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Repellent effect of topical deltamethrin
on blood feeding by Culicoides on horses
M. Robin, D. Archer, C. McGowan, C. Garros, L. Gardès, M. Baylis

African horse sickness (AHS) is a vectorborne disease spread by Culicoides biting midges.
The UK’s Department for Environment, Food and Rural Affairs currently suggests using topical
deltamethrin for AHS control; however, no data are available regarding its efficacy in the
horse. The aims of this study were to investigate the effect of topical deltamethrin on blood
feeding by Culicoides on horses and to investigate which Culicoides species blood fed on
horses. Three pairs of horses were placed in partially enclosed cages that allowed samples
representing the Culicoides interacting with individual horses to be sampled. Four data
collection sessions were completed before one horse from each pair was topically treated
with 10 ml of 1 per cent deltamethrin solution and another four sessions were then carried
out. Collected Culicoides were identified and each biting midge examined to see if it had
blood fed. The most abundant species collected were C. chiopterus, C. dewulfi, C. obsoletus
and C. scoticus (44.3 per cent) and either C. pulicaris or C. punctatus (34.7 per cent). These
species were also more likely to have blood fed than other species, supporting their
potential role as AHS vectors if the virus were to reach the UK. There was no significant effect
of treatment on blood feeding by Culicoides. The results do not support the use of topical
deltamethrin to prevent blood feeding by Culicoides on individual horses; however, the
study does not investigate the effect that the widespread use of topical deltamethrin might
have on vector numbers or disease transmission from viraemic individuals during an
outbreak of AHS.

Culicoides biting midges are among the world’s smallest and
most widespread blood-sucking insects, with over 1400 different
species identified worldwide (Borkent and others 1997, Mellor
and others 2000). Their primary importance to horses is as trig-
gers for insect bite hypersensitivity (IBH) and vectors of infec-
tious viral diseases, including African horse sickness (AHS). AHS
is an infectious, non-contagious, viral disease of equids that is
associated with mortality rates of up to 95 per cent in naive
populations (Mellor and others 2004). The disease is endemic in
sub-Saharan Africa, but there have been a small number of epi-
zootics in northern Africa, southern Europe and western Asia
(Howell 1960, Gohre and others 1965, Rodriguez and others

1992, Mellor and others 2004, Diouf and others 2013).
Historically, the risk to the UK was considered to be very low
due to the presumed lack of suitable species of biting midge
vector; however, outbreaks of bluetongue (BT) in areas of Europe
where the traditional vector was not present challenged this
idea. BT virus is closely related to AHS virus and shares the same
vector species of Culicoides in areas where both diseases are
endemic. Before 2006, BT had never occurred in northern
Europe, where an important vector species, Culicoides imicola, is
not present. However, there is substantial evidence that
Palaearctic Culicoides species including C. pulicaris, C. punctatus
and members of the Avaritia subgenus (C. dewulfi, C. obsoletus,
C. scoticus and C. chiopterus) acted as vectors of BT virus in north-
ern Europe from 2006 (Mellor and others 1990, Mehlhorn and
others 2007, Hoffmann and others 2009). These species are
therefore considered potential vectors for AHS in the UK. This
theory is supported by the fact that African horse sickness virus
serotype-4 (AHSV-4) was isolated from non-C. imicola mixed
pools (containing mainly C. pulicaris and C. obsoletus) during the
1987–1991 outbreak in Spain (Mellor and others 1990).

In the event of an AHS outbreak, the most effective way of
bringing the disease under control is vaccination, which was
used successfully in Spain during 1987–1991. Prevention of
vector–host interaction is also a key aspect of disease control,
and there are several methods described to prevent Culicoides
from biting horses. These include the removal or insecticidal
treatment of midge breeding habitats, treatment of livestock or
housing with insecticide to kill adult Culicoides, housing of live-
stock to physically prevent interaction, use of repellents on live-
stock to prevent interaction and use of kairomones to lure and
kill adult Culicoides (Carpenter and others 2008a). The only truly

Veterinary Record (2015) doi: 10.1136/vr.102800

M. Robin, BVSc BSc CertAVP(EM)
MRCVS,
D. Archer, BVMS PhD CertES(soft
tissue) DipECVS MRCVS,
M. Baylis, BA D.Phil,
Department of Epidemiology and
Population Health, Institute of Infection
and Global Health, University of
Liverpool, Leahurst, Chester High Road,
Neston, Cheshire CH64 7TE, UK
C. McGowan, BVSc DipVetClinStud
MACVSc PhD DEIM DipECEIM FHEA
MRCVS,
Faculty of Health and Life Sciences,
Institute of Ageing and Chronic
Disease, University of Liverpool,

Leahurst, Chester High Road, Neston,
Cheshire CH64 7TE, UK
C. Garros, PhD,
L. Gardès, BSc,
Cirad, UMR15 CMAEE, INRA
UMR1309 CMAEE, Montpellier, France
M. Baylis, BA D.Phil,
NIHR Health Protection Research Unit,
Emerging and Zoonotic Infections,
University of Liverpool, Liverpool, UK

E-mail for correspondence:
mr1964@liv.ac.uk

Provenance: not commissioned;
externally peer reviewed

Accepted April 3, 2015

May 30, 2015 | Veterinary Record

Paper

group.bmj.com on June 7, 2015 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://veterinaryrecord.bmj.com/
http://group.bmj.com


effective control method for IBH is the complete prevention of
interaction between horses and Culicoides, which has been
known for over 60 years (Riek 1953, Schaffartzik and others
2012). While moving horses to areas without Culicoides would be
effective for preventing AHS virus transmission, it is often
highly impractical and potentially inappropriate during a disease
outbreak. Stabling of horses has been shown to reduce the signs
of IBH and has long been used to prevent AHS (Paton 1863,
Mellor and others 1974, Meiswinkel and others 2000). Insect
blankets with both neck cover and hood have been shown to
limit the feeding rate of Culicoides on horses, and the authors of
this study suggested they might be helpful to protect horses
from bites of AHS-infected Culicoides (De Jong and others 2012).
The use of repellents and insecticides is another possible method
of controlling the spread of vectorborne disease, either by redu-
cing the biting rate or the population of adult Culicoides. One of
the control methods for AHS that has been proposed by the
UK’s Department for Environment, Food and Rural Affairs
(DEFRA) is the topical application of deltamethrin to horses,
although they emphasise that the drug is not licensed in the
horse, or specifically against Culicoides in any species (DEFRA
2012).

The insecticidal susceptibility of C. obsoletus to deltamethrin
has been investigated in vitro, with 24-hour LD90 values
between 0.00105 and 0.00203 per cent demonstrated, consistent
with high susceptibility (Venail and others 2011, Del Río and
others 2014). One of these studies went on to investigate the
efficacy of topically applying 0.75 per cent deltamethrin to the
top line of sheep on the mortality rate of C. nubeculosus, another
Palaearctic species of Culicoides (Venail and others 2011). In this
case, despite the theoretical applied dose being around 180 times
the in vitro LD50, the maximum mortality rate of Culicoides
feeding on the thigh of the sheep was only 45 per cent and
results were highly variable. In contrast, the topical application
of 0.75 per cent deltamethrin over all exposed skin of shorn
sheep completely prevented biting by C. obsoletus, another
Palaearctic species, although sample sizes in this study were low
(Mullens and others 2010). In a study in horses using another
pyrethroid (permethrin), there appeared to be a small reduction
in the number of blood fed Culicoides caught near horses;
however, the result was not significant (De Raat and others
2008). The authors could find no data investigating the efficacy
of deltamethrin application to horses to reduce blood feeding by
Culicoides.

The aim of this study was to investigate the effect of the
application of topical deltamethrin solution on blood feeding by
Culicoides on horses. Additionally, the blood feeding of different
Culicoides species was examined to investigate potential disease
vector roles.

Materials and methods
Animals
Horses were recruited in pairs for the investigation and matched
as closely as possible for size and colour. The selection criteria
used for recruitment were that the horses must be healthy (with
no history of any dermatological condition), have a tempera-
ment suitable for placement in the cages and not have been
treated with any topical insecticide or repellent in the last six
months. Six horses were used in total (three pairs), and these
were recruited from three sources: The University of Liverpool
teaching herd and two private horse owners who provided
informed consent for their horses to be used. The horses had an
age range of 7–19 years.

Experimental setting
Investigations were carried out at a single site on the University
of Liverpool’s Leahurst Campus, Wirral, UK. Two galvanised
steel cages were designed and commissioned for the study as
shown in Fig 1. Each cage was made out of 3 mm iron grille and
measured 2.4 m long×1.2 m wide×2.4 m high. This size was

chosen as it allowed adequate enclosure of a horse, without the
animal having to touch the sides of the cage. This was felt to be
important as contact with the cage could reduce the available
biting sites for Culicoides and might also be associated with
rubbing off of the insecticide onto the equipment. The two
longest sides, rear and top of the cage, were solid and fixed in
position. The front of the cages was completely open, apart
from a rope restraint at the height of the base of the neck. This
design was felt to help reduce anxiety in experimental horses
and allow rapid and safe exit from the cages if they panicked.
The cages were situated approximately 2 m apart on flat ground.
Both cages were securely fixed to the ground using 10 mm diam-
eter nylon rope and grounded fittings. The sides and rears of
each cage were lined internally with netting of an aperture size
<1.5 mm2, to act as a barrier to reduce Culicoides exiting the
cage following interaction with the horse. A single
Onderstepoort black light suction trap (Onderstepoort
Veterinary Institute, Onderstepoort, South Africa) was hung
within each cage, at a position 0.5 m from the rear netting.

All horses were trained to back into the cage and stand for
up to 60 minutes prior to commencing trapping sessions.
Sessions occurred during a 60-minute period immediately prior
to sunset as this has been shown to be the time period when
most feeding of Culicoides on horses occurs (Van Der Rijt and
others 2008). Data collection was carried out from June to
September 2013. Hay-nets were provided to ensure that the
horses were relaxed. Handlers remained at a distance of 15 m
away throughout. The light traps were activated to start collect-
ing Culicoides as soon as both horses were positioned in the
cages. After 60 minutes, the light traps were deactivated and the
horses were removed from the cages. The collected insects were
transferred to a preservative solution of 70 per cent ethanol for
storage.

All horses were housed under the same conditions and kept
at pasture for the duration of the study. Horses participated in
the study in pairs, and each pair completed the entire study prior
to starting with the next pair. Trapping sessions took place on
consecutive evenings, and if no Culicoides were caught, an add-
itional session took place the following evening. After four suc-
cessful sessions (pre-treatment data), one of the horses in each
pair was randomly selected for insecticide treatment, using a
1 per cent solution of deltamethrin (‘Spot on’, Zoetis; Zoetis UK,
London, UK). As this product is not licensed in horses, the man-
ufacturer ’s instructions on dosage and application to cattle were
used and 10 ml of solution were applied to a single location on
the dorsal midline, just caudal to the withers. At this time, the
horses were moved to separate paddocks, situated to prevent any
horse-to-horse contact from occurring. Trapping continued for
another four successful sessions (post-treatment data). At this
time, the pair of horses was deemed to have completed the
study. Data were collected from a total of three pairs of horses.

Culicoides were sexed and individual species identified using a
dissecting microscope and standard wing pattern identification
keys (Mathieu and others 2012). As male Culicoides do not feed
and are therefore unable to act as AHS virus vectors, they were
not recorded. Culicoides punctatus and C. pulicaris (these two
species will be referred to together as C. pulicaris/C. punctatus), as
well as C. obsoletus, C. scoticus, C. chiopterus and C. dewulfi, were
classified as potential vector species. All other species were con-
sidered non-vectors. A sample of 100 Culicoides individuals from
the Avaritia subgenus (50 blood fed and 50 non-blood fed) were
randomly selected and identified using a species-specific PCR
assay previously described (Nolan and others 2007). The PCR
was used because the females of the four sympatric species of
the Avaritia subgenus cannot be easily identified using micro-
scopic techniques. These data were obtained to investigate the
relative blood feeding rates of the four species.

Engorged/blood fed individuals were identified based on the
presence of blood within the abdomen. To establish if the
engorged Culicoides had fed on horses, 20 randomly selected
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engorged vector Culicoides were analysed to identify the origin of
their blood meal using PCR assays previously described
(Garros and others 2011). Blood meal source was molecularly
identified using host species primers, including horse as a
simplex PCR and cattle/sheep/goat as a multiplex PCR.
Universal primers for vertebrates were also used as a control of
host DNA quality and quantity.

Prior to completing the main study described above, a prelim-
inary study was carried out to establish that the Culicoides
caught within each cage were representative of midge interaction
with the horse in the cage and not simply the midge population
in the environment. The study was set up in the same way as
described previously; however, three catches were obtained
during each one hour trapping session. One catch was from a
single Onderstepoort Veterinary Institute (OVI) light trap situ-
ated within a cage that contained a horse; a second was from a
single OVI light trap situated in the adjacent, empty cage; and a
third catch was obtained from a single OVI trap hung nearby (to
act as a control). Trapping took place over four sessions, with
one horse used during sessions 1 and 2 and a different horse used
during sessions 3 and 4.

Data analysis
Data were analysed using the SPSS software package (V.21.0.0.0).
The treatment effect of topical deltamethrin on the relative
change in both the total Culicoides and the percentage of blood
fed vectors caught was investigated using paired-sample t tests.
The percentages of blood fed vectors data were log transformed
prior to analysis. The relationship between blood feeding and
Culicoides species was investigated using Fisher ’s exact test. The
relationship between vector species and blood feeding was inves-
tigated using the χ2 test. Statistical significance was set at
<0.05.

Results
Preliminary study
The results of the preliminary study showed that the number of
Culicoides caught in the trap situated in the cage containing the
horse was much greater than that from the trap in the empty
adjacent cage and the control trap (Table 1). From these data, the
trap situated in the cage containing the horse appears to repre-
sent the Culicoides interacting with the horse, rather than a
sample of the Culicoides present in the environment. The deci-
sion was therefore made to continue using this method for the
main study, with the percentage of the potential vector species
of Culicoides within the light-trap catch that had blood fed being
used as an indication of the rate of Culicoides feeding on the
horse within the cage.

Main study
A total of 2534 Culicoides were caught over the 24 sessions,
giving a mean Culicoides catch per session of 105.6 (range
10–587) and a mean catch per cage of 52.8 (range 1–321).
The most abundant species were C. chiopterus, C. dewulfi,
C. obsoletus and C. scoticus (44.0 per cent) and C. pulicaris/C. punc-
tatus (34.2 per cent), giving a total potential vector species per-
centage of 78.3 per cent. Sixteen per cent of vector species and
2.2 per cent of non-vector species caught had blood fed (Table 2).
Vector species were significantly more likely to have blood fed
than non-vector species (p<0.001, χ2=72.889, degrees of
freedom=1).

Ninety-eight per cent of the selected Avaritia subgenus
Culicoides were successfully amplified using PCR (Table 3).
Culicoides dewulfi (46.9 per cent) and C. obsoletus (44.9 per cent)
were the most abundant species, with C. scoticus (7.1 per cent)
and C. chiopterus (1.0 per cent) both caught in much lower
numbers. The data suggest that C. obsoletus was more likely to
have blood fed and C. dewulfi was less likely to have blood fed.

FIG 1: Experimental set-up showing a single pair of horses within cages. Light traps are positioned above the horses within the cages, with
netting covering two sides and part of rear of cage

TABLE 1: Culicoides female catches from light suction traps located either in cages (empty or containing a horse) or hung nearby
as a control

Location of trap

Culicoides catches

Night 1 Night 2 Night 3 Night 4

Total BF % BF Total BF % BF Total BF % BF Total BF % BF

Cage, with horse 26 3 10.3 10 4 28.6 40 28 41.2 70 40 36.4
Cage, no horse 9 0 0 0 0 0 2 0 0 25 0 0
Control 5 0 0 1 0 0 5 1 16.7 16 0 0

BF, blood fed
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There was a significant relationship between blood feeding and
individual species of the Avaritia subgenus (p=0.034).

All 20 of the samples analysed using the blood meal origin
species-specific PCR were successfully amplified using the
equine-specific primers.

The percentages of vector species caught that had blood fed
during each session are shown in Fig 2a–c. The relative change in
the percentage of blood fed vectors caught before and after treat-
ment was compared between the treated and untreated horses.
The application of deltamethrin had no significant effect on
blood feeding (p=0.862). The mean treatment effect was 0.94
(representing a 6 per cent reduction in the percentage of blood
fed vectors caught after treatment), with the 95% CI from 0.24
(a 76 per cent reduction) to 3.6 (a 260 per cent increase).
Deltamethrin application also had no significant effect on the
total number of Culicoides collected before and after treatment
(p=0.493).

Discussion
The data did not show a significant treatment effect of topical
deltamethrin on the blood feeding of Culicoides on horses. The
most abundant species collected during the study were the four
members of Avaritia subgenus and C. pulicaris/C. punctatus.
These species were also more likely to have blood fed. All
engorged Culicoides assessed by PCR had blood fed on horses.
These data provide important evidence of vector–host inter-
action and support the theory that these species have the poten-
tial to act as AHS vectors.

The implications of the results of the present study for the
control of vectorborne disease must be carefully considered.
Deltamethrin is a synthetic pyrethroid whose mechanism of
action involves interference with sodium channels of Culicoides
nerve axons that results in delayed repolarisation and paralysis
(Casida and others 1983). The application of topical deltame-
thrin to horses could be expected to have three possible effects
on Culicoides–horse interaction: a repellent effect that prevents
blood feeding; Culicoides death after blood feeding that prevents
onward spread of virus from a viraemic horse and/or reduces the
population of available vectors; and, finally, no effect at all. The
results of the present study do not support a repellent effect of
deltamethrin to protect an individual horse from virus inocula-
tion; however, no conclusions can be drawn on the onward
spread of the virus or the vector population.

Studies in other species suggest that, while the application of
topical insecticides does not protect the treated animal directly

from vectorborne diseases, it instead reduces the abundance and
life expectancy of the vector population (Carpenter and others
2007). Non-AHS-susceptible hosts (mostly sheep and cattle)
have a significant effect on the amount of Culicoides within an
area, and effective use of insecticides to minimise Culicoides
numbers would rely on the continuous and effective treatment
of all animal hosts within an area (Iacono and others 2013).
Unfortunately, the efficacy of such use has not yet been defini-
tively demonstrated and the 2-weekly application of topical per-
methrin to cattle did not reduce seroconversion to BT virus
(Mullens and others 2001). However, the viral challenge was
very high in this study, with many more untreated cattle nearby,
and the regimen used may simply have been overwhelmed.

Up to 80 per cent Culicoides mortality has been demonstrated
within an hour following exposure to the plucked hair of horses
treated seven days previously with another pyrethroid, cyperme-
thrin (Papadopoulos and others 2010). As the extrinsic incuba-
tion period (time for viral amplification and migration within
Culicoides) of AHSV is far greater than one hour, 80 per cent of
Culicoides contacting the hair would be unable to act as
onward virus vectors. Regarding the UK equine population
and AHS transmission, it would theoretically be the case that
treatment of every single horse and donkey could break the
cycle of transmission by preventing onward spread from vir-
aemic individuals, although a similar study using deltamethrin
instead of cypermethrin is required to support its use in
this way.

Possible explanations for the deltamethrin having no effect
include resistance and failure to achieve required concentrations
for toxicity at biting locations. Insecticide resistance among
vectors of many arboviral diseases (particularly malaria) is well
established. The susceptibility of Culicoides species to insecticides
is relatively poorly documented, although a standardised suscep-
tibility test has been described (Venail and others 2011). Given
the high susceptibility of Culicoides generally reported to delta-
methrin, it seems unlikely that resistance would have been a sig-
nificant problem in the present study (Venail and others 2011,
Del Río and others 2014). Our results are in agreement with a
previous study showing a lack of efficacy of another pyrethroid,
permethrin, in horses (De Raat and others 2008). In that study,
post-treatment samples were taken at a single time point
24 hours after application of insecticide and the authors recom-
mended repeated measures on subsequent days to see if any
effect was observed. Despite the repeated sampling for four days
after application of the deltamethrin used in this study, no sig-
nificant effect of the treatment was detected. In sheep, the
reported efficacy of topical deltamethrin varies greatly, with
effective Culicoides mortality occurring for between 10 days to 5
weeks (Mullens and others 2010, Venail and others 2011, Weiher
and others 2014). The peak mortality rate has been reported to
occur between zero and four days after application of deltame-
thrin, depending on the method of application, and the present
study should therefore have detected an effect (Mullens and
others 2010, Venail and others 2011). The product used was
selected based on legislative provisions that allow the use of
unauthorised medicines by veterinary surgeons (the ‘cascade’)
and is a 1 per cent solution of deltamethrin licensed for livestock
use in the UK. The dose used was the equivalent of the licensed
cattle dose, and the product was applied to a single area behind
the withers as per the manufacturer ’s instructions for usage on
cattle. There are concerns that lack of spread of compounds
applied in this way results in lack of efficacy in distant parts of
the body (Carpenter and others 2007). Following the application
of deltamethrin to the backs of sheep, Culicoides exposed to the
hair collected from primary biting regions (belly, face, legs)
showed lower mortality than those exposed to hair from the
backline, although results were variable (Carpenter and others
2007, Carpenter and others 2008a). These results were not sig-
nificantly improved by applying the products to the flanks of the
animals, rather than just along the back line (Carpenter and
others 2007). In cattle, deltamethrin has been shown to reach

TABLE 3: Results of PCR analysis to identify species of 50
randomly selected blood fed (BF) and non-blood fed (NBF)
Avaritia subgenus Culicoides

Species

Number of Culicoides (% of species)

BF NBF

C. dewulfi 18 (39.1) 28 (60.9)
C. obsoletus 29 (65.9) 15 (34.1)
C. scoticus 3 (42.9) 4 (57.1)
C. chiopterus 0 (0) 1 (100)

TABLE 2: Total amount of blood fed (BF) and non-blood fed
(NBF) vectors (C. chiopterus, C. dewulfi, C. obsoletus, C.
scoticus and C. pulicaris/C. punctatus) and non-vectors (all
other species) caught over 24 trapping sessions

Species

Number of Culicoides (%)

BF NBF

Vectors 318 (16.0) 1666 (84.0)
Non-vectors 12 (2.2) 538 (97.8)
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the feet following topical treatment along the spine (Mehlhorn
and others 2008). Culicoides appear to feed on all parts of the
horse, with some species showing apparent predilection sites. In
one study involving a single horse, the majority of C. scoticus and
C. dewulfi were collected from the back (main site) and head,
whereas C. obsoletus had no preferential sites (Viennet and others
2013). Another study showed that the hindquarters and mane
were Culicoides predilection sites (Townley and others 1984).
Following the application of cypermethrin to the face, legs, back

and hindquarters of horses, the toxicity of collected hair to
Culicoides was consistently lower from the legs and highest from
the back (Papadopoulos and others 2009). A further study using
an in vitro assay to assess the efficacy of 1 per cent deltamethrin
applied in a single area of the back would help to determine
whether or not lack of compound spread contributed to the
results of the present study. In particular, this may explain the
higher blood feeding rate of C. obsoletus observed as these
Culicoides would have been more likely to feed elsewhere if the
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FIG 2: (a–c) Line graphs showing percentage vectors blood fed (BF) for each pair of horses during four sessions before treatment and four
sessions after treatment of horses with deltamethrin. Red lines represent the untreated horse (U) in each pair, and blue lines represent the
treated horse (T) in each pair. Solid lines represent data during the first four sessions before treatment (B), and dotted lines during the four
sessions after treatment (A)
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insecticide was only present at required concentrations on the
back of the horse.

In the present study, the treatment effect was expressed as
the relative change in the percentage of blood fed vectors after
treatment compared with before treatment. The 95% CI tells us
that the treatment effect of deltamethrin on the pre-treatment
BF rate lies between a reduction of 76 per cent and an increase of
260 per cent. This 95% CI is very wide, and additional pairs of
horses could be used to give a more accurate estimate of the
treatment effect. A crossover design could not be used due to the
unknown residual effect of the deltamethrin. When considering
future study refinements, it is important to bear in mind what
treatment effect would be required for the treatment to be
recommended clinically as a repellent. This is particularly diffi-
cult to define as there appears to be no accepted value and the
variation in methodology between studies makes comparisons
difficult. In human trials investigating the efficacy of repellents,
the dosages that repel 50, 90 and 95 per cent of mosquitoes are
quoted; however, most seem to provide at least 90 per cent pro-
tection from biting for a period of time (Lupi and others 2013).

Several studies investigating the interaction between horses
and Culicoides have examined catches obtained from aspiration
of Culicoides caught within a drop trap around the horse (De
Raat and others 2008, Van Der Rijt and others 2008, De Jong
and others 2012). Our decision to use light traps to sample
Culicoides within a similar space was made to increase the
number of Culicoides sampled, and therefore the analytical power
of the study. It has been stated that UV light traps cannot be
used directly to assess Culicoides biting rates and the collection of
a species in a light trap placed near an animal does not prove
that it was feeding on it (Viennet and others 2011). The infor-
mation obtained from light traps does not always appear to cor-
relate well with either the overall biting rate or the species
composition found feeding on sheep when sampled by direct
aspiration from the host (Carpenter and others 2008b, Viennet
and others 2011). Indeed, a study that compared Culicoides
catches from sticky covers/blankets on a single horse with those
in a nearby light trap showed that C. scoticus, C. dewulfi and, to a
lesser extent, C. obsoletus were the species most commonly
attracted to the host, with the importance of C. obsoletus overes-
timated by UV light trapping (Viennet and others 2013). The
results of the current study appear to be in agreement with this,
although the methodologies (Viennet and others used a trap
hung out of direct sight of the host at a distance of around 50 m
compared with trap hung directly above the host within a semi-
closed environment) are substantially different. This might also
explain the lower blood feeding rate seen in the previous study
(0.5 per cent) compared with the average of 16 per cent in the
present study.

It has been shown that proximity to cattle increases the
total numbers of Culicoides and blood fed females caught using
light traps (Bellis and others 1996, Baylis and others 2010). In a
study where light traps were positioned directly above
sheep (but not within a midge-proofed enclosure), the female
C. obsoletus catch increased linearly with host number
(Garcia-Saenz and others 2011). These results help support the
assumption made in our study that the Culicoides caught in the
light traps were attracted by the horse directly below each trap
in the cages and therefore represent the specific population of
Culicoides feeding on them. The addition of partial enclosure of
the trap and host by the midge-proof netting should have helped
to further isolate the relevant population of Culicoides. This is
supported by the PCR results that showed 100 per cent of the
engorged Culicoides tested contained equine DNA. This could be
further improved by the use of individual horse-specific primers
to establish if the Culicoides had fed on the specific horse in the
same cage, rather than the adjacent one.

The results of the present study do not support the use of
topical deltamethrin solution as a method for preventing
Culicoides from biting horses during an outbreak of AHS.
However, it does not investigate the possible effects of

deltamethrin in reducing onward transmission of disease from
viraemic horses or the numbers of adult Culicoides within an
area. Further studies are required to identify a more suitable
repellent product to prevent Culicoides blood feeding on horses.
Culicoides pulicaris, C. punctatus and the four members of the
Avaritia subgenus were the most likely species to blood feed on
horses, supporting their potential role as vectors of AHS virus if
the disease were to reach the UK.

Acknowledgements
The authors would like to extend their thanks to Miss Rachel
Burgess and Mr Martin Griffiths for kindly providing the horses
used in this study. Thanks also to Mr Hugo Martin (Cirad) for
the PCR analysis, Professor Peter Diggle for advice on statistical
calculations and Mr Ken Sherlock for his assistance with sample
processing.

Funding Matthew Robin’s clinical training scholarship is funded by the Horserace
Betting Levy Board, and they also provided the funding for this study.

Ethics approval The Veterinary Research Ethics Committee, University of Liverpool.

References
BAYLIS, M., PARKIN, H., KREPPEL, K., CARPENTER, S., MELLOR, P. S. &
MCINTYRE, K. M. (2010) Evaluation of housing as a means to protect cattle
from Culicoides biting midges, the vectors of bluetongue virus. Medical and
Veterinary Entomology 24, 38–45

BELLIS, G. A. & REID, D. J. (1996) Sampling Bias in Determining the Parous Rate
of Collections of Culicoides brevitarsis Kieffer and C. wadai Kitaoka (Diptera:
Ceratopogonidae). Australian Journal of Entomology 35, 319–322

BORKENT, A. & WIRTH, W. W. (1997) World species of biting midges (Diptera:
Ceratopogonidae). American Museum of Natural History

CARPENTER, S., MELLOR, P. & TORR, S. (2007) Bluetongue and midge control.
Veterinary Record 161, 633

CARPENTER, S., MELLOR, P. S. & TORR, S. J. (2008a) Control techniques for
Culicoides biting midges and their application in the U.K. and northwestern
Palaearctic. Medical and Veterinary Entomology 22, 175–187

CARPENTER, S., SZMARAGD, C., BARBER, J., LABUSCHAGNE, K., GUBBINS,
S. & MELLOR, P. (2008b) An assessment of Culicoides surveillance techniques in
north-ern Europe: have we underestimated a potential bluetongue virus vector.
Journal of Applied Ecology 45, 1237–1245

CASIDA, J. E., GAMMON, D. W., GLICKMAN, A. H. & LAWRENCE, L. J. (1983)
Mechanisms of selective action of pyrethroid insecticides. Annual Review of
Pharmacology and Toxicology 23, 413–438

DE JONG, P., WESSELS, M. J., STOOP, R. M. G. L. I., JACOBS, F., NODELIJK, G.
& SLOET VAN OLDRUITENBORGH-OOSTERBAAN, M. M. (2012) The effect
of insect blankets on the feeding rate of Culicoides species in horses in The
Netherlands. 5th Congress of the European College of Equine Internal Medicine.
Edinburgh, Journal of Veterinary Internal Medicine. pp 418–440

DEFRA (2012) The African Horse Sickness (England) Regulations 2012. UK
Government. pp 12–13

DEL RÍO, R., VENAIL, R., CALVETE, C., BARCELÓ, C., BALDET, T., LUCIENTES,
J. & MIRANDA, M. A. (2014) Sensitivity of Culicoides obsoletus (Meigen)
(Diptera: Ceratopogonidae) to deltamethrin determined by an adapted WHO
standard susceptibility test. Parasitology 141, 542–546

DE RAAT, I., VAN DEN BOOM, R., VAN POPPEL, M. & VAN
OLDRUITENBORGH-OOSTERBAAN, M. M. S. (2008) The effect of a topical
insecticide containing permethrin on the number of Culicoides midges caught
near horses with and without insect bite hypersensitivity in the Netherlands.
Tijdschr Diergeneeskd 838, 842

DIOUF, N. D., ETTER, E., LO, M. M., LO, M. & AKAKPO, A. J. (2013) Outbreaks
of African horse sickness in senegal, and methods of control of the 2007 epi-
demic. Veterinary Record 172, 152

GARCIA-SAENZ, A., MCCARTER, P. & BAYLIS, M. (2011) The influence of host
number on the attraction of biting midges, Culicoides spp., to light traps. Medical
and Veterinary Entomology 25, 113–115

GARROS, C., GARDÈS, L., ALLÈNE, X., RAKOTOARIVONY, I., VIENNET, E.,
ROSSI, S. & BALENGHIEN, T. (2011) Adaptation of a species-specific multiplex
PCR assay for the identification of blood meal source in Culicoides
(Ceratopogonidae: Diptera): Applications on Palaearctic biting midge species,
vectors of Orbiviruses. Infection, Genetics and Evolution 11, 1103–1110

GOHRE, D. S., KHOT, J. B., PARANJPE, V. L. & MANJREKAR, S. L. (1965)
Observations on the outbreak of South African horse sickness in India during
1960–1961. Bombay Veterinary College Magazine pp. 5–15

HOFFMANN, B., BAUER, B., BAUER, C., BÄTZA, H. J., BEER, M., CLAUSEN,
P. H., GEIER, M., GETHMANN, J. M., KIEL, E., LIEBISCH, G., LIEBISCH, A.,
MEHLHORN, H., SCHAUB, G. A., WERNER, D. & CONRATHS, F. J. (2009)
Monitoring of putative vectors of bluetongue virus serotype 8, Germany.
Emerging Infectious Diseases 15, 1481–1484

HOWELL, P. (1960) The 1960 epizootic of African horsesickness in the Middle East
and SW Asia. Journal of the South African Veterinary Medical Association 31,
329–334

Veterinary Record | May 30, 2015

Paper

group.bmj.com on June 7, 2015 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://dx.doi.org/10.1111/j.1365-2915.2009.00842.x
http://dx.doi.org/10.1111/j.1365-2915.2009.00842.x
http://dx.doi.org/10.1111/j.1440-6055.1996.tb01411.x
http://dx.doi.org/10.1136/vr.161.18.633-a
http://dx.doi.org/10.1111/j.1365-2915.2008.00743.x
http://dx.doi.org/10.1146/annurev.pa.23.040183.002213
http://dx.doi.org/10.1146/annurev.pa.23.040183.002213
http://dx.doi.org/10.1017/S0031182013001935
http://dx.doi.org/10.1136/vr.101083
http://dx.doi.org/10.1111/j.1365-2915.2010.00904.x
http://dx.doi.org/10.1111/j.1365-2915.2010.00904.x
http://dx.doi.org/10.1016/j.meegid.2011.04.002
http://dx.doi.org/10.3201/eid1509.090562
http://veterinaryrecord.bmj.com/
http://group.bmj.com


IACONO, G. L., ROBIN, C. A., NEWTON, J. R., GUBBINS, S. & WOOD, J. L. N.
(2013) Where are the horses? with the sheep or cows? Uncertain host location,
vector-feeding preferences and the risk of African horse sickness transmission in
Great Britain. Journal of the Royal Society Interface 10

LUPI, E., HATZ, C. & SCHLAGENHAUF, P. (2013) The efficacy of repellents
against Aedes, Anopheles, Culex and Ixodes spp - A literature review. Travel Medicine
and Infectious Disease 11, 374–411

MATHIEU, B., CÊTRE-SOSSAH, C., GARROS, C., CHAVERNAC, D.,
BALENGHIEN, T., CARPENTER, S., SETIER-RIO, M. L., VIGNES-LEBBE, R.,
UNG, V., CANDOLFI, E. & DELÉCOLLE, J. C. (2012) Development and valid-
ation of IIKC: An interactive identification key for Culicoides (Diptera:
Ceratopogonidae) females from the Western Palaearctic region. Parasites and
Vectors 5, 137

MEHLHORN, H., SCHMAHL, G., D’HAESE, J. & SCHUMACHER, B. (2008)
Butox® 7.5 pour on: A deltamethrin treatment of sheep and cattle: Pilot study of
killing effects on Culicoides species (Ceratopogonidae). Parasitology Research 102,
515–518

MEHLHORN, H., WALLDORF, V., KLIMPEL, S., JAHN, B., JAEGER, F.,
ESCHWEILER, J., HOFFMANN, B. & BEER, M. (2007) First occurrence of
Culicoides obsoletus-transmitted Bluetongue virus epidemic in Central Europe.
Parasitology Research 101, 219–228

MEISWINKEL, R., BAYLIS, M. & LABUSCHAGNE, K. (2000) Stabling and the pro-
tection of horses from Culicoides bolitinos (Diptera: Ceratopogonidae), a recently
identified vector of African horse sickness. Bulletin of Entomological Research 90,
509–515

MELLOR, P. S., BONED, J., HAMBLIN, C. & GRAHAM, S. (1990) Isolations of
African horse sickness virus from vector insects made during the 1988 epizootic
in Spain. Epidemiology and Infection 105, 447–454

MELLOR, P. S., BOORMAN, J. & BAYLIS, M. (2000) Culicoides biting midges: their
role as arbovirus vectors. Annual Review of Entomology 45, 307–340

MELLOR, P. S. & HAMBLIN, C. (2004) African horse sickness. Veterinary Research
35, 445–466

MELLOR, P. S. & MCCRAIG, J. (1974) The probable cause of “sweet itch” in
England. Veterinary Record 95, 411–415

MULLENS, B. A., GERRY, A. C., MONTEYS, V. S. I., PINNA, M. & GONZÁLEZ,
A. (2010) Field studies on Culicoides (Diptera: Ceratopogonidae) activity and
response to deltamethrin applications to sheep in northeastern Spain. Journal of
Medical Entomology 47, 106–110

MULLENS, B. A., GERRY, A. C. & VELTEN, R. K. (2001) Failure of a Permethrin
Treatment Regime to Protect Cattle Against Bluetongue Virus. Journal of Medical
Entomology 38, 760–762

NOLAN, D. V., CARPENTER, S., BARBER, J., MELLOR, P. S., DALLAS, J. F.,
MORDUE, A. J. & PIERTNEY, S. B. (2007) Rapid diagnostic PCR assays for
members of the Culicoides obsoletus and Culicoides pulicaris species complexes,
implicated vectors of bluetongue virus in Europe. Veterinary Microbiology 124,
82–94

PAPADOPOULOS, E., BARTRAM, D., CARPENTER, S., MELLOR, P. & WALL, R.
(2009) Efficacy of alphacypermethrin applied to cattle and sheep against the
biting midge Culicoides nubeculosus. Veterinary Parasitology 163, 110–114

PAPADOPOULOS, E., ROWLINSON, M., BARTRAM, D., CARPENTER, S.,
MELLOR, P. & WALL, R. (2010) Treatment of horses with cypermethrin against
the biting flies Culicoides nubeculosus, Aedes aegypti and Culex quinquefascia.
Veterinary Parasitology 169, 165–171

PATON, T. (1863) The ‘‘horse sickness’’of the Cape of Good Hope. Veterinarian 36,
489–494

RIEK, R. (1953) Studies on allergic dermatitis of the horse II.–Treatment and
control. The Australian Veterinary Journal 29, 185–187

RODRIGUEZ, M., HOOGHUIS, H. & CASTANO, M. (1992) African horse sick-
ness in Spain. Veterinary Microbiology 33, 129–142

SCHAFFARTZIK, A., HAMZA, E., JANDA, J., CRAMERI, R., MARTI, E. &
RHYNER, C. (2012) Equine insect bite hypersensitivity: What do we know?
Veterinary Immunology and Immunopathology 147, 113–126

TOWNLEY, P., BAKER, K. P. & QUINN, P. J. (1984) Preferential landing and engor-
ging sites of Culicoides species landing on a horse in Ireland. Equine Veterinary
Journal 16, 117–120

VAN DER RIJT, R., VAN DEN BOOM, R., JONGEMA, Y. & VAN
OLDRUITENBORGH-OOSTERBAAN, M. M. (2008) Culicoides species attracted
to horses with and without insect hypersensitivity. The Veterinary Journal 178,
91–97

VENAIL, R., MATHIEU, B., SETIER-RIO, M. L., BORBA, C., ALEXANDRE, M.,
VIUDES, G., GARROS, C., ALLENE, X., CARPENTER, S., BALDET, T. &
BALENGHIEN, T. (2011) Laboratory and field-based tests of deltamethrin insecti-
cides against adult Culicoides biting midges. Journal of Medical Entomology 48,
351–357

VIENNET, E., GARROS, C., GARDÈS, L., RAKOTOARIVONY, I., ALLÈNE, X.,
LANCELOT, R., CROCHET, D., MOULIA, C., BALDET, T. & BALENGHIEN, T.
(2013) Host preferences of Palaearctic Culicoides biting midges: Implications for
transmission of orbiviruses. Medical and Veterinary Entomology 27, 255–266

VIENNET, E., GARROS, C., LANCELOT, R., ALLENE, X., GARDES, L.,
RAKOTOARIVONY, I., CROCHET, D., DELECOLLE, J. C., MOULIA, C.,
BALDET, T. & BALENGHIEN, T. (2011) Assessment of vector/host contact: com-
parison of animal-baited traps and UV-light/suction trap for collecting Culicoides
biting midges (Diptera: Ceratopogonidae), vectors of Orbiviruses. Parasites and
Vectors 4, 119

WEIHER, W., BAUER, B., MEHLITZ, D., NIJHOF, A. M. & CLAUSEN, P.-H. (2014)
Field trials assessing deltamethrin (Butox®) treatments of sheep against
Culicoides species. Parasitology Research 113, 2641–5

May 30, 2015 | Veterinary Record

Paper

group.bmj.com on June 7, 2015 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://dx.doi.org/10.1098/rsif.2013.0194
http://dx.doi.org/10.1016/j.tmaid.2013.10.005
http://dx.doi.org/10.1016/j.tmaid.2013.10.005
http://dx.doi.org/10.1186/1756-3305-5-137
http://dx.doi.org/10.1186/1756-3305-5-137
http://dx.doi.org/10.1007/s00436-007-0841-z
http://dx.doi.org/10.1007/s00436-007-0519-6
http://dx.doi.org/10.1017/S0007485300000626
http://dx.doi.org/10.1017/S0950268800048020
http://dx.doi.org/10.1146/annurev.ento.45.1.307
http://dx.doi.org/10.1051/vetres:2004021
http://dx.doi.org/10.1136/vr.95.18.411
http://dx.doi.org/10.1093/jmedent/47.1.106
http://dx.doi.org/10.1093/jmedent/47.1.106
http://dx.doi.org/10.1603/0022-2585-38.5.760
http://dx.doi.org/10.1603/0022-2585-38.5.760
http://dx.doi.org/10.1016/j.vetmic.2007.03.019
http://dx.doi.org/10.1016/j.vetpar.2009.03.041
http://dx.doi.org/10.1016/j.vetpar.2009.12.023
http://dx.doi.org/10.1111/j.1751-0813.1953.tb13938.x
http://dx.doi.org/10.1016/0378-1135(92)90041-Q
http://dx.doi.org/10.1016/j.vetimm.2012.03.017
http://dx.doi.org/10.1111/j.2042-3306.1984.tb01876.x
http://dx.doi.org/10.1111/j.2042-3306.1984.tb01876.x
http://dx.doi.org/10.1016/j.tvjl.2007.07.005
http://dx.doi.org/10.1603/ME10178
http://dx.doi.org/10.1111/j.1365-2915.2012.01042.x
http://dx.doi.org/10.1186/1756-3305-4-119
http://dx.doi.org/10.1186/1756-3305-4-119
http://dx.doi.org/10.1007/s00436-014-3916-7
http://crossmark.crossref.org/dialog/?doi=10.1136/vr.102800&domain=pdf&date_stamp=2015-05-28
http://veterinaryrecord.bmj.com/
http://group.bmj.com


 on horses Culicoidesblood feeding by 
Repellent effect of topical deltamethrin on

M. Robin, D. Archer, C. McGowan, C. Garros, L. Gardès and M. Baylis

doi: 10.1136/vr.102800
2015 176: 574 originally published online May 6, 2015Veterinary Record 

 http://veterinaryrecord.bmj.com/content/176/22/574
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://veterinaryrecord.bmj.com/content/176/22/574

This article cites 37 articles, 5 of which you can access for free at: 

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on June 7, 2015 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://veterinaryrecord.bmj.com/content/176/22/574
http://veterinaryrecord.bmj.com/content/176/22/574#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://veterinaryrecord.bmj.com/
http://group.bmj.com

	Repellent effect of topical deltamethrin on blood feeding by Culicoides on horses
	Summary
	Materials and methods
	Animals
	Experimental setting

	Data analysis
	Results
	Preliminary study
	Main study

	Discussion
	References


