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ARTICLE INFO ABSTRACT

Since the initial characterization of IgE by Ishizaka et al. (1966), IgE was described in

Keywords: several mammalian species. In horses, a single gene encoding the IgE heavy chain constant
IGHE gene region (IGHE gene) exists per haploid genome and several allelic variants of the equine
Equine IGHE gene were found. IgE occurs in its soluble form in equine serum and physiological
Monoclonal antibody concentrations of total IgE are around 1000-fold higher in normal horse than in normal
Allergy tests human serum. Maternal IgE is enriched in the colostrum and transferred to the neonatal

Maternal IgE foal after birth. Foals do not produce detectable concentrations of endogenous IgE for

several months after birth. IgE is also found on the surface of a small percentage of equine
peripheral blood cells including basophils, and subpopulations of B-cells and monocytes,
and on mast cells in various tissues such as the skin, and the submucosa of the airways and
intestine. Both, the high- and low-affinity IgE receptor genes are identified in the horse
suggesting binding of soluble IgE from the circulation to these receptors. Horses naturally
develop type I hypersensitivities. IgE-mediated mechanisms were implicated in the
pathogenesis of several allergic diseases in horses since almost 30 years. The findings were
mainly based on the induction of immediate skin reactions after intradermal testing with
allergen extracts. With the development of the first monoclonal antibodies to equine IgE
within the past years, more insights into the pathogenesis of allergic diseases could be
obtained. Today, various techniques are available to detect soluble IgE and the
sensitization of mast cell or basophils with IgE in horses. An IgE-mediated allergic
etiology is confirmed for skin hypersensitivity. The causing role of IgE in other diseases
such as recurrent airway obstruction (RAO) still remains controversial. More recent
studies did not confirm an IgE-mediated pathogenesis of RAO. This suggested that the
disease is a chronic inflammatory condition with some indication for an involvement of
delayed-type hypersensitivity mechanisms. In summary, our knowledge about the role of
IgE during the immune response of the horse improved tremendously during the past
decade. New IgE-specific tools and technologies are likely to uncover additional aspects of
IgE-mediated mechanisms in equine health and disease.
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1. Molecular organization and nucleotide sequence of
the equine IGHE gene

Immunoglobulins are composed of gene products from
both the immunoglobulin heavy and light chain loci. The
isotype of an immunoglobulin is determined by the
constant heavy chain region which is encoded by one of
the genes located in the immunoglobulin heavy chain
constant (IGHC) region (Wagner, 2006). In horses, the IGHC
region was identified on chromosome 24 (ECA24qter;
Wagner et al., 2004). The constant region of the IgE heavy
chain is encoded by a single IGHE gene (Wagner et al.,
1997) which is located between the IGHG5 and IGHA genes
(Wagner et al., 2004). Pseudogenes for IGHE like in humans
were not found in horses. Like in other mammals, the
equine IGHE gene is composed of four exons each of which
encodes a single immunoglobulin domain of the IgE
constant heavy chain region (Fig. 1). The nucleotide
sequence of the IGHE gene was investigated by various
groups (Navarro et al., 1995; Marti et al., 1995; Watson
et al, 1997; Wagner et al., 2001). The accumulated
sequence information revealed that at least four different
IGHE alleles exist in horses (Table 1). The coding nucleotide
sequences of these alleles vary between 95.9% and 99.8%
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homology. Most of the nucleotide sequence differences of
the IGHE alleles also result in amino acid variations in the
constant heavy chain region of IgE. Thus, it can be
predicted that various IgE allotypes exist in horses
(Fig. 2). Whether the allelic variation of the IGHE gene
functionally influences the horse’s immune response to
parasites or during allergic diseases is unknown.

The predicted IgE constant heavy chain region has six
potential N-glycosylation sites, one of which at position
174 is not conserved in the IgE*03 allotypes (Fig. 2). The N-
glycosylation site at position 270 (N270, Fig. 2) is
conserved between mammalian species (Wagner et al.,
2002). Biochemical studies on human IgE showed that N-
glycans are not directly involved in IgE receptor binding
(Helm et al., 1988; Sayers et al., 1998). However, the N270
site was found to be essential for the formation of a
functional IgE molecule by supporting the correct folding
required for IgE receptor binding (Sayers et al., 1998). The
expression of the complete equine IGHE*02 gene as part of
a 4-(hydroxy-3-nitro-phenyl)acetyl (NP)-specific equi-
murine recombinant antibody in mammalian cells
resulted in a highly glycosylated IgE chimera that
mediated histamine release in vitro and intradermal skin
reactions in vivo (Wagner et al., 2002).
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Fig. 1. The IGH locus and the genomic organization of the IGHE gene of the horse. (A) The map of the IGHC region shows the order of the eleven equine IGHC
genes. The entire IGHC region has been found to be located on a minimum of two overlapping clones from the CHORI-241 Horse Bacterial Artificial
Chromosome library, suggesting that the size of the IGHC region is 250-350 kb. Circles represent switch regions; boxes indicate IGHC genes; M = IGHM;
D =IGHD; G1 to G7 =IGHG1 to IGHG7; E=IGHE; A=IGHA. (B) The structure of the genomic IGHE gene is shown in more detail. The GenBank accession
number of the IGHE allele used for the gene map is given in parentheses. The numbers reflect the sizes (bp) of the exon (CH1-CH4) and intervening IGHE
gene sequences. The secretion region of the IGHE gene is located at the 3’ends of the CH4 exon and the size is given in parentheses behind the size of the
overall CH4 exon. Membrane exon sequences (M1 and M2) were not yet described for the equine IGHE gene. It is assumed from other mammalian species
that they exist in the horse and this is indicated by the white boxes.

Table 1
IGHE alleles of the horse.
Allele Coding GenBank accession Origin Breed Reference
region (bp) number
IGHE*01 1272 AJ305046/A]305047 Genomic DNA/mRNA, PBMC Arabian/13 horses of various breeds Wagner et al. (2001)

IGHE*02 1272 AJ305048 mRNA, PBMC Standardbred Wagner et al. (2001)
IGHE*03 1257 U15150 mRNA, PBMC Thoroughbred Navarro et al. (1995)
IGHE*04 1272 U17041 mRNA, mesenteric LNN 6 horses, breeds included Watson et al. (1997)

Thoroughbred, Quarter Horse,
Appaloosa and Standardbred

The IGHE gene nomenclature conforms to the official nomenclature of the international ImMunoGeneTics database (IMGT) (http://imgt.cines.fr).
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Fig. 2. Amino acid sequence comparison of constant heavy chain regions of different IgE allotypes of the horse. The exon/intron boundaries of the genomic
IGHE*01 gene were used to determine the sizes of the CH1 to CH4 domains. The arrows point to the first amino acid of the respective domains. Dots indicate
identical amino acids, dashes show amino acid deletion. N-glycosylation sites are underlined.

2. Antibodies to equine IgE

Antibodies to equine IgE were produced by various
groups and methods. First attempts to produce polyclonal
antibodies were using purified IgE from equine serum for
immunization (Suter and Fey, 1981; Halliwell and Hines,
1985). However, purification from serum resulted in IgE
preparations with a substantial amount of contaminating
IgG isotypes (Suter and Fey, 1981). Thus, the specificity of
these reagents for IgE remains questionable. Other
investigators used recombinant partial IgE heavy chain
regions expressed in E. coli to produce polyclonal
antibodies (Watson et al., 1997; Marti et al, 1997).
Because the native IgE constant heavy chain region is
heavily glycosylated (Wagner et al., 2002) and glycosyla-
tion does not occur in bacterial expression systems, the
bacterial expressed proteins are likely to share only partial
structural homology with the corresponding parts of the
native IgE. Nevertheless, these antibodies have been used
with success for ELISA, Western blotting and immunohis-
tochemistry applications. Like for all polyclonal antibodies,
the available amounts of the anti-IgE reagents were
limited.

A few years ago, the first mAbs to equine IgE were
developed (Wagner et al., 2003). These antibodies were
produced by using complete recombinant IgE expressed in
mammalian cells for immunization of mice. The mamma-
lian expressed recombinant equine IgE was found to share
a high structural and functional homology to native IgE
including its binding to the high-affinity IgE receptor
(Wagner et al., 2002). Monoclonal antibodies to at least
two different epitopes of the IgE constant heavy chain
region were identified (Wagner et al., 2003). Three years
later, a second group developed additional anti-IgE mAbs
using an immunization protocol that included recombi-

nant bacterial and mammalian expressed IgE heavy chain
constant regions combined with purified IgE from horse
serum (Wilson et al., 2006). A recent comparison of all
available anti-IgE mAbs showed that the reagents pro-
duced by both groups react very similar in ELISA and
immunohistochemistry (Wagner, Wilson and Marti,
unpublished observation). The anti-IgE mAbs have been
shown to be useful for various methods and immunolo-
gical applications in vitro and in vivo (Table 2).

3. Total serum IgE concentrations, IgE" cells in equine
blood and tissues and receptors for IgE in adult horses

In human normal serum, IgE is detectable at concen-
trations in the nanogram per milliliter range, and has a
short half-life of approximately 2 days. The short half-life is
a result of constant removal of IgE from the circulation due
toits binding to the « chain of the high-affinity IgE receptor
(FceRI) on mast cells and basophils (for review: Ravetch
and Kinet, 1991). Assays for the detection of total IgE in
horse serum were established after the mAbs to equine IgE
became available (Wagner et al., 2003; Wilson et al., 2006).
The total IgE concentration reported in horse serum is
substantially higher than in humans and variations
between individuals are high (Table 3). It was suggested
that the higher IgE concentrations in normal horse serum
are caused by generally higher parasitic loads in horses
than in humans from western civilizations. This assump-
tion was supported by findings in sheep which also have
normal IgE levels in the wg/ml range (Shaw et al., 1997).
The total IgE concentration in horses affected with skin
hypersensitivity was found to be increased (Table 3).
However, this was not significantly higher than in
clinically healthy horses kept in the same environment
(Wagner et al., 2003). When horses of various breeds and
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Table 2
Monoclonal antibodies to equine IgE and their successful use for different methods and applications.
Method Anti-IgE clone Reference
ELISA 176 for coating and 134 for detection Wagner et al. (2003)

Flow cytometry
Immunohistochemistry

Western blotting

Induction of immediate skin reaction after intradermal injection in vivo

In vitro histamine release
In vitro leukotriene release

Use for affinity purification of IgE from horse serum

1C12 for coating and 3H10 for detection
134, 176
4C2

134 - non-reducing conditions
176 - reducing and non-reducing conditions
3H10, 1C12, 5A2 - non-reducing conditions

134
1C12, 5A2, 7H2

134
1C12, 5A2, 7H2

Wilson et al. (2006)
Wagner et al. (2003)
Wilson et al. (2006)

Wagner et al. (2003)
Wagner et al. (2003)
Wilson et al. (2006)

Wagner et al. (2006b)
Wilson et al. (2006)

Wagner et al. (2006b)
Wilson et al. (2006)

134 Wagner et al. (2003)
176 Wagner et al. (2006b)
4C2 Wilson et al. (2006)

origins were compared, a significant increase in total IgE
levels was found in sera from skin hypersensitivity affected
compared to healthy Icelandic horses (p < 0.05), but not for
sera from healthy and affected horses of other breeds
(Wilson et al., 2006).

A small population (1.3 + 0.5%) of IgE* leukocytes can be
detected in the peripheral blood of adult horses by surface
staining using anti-IgE mAbs and flow cytometric analysis
(Wagner et al., 2003). The genes for the high-affinity FceRI
(McAleese et al., 2000; McAleese and Miller, 2003), and the
low-affinity IgE receptor, also known as FceRIl or CD23
(Watson et al., 2000) were cloned and sequenced in the horse.
The recombinant equine FceRla chain was found to bind to

equine IgE (McAleese et al., 2006). The distribution of IgE on
the surface of peripheral blood cells suggested its binding to
FceRI and CD23 in normal horses. Double staining with anti-
IgE and cell surface markers for monocytes (CD14) or B-cells
(IgM) confirmed the presence of surface bound IgE on
subpopulations of equine B-cells and monocytes (Wagner,
unpublished). Enrichment of the IgE* cells by magnetic cell
sorting showed that they represent a mixed cell population of
around 32% basophils, 53% monocytes and/or large lympho-
cytes, 13% small lymphocytes and 2% eosinophils (Wagner
et al., 2003). The enrichment of basophils from around 1% in
peripheral blood to more than 30% in the positive enriched
fraction was likely due to high-affinity FceRI bound IgE on the

Table 3
Total IgE concentrations in equine serum and colostrum and percentages of IgE* cells in peripheral blood.
Sample horses Clinical status/age Total IgE (g/ml) IgE* cells in peripheral blood (%) Reference
Serum Adult Clinically healthy 84.0 +90.9° 1.3+05° Wagner et al. (2003)
Skin hypersensitivity 108.9 + 69.0 NA Wagner et al. (2003)
Healthy and allergic 23.5 (0.43-82.6)° NA Wilson et al. (2006)
Mares, day 1 p.p.* 254 (66-1950) 0.5 (0.07-1.3)¢ Wagner et al. (2006a)
Mares, day 86 p.p. 173 (39-1059) 0.9 (0.6-1.3) Wagner et al. (2006a)
Mares, at foaling 43.0 +28.5 NA Marti et al. (2009)
Foals After birth, before ND ND Wagner et al. (2006a),
colostrum uptake Marti et al. (2009)
Day 2 261 (54-720) 0.5 (0.08-0.8) Wagner et al. (2006a)
Day 5 147 (41-742) 0.5 (0.15-1.0) Wagner et al. (2006a)
Day16 73 (27-73) 0.2 (0.1-0.4) Wagner et al. (2006a)
Day 30 41 (11-243) 0.04 (0-0.14) Wagner et al. (2006a)
Day 44 32 (8-112) 0.03 (0-0.19 Wagner et al. (2006a)
Day 58 26 (7-80) 0 (0-0.06) Wagner et al. (2006a)
Day 72 14 (0-58) 0 (0-0.03) Wagner et al. (2006a)
Day 86 15 (0-52) 0 (0-0.07) Wagner et al. (2006a)
5-6 months ND ND Wagner et al. (2003),
Wagner et al. (2006a)
18 months 56 (50-81) NA Wagner et al. (2006a)
24 hours 109 +£8.1 NA Marti et al. (2009)
Colostrum p.p., before suckling 773 (185-2573) NA Wagner et al. (2006a)
At foaling 76.1 +£56.2 NA Marti et al. (2009)

NA: not available, ND: not detectable.

4 p.p.=post partum.

b Mean + standard deviation.

¢ Median (range).
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surface of the basophils (Wagner et al., 2003). The FceRI is
probably also expressed on equine monocytes similar to
human monocytes expressing a ayy-form of the FceRI that
mainly functions for antigen presentation and also induces
the activation and release of pro-inflammatory cytokines by
these cells (reviewed by Kraft et al., 2001). The IgE"
lymphocyte population likely bound IgE via the low-affinity
IgE receptor CD23 which is mainly expressed by equine B-
cells (Wagner et al., 2009).

Immunohistochemistry studies using polyclonal anti-
IgE showed the presence of IgE" cells in skin and lung tissue
(Riifenacht et al., 2005; Van der Haegen et al.,, 2005).
Intradermal skin testing experiments using anti-IgE mAb
134 resulted in immediate skin reactions, confirming the
presence of IgE" mast cells in the normal horse skin
(Wagner et al., 2006b). Other mAbs such as anti-IgE 176
did not induce immediate skin reactions, although the IgE*
cell staining of peripheral blood cells did not differ
between anti-IgE 176 and 134. The two mAbs were found
to detect different epitopes of the IgE heavy chain constant
region (Wagner et al.,, 2003). The findings obtained by
intradermal testing and in vitro mediator release suggested
that the anti-IgE 176 did not crosslink IgE bound to FceRI
while anti-Igé 134 induced crosslinking of IgE, FceRI
signaling and mediator release from mast cells and
basophils (Wagner et al., 2006b).

Despite these investigations using gene expression or
anti-IgE mAbs, additional direct measurements of both
receptors for IgE are still required to provide a better
understanding of their expression and role during the
immune response. The recent development of mAbs to
equine CD23 and FceRla (Wagner et al., 2009) may provide
new tools to shed more light on IgE receptor expression in
horses.

4. IgE in foals, maternal transfer of IgE and the onset of
IgE responses in horses

The analysis of IgE in foals was initiated by the finding
that neither serum IgE nor IgE* leukocytes could be
detected in serum (foals 5-6 months) or peripheral blood
(foals 2.5-5 months). The finding was unexpected because
the foals spent the entire summer with their dams in an
environment with high allergenic pressure. The foals were
offspring of clinically healthy mares or of mares clinically
affected with severe skin hypersensitivity. At least during
their first six months of life, these foals did not develop an
IgE immune response to Culicoides allergens or any other
environmental antigens they were exposed to (Wagner
et al, 2003). The finding was in agreement with the
observation that most horses do not develop clinical signs
of skin hypersensitivity before they reach 2-4 years of age,
even if they are exposed to allergens from birth on (Wilson
et al,, 2001).

A subsequent study was designed to investigate the
development of IgE in neonates and foals. It could be
demonstrated that high concentrations of maternal IgE are
transferred to the neonate by the colostrum. Compared to
serum IgE concentrations of the same mares, the colostral
IgE was 2.7-fold enriched suggesting an active transport
mechanism of the IgE into the mammary gland (Table 3).

IgE was not detectable in foals before ingestion of
colostrum. After colostrum uptake, IgE was found in the
circulation of the foals. IgE concentrations peaked on days
2-5 after birth in foal serum and on the surface of their
peripheral blood leukocytes. Then, the IgE* cells and IgE
serum levels rapidly decreased and became again unde-
tectable at 2-4 months of life. The onset of the endogenous
IgE production in foals was found to be delayed and
occurred between 9-11 months of age depending on the
individual (Wagner et al., 2006a). A second study focusing
on serum IgE and detection of IgE in intestinal tissues by
immunohistochemistry confirmed the initial findings on
maternal IgE transfer with the colostrum, its uptake into
the circulation of the neonates and the delay in the onset of
endogenous IgE production in foals. The authors observed
that increasing IgE serum concentrations could be detected
in some foals as early as at 6 months of age (Marti et al.,
2009). There is also evidence that maternal IgE binds
directly to intestinal mast cells in the laminar propria of
the foal after colostrum uptake (Marti et al., 2008). The
incubation of isolated intestinal cells from a newborn foal
with fluorescent equine IgE suggested that neonatal
intestinal mast cells express high-affinity IgE receptors
that subsequently bind the passively transferred maternal
IgE antibodies (Wagner et al., 2009). It was suggested that
maternal IgE antibodies might have an immunoregulatory
effect on the immune response of the neonate (Wagner
et al., 2006a). However, if and how maternal IgE antibodies
influence the development of IgE responses in the offspring
or allergic diseases later in life is not yet known.

5. Assays to detect allergen-specific IgE or sensitization
with allergen-specific IgE

IgE is involved in type I hypersensitivity, by binding to
high-affinity FceRI on the surface of mast cells and
basophils. Crosslinking of IgE by specific allergens triggers
the release of inflammatory mediators from the cells. This
causes an inflammatory reaction and results in the
immediate onset of clinical signs of allergy.

Tests for the detection of allergen-specific IgE responses
in horses are based on two principles. First, intradermal
testing or in vitro sensitization assays are used to
determine cellular sensitization with IgE to a particular
allergen. Both tests are based on the release of preformed
inflammatory mediators from mast cells or basophils
induced by crosslinking of allergen-specific IgE bound on
the cell surface. Second, serological assays are available to
measure soluble allergen-specific IgE antibodies in serum.
Serological assays are designed to detect the humoral
immune response to a particular allergen by using either
an anti-IgE antibody or the human FceRIa chain for IgE
detection.

Intradermal testing with various environmental aller-
gens has been used to determine allergic responses in
horses for over 20 years (Matthews et al., 1983; Larsen
et al., 1988; Ungar-Waron et al.,, 1990; Anderson et al.,
1993). Following allergen injection or injection of anti-IgE
inflammatory mediators are released from mast cells in the
skin and an immediate skin reaction characterized by the
formation of a wheal at the injection site develops after
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15-30 min (Wagner et al.,, 2006b). Horses with clinical
signs of allergy were found to react more frequently to
intradermal injection of allergen extracts than clinically
healthy horses. This was observed for diseases like skin
hypersensitivity and urticaria (Larsen et al., 1988; Fadok
and Greiner, 1990; Lorch et al.,, 2001a). However, skin
testing and the evaluation of immediate IgE-mediated
reactions was not useful in horses with respiratory
conditions such as recurrent airway obstruction (RAO)
(McGorum et al., 1993; Jose-Cunilleras et al., 2001; Lorch
et al., 2001b; Wong et al., 2005; Tahon et al., 2009). The
results suggested that systemic IgE antibodies to mould or
fungal antigens are not developed in RAO.

In vitro sensitization assays are performed on blood
samples and are based on mediator release from peripheral
blood basophils. Similar to intradermal testing the assays
detect sensitization with allergen-specific IgE but they do
not require the injection of allergens into the skin. It has
been shown that the incubation of peripheral blood cells
with anti-IgE induced histamine release (Wagner et al.,
2006b). Cells from allergic and clinical healthy horses
released comparable concentrations of histamine after
anti-Ig stimulation confirming that the amount of IgE
bound to basophils is similar in horses with and without
clinical allergy (Wagner et al., 2008). Furthermore, the
addition of recombinant IgE to peripheral blood cells from
foals followed by anti-Ig stimulation significantly
increased the induced histamine release (Wagner et al.,
2002). These characteristic responses of equine blood
basophils to anti-IgE suggested that in vitro sensitization
assays can be used as an alternative to skin testing. In the
laboratory, the blood cells can be incubated with various
allergens and the mediator release in response to these
treatments is detected. Assays to measure the release of
leukotrienes (Baselgia et al., 2006) or histamine (Langner
et al,, 2008; Wagner et al., 2008) from basophils were
described. Subsequent investigations showed that the
histamine release after allergen-specific treatment of
blood cells differed significantly between clinically healthy
and allergic horses (Wagner et al., 2008). The histamine
release assay was found to be particularly useful for
measuring sensitization to Culicoides allergen (Langner
et al., 2008; Wagner et al., 2008), the major allergen
causing skin hypersensitivity in horses.

Skin testing and in vitro sensitization assays detect
cellular sensitization with IgE which is required to
develop clinical allergy. However, sensitization of mast
cells or basophils with allergen-specific IgE does not
necessarily mean that the horse is allergic. Several
clinically healthy horses were identified by skin testing
(Lorch et al., 2001a,b; Kolm-Stark and Wagner, 2002;
Lebis etal.,2002) and in vitro sensitization assays (Wagner
et al., 2008) to be clearly sensitized with IgE to Culicoides
allergen and never showed any signs of disease. Conse-
quently, sensitization is not always an equivalent of
clinical allergy and cannot be used to diagnose the disease
without considering clinical signs. Nevertheless, in horses
with clinical signs the assays are helpful to identify the
allergen responsible for the disease and in vitro sensitiza-
tion assays provide a clear alternative to skin testing for
this purpose (Wagner et al., 2008).

Several serological assays to detect allergen-specific
IgE antibodies in serum have been described. All of them
are performed by coating allergen preparations to the
solid phase of the assay, most frequently an ELISA plate,
to bind serum IgE to the respective allergens. Then, a
variety of reagents to detect the equine IgE have been
used for these assays. This includes polyclonal anti-IgE
reagents (Halliwell et al., 1993; Eder et al., 2000; Kalina
et al., 2003), monoclonal anti-IgE antibodies (Morgan
et al., 2007; Langner et al., 2008), and the human FceRla
chain (Frey et al., 2008). Although the principle of
allergen-specific IgE detection sounds convincing, tests
on the performance of serological allergen assays have
shown that serum IgG antibodies also bind to almost
every crude allergen preparation. Due to the much higher
concentration of IgG in serum and the relatively low
serum dilutions that are used for serological allergen-
specific IgE detection, much higher concentrations of IgG
than of IgE antibodies are bound to the solid phase of the
assay (Morgan et al., 2007; Langner et al., 2008). Thus, the
specificity of the anti-IgE reagent is one crucial parameter
for the accurate performance of serological allergen
testing. Thus far, convincing specificity to IgE has only
been reported for the monoclonal anti-equine IgE
antibodies (Wagner et al., 2003; Wilson et al., 2006).
There is currently no reported evidence that the human
FceRla chain which is used in one of the commercial
assays does bind to equine IgE. Human and equine IgE
share a low homology of only 56% (Wagner et al., 2001)
and it cannot be simply assumed that the human FceRIa
chain binds to equine IgE.

Another general weakness of the current allergen-
specific assays is the use of crude allergen preparations.
This causes binding of many other proteins than the
allergen itself to the solid phase of the assay. The results are
a decreased concentration of the allergen available for the
assay and also an increased risk of potential crossreactivity
of serum antibodies with the non-specific proteins (Eder
et al., 2000; Morgan et al., 2007). By considering both, the
low specificity of some anti-IgE reagents and the poor
quality of many allergen preparations, it is not surprising
that many serological allergen tests result in multiple
positive reactions, many of which are likely to be false
positive. Overall, most authors concluded that serological
allergen testing in horses performs poorly, is unreliable,
and cannot be recommended using the currently available
assays (Eder et al., 2000; Lorch et al., 2001c; Morgan et al.,
2007; Langner et al., 2008; Frey et al, 2008). The
identification of major allergens that cause allergic
conditions in horses and their expression as recombinant
proteins is currently ongoing. The use of pure and better
defined allergens in combination with the specific mono-
clonal anti-IgE antibodies holds some promise for the
development of improved serological assays to detect
allergen-specific Ig antibodies in the horses (Morgan
et al., 2007; Marti et al., 2008).

Recently, several groups compared the available
sensitization tests and allergen-specific assays, including
commercial services that are offered by various companies
or assays for species other than the horse. Overall, these
studies reported low to moderate agreements between
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individual assays (Lorch et al., 2001c; Morgan et al., 2007;
Langner et al., 2008; Marti et al., 2008). One major problem
in comparing different allergen-specific tests is the
absence of a commonly accepted ‘gold standard’ for
allergen testing. Skin testing which is still considered to
be the ‘gold standard’ by various groups has several well
known disadvantages that make intradermal testing an
inconsistent diagnostic tool. Most importantly and as
discussed above, the procedure often induces positive
reactions in clinically healthy horses. In addition, skin
testing can be difficult to interpret and was found to be of
poor repeatability (Kolm-Stark and Wagner, 2002; Lebis
et al., 2002), certain extracts showed irritating character-
istics (Morris and Lindborg, 2003; Lebis et al., 2002), and in
accordance with the later finding several commercial
allergen preparations contained detectable amounts of
histamine (Wagner et al., 2009). In addition, flare as a
valuable second evaluation parameter for skin testing in
humans or some dogs cannot be observed in the
pigmented skin of most horses which also contributes to
the difficulties in interpreting immediate skin reactions.
Considering these findings from various groups it must be
concluded that skin testing is not a valid gold standard for
allergen testing in horses, although the procedure can be
valuable for the identification of responsible allergens in
allergic individuals.

In summary, reliable allergen testing in horses is still
difficult to perform and test interpretation is hampered by
numerous often false positive test results. Sensitization
assays are preferred over serological assays for allergen
identification. All currently existing assays should be
interpreted with precaution and in accordance with
clinical signs and history of disease.

6. IgE-mediated allergies in horses

Skin hypersensitivity was the first allergic disease in
horses that was assumed to be an IgE-mediated allergy
(Matthews et al., 1983). The disease is known by different
names, such as summer eczema, summer seasonal
recurrent dermatitis, atopic dermatitis, sweet itch or
insect bite hypersensitivity. Although skin hypersensitiv-
ity has been frequently described in Icelandic horses
(Halldordsottir and Larsen, 1991; Lange et al.,, 2005;
Bjornsdottir et al., 2006), it occurs in most horse breeds
including Thoroughbreds, Arabian horses, Warmbloods,
Draft horses, Quarter horses, Friesian horses and ponies,
and has been found in most countries all over the world
(Braverman, 1988; Larsen et al., 1988; Greiner et al., 1990;
Anderson et al., 1993; Littlewood, 1998; Steinman et al.,
2003; Van Grevenhof et al., 2007).

More than 20 years after IgE was first assumed to be
causally involved in equine skin hypersensitivity, direct
evidence for IgE mediating the disease was found by
transferring allergic reactions to healthy animals via IgE
obtained from affected horses (Prausnitz-Kiistner reac-
tion). After challenge with Culicoides extract, clinically
healthy recipient horses developed immediate skin reac-
tions only at the sites of the IgE transfer from affected
donors but not at the transfer sites of IgE from healthy
donors (Wagner et al., 2006b).

Additional observations supporting the role of Culi-
coides midges in the pathogenesis of skin hypersensitivity
were made in Icelandic horses. In Iceland, Culicoides
midges are not endemic and the disease does not occur.
Clinical signs of allergy only developed in horses after
being exported from Iceland (Larsen et al., 1988; Wilson
et al, 2006). Epidemiological studies confirmed that
between 26% and 72% of the Icelandic horses exported
to Europe developed the disease, while only 7-27% of
Icelandic horses born on the continent became affected
with skin hypersensitivity (Brostrom et al.,, 1987; Hall-
dordsottir and Larsen, 1991; Lange et al., 2005; Bjorns-
dottir et al., 2006). Comparison of extracts from various
Culicoides species by skin testing of allergic horses showed
that horses reacted to all species of Culicoides even if they
were exposed to only some of these species (Anderson
et al.,, 1993). This suggested that the inducing allergens of
Culicoides are conserved between the various midge
species. Western blot studies using Culicoides salivary
gland extract antigens revealed several proteins that were
detected by IgE and IgG serum antibodies from horses with
skin hypersensitivity (Hellberg et al., 2006). Recently,
different groups started to identify responsible allergens in
Culicoides saliva. They revealed several allergen candidates
including proteins involved in sugarmeal digestion,
defense and anti-coaggulation (Langner et al, 2007;
Wilson et al, 2008). A better characterization of the
allergens inducing skin hypersensitivity is likely to
improve diagnostic testing and potentially also the
development of new treatment options for this important
IgE-mediated allergy in horses.

Beside skin hypersensitivity where the role of IgE in the
pathogenesis of disease has been confirmed, IgE-mediated
mechanisms are also likely to induce urticaria, also known
as hives (Lorch et al., 2001a; Jose-Cunilleras et al., 2001;
Riifenacht et al., 2005). For other diseases of the horse that
were suspected to be IgE-mediated including RAO or head-
shaking (Mansfield et al., 1998), a role of IgE in the
pathogenesis of the diseases remains controversial.

7. Allergic components in RAO

RAO is considered to be a hypersensitivity reaction of
the lower respiratory tract induced by inhaled moulds and
organic dusts (Derksen et al., 1988; McGorum et al., 1993;
Pirie et al., 2003). The disease is characterized by mucus
production, neutrophil accumulation in the airway,
bronchial hyperreactivity and bronchospasm. Inhalation
of mould and fungal antigens induces the inflammatory
airway response in susceptible horses within 6 h after
exposure (Gerber et al., 2004). Characteristic is the up-
regulation of pro-inflammatory cytokine gene expression
during the induction phase of the disease and also in
chronically affected horses (Franchini et al., 2000; Giguére
et al., 2002; Ainsworth et al., 2003, 2006).

The involvement of IgE-mediated mechanisms in the
pathogenesis of RAO remains unclear and is still con-
troversial (Marti et al., 2008). The only support for a role of
IgE in RAO was provided in studies detecting increased
Aspergillus-specific IgE antibodies in bronchioalveolar
lavage using a polyclonal anti-IgE reagent (Halliwell
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et al.,, 1993; Schmallenbach et al., 1998). In most of the
more recently performed studies, the initial findings could
not be confirmed. It became also evident that environ-
mental and genetic factors influence the IgE response to
mould allergens (Eder et al., 2001; Curik et al., 2003) and a
comparison of mould-, mite- or Aspergillus-specific IgE
responses from horses living in different environments did
not result in any differences between RAO-affected and
control horses. The authors concluded that IgE serology is
not a useful tool for the diagnosis of RAO or the
determination of antigens causing the disease (Eder
et al., 2000; Tahon et al., 2009). Skin testing with mould
and fungal allergens in horses with RAO revealed reactions
to Aspergillus fumigatus and other mould antigens at 4 and/
or 24 h after injection. Thus, the reactivity might reflect a
cell-mediated delayed-type hypersensitivity response
(Jose-Cunilleras et al., 2001; Wong et al., 2005; Tahon
et al., 2009). Evidence for an increase in IgE-mediated
immediate skin reactions in RAO-affected horses could not
be supported by these studies.

8. IgE and parasitic infection

IgE is likely to be important in mediating protective
immune responses against parasites in horses (Suter and
Fey, 1981). Nevertheless, studies on equine IgE responses
to infection with parasites or helminths are rare. Existing
reports focused on IgG responses to parasites including
intestinal nematodes (Dowdall et al., 2004) or Trichinella
spiralis (Hill et al., 2007). IgG(T) has been found to
dominate the anti-nematode response to Cyathostomins
in horses (Dowdall et al, 2004). However, it is still
unknown whether IgG(T), which is composed of the two
isotypes IgG3 and IgG5, shares functional similarities with
IgE during anti-parasitic responses or whether IgG3 and/or
IgG5 are involved in the immunoglobulin class switching
pathway to IgE (Wagner, 2006). The lack of information on
the role of IgE in parasitic infections was likely caused by
the unavailability of reliable anti-IgE antibodies for many
years. The new monoclonal anti-IgE antibodies (Wagner
etal., 2003; Wilson et al., 2006) are valuable reagents to fill
this gap and to obtain more information about IgE-
mediated mechanisms in the equine immune response
to parasites.

9. Conclusions and current research topics

Further investigations on various aspects of IgE in
health and disease are required for a better understanding
of the functions of this immunoglobulin isotype during
effector and regulatory immune responses in domestic
species. Horses naturally develop allergies and provide a
valuable large animal model for studying allergic diseases.
Ongoing and future research topics focusing on the
influences of maternal IgE on the neonatal immune
system, or early exposure to potential allergens on the
development of allergy later in life have applications for
both equine and human health. For equine skin hyper-
sensitivity, the identification of Culicoides allergens in
combination with the new IgE-specific monoclonal
reagents is likely to have a positive impact on diagnostic

and therapeutic applications for allergic diseases. Addi-
tional research should be performed on the development
of improved allergen tests, on the role of IgE during
immune responses to parasites and other diseases of a
suspected IgE-mediated etiology.
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