
A. Schurink, E. M. van Grevenhof, B. J. Ducro and J. A. M. van Arendonk
breeding mares

Heritability and repeatability of insect bite hypersensitivity in Dutch Shetland

doi: 10.2527/jas.2008-1129 originally published online September 12, 2008
2009, 87:484-490.J ANIM SCI 

http://jas.fass.org/content/87/2/484
the World Wide Web at: 

The online version of this article, along with updated information and services, is located on

www.asas.org

 by guest on December 17, 2011jas.fass.orgDownloaded from 

http://jas.fass.org/


ABSTRACT: Insect bite hypersensitivity (IBH) is 
a seasonal recurrent allergic reaction of horses to the 
bites of certain Culicoides spp. and is found through-
out the world. The aim of our study was to estimate 
the heritability and repeatability of IBH in the Dutch 
Shetland pony population. A total of 7,924 IBH scores 
on 6,073 mares were collected during foal inspections 
in 2003, 2005, and 2006. Mares were scored for clinical 
symptoms of IBH from June until February by 16 in-
spectors. Of all mares, 74.4% (n = 4,520) had a single 
observation, 20.7% (n = 1,255) had 2 observations, and 

4.9% (n = 298) had 3 observations in different years. 
The overall mean IBH prevalence was 8.8%. Heritability 
was 0.08 (SE = 0.02) on the observed binary scale and 
0.24 (SE = 0.06) on the underlying continuous scale. 
Repeatability was 0.30 (SE = 0.02) and indicates that 
including repeated observations of the clinical symp-
toms of IBH will improve the accuracy of breeding val-
ues for IBH. We conclude that IBH, based on clinical 
symptoms, is a heritable trait in the Dutch Shetland 
pony population. Therefore, the IBH prevalence in this 
population can be decreased by selection.
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INTRODUCTION

Insect bite hypersensitivity (IBH) is a seasonal re-
current allergic reaction of horses to the bites of cer-
tain Culicoides spp. (Riek, 1954). The allergic reaction 
causes intense pruritus, which results in self-inflicted 
trauma; open wounds and secondary infections may 
follow. Therefore, the welfare of affected horses is seri-
ously reduced. The commercial value of affected horses 
is also reduced because of disfiguration (Broström et 
al., 1987; Fadok and Greiner, 1990). Due to extreme 
discomfort, affected horses are often unsuitable for rid-
ing or showing purposes (Gortel, 1998). There is no 
currently available effective treatment for or prevention 
against IBH (Anderson et al., 1996; Friberg and Logas, 
1999; Pilsworth and Knottenbelt, 2004).

The etiology of IBH is multifactorial in origin and in-
volves environmental and genetic factors (Lange, 2004; 
Björnsdóttir et al., 2006; Grandinson et al., 2006). 
Although warm- and cold-blooded horses of various 
breeds worldwide are affected (Anderson et al., 1988; 

Littlewood, 1998; Steinman et al., 2003), heritabilities 
of IBH have been estimated only in small populations 
of Icelandic horses (Unkel et al., 1987; Lange, 2004; 
Grandinson et al., 2006). Therefore, no heritability es-
timates in breeds other than Icelandic horses are avail-
able in the scientific literature.

Sensitization to an allergen is fundamental for allergy 
development (Holgate and Polosa, 2008). Initial sensiti-
zation occurs at a young age, and subsequent exposure 
to the otherwise-harmless allergen rouses the allergic 
reaction (Galli, 2000; Holgate and Polosa, 2008). Once 
affected, horses develop IBH year after year (Anderson 
et al., 1991); therefore, high repeatability of allergies 
should be expected even if no estimates of IBH repeat-
ability are available in the scientific literature.

The aim of our study was to estimate the heritability 
and repeatability of IBH in Dutch Shetland breeding 
mares to investigate the potential for breeding against 
IBH and to gain information on the potential of re-
peated observations on IBH to increase accuracy of se-
lection. Heritability and repeatability were estimated 
by analyzing phenotypic observations on clinical symp-
toms of IBH collected during 3 yr.

MATERIALS AND METHODS

Animal Care and Use Committee approval was not 
required for our study because the collection of phe-
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notypes was a noninvasive method additional to the 
routine foal inspections.

Data

Data on IBH were collected on Dutch Shetland 
breeding mares from 58 of 90 (64%) regions across the 
Netherlands, based on 2-digit postal codes, constituting 
a representative sample of the Dutch Shetland pony 
breed. The data were collected during foal inspections 
in 2003, 2005, and 2006 (Table 1). During foal inspec-
tions, newborn foals are judged at home by inspectors 
for studbook entrance. In 2003, the date of scoring was 
not registered.

Mares were, on average, 8.1 yr of age (SD = 4.1) and 
were either kept on pasture or partly stabled (Table 1). 
Mares were grouped by the Dutch Shetland Pony Stud-
book into 4 categories according to their height at the 
withers in centimeters. The categories were mini, ≤86 
cm; small, 87 to 92 cm; middle, 93 to 98 cm; and tall, 
99 to 107 cm (Table 1).

Trait Definition of IBH

In each year, mares were scored for IBH from June 
until February by 16 inspectors. The IBH scores from 
December, January, and February (n = 127) were not 
used, because clinical symptoms of IBH regress during 
winter when Culicoides spp. are usually absent (Ander-
son et al., 1988). All inspectors were trained by a veter-
inarian to score the clinical symptoms of IBH by visual 
observation of occurrence of lesions on IBH-sensitive 
locations of the body such as the mane, the base of the 
tail, and the ventral midline.

The IBH status of mares was scored in 3 catego-
ries: 0 = absence of clinical symptoms, 1 = dubious or 
mild clinical symptoms (hair loss), and 2 = clear clini-
cal symptoms (at least bald spots and possible open 
wounds). Similar IBH scoring methods were used by 
other researchers (e.g., Broström et al., 1987; Steinman 

et al., 2003). Previous results on a subset of our data 
indicated that IBH categories 1 and 2 were more simi-
lar than IBH categories 0 and 1 (Van Grevenhof et al., 
2007). Therefore, IBH categories 1 and 2 were grouped 
together, and resulting IBH scores were analyzed as a 
binary trait.

Pedigree Information

For the genetic analysis, available pedigree informa-
tion over 4 generations was considered. The pedigree 
information was provided by the Dutch Shetland Pony 
Studbook. Mares descended from 984 sires and 4,455 
dams. In total, 0.1% (n = 8) of the mares were descend-
ed from an unknown sire, 0.3% (n = 16) of the mares 
were descended from an unknown dam, and 0.7% (n = 
44) of the mares were descended from both an unknown 
sire and an unknown dam. Sires had, on average, 8.0 
offspring in the data, and dams had, on average, 1.2 
offspring in the data.

Statistical Analysis

Tested Fixed Effects. Fixed effects considered 
in our study were year and month of scoring, housing 
system, climate and habitat, coat color, withers height 
category, and age. Year and month of scoring might af-
fect IBH prevalence, because the presence and activity 
of Culicoides spp. can differ between years and months 
(Anderson et al., 1993). Many researchers (e.g., Ander-
son et al., 1988; Björnsdóttir et al., 2006) advise housing 
of IBH-sensitive horses to avoid contact with Culicoides 
spp. as a method of prophylaxis. Housing system was 
tested but a priori not included in the model, because 
the effect would undeservedly correct for the high IBH 
prevalence in horses kept stabled (Van Grevenhof et al., 
2007). Van Grevenhof et al. (2007) showed that IBH 
scores were affected by climate and habitat factors, and 
defined 2 explanatory index variables. The continuous 
variable “climate” was based on information regarding 

Table 1. Data description and observed insect bite hypersensitivity (IBH) prevalence per year and overall 

Variable

Year of scoring

Overall2003 2005 2006

Observations, n (%)1 3,063 (38.6) 1,948 (24.6) 2,913 (36.8) 7,924
Observed IBH prevalence, % 8.6 9.5 8.5 8.8
Mean age, yr (range) 8.1 (3–24) 7.8 (3–22) 8.2 (3–25) 8.1 (3–25)
Housing system, %
  Partly stabled ND2 2.0 2.2 2.1
  Kept on pasture ND 98.0 97.8 97.9
WHC,3 %
  Mini 31.4 28.9 26.4 29.0
  Small 20.6 21.9 22.5 21.6
  Middle 23.1 23.7 25.2 24.0
  Tall 24.9 25.5 25.9 25.4

1Percentage of total number of observations.
2ND = no data.
3WHC = withers height category: mini = ≤86 cm; small = 87 to 92 cm; middle = 93 to 98 cm; and tall = 99 to 107 cm.
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annual number of cold and warm days and annual rain-
fall. The class variable “habitat” was based on informa-
tion regarding soil type and vegetation. For more de-
tails about climate and habitat, see Van Grevenhof et 
al. (2007). The findings of Van Grevenhof et al. (2007) 
confirmed their expectations, because Culicoides spp. 
prefer certain weather (Meiswinkel et al., 2000), and an 
association between IBH prevalence and any particu-
lar biotype was suggested by Broström et al. (1987). 
Horses with dark coat color were more often affected by 
IBH (Braverman et al., 1983; Lange, 2004). Therefore, 
the attractiveness of horses with certain coat colors to 
Culicoides spp. could differ (Braverman et al., 1983). 
Withers height category was considered, because breed-
ing in the Dutch Shetland pony population is practiced 
within the categories. Age of onset of clinical symptoms 
of IBH varies widely and there is no fixed threshold age 
after which the development of clinical symptoms is no 
longer possible (Anderson et al., 1988; Halldórdsóttir 
and Larsen, 1991). Some researchers (e.g., Broström et 
al., 1987; Halldórdsóttir and Larsen, 1991) have shown 
that IBH prevalence increases with the age of the horse. 
This does not necessarily indicate an increased suscep-
tibility to IBH in older horses because of age per se, 
but is thought to be a reflection of an increased risk 
of exposure to predisposing factors (Halldórdsóttir and 
Larsen, 1991).

Statistical Model. Fixed effects were established 
using GLM (SAS Institute, Cary, NC). A linear repeat-
ability animal model was used to estimate variance 
components, heritability, and repeatability of IBH, us-
ing the ASREML program (Gilmour et al., 2006). The 
model (model 1) was

yijklm = μ + yearmonthi + b1 × climatem + habitatj

	 + WHCk + agel + animalm + pem + eijklm, 	 [1]

where yijklm = the IBH score (0 or 1); μ = the popula-
tion mean; yearmonthi = the fixed combined class ef-
fect of year and month of scoring (i = 1, 2, 3, …, 15); 
b1 = the regression coefficient of the continuous covari-
able of climate (climatem); habitatj = the fixed class 
effect of habitat (j = 1, 2, 3, …, 9); WHCk = the fixed 
class effect of withers height category (k = 1, 2, 3, 4); 
agel = the fixed class effect of age in years (l = 3, 4, 5, 
…, 25); animalm = the random genetic effect of the 

mth mare (m = 1, 2, 3, …, 6,073) with   N a0 2, ;As( )  

pem = the random permanent environmental effect of 
the mth mare (m = 1, 2, 3, …, 6,073) with  

 N pe0 2, ,Ipes( )  and eijklm = the random residual error 

with   N e0 2, ;Ies( )   Ipe and Ie are identity matrices of 

the appropriate dimensions, and A is a matrix of addi-
tive genetic relationships among all Shetland ponies in 
our study (e.g., Lynch and Walsh, 1998).

The model was extended with a fixed class effect of 
inspector (model 2) to evaluate the influence of this ad-
ditional effect on heritability estimates. Model 2 was

yijklmn = μ + yearmonthi + b1 × climaten + habitatj  

+ WHCk + agel + inspectorm + animaln  

	 + pen + eijklmn, 	 [2]

where inspectorm = the fixed class effect of inspector 
(m = 1, 2, 3, …, 16), and other components are as 
described previously.

Heritability and Repeatability

The heritability on the observed binary (IBH positive 
or negative) scale (hobs

2 ) was

	 hobs
a

a pe e

2
2

2 2 2
=

+ +

s

s s s
, 	

where sa
2  = the additive genetic variance,  spe

2  = the 

permanent environmental variance, and  se
2  = the error 

variance. Permanent environmental factors are those 
factors that cause similarity in repeated observations 
on the same mare. The additive genetic variance, per-
manent environmental variance, and error variance 
here together constituted the total phenotypic vari-
ance.

The heritability on the observed binary scale was 
transformed to an underlying continuous scale accord-
ing to Dempster and Lerner (1950):
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where hund
2  = the heritability on the underlying con-

tinuous scale,  hobs
2  = the heritability on the observed 

binary scale,  p = the fraction of affected mares (p = 
0.088), and z = the ordinate of a standard normal dis-
tribution at the threshold point corresponding to the 
fraction p. The heritability on the underlying scale can 
be interpreted as the heritability of the genetic predis-
position to IBH presuming a continuous scale.

The repeatability (r) is the correlation between re-
peated observations within a mare; that is,

	 r a pe

a pe e

=
+

+ +

s s

s s s

2 2

2 2 2
, 	

where all variance components are as described previ-
ously.
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RESULTS AND DISCUSSION

A total of 7,924 IBH scores from 6,073 mares were 
analyzed. Of all mares, 74.4% (n = 4,520) had a single 
observation, 20.7% (n = 1,255) had 2 observations, and 
4.9% (n = 298) had 3 observations in different years. In 
total, 694 of the 7,924 IBH scores indicated the presence 
of clinical symptoms; the overall mean IBH prevalence 
was 8.8%. The IBH prevalence was greatest in 2005 
and least in 2006 (Table 1). The IBH status of 34.2% of 
the dams (n = 1,525) was known, because these dams 
were present as mares in the data. The observed IBH 
prevalence in mares descending from affected dams was 
greater (13.4%) than the prevalence in mares descend-
ing from unaffected dams (7.7%). The observed IBH 
prevalence of progeny groups per sire varied from 0 to 
37%.

Choice of Statistical Model

Preliminary results showed that housing system (P 
= 0.94) and coat color (P = 0.56) were not significant. 
The effect of the month in which IBH was scored dif-
fered among years; therefore, a combined effect of year 
and month of scoring was included in the model (P 
= 0.01). Prevalence of IBH tended to increase slightly 
with age (P = 0.11).

From the literature it is known that there are region-
al differences in presence and activity of Culicoides spp. 
(e.g., Riek, 1954; Broström et al., 1987; Grandinson et 
al., 2006; Van Grevenhof et al., 2007). To correct for 
regional environmental effects that affect the presence 
and activity of Culicoides spp., climate (P = 0.005) 
and habitat (P < 0.0001) were included in the model 
instead of region based on the 2-digit postal codes in 
the Netherlands. Region not only expressed regional en-
vironmental effects, but also, in part, differences among 
inspectors, because inspectors scored regionally. There-
fore, inspector and region were partly confounded.

Withers height category was highly significant (P < 
0.0001). Observed IBH prevalence in mares from the 
mini withers height category was 5.6%, from the small 
category was 7.0%, from the middle category was 9.9%, 
and from the tall category was 10.5%. These differences 
in prevalence might be caused in part by genetic differ-
ences among withers height categories, because breeding 
is practiced within withers height categories. Excluding 
withers height category from the model could result in 
overestimation of heritability, and, thereby, overestima-
tion of genetic gain within the Shetland pony popula-
tion. However, the heritability estimate was equal (data 
not shown) when withers height category was excluded 
from the model.

Heritability

The heritabilities of IBH estimated with the applied 
models were 0.08 (model 1, excluding the inspector) 
and 0.05 (model 2, including the inspector as a fixed 
effect) on the observed binary scale, and 0.24 (model 1) 

and 0.17 (model 2) on the underlying continuous scale 
(Table 2). Estimated heritabilities indicate that IBH, 
based on clinical symptoms, is a heritable trait in the 
Dutch Shetland pony population. Including inspector 
as a fixed effect in the model resulted in a decreased 
heritability estimate (0.05), because the additive genet-
ic variance decreased 33% when compared with the ad-
ditive genetic variance estimated with model 1 (Table 
2). Including inspector as a random effect in the model 
resulted in an equal heritability estimate (0.05, SE = 
0.02). The decrease in additive genetic variance might 
be caused by the fact that inspectors scored regionally. 
Shetland pony breeding in the Netherlands is region-
ally organized, primarily because no artificial insemi-
nation is used. Therefore, the distribution of Shetland 
pony families has a regional character, such that differ-
ent inspectors probably score different Shetland pony 
families. The partial confounding of inspectors with 
Shetland pony families could therefore have resulted 
in underestimation of the heritability when inspector 
was included in the model. We consider that model 1 
(excluding the inspector) provides a better estimate of 
the heritability. To avoid a genetic effect related to in-
spectors, inspectors should score mares throughout the 
Netherlands during future data collection.

The estimated heritability in our study (0.08) is less 
than the heritability reported by other researchers. This 
might be because of differences in the observed IBH 
prevalence (Unkel et al., 1987; Lange, 2004), breed dif-
ferences (Unkel et al., 1987; Lange, 2004; Grandinson et 
al., 2006), differences in analytical methods (Unkel et 
al., 1987), and differences in how the clinical symptoms 
of IBH are scored (Unkel et al., 1987; Lange, 2004; 
Grandinson et al., 2006). The clinical symptoms of IBH 
were scored in various ways, but heritability of bina-
ry IBH scores did not differ from heritability of IBH 
scores on a 0-1-2 scale in our study (data not shown). 
In Lange (2004), heritability of binary IBH scores (0.36, 
SE = 0.08) hardly differed from heritability of more 
detailed IBH scores (0.34, SE = 0.09) that were made 
by weighing and averaging all scores (0 to 4) given to 
9 clinical symptoms of IBH on 7 locations of a horse. 
Grandinson et al. (2006) estimated a heritability of 0.26 
based on 4 categories; classifying IBH into 3 or 2 cate-
gories resulted in decreased heritabilities (0.12 to 0.15). 
However, it is unknown whether these heritabilities in-
deed differ, because Grandinson et al. (2006) did not 
report standard errors. The results suggest that scoring 
IBH as the absence or presence of clinical symptoms is 
sufficient for genetic analysis of IBH. However, more 
accurate heritability estimates might be expected when 
better methods of scoring IBH become available to de-
tect affected or even sensitized horses on a continuous 
scale independent of the presence of Culicoides spp.

Repeatability

The estimated repeatability was 0.30 (Table 2) and 
indicates an upper limit to the heritability of IBH in the 
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Dutch Shetland pony population, because repeatability 
expresses the proportion of variance that is due to per-
manent environmental and genetic differences among 
individuals (Falconer and Mackay, 1996). Repeatability 
also indicates that including repeated observations of 
IBH clinical symptoms will improve the accuracy of 
breeding values for IBH.

The estimated repeatability was less than expected; 
only 27.2% of the mares with IBH clinical symptoms 
during the first observation also showed clinical symp-
toms during the second observation (Table 3). This 
percentage was expected to be greater, because sensiti-
zation to an allergen develops at a young age (Holgate 
and Polosa, 2008), and once affected, IBH is consid-
ered to be permanent (Anderson et al., 1991). Clinical 
symptoms of IBH were present during the first observa-
tion and absent during the second observation, possibly 
because of yearly and monthly fluctuations in environ-
mental factors related to the presence and activity of 
Culicoides spp. (Anderson et al., 1993). Within regions, 
locally large differences in IBH prevalence may arise, 
in part because Culicoides spp. are weak fliers (Braver-
man, 1988; Gortel, 1998), and, therefore, stay within a 
certain distance of the place where they were born. Un-
fortunately, month of scoring during the first and second 
observation was only known for 16 mares, because the 
date of scoring was not registered in 2003. To be cer-
tain that mares have been exposed to Culicoides spp., 
and, therefore, show clinical symptoms before they are 
scored for IBH, the Dutch Shetland Pony Studbook is 
advised not to score mares early in the Culicoides spp. 
season. Clinical symptoms of IBH were present dur-
ing the first observation and absent during the second 
observation, in part because of the changing of environ-
ments caused by the sale of mares (9.5%) with repeated 

observations. None of the mares that showed clinical 
symptoms during the first observation and were moved 
subsequently showed clinical symptoms during the sec-
ond observation (data not shown). These mares were 
probably sensitized, but were moved to an environment 
where Culicoides spp. are only occasionally present or 
even absent (Van Grevenhof et al., 2007), and, thus, did 
not show clinical symptoms during the second observa-
tion. Intervention by owners, such as stabling mares or 
using eczema blankets to avoid contact with Culicoides 
spp., is of minor importance because most Shetland 
mares (97.9%) are kept on pasture (Table 1), and ec-
zema blankets for Shetland ponies have only recently 
become available.

IBH Scoring Method

Scoring of mares by inspectors based on clinical 
symptoms may not be the most accurate method, but 
scoring of clinical symptoms is still the gold standard 
for detecting IBH (Baselgia et al., 2006), and allows 
inspectors to score a large number of mares. Because 
inspectors were trained by a veterinarian to score clini-
cal symptoms of IBH, it is reasonable to assume that 
positive scores indicate IBH. However, other causes of 
pruritus resulting in similar clinical symptoms cannot 
be ruled out entirely.

One of the limiting conditions was to develop an 
IBH scoring method that could be implemented in the 
routine inspection system of the Dutch Shetland Pony 
Studbook. Foal inspections seemed most appropriate 
with respect to preselection. Although only foals are in-
spected during foal inspections at home, mares (dams) 
should be present, whereas during organized mare in-
spections, the mares themselves are inspected. There-

Table 2. Additive genetic variance (sa
2 ), permanent environmental variance (spe

2 ), 
error variance (se

2 ), and phenotypic variance (sp
2 ), along with heritability on the ob-

served binary scale (hobs
2 ), heritability on the underlying continuous scale (hund

2 ), and 
repeatability (r ) of insect bite hypersensitivity 

Parameter

Estimate1

Model 1 Model 2

Variance

  sa
2 0.006 0.004

  spe
2 0.017 0.017

  se
2 0.055 0.055

  sp
2  (SE) 0.078 (0.001) 0.076 (0.001)

Heritability

  hobs
2  (SE) 0.08 (0.02) 0.05 (0.02)

  hund
2  ( SEund )2 0.24 (0.06) 0.17 (0.05)

Repeatability
  r  (SE) 0.30 (0.02) 0.28 (0.02)

1Model 1 = the model excluding a fixed class effect of the inspector; model 2 = the model including a fixed 
class effect of the inspector.

2 SE SE
p p

z
und obs=

-( )é
ëê

ù
ûú1

2
; SE after transformation according to Dempster and Lerner (1950).
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fore, there is less preselection when mares are scored for 
IBH during foal inspections compared with mares being 
scored at mare inspections.

As a consequence of scoring IBH during foal inspec-
tions, geldings and stallions were not considered. Most 
of the breeding stallions are kept stabled, and, there-
fore, are less exposed to Culicoides spp. Attractive-
ness of stallions, geldings, and mares to Culicoides spp. 
could differ, but from the literature it appears that sex 
differences are not to be expected (e.g., Halldórdsóttir 
and Larsen, 1991; Björnsdóttir et al., 2006). Braver-
man et al. (1983) and Lange (2004) found a significant 
effect of sex on IBH prevalence, but Braverman et al. 
(1983) concluded that stallions were more often affect-
ed, whereas Lange (2004) concluded that mares were 
more often affected. In contrast, many researchers (e.g., 
Anderson et al., 1988; Halldórdsóttir and Larsen, 1991; 
Steinman et al., 2003; Björnsdóttir et al., 2006) did not 
find a significant effect of sex on IBH prevalence.

Selection Effect

A selection effect concerning IBH was found in the 
data and illustrates the possibility of selection against 
IBH. The IBH prevalence in mares with a single ob-
servation (10.3%) was significantly greater than the 
prevalence in mares with 2 (7.3%) and 3 observations 
(5.1%). The number of observations per mare indicates 
the number of offspring a mare had during the time 
span of the study, because mares were scored during 
foal inspections. Mares with 2 or 3 observations are 
likely to be used frequently for breeding. Therefore, 
Dutch Shetland breeding mares more frequently used 
for breeding have decreased IBH prevalences.

As a result of this selection effect, the data set proba-
bly contained fewer affected Shetland ponies compared 
with the number affected in the entire population. This 
could have resulted in a slight underestimation of the 
heritability and repeatability of IBH in the Dutch Shet-
land pony population.

Conclusions and Implications

Based on clinical symptoms, IBH is a heritable trait 
in the Dutch Shetland pony population. Therefore, the 
IBH prevalence in this population can be decreased by 
selection. The estimated repeatability indicates that in-
cluding repeated observations of the clinical symptoms 

of IBH will improve the accuracy of breeding values for 
IBH.

The IBH scoring method used could be implemented 
in the routine inspection system of a studbook. To be 
certain that horses have been exposed to Culicoides 
spp., and therefore show clinical symptoms, it is advised 
not to score horses early in the Culicoides spp. season. 
However, more accurate or even greater heritability es-
timates might be expected when better methods other 
than subjective scoring of IBH become available to de-
tect affected or sensitized horses on a continuous scale 
independent of the presence of Culicoides spp. It seems 
useful, therefore, to develop methods for early and ac-
curate diagnosis of IBH and to identify genomic regions 
involved in IBH sensitivity to efficiently select against 
horses susceptible for IBH. Selection against IBH will 
decrease economic losses for breeders due to disfigura-
tion of their horses and possible veterinary costs, and, 
moreover, will increase animal welfare.

LITERATURE CITED

Anderson, G. S., P. Belton, and E. M. Belton. 1993. A population 
study of Culicoides obsoletus Meigen (Diptera: Ceratopogoni-
dae), and other Culicoides species in the Fraser Valley of British 
Columbia.  Can. Entomol.  125:439–447.

Anderson, G. S., P. Belton, E. Jahren, H. Lange, and N. Kleider. 
1996. Immunotherapy trial for horses in British Columbia with 
Culicoides (Diptera: Ceratopogonidae) hypersensitivity.  J. 
Med. Entomol.  33:458–466.

Anderson, G. S., P. Belton, and N. Kleider. 1988. The hypersensitiv-
ity of horses to Culicoides bites in British Columbia.  Can. Vet. 
J.  29:718–723.

Anderson, G. S., P. Belton, and N. Kleider. 1991. Culicoides obsol-
etus (Diptera: Ceratopogonidae) as a causal agent of Culicoides 
hypersensitivity (sweet itch) in British Columbia.  J. Med. En-
tomol.  28:685–693.

Baselgia, S., M. G. Doherr, P. Mellor, S. Torsteinsdottir, T. Jer-
mann, A. Zurbriggen, T. Jungi, and E. Marti. 2006. Evaluation 
of an in vitro sulphidoleukotriene release test for diagnosis of in-
sect bite hypersensitivity in horses.  Equine Vet. J.  38:40–46.

Björnsdóttir, S., J. Sigvaldadóttir, H. Broström, B. Langvad, and Á. 
Sigurðsson. 2006. Summer eczema in exported Icelandic hors-
es: Influence of environmental and genetic factors.  Acta Vet. 
Scand.  48:3 http://www.actavetscand.com/content/48/1/3

Braverman, Y. 1988. Preferred landing sites of Culicoides species 
(Diptera: Ceratopogonidae) on a horse in Israel and its rel-
evance to summer seasonal recurrent dermatitis (sweet itch).  
Equine Vet. J.  20:426–429.

Braverman, Y., H. Ungar-Waron, K. Frith, H. Adler, Y. Danieli, 
K. P. Baker, and P. J. Quinn. 1983. Epidemiological and im-
munological studies of sweet itch in horses in Israel.  Vet. Rec.  
112:521–524.

Table 3. Comparison of the absence or presence of insect bite hypersensitivity clinical 
symptoms during the first and second observations for mares with repeated observa-
tions in percentage and number of mares (in parentheses) 

Clinical symptoms:  
first observation

Clinical symptoms: second observation

TotalAbsent Present

Absent 94.8 (1,374) 5.2 (76) 100 (1,450)
Present 72.8 (75) 27.2 (28) 100 (103)

Genetics of insect bite hypersensitivity 489

 by guest on December 17, 2011jas.fass.orgDownloaded from 

http://jas.fass.org/


Broström, H., Å. Larsson, and M. Troedsson. 1987. Allergic derma-
titis (sweet itch) of Icelandic horses in Sweden: an epidemiologi-
cal study.  Equine Vet. J.  19:229–236.

Dempster, E. R., and I. M. Lerner. 1950. Heritability of threshold 
characters.  Genetics  35:212–236.

Fadok, V. A., and E. C. Greiner. 1990. Equine insect hypersensitiv-
ity: skin test and biopsy results correlated with clinical data.  
Equine Vet. J.  22:236–240.

Falconer, D. S., and T. F. C. Mackay. 1996. Introduction to Quanti-
tative Genetics. 4th ed. Longman Group Ltd., Harlow, UK.

Friberg, C. A., and D. Logas. 1999. Treatment of Culicoides hy-
persensitive horses with high-dose n-3 fatty acids: A double-
blinded crossover study.  Vet. Dermatol.  10:117–122.

Galli, S. J. 2000. Allergy.  Curr. Biol.  10:93–95.
Gilmour, A. R., B. J. Gogel, B. R. Cullis, and R. Thompson. 2006. 

ASReml User Guide Release 2.0. VSN International Ltd., 
Hemel Hempstead, UK.

Gortel, K. 1998. Equine parasitic hypersensitivity. A review.  Equine 
Pract.  20:14–16.

Grandinson, K., L. Lindberg, S. Eriksson, S. Mikko, H. Broström, R. 
Frey, M. Sundquist, and G. Lindgren. 2006. Genetic parameters 
for allergic eczema in Icelandic horses. 8th World Congr. Genet. 
Appl. Livest. Prod., Belo Horizonte, MG, Brazil. http://www.
wcgalp8.org.br/wcgalp8/articles/paper/8_757-1946.pdf

Halldórdsóttir, S., and H. J. Larsen. 1991. An epidemiological study 
of summer eczema in Icelandic horses in Norway.  Equine Vet. 
J.  23:296–299.

Holgate, S. T., and R. Polosa. 2008. Treatment strategies for allergy 
and asthma.  Nat. Rev. Immunol.  8:218–230.

Lange, S. 2004. Untersuchung zur Vererbung des Sommerekzems 
beim Islandpferd. PhD Diss. Tierärztlichen Hochschule, Han-
nover, Germany.

Littlewood, J. D. 1998. Incidence of recurrent seasonal pruritus 
(‘sweet itch’) in British and German shire horses.  Vet. Rec.  
142:66–67.

Lynch, M., and B. Walsh. 1998. Genetics and Analysis of Quantita-
tive Traits. Sinauer Associates Inc., Sunderland, MA.

Meiswinkel, R., M. Baylis, and K. Labuschagne. 2000. Stabling and 
the protection of horses from Culicoides bolitinos (Diptera: Cer-
atopogonidae), a recently identified vector of African horse sick-
ness.  Bull. Entomol. Res.  90:509–515.

Pilsworth, R. C., and D. C. Knottenbelt. 2004. Equine insect hyper-
sensitivity.  Equine Vet. Educ.  16:324–325.

Riek, R. F. 1954. Studies on allergic dermatitis (Queensland Itch) 
of the horse: The aetiology of the disease.  Aust. J. Agric. Res.  
5:109–129.

Steinman, A., G. Peer, and E. Klement. 2003. Epidemiological study 
of Culicoides hypersensitivity in horses in Israel.  Vet. Rec.  
152:748–751.

Unkel, M., D. Simon, M. Mayer, and H. Sommer. 1987. Studies on 
the genetic basis of sweet itch in Island horses.  Z. Tierzücht. 
Züchtungsbiol.  104:217–230. (in German).

Van Grevenhof, E. M., B. Ducro, H. C. M. Heuven, and P. Bijma. 
2007. Identification of environmental factors affecting the prev-
alence of insect bite hypersensitivity in Shetland ponies and 
Friesian horses in the Netherlands.  Equine Vet. J.  39:69–73.

Schurink et al.490

 by guest on December 17, 2011jas.fass.orgDownloaded from 

http://jas.fass.org/


References
http://jas.fass.org/content/87/2/484#BIBL
This article cites 23 articles, 4 of which you can access for free at: 

Citations
http://jas.fass.org/content/87/2/484#otherarticles
This article has been cited by 1 HighWire-hosted articles: 

 by guest on December 17, 2011jas.fass.orgDownloaded from 

http://jas.fass.org/



