, 1984 (Phlebotomus, Diptera,
Psychodidae) inferred from ND4 mtDNA with new northern records of
Phlebotomus mascittii Grassi, 1908. Parasitol Res. 2005;95(2):113–6.
4. Naucke TJ, Menn B, Massberg D, Lorentz S. Sandflies and leishmaniasis in
Germany. Parasitol Res. 2008a;103(Suppl. 1):S65–8.
5. Naucke TJ, Menn B, Massberg D, Lorentz S. Winter activity of Phlebotomus
(Transphlebotomus) mascittii Grassi, 1908 (Diptera: Psychodidae) on the
Island of Corsica. Parasitol Res. 2008b;103(2):477–9.
6. Naucke TJ, Lorentz S, Rauchenwald F, Aspock H. Phlebotomus
(Transphlebotomus) mascittii Grassi, 1908, in Carinthia: first record of the
occurrence of sand flies in Austria (Diptera: Psychodidae: Phlebotominae).
Parasitol Res. 2011;109(4):1161–4.
7. Dereure J, Vanwambeke SO, Male P, Martinez S, Pratlong F, Balard Y, et al.
The potential effects of global warming on changes in canine leishmaniasis
in a focus outside the classical area of the disease in southern France.
Vector Borne Zoonotic Dis. 2009;9(6):687–94.
8. Ballart C, Baron S, Alcover MM, Portus M, Gallego M. Distribution of
phlebotomine sand flies (Diptera: Psychodidae) in Andorra: first finding of P.
perniciosus and wide distribution of P. ariasi. Acta Trop. 2012;122(1):155–9.
9. Kasbari M, Ravel C, Harold N, Pesson B, Schaffner F, Depaquit J. Possibility of
leishmaniasis transmission in Jura, France. Emerg Infect Dis. 2012;18(6):1030.
10. European Centre for Disease Prevention and Control (ECDC). Phlebotomine
sandflies maps: Phlebotomus perniciosus - current known distribution in Europe,
April 2017; Available from: https://ecdc.europa.eu/en, last Accessed 14 Aug 2017.
11. Rossi E, Rinaldi L, Musella V, Veneziano V, Carbone S, Gradoni L, et al.
Mapping the main Leishmania phlebotomine vector in the endemic focus
of the Mt. Vesuvius in southern Italy. Geospat Health. 2007;1(2):191–8.
12. Maroli M, Rossi L, Baldelli R, Capelli G, Ferroglio E, Genchi C, et al. The
northward spread of leishmaniasis in Italy: evidence from retrospective and
ongoing studies on the canine reservoir and phlebotomine vectors. Tropical
Med Int Health. 2008;13(2):256–64.

Bouhsira et al. Parasites & Vectors (2018) 11:120

13. Fischer D, Thomas SM, Beierkuhnlein C. Temperature-derived potential for
the establishment of phlebotomine sand flies and visceral leishmaniasis in
Germany. Geospat Health. 2010;5(1):59–69.
14. Galvez R, Descalzo MA, Guerrero I, Miro G, Molina R. Mapping the current
distribution and predicted spread of the leishmaniosis sand fly vector in the
Madrid region (Spain) based on environmental variables and expected
climate change. Vector Borne Zoonotic Dis. 2011;11(7):799–806.
15. Rioux JA, Lanotte G. Leishmania infantum as a cause of cutaneous
leishmaniasis. Trans R Soc Trop Med Hyg. 1990;84:898.
16. Beugnet F, Marié JL. Emerging arthropod-borne diseases of companion
animals in Europe. Vet Parasitol. 2009;163(4):298–305.
17. Biglino A, Bolla C, Concialdi E, Trisciuoglio A, Romano A, Ferroglio E.
Asymptomatic Leishmania infantum infection in an area of northwestern
Italy (Piedmont region) where such infections are traditionally nonendemic.
J Clin Microbiol. 2010;48:131–6.
18. Aoun K, Bouratbine A. Cutaneous leishmaniasis in North Africa: a review.
Parasite. 2014;21:14.
19. Cotteaux-Lautard C, Leparc-Goffart I, Berenger JM, Plumet S, Pages F.
Phenology and host preferences Phlebotomus perniciosus (Diptera:
Phlebotominae) in a focus of Toscana virus (TOSV) in South of France. Acta
Trop. 2016;153:64–9.
20. Bichaud L, Izri A, de Lamballerie X, Moureau G, Charrel RN. First detection of
Toscana virus in Corsica, France. Clin Microbiol Infect. 2014;20(2):O101–4.
21. Faucher B, Bichaud L, Charrel R, Mary C, Izri A, de Lamballerie X, Piarroux R.
Presence of sand flies infected with Leishmania infantum and Massilia virus
in the Marseille urban area. Clin Microbiol Infect. 2014;20(5):O340–3.
22. Semenza JC, Menne B. Climate change and infectious diseases in Europe.
Lancet Infect Dis. 2009;9:365–75.
23. Maroli M, Feliciangeli MD, Bichaud L, Charrel RN, Gradoni L. Phlebotomine
sandflies and the spreading of leishmaniases and other diseases of public
health concern. Med Vet Entomol. 2012;27:123–47.
24. Solano-Gallego L, Koutinas A, Miró G, Cardoso L, Pennisi MG, Ferrer L, et al.
Directions for the diagnosis, clinical staging, treatment and prevention of
canine leishmaniosis. Vet Parasitol. 2009;165(1–2):1–18.
25. Maroli M, Gradoni L, Oliva G, Castagnaro M, Crotti A, Lubas G, et al. Guidelines for
prevention of leishmaniasis in dogs. J Am Vet Med Assoc. 2010;236(11):1200–6.
26. Gramiccia M. Recent advances in leishmaniosis in pet animals: epidemiology,
diagnostics and anti-vectorial prophylaxis. Vet Parasitol. 2011;181(1):23–30.
27. Beugnet F, Franc M. Insecticide and acaricide molecules and/or combinations
to prevent pet infestation by ectoparasites. Trends Parasitol. 2012;28(7):267–79.
28. Killick-Kendrick R, Killick-Kendrick M, Focheux C, Dereure J, Puech MP,
Cadiergues MC. Protection of dogs from bites of phlebotomine sand
flies by deltamethrin collars for control of canine leishmaniasis. Med Vet
Entomol. 1997;11(2):105–11.
29. Otranto D, Paradies P, Lia RP, Latrofa MS, Testini G, Cantacessi C, et al.
Efficacy of a combination of 10% imidacloprid/ 50% permethrin for the
prevention of leishmaniasis in kennelled dogs in an endemic area. Vet
Parasitol. 2007;144(3–4):270–8.
30. Quinnell RJ, Courtenay O. Transmission, reservoir hosts and control of
zoonotic visceral leishmaniasis. Parasitology. 2009;136(14):1915–34.
31. Miró G, Gálvez R, Mateo M, Montoya A, Descalzo MA, Molina R. Evaluation
of the efficacy of a topically administered combination of imidacloprid and
permethrin against Phlebotomus perniciosus in dog. Vet Parasitol. 2007;
143(3–4):375–9.
32. Directive 81/852/EEC, 7AE17a Volume 7, Demonstration of efficacy of
ectoparasiticides, September 1994.
33. Lienard E, Bouhsira E, Jacquiet P, Warin S, Kaltsatos V, Franc M. Efficacy of
dinotefuran, permethrin and pyriproxyfen combination spot-on on dogs
against Phlebotomus perniciosus and Ctenocephalides canis. Parasitol Res.
2013;112:3799–805.
34. Dumont P, Fankhauser B, Bouhsira E, Lienard E, Jacquiet P, Beugnet F, Franc
M. Repellent and insecticidal efficacy of a new combination of fipronil and
permethrin against the main vector of canine leishmaniosis in Europe
(Phlebotomus perniciosus). Parasit Vectors. 2015;8:49.
35. Mercier P, Jasmin P, Sanquer A. Prevention of sandfly attack by topical
application of a permethrin/pyriproxyfen combination on dogs.
Vet Ther. 2003;4:309–16.
36. VICH Guideline 9: Good Clinical Practice. Veterinary Inter-national
Cooperation on Harmonization, European Agency for the Evaluation of
Medicinal Products, London, CVMP/VICH/595/98-Final, June 2000.

Page 7 of 7

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

