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Summary 
Equine insect hypersensitivity (EIH) is a seasonal disease which is caused by the bites of female 
Culicoides spp.. Two of the most common Culicoides species found around horses in the Netherlands 
are C. obsoletus (94,1% in 2006 and 95,34% in 2007) and C. pulicaris (5,81% in 2006 and 4,54% in 
2007). The diagnosis of EIH is usually based on history, clinical signs and exclusion of other potential 
causes. Because horses with EIH normally don’t show any signs in the winter, it is very hard to 
determine whether horses are affected or not in this season. Maybe in the future, the intradermal 
skin test will be a helpful method to diagnose EIH. In the present study, three different extracts (C. 
obsoletus non-blood-fed, C. obsoletus blood-fed and C. pulicaris) were used in two different 
concentrations (1:1000 w/v and 1:5000 w/v) to determine whether there’s a difference in reaction 
towards these extracts using the intradermal test between horses suffering from EIH and horses who 
are not affected by this disease. For this experiment 20 horses were used. The horses used were 
paired, forming a couple of one horse suffering from EIH and the other unaffected. All the horses had 
to be on the current location for at least one year. The horses were not sedated. The injection sites 
were evaluated on wheal diameter (in mm) and firmness 30 minutes, 1 hour, 4 hours and 24 hours 
after the extracts where injected. The most effective points of evaluation were the controls at 1 and 4 
hour. There was a significant difference in reaction to all of the extracts at these times between the 
horses with and without EIH. It was not possible to distinguish between the sensitivity of horses with 
EIH towards the different extracts (C. obsoletus, C. obsoletus blood-fed and C. pulicaris) used in this 
study. 
 
Samenvatting 
Staart- en maneneczeem (SME) bij paarden is een overgevoeligheidsreactie veroorzaakt door de 
beten van vrouwelijke Culicoides spp.. In Nederland zijn C. obsoletus (94,1% in 2006 en 95,34% in 
2007) en C. pulicaris (5,81% in 2006 en 4,54% in 2007) de meest voorkomende Culicoides soorten. De 
diagnose van SME wordt meestal gebaseerd op geschiedenis, klinische symptomen en uitsluiting van 
andere mogelijk oorzaken. Omdat paarden met SME normaal gesproken geen symptomen hebben in 
de winter, is het erg moeilijk om in dit seizoen vast te stellen of paarden SME hebben of niet. Mogelijk 
kan de intradermale huidtest in de toekomst helpen bij het diagnosticeren van SME. In het huidige 
onderzoek zijn drie verschillende extracten (niet-bloedgezogen C. obsoletus, bloedgezogen C. 
obsoletus en C. pulicaris) gebruikt om vast te stellen of er een verschil in reactie is op deze extracten 
door middel van gebruik van de intradermale huidtest tussen paarden met SME en paarden die geen 
SME hebben. Voor dit onderzoek zijn 20 paarden gebruikt. De paarden zijn ingedeeld in koppels van 
steeds één paard met SME en één zonder. Alle paarden moesten minimaal een jaar op de huidige 
locatie staan. De paarden zijn niet gesedeerd. De injectieplaatsen zijn beoordeeld op diameter en 
consistentie na 30 minuten, na een uur, na 4 uur en na 24 uur. De meest effectieve 
evaluatietijdstippen waren die op 1 en 4 uur na injectie. Er was een significant verschil in reactie ten 
opzichte van alle extracten op deze tijdstippen tussen paarden met en zonder SME. Het was niet 
mogelijk om onderscheid te maken tussen de gevoeligheid van paarden met SME ten opzichte van de 
drie verschillende extracten (niet-bloedgezogen C. obsoletus, bloedgezogen C. obsoletus en C. 
pulicaris) die in dit onderzoek gebruikt zijn. 
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Introduction 
Equine insect hypersensitivity (EIH) is a seasonal disease which is caused by the bites of female 
Culicoides spp. (Anderson et al, 1988; Holmes, 1990; De Raat et al, 2008; Van den Boom et al, 2008; 
Van der Rijt et al, 2007; Van Grevenhof et al, 2007). It is also called ‘Culicoides hypersensitivity’, 
‘Sweet itch’, ‘Summer eczema’, ‘Allergic urticaria’, ‘Summer mange’, ‘Queensland itch’ or ‘Kasen’ 
(Anderson et al, 1988; Ferroglio et al; Kolm-Stark et al, 2002; 2006; Sloet van Oldruitenborgh-
Oosterbaan et al, 2008). Intense irritation, scratching and rubbing, leading to serous effusion, 
alopecia and the development of secondary skin lesions are the results of this disease. Horses with 
EIH can seriously cause damage to themselves to relieve itch (Ferroglio et al, 2006; Kolm-Stark et al, 
2002; Steinman et al, 2003). When the disease exists for a longer period hyperkeratosis, scaling and 
the formation of transverse ridges can be seen (Sloet van Oldruitenborgh-Oosterbaan et al, 2008). 
The intense pruritus mainly affects the mane and tail (dorsal midline) but can also be seen in the 
ventral region of the body (ventral midline dermatitis) (Greiner et al, 1988; Sloet van Oldruitenborgh-
Oosterbaan, 2001). EIH is mostly seen during eight months of the year when the climate is best for 
the Culicoides to survive (Van den Boom et al, 2008). Two of the most common Culicoides species 
found around horses in the Netherlands are C. obsoletus (94,1% in 2006 and 95,34% in 2007) and C. 
pulicaris (5,81% in 2006 and 4,54% in 2007) (De Raat et al, 2008; Van der Rijt et al, 2007). EIH is 
caused by a type I (immediate) reaction that occurs after repeated contact with saliva of Culicoides 
spp.. This saliva contains the allergen to which horses suffering from EIH are allergic. This reaction is 
IgE (Immunoglobulin E) antibody mediated. It seems to be that there’s also a type IV (cell mediated, 
delayed type) reaction involved (Evans, 1992; Holmes, 1990; White et al, 2006). 
 
The diagnosis of EIH is usually based on history, clinical signs and exclusion of other potential causes. 
Because horses with EIH normally don’t show any signs in the winter, it is very hard to determine 
whether horses are affected or not in this season (Ferroglio et al, 2006). Maybe in the future, the 
intradermal skin test will be a helpful method to diagnose EIH. In 2004 a study was performed in the  
Netherlands using the intradermal skin test with an extract of C. nubeculosus on horses with and 
without insect hypersensitivity. Two series of skin tests were performed. The first one in March, 
when the Culicoides midges are non-active and the second one in October, which is the last part of 
the active season of Culicoides spp.. No statistical difference could be detected between horses with 
insect hypersensitivity and healthy control horses. The data suggested that either the Culicoides 
antigen used in this test was not suitable for intradermal testing in the Netherlands, or the test 
procedure itself was not reliable (Sloet van Oldruitenborgh-Oosterbaan et al, 2006). In a later study 
performed in the Netherlands using an intradermal test on horses with and without insect 
hypersensitivity, one mixed extract of different Culicoides species trapped in the Netherlands was 
used. The extract was tested in the following concentrations, 1:1000 w/v, 1:10000 w/v and 1:25000 
w/v. The 1:1000 w/v extract was proven to be the most effective dilution in causing a skin reaction in 
the horses affected by EIH. The outcome of this research was that the intradermal skin test was 
useful in diagnosing EIH while using environment-associated Culicoides spp.. In this study, there was 
a significant difference in reaction between horses with and without insect hypersensitivity, 
indicating that the Culicoides species used in the extract should be the same as the ones present in 
the country (Sloet van Oldruitenborgh-Oosterbaan et al, 2008). 
 
If the skin test is able to determine the specific type of Culicoides to which the horse is allergic, it may 
be possible to develop a specific desensitization-program in the future (Ferroglio et al, 2006). In the 
last decades, various studies have been performed on immunotherapy in the treatment of EIH, with 
various success. In one controlled, double-blind study, an extract of whole, unfed C. variipennis was 
used. The investigators found no significant difference between horses on Culicoides antigen and 
control horses, possibly because of wrong injection intervals and timing. Another explanation for 
these results could be that the extract didn’t contain the appropriate antigens or adequate amounts 
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of appropriate antigens. Another option is that EIH is not entirely IgE mediated and that Type IV 
hypersensitivity mechanisms are involved. In such a situation one would not expect immunotherapy 
to be successful. Evidence for this delayed type hypersensitivity can be seen in horses with delayed 
reactions in the intradermal skin test (Barbet et al, 1990). In another double-blind study, positive 
responses to intradermal skin test using a variety of antigens from insect and environmental sources 
in normal horses and horses affected with clinical signs compatible with Culicoides, other insect 
hypersensitivity and environmental hypersensitivity were determined. Based upon the results of the 
skin test, the efficacy of insect hyposensitization, compared to insect and environmental allergen 
hyposensitization and placebo therapy, was determined. and after this hyposensitization was tried. 
There was no statistical significance in post-treatment scores between the placebo, insect and insect 
and environmental allergen hyposensitization groups. Although there was no statistical significance 
for post scores between the treatment and placebo groups, when individual horses were examined 
(using their pre-scores as their own controls) there was statistical significance. The reason that the 
group comparisons showed no statistical significance most likely related to the low number of horses 
in each group and the considerable score variability among horses (Rosenkrantz et al, 1998). 
 
The aim of the present study was to determine whether there’s a difference in reaction towards 
different extracts (C. obsoletus, C. obsoletus bloodfed and C. pulicaris), using the intradermal skin 
test, between horses suffering from EIH and horses who are not affected by this skin disease.  
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Materials and methods 
Collection of Culicoides and antigen preparation 
Culicoides specimens were captured in the Netherlands during the summer of 2007, using a tent 
construction according to Van der Rijt et al (2007). The insects were collected on a small piece of 
mosquito net placed on the tube of  a vacuum cleaner (Donna, 1400 Watt) which was on the lowest 
power setting. Then the insects were placed in a tube filled with a 70% ethylethanol solution. Later 
on the insects were classified and C. obsoletus and C. pulicaris were separated to make extracts. The 
three extracts used in this study were: one extract consisting of Culicoides pulicaris, one of C. 
obsoletus and one of blood-fed C. obsoletus. The solutions used were extracts of the whole insect 
body, although the ideal extract would be made from salivary glands (Fadok et al, 1990). 
 
The extracts containing Culicoides obsoletus en C. pulicaris were produced by the Cell Biology and 
Immunology group of Wageningen University. Since the Culicoides spp. had been stored in alcohol 
they had to be dried first. The midges were pipetted on a paper filter to remove the alcohol and 
afterwards collected in a glass beaker to dry. A total of 125 mg of dry Culicoides spp. were obtained. 
To each group 1 ml of cold PBS with protease inhibitors (1 mm PMSF, 10 μm Leupeptin)  was added. 
The whole midges were grinded in a cold mortar with a pestle and the mixture was collected in an 
eppendorf tube. The eppendorf tubes were spun down for 10 min at 4°C at 15000 rpm. The 
supernatant was removed and sterilized by filtration. After filtration, the concentration was 
measured using a Nanodrop spectrophotometer at 280 nm. Three concentrations were obtained 
1.28 mg/ml (blood-fed C. obsoletus), 1.36 mg/ml (C. obsoletus non-blood-fed) and 1.55 mg/ml (C. 
pulicaris). The samples were aliquoted in portions of 100 μl and frozen at -20°C.  
 
The day before the skin test was performed for the first time, the extracts were made in a 1:500 w/v 
concentration. The further dilutions were made at the University of Utrecht. All extracts were tested 
in two different concentrations (1:1000 and 1:5000 w/v). As a positive control a histamine solution 
(Artuvetrin® Test) at a concentration of 0.001 mg/ml was used and as a negative control a phosphate 
buffer (Artuvetrin® Test).  
 
Animals 
For this experiment 20 horses were used. The horses used were paired, forming a couple of one 
horse suffering from EIH and the other unaffected. All horses had to be on the current location for 
more than a year and all horses with EIH were affected for more than a year. Fifteen mares and five 
geldings were used.  Most of the horses were Icelandic horses, except for one couple which consisted 
of one Friesian horse and one Dutch warmblood horse. The horses of a couple were housed at the 
same location with the same conditions, with a total of four locations. Location four was actually a 
large breeding and training farm for Icelandic horses. Breed, name, gender, age, number of years 
affected by EIH and location are listed in table 1.  
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Couple   Breed 

 
 
Name Gender Age 

Years affected  
by EIH Location 

1 P Friesian horse 
Bir 

Gelding 8 >3 1 

  C Dutch warmblood horse 
Lydia 

Mare 15 - 1 

2 P Icelandic horse 
Hremsa 

Mare 3 2,5 2 

  C Icelandic horse 
Dimmalimm 

Mare 3 - 2 

3 P Icelandic horse 
Björn 

Gelding 13 8 2 

  C Icelandic horse 
Hylling 

Mare 21 - 2 

4 P Icelandic horse 
Lyst 

Mare 13 >8 3 

  C Icelandic horse 
Brana 

Mare 15 - 3 

5 P Icelandic horse 
Kjamma 

Mare 7  5 4 

  C Icelandic horse 
Lyskolla 

Mare 7 - 4 

6 P Icelandic horse 
Atla 

Mare 6  2 4 

  C Icelandic horse 
Anduaka 

Mare 6 - 4 

7 P Icelandic horse 
Isold 

Mare 8 3 4 

  C Icelandic horse 
Isja 

Mare 8 - 4 

8 P Icelandic horse 
Brunka 

Mare 7 6,5 4 

  C Icelandic horse 
Amma 

Mare 6 - 4 

9 P Icelandic horse 
Kjarkur 

Gelding 7 4 4 

  C Icelandic horse 
Krumni 

Gelding 7 - 4 

10 P Icelandic horse 
Andvari 

Gelding 11 8 4 

  C Icelandic horse 
Ida 

Mare 13 - 4 

Table 1 Characteristics of the horses used in this research 
P = Patient, C = Control horse 
Location numbers in table 1: 

1 Utrecht 
2 Stroe 
3 Blaricum 
4 Oirschot 

 
Intradermal test 
The study was approved by the Dutch Animal Experiment Committee (DEC). In addition, all horse 
owners were asked to sign a consent form, to indicate that they approved the participation of their 
horse in the study. The intradermal test was performed in November 2008 on unsedated horses. The 
midregion of the neck was shaved with an electric clipper blade for about 35 centimeters in length 
and 15 centimeters in width, 10 cm below the base of the mane. The skin was disinfected with an 
alcohol solution and the sites of injection were marked with a permanent marker. The marks were at 
least four centimeters apart. Per site, 0,1 mL  of each allergenic extract or positive/ negative control 
was injected intradermal using a 25 Gx5/8” needle.  Some of the materials (extracts, control 
solutions and injections with the 25 Gx5/8” needles)  used in the study can be seen on figure 1 and 
performance of the skin test are shown in figure 2. 
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Figure 1 Some of the materials (extracts, control solutions and injections with the 25 Gx5/8” needles) used in 

the intradermal skin test 

The injection sites were evaluated on wheal diameter (in mm) by taking the mean of the wheal 
diameters measured in two directions at right angles, and firmness by palpation 30 minutes, 1 hour, 
4 hours and 24 hours after the extracts where injected. These different control moments were 
needed, because it is known that reactions to intradermal skin testing may develop at any time 
throughout a 24-hour post-injection evaluation period, and late-onset reactions are not always 
preceded by positive reactions at earlier periods (Evans et al, 1992). Evaluation of the skin test site at 
30 min, at 1 hour and at 4 hours determines the immediate and late-phase reaction of an IgE-
dependent type I hypersensitivity, respectively. Evaluation at 24 hours after the injection determines 
a delayed reaction due to type IV hypersensitivity (Langner et al, 2008). 
 
The scale of Lebis et al (2002) was used to determine the firmness of the wheals:  
0  = no palpable reaction 
+/- = very flat reaction with a badly defined outline, considered negative because the wheal 

diameter couldn’t be measured reliably 
+ = reactions with just palpable thickness 
++ = reactions with obvious thickness 
+++ = reactions with same thickness as histamine control   

 
 
 

Statistical analysis  
A Generalized Linear mixed model with a poisson distribution and with random couples and random 
time effect was used. The fixed part contains the factors extract, time and patient/control plus all 2-
way interactions and the 3-way interaction. After the Bonveroni correction p< 0.0016 was considered 
significant. 
 

Figure 2 Performing the intradermal skin test 
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Results 
The results of the intradermal skin test can be seen in tables 5 till 8 at the end of this report. In figure 
3 the wheal diameters four hours after injection can be seen in a horse affected by EIH.  
 

 
Figure 3 Reaction to the extracts in a horse with IBH  four hours after injection 

  Time after injection               

  0.5 hrs   1 hrs   4 hrs   24 hrs   

Injection: P C P C P C P C 

Positive control 14,1 (SD 5,61) 15,9 (SD 2,47) 14,5 (SD 4,28) 15,5 (SD 3,75) 9,5 (SD 7,14) 10,7 (SD 8,04) 0 (SD 0) 1,5 (SD 4,74) 

Negative control 10,1 (SD 5,76) * 5,8 (SD 5,71) 4,9 (SD 6,01) 2,7 (SD 4,67) 0 (SD 0) 0 (SD 0) 0 (SD 0) 0 (SD 0) 

C. obsoletus 1:1000 14 (SD 5,96) 9,7 (SD 6,06) 17 (SD 3,56) * 9 (SD 5,29) 16,7 (SD 4,24) * 3,4 (SD 5,52) 20,9 (SD 8,16) 0 (SD 0) 

C. obsoletus 1:5000 13,1 (SD 3,35) * 7,7 (SD 6,25) 13,4 (SD 4,2) * 4,3 (SD 5,96) 10,5 (SD 4,2) * 1,5 (SD 3,37) 3,3 (SD 7,6) 0 (SD 0) 

C. obsoletus bloodfed 1:1000 16,2 (SD 3,88) 11 (SD 5,08) 17,6 (SD 4,06) * 9,3 (SD 5,56) 18,5 (SD 3,41) * 3,9 (SD 5,13) 14,7 (SD 9,07) 0 (SD 0) 

C. obsoletus bloodfed 1:5000 11,7 (SD 5,58) 9,5 (SD 5,82) 11,9 (SD 5,13) * 7 (SD 4,99) 14,2 (SD 3,65) * 1,3 (SD 2,83) 4,5 (SD 7,38) 0 (SD 0) 

C. pulicaris 1:1000 18,1 (SD 9,96) * 8,7 (SD 5,25) 18,9 (SD 9,71) * 9,7 (SD 6,93) 22,8 (SD 11,34) * 15,9 (SD 1,6) 16,1 (SD 19,08) * 3 (SD 6,39) 

C. pulicaris 1:5000 13,3 (SD 3,13) 9 (SD 5,85) 11 (SD 3,65) * 5,5 (SD 5,15) 10,6 (SD 6,87) * 5,6 (SD 5,58) 6,2 (SD 8,6) 0 (SD 0) 

Table 2 Mean wheal diameter (mm) after injection 
SD= standard deviation. P= patient. C= control horse. *= significant difference between patient and control (p<0.0016) 

 
 

Figure 4 Mean wheal diameter (mm) including SD 0,5 hrs after injection 
Legenda figures 4 till 7: 
P= patient. C= control horse. *= significant difference between patients and controls (p<0.0016) 
1= positive control. 2= negative control. 3= C. obsoletus 1:1000. 4= C. obsoletus 1:5000. 5= C. obsoletus 
bloodfed 1:1000. 6= C. obsoletus bloodfed 1:5000. 7= C. pulicaris 1:1000. 8= C. pulicaris 1:5000 
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Figure 5 Mean wheal diameter (mm) including SD 1 hrs after injection 

Figure 6 Mean wheal diameter (mm) including SD 4 hrs after injection 

Figure 7 Mean wheal diameter (mm) including SD 24 hrs after injection 
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The mean wheal diameter (in mm) after injection can be seen in table 2 and figures 4 till 7. A 
significant difference was found in wheal diameter between the control horses and patients in the 
following extracts: 

- 30 minutes:  negative control, C. obsoletus non-blood-fed  1:5000 w/v and C. pulicaris 1:1000 
w/v  

- 1 hour: C. obsoletus 1:1000 w/v, C. obsoletus 1:5000 w/v, C. obsoletus blood-fed 1:1000 w/v, 
C. obsoletus blood-fed 1:5000 w/v, C. pulicaris 1:1000 w/v and C. pulicaris 1:5000 w/v 

- 4 hours: C. obsoletus 1:1000 w/v, C. obsoletus 1:5000 w/v, C. obsoletus blood-fed 1:1000 w/v, 
C. obsoletus blood-fed 1:5000 w/v, C. pulicaris 1:1000 w/v and C. pulicaris 1:5000 w/v 

- 24 hours: C. pulicaris 1:1000 w/v  
When comparing the firmness of the reaction, 0 and +/- were considered negative, while +, ++ and 
+++ were considered positive. According to the firmness, it can be noticed that no significant 
differences between control horses and patients were found.  
 
The sensitivity and specificity of the wheal diameters in the intradermal skin test on the different 
time points after injection were determined. Different cut-off values (in mm) were used to calculate 
the sensitivity and specificity, which can be seen in table 3. In table 4 and figures 8 and 9 the 
sensitivity and specificity of the intradermal skin test at the four different times after injection are 
shown.  
 

  
Time after 
injection       

 Injection: 0.5 hrs 1 hrs 4 hrs 24 hrs 

C. obsoletus 1:1000 14 13 11 4 

C. obsoletus 1:5000 8 7 9 5 

C. obsoletus bloodfed 1:1000 14 14 11 6 

C. obsoletus bloodfed 1:5000 10 11 9 6 

C. pulicaris 1:1000 12 13 17 5 

C. pulicaris 1:5000 12 9 8 5 

Table 3 Cut-off values (mm) used for the sensitivity and specificity 

  
Time after 
injection               

  0.5 hrs   1 hrs   4 hrs   24 hrs   

Injection: sensitivity specificity sensitivity specificity sensitivity specificity sensitivity specificity 

C. obsoletus 1:1000 0,7 0,7 1 0,7 1 0,8 1 1 

C. obsoletus 1:5000 1 0,5 1 0,6 0,9 0,9 0,2 1 

C. obsoletus bloodfed 1:1000 0,8 0,7 0,9 0,9 1 0,9 0,8 1 

C. obsoletus bloodfed 1:5000 0,8 0,3 0,7 0,8 1 1 0,3 1 

C. pulicaris 1:1000 1 0,7 1 0,6 0,6 1 0,7 0,8 

C. pulicaris 1:5000 0,8 0,6 0,8 0,7 0,8 0,7 0,4 1 

Table 4 Sensitivity and specificity of the intradermal skin test 
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Figure 8 Sensitivity of the intradermal skin test 

 

 
Figure 9 Specificity of the intradermal skin test 
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Discussion  
As can be seen in this study, especially the measurement on 1 hour and 4 hours after injection are 
very reliable to discriminate between control horses and patients. One important reason for this, is 
that the positive and negative control do not vary between control horses and patients at this time, 
while at 30 minutes there is a significant difference between control horses and patients in the 
negative control. Evaluation of the skin test site at 30 minutes, at 1 hour and at 4 hours determines 
the immediate and late-phase reaction of an IgE-dependent type I hypersensitivity, respectively. 
Evaluation at 24 hours after the injection determines a delayed reaction due to type IV 
hypersensitivity (Langner et al, 2008). By using the three different extracts (C. obsoletus, C. obsoletus 
blood-fed and C. pulicaris) it is not possible to distinguish between horses on their sensitivity to these 
different Culicoides spp.. Some of the horses did react more to one of the extracts than others, but 
when comparing the two groups, no significant difference could be seen towards the different 
extracts. When testing different extracts using the intradermal skin test it is important to use native 
Culicoides spp., as was stated in an earlier research (Sloet van Oldruitenborgh-Oosterbaan et al, 
2006). Because no significant differences in firmness were found between control horses and 
patients, it can be stated that measuring the firmness does not add to diagnosing EIH using the 
intradermal skin test. 
 
In an earlier research testing the reactions towards different species of Culicoides (C. chiopterus, C. 
obsoletes and C. impunctatus) skin test-positive horses did not seem to discriminate between the 
antigens (Halldorsdottir et al, 1989). This could indicate the existence of one or more common 
allergens in midges belonging to the genus Culicoides or that the allergens involved have structural 
similarities, giving rise to cross reactions of antibodies. This theory is supported by the fact that 
different species of the genus Culicoides have been reported as being the causal agent of summer 
eczema in different countries (Halldorsdottir et al, 1989; Mullens et al, 2005; Riek 1954). 
 
It has been reported previously that horses mildly affected by EIH provoked false negative results in 
the intradermal skin test (Halldorstdottir et al, 1989). Recently, it has been demonstrated by 
comparative injections of allergen preparations into both sides of the cervical region of the same 
horse that mast cells are unevenly distributed in the skin (Langner et al, 2008). Therefore, it is 
possible that the number of mast cells in certain areas used for intradermal skin testing is not always 
representative for the allergic status of a horse resulting in false negative reactions to single allergen 
preparations (Langner et al, 2008). In this study there were also some false negative reactions in 
horses affected by EIH, but still there was a significant difference between the two groups. 
Sometimes it is possible that healthy control horses react to Culicoides preparations at 1 or 4 hours 
after injection, but not at 30 minutes after injection. An underlying cause may be the presence of 
irritant substances in the preparation that cause a non-allergen mediated inflammation. Such pro-
inflammatory and vasoactive components have been detected in salivary glands extracts as well as in 
the saliva of Culicoides spp. and have been found capable of inducing edema and erythema when 
applied intradermal to non-allergic laboratory animals and humans (Langner et al, 2008). This 
reaction makes it hard to discriminate between horses with EIH and healthy control horses. In a 
study performed by Langner et al (2008) it appeared that the use of saliva of Culicoides spp., instead 
of whole body extract increased both the sensitivity and the specificity of the intradermal skin test. 
This suggests that clean allergen preparations can reduce false positive results as well as false 
negative results. 
 
Standardization of allergens seems to be a problem for allergologists. Extracts containing all 
extractable components found in the original material contain several different antigenic  proteins, 
but only one or a few of them are allergens. The other components may also act as irritants and give 
false positive reactions (Halldorsdottir et al, 1989). Taking this into account dilute solutions of the 
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test extracts were used in the skin tests and a number of normal non-allergic individuals were 
included in the material as a control. According to Jose-Cunilleras et al (2001), reactions to individual 
allergens should not be used to determine that horses have hypersensitivity. Healthy control horses 
had positive reactions to a variety of intradermal allergens as well, but for most allergen groups and 
at most observation times a greater proportion of horses with chronic obstructive pulmonary 
disease, recurrent urticaria or allergic dermatitis reacted to a greater number of allergens. Overall 
patterns of reactivity to intradermal allergens may be helpful in management of EIH when used in 
conjunction with a compatible history and evidence of potential exposure to allergens in horses with 
conditions associated with hypersensitivity in environmental allergens. This means that the 
intradermal skin test could help in diagnosing EIH, but other factors need to be established as well. In 
the future, the intradermal skin test may be useful to determine the exact allergen to which horses 
with EIH are allergic. When the exact allergen is known, efforts could be made to fabricate this 
allergens synthetically. After this, the intradermal skin test could be used on a large scale.  
 
Although intradermal testing proved to be a good tool in confirming the suspected presence of IgE-
mediated hypersensitivity, there are several limitations inherent in this method. One is the practical 
difficulty in injecting a small amount (0.1 mL) of solution to a constant depth into the skin (the dermis 
of the horse is about 2,8 to 4 mm thick) (Halldorsdottir et al, 1989). Variation might also be caused by 
the injection technique itself and the difference in injection technique of different researchers. In 
earlier studies, an accurate intradermal administration of several antigens was not possible without 
the use of tranquillizers (Evans et al, 1992; Fadok et al, 1990; Halldorsdottir et al, 1989). Some 
phenothiazines have been reported to have mild antagonistic actions at receptors for histamine. The 
use of phenothiazine might therefore contribute to a depression of skin test reactivity in horses 
giving a positive antigen-response. The differences in antigen response between horses affected with 
summer eczema compared with unaffected horses might therefore be even greater than actually 
measured (Halldorsdottir et al, 1989). In the current study no tranquilizers were used. Therefore, it 
sometimes was difficult to place the injections intradermal, especially in the younger horses. The 
presence of the owner or another person who was familiar with the horses had a positive effect on  
their behaviour. In one case a twitch  was used to keep the horse calm.  
 
Considering the sensitivity of the subject, a skin test involving a threshold dilution titration gives 
more information about the sensitivity of the individual than a test in which a single concentration of 
a specific extract is administered (Halldorsdottir et al, 1989). On the basis of the results of an earlier 
study where the 1:1000 w/v solution proved to be the best in determining a difference in reactions 
between horses affected by EIH and unaffected horses (Sloet van Oldruitenborgh-Oosterbaan et al, 
2008) in the current study a 1:1000 w/v solution and a 1:5000 w/v solution were used. Reactions to 
both of the solutions were considered significant, meaning that both concentrations are useful in 
performing the skin test for diagnosing EIH. 
 
Most horses in the current study were Icelandic horses. Six of the couples were housed at the same 
location, making it possible to diminish environmental factors influencing the test results of these 
couples. Two other couples were housed together, the last two couples were housed apart from the 
rest. One control horse (the control horse of the second couple) had no clinical signs of EIH but this 
horse was only three years old and his mother was affected by EIH. It might be possible that this 
horse develops EIH in a later stage of his life and thus might not be useful control horse in this study. 
As can be seen in the results, this horse did show some positive reactions, especially to the extracts 
of C. pulicaris, but the reactions were not as large as the reactions in horses with EIH. Like earlier 
studies, most of the horses used in this study were kept on pasture most of the time and, therefore, 
had a high allergen exposure, particularly regarding insect allergens. The manifestation of clinical 
signs requires a level of exposure to allergens that is unique to each patient. This level, referred to as 
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the allergic threshold, may vary depending on non-allergenic factors such as physiological stress, 
bacterial infections or contact with irritants (Kolm-Stark et al, 2002).  
 
In conclusion, the intradermal skin test seems to be a useful method in diagnosing EIH. There was a 
significant difference towards the different extracts between horses with and without EIH. It was not 
possible to distinguish between the sensitivity of horses with EIH towards the different extracts (C. 
obsoletus, C. obsoletus blood-fed and C. pulicaris) used in this study. In the future, the intradermal 
skin test can be used to determine the exact allergen to which horses with EIH are allergic. In this 
manner, it might be possible to develop a desensitization program. When the exact allergen is 
known, efforts could be made to fabricate this allergens synthetically. After this, the intradermal skin 
test could be used on a large scale.  
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Tables: 
 
Table 5 Reaction to positive and negative controls 

Reaction 
to controls                                                                 

  
Positive 
control                               

Negative 
control                               

  0.5 hrs       1 hrs       4 hrs       24 hrs       0.5 hrs       1 hrs       4 hrs       24 hrs       

Couple: P   C   P   C   P   C   P   C   P   C   P   C   P   C   P   C   

1 20 +++ 20 +++ 19 ++ 20 +++ 18 + 14 + 0 +/- 0 0 12 +/- 12 + 5 +/- 12 + 0 0 0 0 0 0 0 0 

2 15 +++ 17 +/- 16 +++ 23 + 10 + 15 +/- 0 0 0 0 0 +/- 0 +/- 0 +/- 0 +/- 0 0 0 0 0 0 0 0 

3 0 +/- 14 + 7 +/- 12 + 0 0 0 0 0 0 0 0 0 0 6 +/- 0 0 0 +/- 0 0 0 0 0 0 0 0 

4 20 + 17 ++ 19 ++ 17 ++ 18 + 10 + 0 0 0 0 15 +/- 0 0 0 +/- 0 0 0 0 0 0 0 0 0 0 

5 16 +++ 17 +++ 20 +++ 17 ++ 12 +++ 13 + 0 0 0 0 15 + 0 +/- 5 +/- 0 0 0 +/- 0 0 0 0 0 0 

6 16 +++ 15 +++ 15 + 14 + 12 + 21 + 0 0 15 + 13 +/- 0 +/- 13 +/- 0 0 0 0 0 0 0 0 0 0 

7 15 ++ 18 ++ 9 + 13 + 0 0 0 0 0 0 0 0 9 + 15 +/- 0 +/- 0 0 0 0 0 0 0 0 0 0 

8 14 +++ 15 +++ 13 +++ 14 +++ 10 + 20 + 0 0 0 0 13 + 10 + 11 +/- 10 + 0 0 0 0 0 0 0 0 

9 12 +++ 11 + 14 +++ 11 + 15 ++ 0 +/- 0 0 0 0 15 + 5 +/- 15 + 5 +/- 0 +/- 0 0 0 0 0 0 

10 13 ++ 15 +++ 13 ++ 14 +++ 0 0 14 ++ 0 0 0 0 9 +/- 10 +/- 0 +/- 0 +/- 0 0 0 0 0 0 0 0 
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Table 6 Reaction to extracts of C. obsoletus (non-bloodfed) in a 1:1000 w/v and 1:5000 w/v solution  

Reaction 
to C. 
obsoletus                                                                  

  
C. obsoletus 
1:1000                               

C. obsoletus 
1:5000                               

  0.5 hrs       1 hrs       4 hrs       24 hrs       0.5 hrs       1 hrs       4 hrs       24 hrs       

Couple: P   C   P   C   P   C   P   C   P   C   P   C   P   C   P   C   

1 21 ++ 15 ++ 17 ++ 15 + 18 ++ 11 0 25 + 0 0 14 ++ 16 + 14 + 16 +/- 13 ++ 10 +/- 0 0 0 0 

2 0 +/- 8 + 13 ++ 0 +/- 15 + 0 0 24 ++ 0 0 16 + 10 + 17 ++ 0 0 14 + 0 0 0 +/- 0 0 

3 16 +++ 0 0 17 +++ 0 +/- 19 +++ 0 0 23 ++ 0 0 10 + 0 0 7 +/- 0 +/- 10 +/- 0 0 0 0 0 0 

4 18 +++ 10 + 24 +++ 10 + 24 +++ 10 +/- 30 ++ 0 0 18 +++ 0 0 19 ++ 0 0 11 + 0 0 0 0 0 0 

5 16 ++ 0 +/- 17 +++ 10 +/- 11 +++ 0 +/- 8 ++ 0 +/- 15 +/- 5 +/- 19 + 0 +/- 13 ++ 0 0 0 +/- 0 0 

6 15 +++ 13 + 15 +++ 14 +/- 11 ++ 0 0 16 + 0 0 14 +++ 0 0 14 ++ 0 0 10 ++ 0 0 0 +/- 0 0 

7 10 +++ 18 + 17 ++ 9 +/- 21 ++ 0 0 18 ++ 0 0 10 ++ 16 + 14 + 0 +/- 15 +/- 0 0 10 +/- 0 0 

8 19 +++ 8 +++ 22 +++ 8 ++ 17 ++ 13 + 12 + 0 0 16 + 10 + 11 + 8 +/- 10 +/- 5 +/- 0 0 0 0 

9 14 ++ 10 + 15 +++ 10 + 18 ++ 0 0 18 ++ 0 0 10 + 8 +/- 11 + 8 +/- 0 +/- 0 0 0 +/- 0 0 

10 11 +++ 15 + 13 +++ 14 + 13 +++ 0 +/- 35 +++ 0 0 8 + 12 + 8 + 11 +/- 9 ++ 0 +/- 23 +++ 0 0 
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Table 7 Reaction to extracts of C. obsoletus bloodfed in a 1:1000 w/v and 1:5000 w/v solution 

Reaction 
to C. 
obsoletus 
bloodfed                                                                 

  
C. obsoletus 
bloodfed 1:1000                               

C. obsoletus 
bloodfed 1:5000                               

  0.5 hrs       1 hrs       4 hrs       
24 
hrs       0.5 hrs       1 hrs       4 hrs       

24 
hrs       

Couple: P   C   P   C   P   C   P   C   P   C   P   C   P   C   P   C   

1 20 +++ 12 + 19 +++ 13 + 19 +++ 12 + 17 +/- 0 0 19 ++ 13 + 16 + 12 +/- 19 +++ 0 0 0 0 0 0 

2 18 +++ 13 ++ 16 +++ 15 + 20 +++ 8 +/- 26 +++ 0 0 10 + 11 + 13 ++ 12 + 19 ++ 8 + 18 + 0 0 

3 15 +++ 0 0 18 +++ 0 0 18 +++ 0 0 19 ++ 0 0 0 +/- 0 0 0 +/- 0 0 10 +/- 0 0 0 +/- 0 0 

4 19 +++ 5 + 23 +++ 5 + 23 +++ 10 + 25 ++ 0 0 18 +++ 0 0 19 ++ 0 0 17 + 0 0 0 0 0 0 

5 14 + 9 + 20 ++ 12 + 21 +++ 0 +/- 13 ++ 0 +/- 14 + 5 +/- 15 ++ 9 + 15 ++ 5 +/- 0 +/- 0 +/- 

6 14 +++ 13 + 14 ++ 0 0 21 +++ 0 0 0 +/- 0 0 11 ++ 13 +/- 12 + 0 0 13 ++ 0 0 0 +/- 0 0 

7 18 +++ 17 + 20 +++ 11 +/- 19 ++ 0 0 0 +/- 0 0 11 + 17 + 10 + 10 +/- 15 + 0 0 0 0 0 0 

8 22 +++ 12 ++ 22 +++ 13 ++ 15 ++ 0 +/- 12 + 0 0 16 + 13 + 14 ++ 9 ++ 10 + 0 +/- 0 0 0 0 

9 13 ++ 15 + 14 +++ 13 +/- 18 ++ 0 0 14 + 0 0 11 + 11 + 11 ++ 10 +/- 15 + 0 0 12 + 0 0 

10 9 ++ 14 + 10 ++ 11 + 11 +++ 9 +/- 21 +++ 0 0 7 + 12 +/- 9 +/- 8 +/- 9 ++ 0 0 15 + 0 0 
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Table 8 Reaction to extracts of C. pulicaris in a 1:1000 w/v and 1:5000 w/v solution 

Reaction 
to C. 
pulicaris                                                                 

  
C. pulicaris 
1:1000                               

C. pulicaris 
1:5000                               

  0.5 hrs       1 hrs       4 hrs       24 hrs       0.5 hrs       1 hrs       4 hrs       24 hrs       

Couple: P   C   P   C   P   C   P   C   P   C   P   C   P   C   P   C   

1 45 ++ 14 ++ 45 ++ 15 + 50 ++ 12 ++ 62 ++ 0 0 14 ++ 12 + 13 ++ 12 +/- 14 +++ 10 + 0 +/- 0 0 

2 20 +++ 12 ++ 15 +++ 17 + 33 +++ 17 +++ 31 +++ 17 + 19 +++ 8 ++ 13 +++ 7 +/- 19 +++ 8 ++ 23 + 0 0 

3 19 ++ 0 0 19 + 0 0 28 ++ 17 + 20 + 0 0 14 ++ 0 0 15 ++ 0 +/- 21 ++ 15 + 15 +/- 0 0 

4 17 +++ 0 0 21 +++ 0 0 20 + 15 + 5 + 0 0 17 + 0 0 12 +/- 0 0 0 0 0 0 0 0 0 0 

5 12 + 8 + 13 + 12 + 15 + 16 +++ 13 ++ 0 +/- 12 + 15 +/- 10 +/- 13 +/- 11 +/- 6 +/- 10 ++ 0 0 

6 12 +++ 10 +/- 15 +++ 0 0 16 +++ 16 + 18 + 0 0 13 ++ 11 +/- 14 + 0 0 12 + 12 +/- 0 +/- 0 0 

7 13 +++ 16 ++ 21 +++ 15 + 19 ++ 17 ++ 0 0 13 +/- 13 ++ 13 + 14 + 0 +/- 0 +/- 0 0 0 0 0 0 

8 18 ++ 9 ++ 14 ++ 11 + 14 +++ 17 ++ 0 +/- 0 0 13 + 17 + 5 + 9 +/- 8 +/- 0 +/- 0 0 0 0 

9 13 ++ 10 ++ 13 +++ 12 + 17 +++ 17 ++ 0 +/- 0 +/- 10 +/- 9 + 5 +/- 7 +/- 10 + 5 +/- 14 + 0 0 

10 12 +++ 8 + 13 + 15 + 16 +++ 15 + 12 + 0 0 8 ++ 5 +/- 9 + 7 +/- 11 ++ 0 +/- 0 0 0 0 

Legenda for table 2 till 5: 
P= Patient 
C= Control 
The first column of each horse is the wheal diameter in mm, the second column is the firmness of the wheal according to the scale of Lebis et al (2002):   
0  = no palpable reaction 
+/- = very flat reaction with a badly defined outline, considered negative because the wheal diameter couldn’t be measured reliab ly 
+ = reactions with just palpable thickness 
++ = reactions with obvious thickness 
+++ = reactions with same thickness as histamine control 
 



4 
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Summary 
Equine insect hypersensitivity (EIH) is a hypersensitivity disorder caused by the bites of female 
Culicoides spp. Culicoides spp. can also be vectors of various diseases, including the African horse 
sickness virus. In the Netherlands the two most common species of Culicoides are C. obsoletus and C. 
pulicaris. In the last two years C. obsoletus was found in a percentage of about 95% and C. pulicaris in 
a percentage of about 5%. One way to fight Culicoides spp. is the use of CO2-traps. In the present 
study, two different CO2-traps were investigated, one working by electricity and one by propane (the 
latter in two different sizes). The Culicoides spp. caught inside the traps were compared to the 
Culicoides spp. caught in a tent construction. On one location, a large propane powered trap 
(Midgeater® Max) and one electricity powered trap (Bugfree®) were placed. At another location (the 
same as the tent traps), a small propane powered trap (Midge-it®) and two Bugfree®-traps were 
placed. One of the Bugfree®-traps on this location was placed inside a stable, the other one outside. A 
total number of 3887 Culicoides spp. was caught, of which 3718 were C. obsoletus (95,65%) and 129 
C. pulicaris (3,32%). There were 40 (1,03%) other Culicoides spp. caught. These percentages are not 
very different from the ones determined in 2006 and 2007. The amount of Culicoides spp. caught in 
the Bugfree®-trap in the stable was much higher than the amount caught in the Bugfree®-trap 
outside (699 (91,37%) inside versus 66 (8,63%) outside). Next to this, the catches in the CO2-traps 
were relatively low in comparison to the tent traps, so only a small fraction of the total Culicoides spp. 
in the area were caught in these CO2-traps. It seems that CO2-traps are not a good solution in fighting 
Culicoides spp.  
 
Samenvatting  
Staart- en maneneczeem bij paarden is een overgevoeligheidsreactie veroorzaakt door de beten van 
vrouwelijke Culicoides spp. Culicoides spp. kunnen ook vectoren zijn van verschillende ziekten, 
waaronder het Afrikaanse paardenpestvirus. In Nederland zijn C. obsoletus en C. pulicaris de twee 
meest voorkomende soorten Culicoides. In de laatste twee jaar kwam C. obsoletus in een percentage 
van ongeveer 95% voor en C. pulicaris in een percentage van ongeveer 5%. Een optie om Culicoides 
spp. te bestrijden is het gebruik van CO2-vangkooien. In dit onderzoek zijn twee verschillende CO2-
vangkooien onderzocht, namelijk één die op elektriciteit werkt en één die op propaan werkt (in twee 
verschillende maten). The Culicoides spp. die in de vangkooien gevangen zijn, werden vergeleken met 
de Culicoides spp. die in vangtenten gevangen zijn. Deze vangtenten zijn al in eerdere onderzoeken 
gebruikt. Op één locatie werden een grote propaan vangkooi (Midgeater® Max) en een elektrische 
vangkooi (Bugfree®) geplaatst. Op een andere locatie (dezelfde als die van de vangtenten) werden 
een kleine propaan vangkooi (Midge-it®) en twee Bugfree®-vangkooien geplaatst. Één van de 
Bugfree®-vangkooien werd binnen in een stal geplaatst, de andere buiten. In totaal zijn er 3887 
Culicoides spp. gevangen, waarvan 3718 C. obsoletus (95,65%) en 129 C. pulicaris (3,32%) waren. Er 
zijn verder nog 40 (1,03%) andere Culicoides spp. gevangen. Deze percentages zijn vrijwel gelijk aan 
die in 2006 en 2007. Het aantal Culicoides spp. dat gevangen is in de Bugfree®-vangkooi die in de stal 
hing is veel groter dan het aantal in de Bugfree®-vangkooi buiten (699 (91,37%) binnen versus 66 
(8,63%) buiten). Daarnaast bleken de vangsten in de CO2-vangkooien relatief laag te zijn in 
vergelijking met die van de vangtenten, dus er wordt maar een fractie gevangen van het aantal 
Culicoides spp. dat er rond vliegt. Het lijkt er dus op dat deze CO2-vangkooien geen goede oplossing 
zijn in het bestrijden van Culicoides spp.  
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Introduction   
Equine insect hypersensitivity (EIH) is a seasonal disease which is caused by the bites of female 
Culicoides spp. (Anderson et al, 1988; Holmes, 1990; De Raat et al, 2008; Van den Boom et al, 2008; 
Van der Rijt et al, 2007; Van Grevenhof et al, 2007;). It is also called ‘Culicoides hypersensitivity’, 
‘Sweet itch’, ‘Summer eczema’, ‘Allergic urticaria’, ‘Summer mange’, ‘Queensland itch’ or ‘Kasen’ 
(Anderson et al, 1988; Ferroglio et al, 2006; Sloet van Oldruitenborgh-Oosterbaan, 2008). Intense 
irritation, scratching and rubbing, leading to serous effusion, alopecia and the development of 
secondary skin lesions are the results of this disease. Horses with EIH can seriously cause damage to 
themselves to relieve itch (Ferroglio et al, 2006; Kolm-Stark et al, 2002; Steinman et al, 2003). When 
the disease exists for a longer period hyperkeratosis, scaling and the formation of transverse ridges 
can be seen (Sloet van Oldruitenborgh-Oosterbaan et al, 2008). The intense pruritus mainly affects 
the mane and tail (dorsal midline) but can also be seen in the ventral region of the body (Van der Rijt 
et al, 2007). EIH is normally caused by a type I (immediate) reaction that occurs after repeated 
contact with saliva of Culicoides spp. This saliva contains the allergen to which horses suffering from 
EIH are allergic. This reaction is IgE (Immunoglobulin E) antibody mediated. It seems to be that 
there’s also a type IV (cell mediated, delayed type) reaction involved (Holmes, 1990; White et al, 
2006). 
 
In the Netherlands EIH is mostly seen during eight months of the year when the climate is best for 
the Culicoides to survive (Van den Boom et al, 2008). Culicoides spp. are small midges of about 1,5-5 
mm in length and belong to the Ceratopogonidae family. There are approximately 1000 species of 
this genus of which approximately 100 occur in the Netherlands (Braverman, 1994; Beuk, 2002). Only 
5-10 of them are biting species (Beuk, 2002). Two of the most common Culicoides species found 
around horses in the Netherlands are C. obsoletus (94,1% in 2006 and 95,34% in 2007) and C. 
pulicaris (5,81% in 2006 and 4,54% in 2007) (De Raat et al, 2008; Van der Rijt et al, 2007). Culicoides 
can be vectors of livestock arboviruses such as Blue Tongue virus, African horse sickness virus and 
epizootic haemorrhagic disease of deer (Logan et al, 2007; Capela et al, 2003). Biting midges are 
usually weak fliers and prefer to feed during warm, dry weather with little or no wind. They are most 
active from twilight to dusk (Van der Rijt et al, 2007; Gortel, 1998). Adults usually stay within a few 
hundred meters of their larval habitats, but some species have been reported to be carried up to 
hundreds of kilometers by air streams (Van der Rijt et al, 2007).  
 
One way to fight the midges is to use CO2-traps to shorten the lifespan of these midges or to prevent 
contact between them and the horses. These traps can be used for monitoring populations of vector 
insects and are important for several reasons (Logan et al, 2007). Firstly, they provide early warning 
of insect activity, and the associated risk of viral diseases, to local authorities, which can facilitate 
rapid control measures and warnings to be issued. Secondly, they provide a better understanding of 
the relationship between arboviruses, vectors and their environment, which can aid and maximize 
control attempts (Logan et al, 2007). Other methods of fighting these midges is by the use of 
insecticides, lavicides, insect repellents or other trapping systems (Logan et al, 2007). There are a 
couple of different trapping devices used. One of them is a suction trap with a fan, without 
attractants. There also is a light trap available which is usually combined with a suction fan. Another 
option is a CO2-trap, often combined with attractants such as 1-octen-3-ol (octenol). Most of the CO2-
traps work by emitting CO2, heat, moisture and octenol (present in a variety of leguminous plants 
and a component of the body odour of ruminants), which are the main attractants of midges (Bhasin 
et al, 2000; Blackwell et al, 1996; Kline, 2002; Logan et al 2007; Mands et al, 2004; Mullens et al, 
1998; Mullens et al, 2005; Van der Rijt et al, 2007). Carbon dioxide is known to be an activator and 
attractant for mosquitoes at distances of 15-40 meter (Mullens et al, 1998). Light is also very 
attractive to night-flying insects in general and specifically for Culicoides, and black light is known to 
be more effective than white light (Venter et al, 2006).  
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Some of the subspecies of Culicoides can be of great danger to the (Dutch) livestock, especially C. 
imicola which can carry the African horse sickness virus (AHSV). African horse sickness (AHS) is a  
non-contagious, infectious insect-borne disease of equids and the effects of this disease can be 
devastating with mortality rates exceeding 90% in susceptible populations. Because of the severity of 
this disease and its ability to expand rapidly out of its endemic areas, AHS has been allocated OIE 
(Office International des Epizooties) former List A status (Mellor et al, 2004; Wittmann et al, 2000). C. 
imicola has not been found in the Netherlands so far, but is getting closer recently (as far as Spain), 
probably because of the rise in global temperature, so it is very important to monitor the population 
of Culicoides in this country (Wittmann et al, 2000). Due to their small size, Culicoides are 
exceptionally susceptible to passive dispersal by the wind, for up to 700 km (Wittmann et al, 2000). 
This long distance dispersal can result in Culicoides species colonizing new areas and in the 
introduction of virus infected Culicoides into previously disease-free regions (Wittmann et al, 2000). 
Because of this migration of C. imicola, in the last decades AHSV has been expanding out of Africa in 
a northern direction. The furthest north that it had ever been recorded so far is Spain. Since 1987 
several outbreaks have been reported (1988, 1989, 1990). C. imicola has already been detected in 
Italy and France (Islands of Corsica) in the year 2000 (Wittmann et al, 2001). Because there the 
climate is sufficiently mild for Culicoides to survive throughout the year, AHSV is able to overwinter 
and can persist for many years (Mellor et al, 2004). C. imicola adults could only survive the winter 
(and the viruses therefore persist), in areas where the average daily maximum temperature during 
the coldest month of the year was > 12,5°C (Wittmann et al, 2000). Blue Tongue Virus (BTV) which 
also has C.imicola as the main vector, has been found in the Netherlands among ruminants for the 
last couple of years and has been spread from the south of Europe northern (Mellor et al, 2004). This 
spread gives an indication of what could happen with AHSV. BTV and AHSV have both been isolated 
from C. obsoletus and C. pulicaris (Mellor et al, 2004; Tatem et al, 2003; Wittmannn et al, 2000), 
which are the main species of Culicoides in the Netherlands (De Raat et al, 2008; Van der Rijt et al, 
2007). It is possible that AHSV will be spread around further by C. obsoletus and C. pulicaris and it is 
possible that this virus can be transmitted by these subspecies of Culicoides (Mellor et al, 2004; 
Wittmann et al, 2000). It is because of these two viruses that it is so important to keep looking for 
the presence of C. imicola in the Netherlands. The government of the Netherlands has made a plan 
of action, which can be used in a possible future outbreak of AHS. These plans include stabling all 
horses to protect them from Culicoides spp.. In making the stables free from Culicoides spp.,  
insecticides, mosquito nets and possibly (CO2-)traps could be used.   
 
The aim of the present research was to investigate the usefulness of different carbon dioxide traps 
with 1-octen-3-ol (octenol) inside to catch insects, in particular Culicoides midges. Two different traps 
were investigated, one working by electricity and one by propane (in two different sizes). Another 
part of this research was to determine which species of Culicoides where caught in the traps and the 
tent constructions. Because the tent construction was already used in researches in the summer of 
2006 and 2007, it is possible to determine any shifts in migration of different Culicoides spp. in the 
Netherlands (De Raat et al, 2008; Van der Rijt et al, 2007).  
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Materials en methods 
Horses 
Two Icelandic horses were used for the catching of Culicoides spp. with the tent constructions. One 
of them was affected by EIH, the other one was unaffected.  
 
Experimental setting 
The CO2-traps in this study 
For this study, we used two different kinds of CO2-traps, which can be seen on figures 1 till 3. There 
were three traps (Bugfree®) which used electricity as a source of power. Two traps were a large 
(Midgeater® Max) and a small (Midge-it®) trap powered by propane.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Bugfree®-trap (see figure 4) works by electricity (220 V). A UV-lamp (black light) produces 
warmth and CO2, which are the main attractants of midges together with the UV-light itself. 1-octen-

Figure 1 Bugfree®-trap 

Figure 2 Midge-it®-trap Figure 3 Midgeater® Max-trap 
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3-ol (octenol) cartridges were placed inside the trap. Octenol is a worldwide used attractant for 
catching midges and has proved it’s efficacy (Bhasin et al, 2000, Blackwell et al, 1996, Logan et al, 
2007, Mands et al, 2004, Mullens et al, 1998). When the midges are nearby, they are sucked into the 
trap by a fan. There’s a removable part below the fan, in which the midges can be collected (website 
Bugfreesystems).  
 

 
The Midgeater® Max and the Midge-it® work by propane. These apparatus attract the midges by the 
emission of CO2 that passes over a bait sachet filled with octenol. The gas that powers the machines 
creates an electrical current by means of a catalytic process, which as well as constantly producing 
the carbon dioxide plume, also drives the suction fan. This fan will, once the midges are close 
enough, suck them into a bag (website Midgeater).  
 
The trap working by electricity is already on the market in the Netherlands and is used for catching all 
kinds of insects around humans. It has never been determined if it is possible to catch midges inside 
these traps. The usefulness of all of the traps in catching midges can be determined by comparing the 
insects caught inside with the insects caught in a tent construction. This tent construction was 
already proved to be a good method of catching Culicoides in earlier researches (De Raat et al, 2008; 
Van der Rijt et al, 2007). An advantage provided by the propane powered traps is that the traps 
produce their own electricity. This means that the placement of the traps is not restricted to a source 
of mail line electricity. This portability means the traps can be strategically placed in remote areas 
where mosquito problems occur. These traps also do not require daily maintenance. They will 
operate continuously as long as the propane fuel supply lasts (Kline, 2002). 
 
Location 
One of the Bugfree®-traps and the Midgeater® Max were placed on one location near a stable, about 
10 meters apart from each other (outside, away from wind and rain). Both traps were within 3 
meters from a horse stable and the horses were inside each night. The other traps were placed on 
another location, which was the same one as where the tent constructions were placed. On this 
location, one of the Bugfree®-traps was placed inside an open stable were the horses were housed in 
a group. The stable was connected to an open paddock outside, which made it possible for the 
horses to choose whether they wanted to be inside or outside. The floor of the stable was made of 
concrete and the faeces was removed daily. The horses were fed inside the stable, so they stood 
inside the stable daily for at least a couple of hours. The other Bugfree®-trap was placed outside 
(under a roof, away from wind and rain) about 15 meters away from the horses. The Midge-it® was 
also placed outside, under a roof and away from wind and rain. All the traps were placed at least 20 

Figure 4 Schematical drawing of a Bugfree®-trap 

(website Bugfree® trap) 
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meters apart from each other. The traps ran continuously and stayed in place for 4-7 weeks (for the 
exact period see table 1). 
 

 From Till 

Location 1:   

- Midgeater® Max September 17
th

 October 23
rd

 

- Bugfree® September 17
th

  October 23
rd

 

Location 2:   

- Midge-it® September 24
th

 October 22
nd

  

- Bugfree® (2 traps) September 3
rd

 October 22
nd

 

Table 9 Total period when the traps ran 

Location 1: Bilthoven 
Location 2: Stroe 

 
The tent constructions in this study 
For the catching with the tents, two tent traps (figure 5), consisting of a metal frame secured to the 
ground using metal pegs, were covered by large mosquito nets with a mesh opening of about 200 
µm. These tent traps were the same as used in the researches of De Raat et al (2008) and Van der Rijt 
et al (2007). During sunset, a horse was placed in the tent trap for about 1 hour. This was proven to 
be the best time of the day to catch the Culicoides, because they are most active during this period 
(Van der Rijt et al, 2007). During the catching period the back of the tent was kept open. This method 
was proved to be the best in catching insects according to Van der Rijt et al (2007). Both tents were 
faced in the same direction and placed about two meters apart from each other. The horses were 
not tied, but held by a handler, so they could be released immediately when they would panic. To 
keep the horses calm, a hay-net was placed in the front of the tent. For catching of Culicoides spp., it 
is important to catch only on days when it is not windy or raining because the midges are not active 
during this type of weather (Van der Rijt et al, 2007). The catching with the tents was carried out 
during 4 evenings in October of 2008 (October 9th, 10th, 14th, 22nd).  

 
Collection of insects 
Collection of insects in the CO2-traps 
The CO2-traps were emptied regularly by the investigators. The dates when the traps were emptied 
were: 

- Midgeater® Max Location 1: October 7th and 23rd  
- Bugfree® Location 1: October 7th and 23rd 

Figure 5 The tent traps 
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- Midge-it® Location 2: October 7th and 22nd  
- Bugfree®-traps Location 2: September 11th, 17th and 24th, October 2nd, 7th, 14th and 22nd  

The insects were placed in a tube filled with alcohol ketonatus 70% till further processing.  
 
Collection of insects in the tent traps 
 

After one hour of catching with the tents, the horses were taken out of the tents and the tents were 
closed. To collect the insects, a small vacuum-cleaner (Donna®, 1400 Watt) on the lowest power 
setting was used with a small piece of mosquito net placed over the tube (figure 6). After the 
collection, the insects were placed in a tube filled with alcohol ketonatus 70% till further processing. 
This is the best method of conserving the insects, without damaging them (Van der Rijt et al, 2007).  
 
The weather conditions 
One factor that could influence the results of this study is the weather during the experimental 
setting. Culicoides spp. need specific weather conditions to be active. The weather conditions were 
reported by the Royal Dutch Meteorological Institute and conclusions were made by the 
investigators.  
 
Sample processing 
In a laboratory, the insects were counted and differentiated manually using a microscope and Petri 
dishes containing the insects placed beneath it. Different subspecies of Culicoides spp., in particular 
C. obsoletus and C. pulicaris, were separated by looking at their size and wing patterns. The wing 
pattern of C. obsoletus and C. pulicaris can be seen on figures 7 and 8. The different Culicoides spp. 
were placed in various eppendorf tubes and saved for a researchproject in the future.  

 
 
 
 
 
 
 
 
 

 
 

 

Figure 6 Collection of insects  

Figure 7 C. obsoletus 

Figure 8 C. pulicaris 
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Results 
The number and percentages of the subspecies of Culicoides spp. caught in the tent constructions 
and the different CO2-traps can be seen in tables 2 till 4. A total number of 3887 Culicoides spp. was 
caught, of which 3718 were C. obsoletus (95,65%) and 129 C. pulicaris (3,32%). There were 40 
(1,03%) other Culicoides spp. caught. 
 

  C. obsoletus C. pulicaris Other Culicoides spp. Total 

Tent constructions         

October 9
th

 142 2 0 146 

October 10
th

 476 4 9 489 

October 14
th

 36 0 1 37 

October 22
nd

 80 2 0 82 

          

Location 1 (Bilthoven)         

Midgeater® Max         

October 7
th

 866 37 5 908 

October 23
rd

 75 2 1 78 

Bugfree®         

October 7
th

 171 29 0 200 

October 23
rd

 1123 42 3 1168 

          

Location 2 (Stroe)         

Midge-it®         

October 7
th

 10 1 2 13 

October 22
nd

 2 1 0 3 

Bugfree®         

September 11
th

 (inside) 116 1 0 117 

September 11
th

 (outside) 10 2 0 12 

September 17
th

 (inside) 100 0 0 100 

September 17
th

 (outside) 6 3 0 9 

September 24
th

 (inside) 25 0 1 26 

September 24
th

 (outside) 1 0 9 10 

October 2
nd

 (inside) 12 0 0 12 

October 2
nd

 (outside) 1 0 0 1 

October 7
th

 (inside) 5 0 0 5 

October 7
th

 (outside) 13 1 0 14 

October 14
th

 (inside) 240 2 1 243 

October 14
th

 (outside) 8 0 5 13 

October 22
nd

 (inside) 195 0 1 196 

October 22
nd

 (outside) 5 0 2 7 

Table 10 Number of Culicoides spp. caught 
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  C. obsoletus C. pulicaris Other Culicoides 

Tent constructions 97,35 1,06 1,33 

Midgeater® Max 95,44 3,96 0,01 

Midge-it®  75,00 12,50 12,50 

Bugfree®  95,22 3,75 1,03 

Table 11 Percentages of Culicoides spp. caught in each trap 

  Numbers Percentages 

Total 3887   

C. obsoletus 3718 95,65% 

C. pulicaris 129 3,32% 

Other Culicoides  spp. 40 1,03% 

Table 12 Culicoides spp. caught in numbers and percentages 

The total number of Culicoides spp. caught inside the tent constructions and the CO2-traps can be 
seen in table 5 and figure 9. The total of Culicoides spp. caught in the two tent constructions on four 
evenings are converted to mean catch per hour with two tents. For each CO2-trap the mean catch of 
Culicoides spp. per hour was also determined.  It is obvious that the number of Culicoides spp. caught 
inside a CO2-trap is not even close to the number caught inside the two tent traps.  
 

  Total Mean per hour 

Tent constructions 754 188,5 

Location 1 (Bilthoven):     

Midgeater® Max 986 1,14 

Bugfree®  1368 1,58 

Location 2 (Stroe):     

Midge-it®  16 0,02 

Bugfree® (inside) 699 0,59 

Bugfree® (outside) 66 0,06 

Table 5 Total number and mean number per hour of Culicoides spp. caught 

 



10 

 

 
Figure 9 Mean number of Culicoides spp. caught per hour in all of the traps 
1: Location 1 (Bilthoven) 
2: Location 2 (Stroe) 
In: Bugfree®-trap inside 
Out: Bugfree®-trap outside 

 
In tables 6 and 7 and figure 10 the total of Culicoides spp. caught in the Bugfree®-traps inside and 
outside on location 2 can be seen in numbers and percentages. The number of Culicoides spp. caught 
inside the stable is considerably higher (91,37%) than the number of Culicoides spp. caught outside 
(8,63%).  
 

  Inside   Outside   

  Total Percentage Total Percentage 

September 11
th

 117 90,70 12 9,30 

September 17
th

 100 91,74 9 8,26 

September 24
th

 26 72,22 10 27,78 

October 2
nd

 12 92,31 1 7,69 

October 7
th

 5 26,32 14 73,68 

October 14
th

 243 94,92 13 5,08 

October 22
th

 196 96,55 7 3,45 

Table 6 Culicoides spp. caught in the Bugfree®-traps inside and outside on location 2 

  Numbers Percentages 

Total inside 699 91,37% 

Total outside 66 8,63% 

Table 7 Total of Culicoides spp. caught in the Bugfree®-traps on location 2 
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Figure 10 Percentages of Culicoides spp. caught in the Bugfree®-traps  on location 2  

The weather conditions 
The weather conditions in August 2008 were relatively good for the survival of Culicoides spp. The 
mean temperature in August was measured 17,4°C, with a mean minimum temperature of 13,2°C 
and a mean maximum temperature of 21,8°C. The mean rainfall was 100 mm (normally 62 mm 
during this time of year). Most area’s in the Netherlands had rainfall during 27 out of the total of 31 
days in this month. Total hours of sunshine was measured 164 hours, a relatively low number 
regarding to the normal of 198 hours during August. The mean temperature during September was 
13,6°C, considerably colder than the mean temperature of August. Halfway September, 
temperatures declined rapidly during the nights, 7 nights of (minimal) frost at ground level were 
noted in variable parts of the Netherlands. Frost can be disastrous for the Culicoides spp., with 
rapidly declining survival rates and most Culicoides spp. diapause as fourth instar larvae during 
winter (Wittmann et al, 2000) Mean rainfall was measured 63 mm (normally 75 mm during this time 
of year), most of which fell during  the first half of September. During 14 to 27 September there was 
no rainfall with an exception of September 23rd. Total hours of sunshine was measured 158 hours, 
more than the total of 136 hours normally. The mean temperature during October was measured 
10,1°C (normally 10,3°C). In the beginning of October it was relatively cold, with temperatures rising 
in the second half of the month. At the end of the month it was very cold for a couple of days and 
temperatures decreased under zero degrees. Mean rainfall counted 94 mm (normally 78 mm), most 
of which fell at the beginning of the month. October counted 128 hours of sun against the normal of 
105 hours.   
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Discussion 
In the current study, a total number of 3887 Culicoides spp. was caught, of which 3718 were C. 
obsoletus (95,65%) and 129 were C. pulicaris (3,32%). There were 40 (1,03%) other Culicoides spp. 
caught. In the tent traps 97,35% were C. obsoletus, 1,06% were C. pulicaris and 1,33% were other 
Culicoides spp. In earlier researches performed by De Raat et al (2008) and Van der Rijt et al (2007) 
the same tent traps were used. De percentages found by Van der Rijt et al were 94,1% C. obsoletus 
and 5,81% C. pulicaris. De Raat et al caught Culicoides spp. in percentages of 95,35% C. obsoletus and 
4,54% C. pulicaris. This means that there is little difference in proportion of different Culicoides spp. 
in the Netherlands over the last three years. No C. imicola were caught in the current study. This 
indicates that C. imicola does not occur in the Netherlands. 
 
 As can be seen in the results of the study, the number of Culicoides spp. caught in the CO2-traps are 
relatively small compared to the number caught in the tent traps (see figure 9). The number of 
Culicoides spp. caught inside the tent traps might even be only a small fraction of the total number of 
Culicoides spp. present in the area, but this number is almost impossible to determine. In 
determining the usefulness of the different carbon dioxide traps there are a few difficulties. It’s only 
possible to count the total of Culicoides caught in the carbon dioxide traps, as stated above, and 
compare this to the number of Culicoides found in the tent traps, which was found to be an effective 
method of catching midges (De Raat et al, 2008; Van der Rijt et al, 2007). Another note that should 
be taken in account, is that there were many insects found that were too damaged to be identified, 
but some of them looked like Culicoides spp.. This means that it is possible that there were more 
Culicoides spp. caught than could be identified. Another explanation for the low number of Culicoides 
spp. caught inside these CO2-traps is that the traps were emptied weekly, or even after a longer 
period, which makes it possible that many Culicoides spp. were decayed. One solution for this 
problem could be emptying the traps on a daily base. 
The government has stated that in case of an outbreak of AHSV, horse owners should take every 
measure possible. One of these measures could be the use of CO2-traps for catching Culicoides spp.. 
According to the investigators, the CO2-traps used in the current study do not work sufficiently 
enough to be one of these measures. In the CO2-traps many other insects were caught. In the 
Bugfree®-traps most of them were flies, mosquito’s, moths and beetles. In the Midgeater® Max and 
in the Midge-it® most of these insects were mosquito’s. This means that these traps could possibly 
be used for other purposes. One example is the monitoring and catching of mosquito’s carrying the 
West Nile virus. The Food and Farming Group International Animal Health of Italy has confirmed an 
outbreak of West Nile virus in the north of Italy on September 12th 2008. This makes it a possible risk 
that the Netherlands have to deal with this problem in the future. 
 
According to the Bugfree®-traps which were placed inside and outside it can be said that 
considerably more Culicoides spp. were caught inside (91,37% inside versus 8,63% caught outside). 
One explanation for this could be that the trap placed outside was in still a too windy environment. 
This seemed not the case according to the investigators, because the trap was placed as much out of 
the wind as possible. Another explanation for the lower number of Culicoides spp. caught outside 
could be that they were attracted to the trap inside the stable by the horses, while the trap outside 
was further away (about 10 meters) from the horses. Most of the catching with the traps in this study 
was performed in the fall, and the temperature was relatively low. This could be a reason why the 
Culicoides spp. moved inside the stable and therefore be another clarification of why there were 
more Culicoides spp. caught inside. The results in the current study are contrary to the conclusions in 
an earlier report. In this report, written by Van den Boom et al (2008), the number of Culicoides spp. 
caught inside a stable was considerably less (approximately 6% of the total) than the number caught 
outside (Anderson et al, 1993), but it was also stated that the number entering a stable was 
enhanced by the odours associated with a dirty stable (Barnard, 1997). The stable in the current 
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study was cleaned daily, meaning faeces was removed, and there was no bedding present in the 
stable. This means that this is no explanation for the high number of Culicoides spp. inside the stable 
compared to the number caught outside. The total number of Culicoides spp caught overall was low, 
making it possible that the percentages caught inside and outside the stable could be distorted and 
no conclusion should be made. 
 
The main attractant used for the carbon dioxide traps was 1-octen-3-ol (octenol), normally a 
component of the body odour of ruminants (Blackwell, 1996). At higher concentrations, however, 1-
octen-3-ol was proved to be a repellent. Such observed repellencies may be the result of negative 
feedback by the midges when perceiving too ‘strong’ an odour, which could perhaps act as a 
restricting mechanism on the numbers feeding of the same host (Blackwell, 1996). This phenomena 
is also described in a study performed by Logan et al (2007). Culicoides spp. are believed to produce a 
pheromone while feeding of a host. These pheromones are believed to be ‘invitation’ pheromones 
that may attract conspecies during feeding (Logan et al, 2007). The investigators replaced the octenol 
cartridges of the by electricity powered carbon dioxide traps every two weeks. It might be possible 
that this concentration could be to low or to high in attracting the Culicoides spp.. 
 
For midges to be active, the ambient temperature needs to remain above a species-specific 
minimum, which has been shown to vary between 10 and 18°C for a number of Culicoides species. 
The specific requirements for C. obsoletus, the most prevalent species attracted to horses in the 
Netherlands, have not been established. Apart from these minimum temperatures, the life cycle of 
Culicoides spp. also needs moisture (Losson et al, 2007). The number of Culicoides spp. caught in the 
different traps in this research could have been influenced by these weather conditions during the 
catching period. Culicoides spp. do normally not fly when it is windy or raining, or when there is 
direct sunlight on them (Braverman, 1988; Van Grevenhof et al, 2007). The ambient temperature is 
also of great importance to the activity, longevity and survival to adulthood. Activity of Culicoides 
spp. is inhibited by ambient temperatures below a species-specific minimum (Van der Rijt et al, 
2007). The weather conditions mentioned in this report are provided by the Royal Dutch 
Meteorological Institute.  
 
The Bugfree®-traps ran from September 3rd till October 22nd, with some catches bigger than others. 
There was little correlation noticeable between temperatures and catching sizes. Most of the catches 
with higher number of Culicoides spp. were collected when the mean temperatures were higher in 
that week, but there were a few examples in which the opposite was true. For example, in the week 
of 2-7 October, 19 Culicoides spp. were caught in the Bugfree®-traps located in Bilthoven. The mean 
temperatures during this week varied from 8,4°C to 14,4°C. In the week of 15-22 October, 203 
Culicoides spp. were caught in these traps, with mean temperatures varying from 8,5°C to 13,8°C. 
There seems to be no clear correlation between these catching sizes and the temperatures during 
these weeks. The first catch of the Midgeater® Max (September 17th till October 7th) comprised 908 
Culicoides spp.. During these weeks the mean daily temperatures varied from 8,4°C to 14,4°C. The 
second catch (October 8th till October 23th) comprised 78 Culicoides spp. The mean daily temperature 
during these weeks varied from 8,5°C to 15,8°C. As mentioned above, there were 7 nights with frost 
during the end of September, which is a contradiction to the catches. In these catches there also 
seems to be no correlation between the catching sizes and the temperatures. The number of 
Culicoides spp. caught with the Midge-it trap was very low (a total of 16), making it impossible to 
make any correlation between the weather conditions and the number of Culicoides spp. caught. 
Looking at the result of the tent traps, there also seems to be no correlation between the weather 
and the number of Culicoides spp. caught. For example, on October  10th 489 Culicoides spp. were 
caught, and the mean temperature on this day was 11,2°C. On the 14th 37 Culicoides spp. were 
caught and the mean temperature on this day was 15°C. It is clear that this is contradictious with the 
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literature. On all the days of catching with the tent traps, the weather was good, meaning it did not 
rain, there was little or no wind and the temperatures were not too low.  
 
In conclusion, the total number of Culicoides caught in the carbondioxide-traps was not sufficiently 
enough to use these traps as a way to fight Culicoides spp. The traps might be a good addition in 
fighting the midges in case of an outbreak of AHSV or against EIH, but they do not work sufficiently 
enough on their own. It might be an option to perform another study in the future in which other 
traps are tested in their capacity to catch Culicoides spp.. This study should be performed in the 
beginning of the EIH-season. 
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