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The 3rd Havemeyer workshop focussed on immunolo-
l and genetic aspects of insect bite hypersensitivity
) and recurrent airway obstruction (RAO).

IBH, or sweet itch, is a recurrent pruritic allergic
matitis of the horse occurring in summer and caused by
-mediated reactions to bites of midges. The allergens
sing IBH are likely salivary gland proteins from these

ects, but the individual allergens have not yet been
ntified. IBH occurs in horses of various breeds world-
e, except for regions, like Iceland, where Culicoides

ges are absent. However, IBH has an especially high
valence in horses of the Icelandic breed exported from
and to geographic areas where Culicoides spp. are
sent. IBH causes considerable discomfort to the affected

horses, which scratch excessively especially in the mane
and tail regions, causing secondary skin lesions. Presently,
no long term effective treatment exists.

RAO or heaves, is a severe, potentially debilitating,
inflammatory airway disease typically affecting middle-
aged horses and resulting in coughing, increased respira-
tory effort and exercise intolerance due to bronchospasm
and mucus accumulation in the airways. RAO, caused in
part by inherited factors and influenced by environmental
conditions, is common in stabled horses fed hay. It is
initiated by the inhalation of organic dust and, once
sensitized, a horse becomes hypersensitive to airborne
particles and requires careful management. However, the
relative importance of IgE-mediated reactions, Th1- and
Th2-type profiles, innate immunity, and individual cyto-
kines is still unclear.

T I C L E I N F O

le history:

ived 18 July 2008

A B S T R A C T

Allergic diseases occur in most mammals, although some species such as humans, dogs and

horses seem to be more prone to develop allergies than others. In horses, insect bite

hypersensitivity (IBH), an allergic dermatitis caused by bites of midges, and recurrent

airway obstruction (RAO), a hyperreactivity to stable born dust and allergens, are the two

most prevalent allergic diseases.

Allergic diseases involve the interaction of three major factors: (i) genetic constitution,

(ii) exposure to allergens, and (iii) a dysregulation of the immune response determined by

(i) and (ii). However, other environmental factors such as infectious diseases, contact with

endotoxin and degree of infestation with endoparasites have been shown to influence the

prevalence of allergic diseases in humans. How these factors may impact upon allergic

disease in the horse is unknown at this time. The 3rd workshop on Allergic Diseases of the

Horse, with major sponsorship from the Havemeyer Foundation, was held in Hólar, Iceland,

in June 2007 and focussed on immunological and genetic aspects of IBH and RAO.

This particular venue was chosen because of the prevalence of IBH in exported Icelandic

horses. The incidence of IBH is significantly different between Icelandic horses born in

Europe or North America and those born in Iceland and exported as adults. Although the

genetic factors and allergens are the same, exported adult horses show a greater incidence

of IBH. This suggests that environmental or epigenetic factors may contribute to this

response. This report summarizes the present state of knowledge and summarizes

important issues discussed at the workshop.
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iseases of the Horse, Hólar, Iceland, June 2007. Vet. Immunol. Immunopathol. (2008),
oi:10.1016/j.vetimm.2008.07.008

5-2427/$ – see front matter

10.1016/j.vetimm.2008.07.008

http://dx.doi.org/10.1016/j.vetimm.2008.07.008
http://www.sciencedirect.com/science/journal/01652427
http://dx.doi.org/10.1016/j.vetimm.2008.07.008


/ Veterinary Immunology and Immunopathology xxx (2008) xxx–xxx2

G Model

VETIMM-7844; No of Pages 11
This summary report presents the results of a workshop
held at Hólar, Iceland in June 2007. Advances in immunol-
ogy, such as the detection of new pathways by microarray
technology, as well as progress in the identification, cloning
and delivery of recombinant allergens were presented. In
genetics, the completion of the horse genome sequence and
the development of new genetic tools for the horse, open
new avenues for the study of both diseases. Extensive
sampling of RAO and IBH-affected horses is on-going.
Presentations and state-of-the-art lectures also addressed
new reagents and technologies for the study of these
diseases and new therapeutic concepts. Summary state-
ments presented by working groups formed at the meeting
and plenary discussions identified important questions to
be addressed, potential investigative strategies, and
research areas for collaborative efforts.

2. Immunopathology of RAO and IBH and immune
response of foals

2.1. RAO (heaves)

In conventional indoor stable environments with hay
feeding and straw bedding, the air in the breathing zone of
horses contains very high levels of organic dust with
allergens and non-specific irritants like endotoxin (Woods
et al., 1993). Since the use of various terms referring to
environment-induced lower airway disease has led to
confusion, consistent working definitions were proposed
based on the state-of-the-art of our knowledge (Robinson,
2001): RAO, according to these definitions, is a severe,
debilitating disease characterized by coughing and
increased breathing effort due to cholinergic bronchos-
pasm and airway hyperreactivity as well as neutrophil and
mucus accumulation in the airways believed to result from
hypersensitivity reactions to various inhaled allergens.
Removal of hay and straw often leads to remission of the
disease. While its phenotype is defined, the immuno-
pathophysiology of heaves remains ill understood.

In the last decade, a number of studies have addressed
the role of T cells in equine diseases. There are now
examples of predominant Th1 (e.g. Herpesvirus; Slater
et al., 2006) and Th2 (e.g. parasite defense) type responses
in the horse, supportive for the basic concept of the Th1 vs.
Th2 paradigm in horses (Horohov, KY, USA).

To date, there are reports of a predominant Th2-type
response in RAO and Summer pasture associated (SPA-)
RAO with increased numbers of interleukin (IL)-4 and IL-5
secreting (in situ hybridization) cells and increased mRNA
levels of IL-4 and IL-13 in BAL of RAO and SPA-RAO horses
(Lavoie et al., 2001; Beadle et al., 2002; Cordeau et al.,
2004). However, there are also reports of either a Th1-type
profile (Ainsworth et al., 2003), or studies suggesting no
involvement of either type responses in heaves (Kleiber
et al., 2005). Th1-type cytokines, such as interferon (IFN)-
g, can also be increased in crisis and may persist longer
during remission. Furthermore, non-specific responses to
endotoxin, alone and through potentiation of reactions to
mould allergens, play a role in RAO (Pirie et al., 2003) and
endotoxin increases Toll-like receptor (TLR)-4 and TLR2
mRNA in horse lungs (Singh Suri et al., 2006). It was

proposed that some contradictory results could in part be
due to investigations of different groups of RAO-affected
horses at different time-points in the course of the disease
(Horohov, KY, USA). Information presented at the work-
shop supports the involvement of a Th2-type response in
RAO, and also showed the potential of microarray
expression technology for the identification of new
candidate genes.

IL-8, a potent chemokine for neutrophils, was shown to
be increased in BALF (Franchini et al., 2000) and the
epithelium (Ainsworth et al., 2006) of RAO-affected horses.
Based on reports that IL-17 is increased in stabled RAO-
affected horses (Debrue et al., 2005) and on findings in other
species, Ainsworth/Wagner (NY, USA) hypothesized that
mononuclear cell derived IL-17 and IL-23 may drive
epithelial chemokine production in RAO. They found,
however, that neutrophil-depleted BAL cells of horses with
heaves and controls showed a similar inherent expression of
IL-17, IL-23, IL-8 and IL-1b as well as a similar increase of
these cytokines after treatment with LPS, b-glucan and hay
dust extracts (Ainsworth et al., 2007). These results suggest
that production of these cytokines by mononuclear cells
plays a minimal role in the propagation of airway
neutrophilia in RAO. Evidence presented by Lavoie (Mon-
treal, Canada) showed that IL-4, a major Th2-type cytokine,
has the potential to contribute to neutrophil activation:
recombinant equine IL-4 causes morphological changes in
blood neutrophils, increases IL-8 mRNA levels and potenti-
ates effects of LPS and TNF-a on IL-8 expression by
pulmonary artery endothelial cells. Receptors for IL-4 (IL-
4R), however, were not increased on neutrophils of RAO-
affected compared to healthy horses. This does, however,
not exclude an involvement of the IL-4R in the pathogenesis
of RAO, as Gerber (Bern, Switzerland) presented evidence for
a genetic linkage of polymorphisms in IL-4R-a with RAO and
increased expression of this receptor in one high-prevalence
family of horses but not in another one (see below).

A model of ovalbumin (OVA) sensitized horses, which
develop airway obstruction and neutrophilia and a Th2-
type profile (Bowles et al., 2002) was presented (Horohov,
KY, USA). These results are consistent with the develop-
ment of Th2-type response in horses exhibiting some of the
main characteristics of RAO. As in other species, the
effectiveness of parasite defence in the horse relies on a
Th2-type response, specifically the production of IL-4, IL-5
and IL-13 cytokines. In this model, acute parasitism
(infection with Strongylus vulgaris) in parasite-free horses
exacerbated the allergic response to OVA inhalation. A
similar effect of parasitism on allergy development has
been proposed in humans (Carvalho et al., 2006).

Gene microarrays, developed for human gene expres-
sion studies, have helped identify new candidate genes
involved in both innate and adaptive immunity. These new
candidate genes may also play a role in RAO (Ramery et al.,
2008; Ramery, Liège, Belgium). Differential expression of
the genes PTX3, CYBB, MARCKS was confirmed with real
time RT-PCR. There is evidence from other species that
PTX3 overexpression can contribute to lung injury and the
down regulation of CYBB to the recruitment of neutrophils.
The importance of these mediators in the initiation and
expression of RAO remains to be determined.
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The following consensus statement on RAO immunology
future research was made (Lavoie, Canada; Horohov,
; Ramery, Belgium; Wilson, UK; Gerber, Switzerland):

hile the RAO phenotype has been clinically well-
efined, no accepted recommendations exist for stan-
ardized exposure protocols and sampling times in
xperimental studies of RAO. This, and the as yet ill-
efined overlying variation from chronicity and age-
elated changes, make comparisons between studies
ifficult.
further methodological issue is to define which tissue

s best to study: bronchoalveolar lavage (BAL) fluid; BAL
eparated cells; bronchial brushings or lung tissue
iopsies.
he role of IgE and individual allergens in RAO is still
nclear. An experimental protocol for the definitive

nvestigation of this question would need to:
. Identify potential major recombinant allergens in

RAO-affected individuals by serological screening and
confirm the relevance of putative recombinant
allergens by functional in vitro tests for each affected
individual.

. Perform regional bronchial challenge with the
identified recombinant allergens and measure reac-
tion by BAL transfer containing allergen-specific IgE
to a naı̈ve unaffected individual.

. Perform regional bronchial challenge and compare
reaction before and after transfer.

xposure experiments in neutrophil-depleted RAO-
ffected horses are needed to determine the relevance
nd pathophysiological contribution of neutrophils in
AO.
ongitudinal, epidemiological studies are necessary to
dentify predisposing factors in the environment of foals
nd young horses that may influence the development
o RAO.

Insect bite hypersensitivity (IBH)

Compared to RAO, the pathogenesis of IBH is better
racterized. Various studies have suggested that IBH is an
-mediated reaction to bites of insects, mainly Culicoides

cies but other insects have been implicated in some
es. Affected horses most often show immediate type
ctions after intradermal injections of Culicoides extract
sometimes also react to extracts from other insects. In a

set of horses, delayed type reactions have been observed
owing intradermal tests with insect extracts. Peripheral
od leukocytes of IBH-affected horses release significantly
re sulfidoleukotriene or histamine after stimulation with
icoides and to some extent also with Simulium extract
n those of control horses (Baselgia et al., 2006). Sera of
-affected horses also have significantly more often IgE
IgG abs binding to Culicoides salivary proteins (Wilson

l., 2001; Hellberg et al., 2006).
A modified Prausnitz-Küstner experiment has provided
first direct evidence that IgE mediates classical Type-I
rgy in horses and plays a major role in the pathogenesis
BH (Wagner, NY, USA): IgE antibodies were purified
h anti-IgE affinity columns from serum of IBH-affected

horses. These purified IgE abs were injected intradermally
in four clinically healthy horses. The following day,
Culicoides allergen extract was injected at the same sites.
Skin reactions were not observed in response to allergen
alone, and in two horses after stimulation at any previous
IgE injection site. However, the other two healthy horses
showed an immediate skin reaction at the previous
injection sites of IgE obtained from allergic horses (Wagner
et al., 2006a,b). These findings support an early study
showing that reagin-like antibodies can be transferred in
the horse (Matthews et al., 1983).

In the skin, IBH lesions are characterized by oedema,
infiltration with eosinophils, increased numbers of IgE-
bearing cells, mast cells (van der Haegen et al., 2001), and
increased expression of Th2 cytokines (Marti, Berne,
Switzerland). Chronic lesions are characterized by hyper-
keratosis and T cell infiltrates. There is presently no
evidence of increased expression of Th1 cytokines (IFN-g)
in chronic IBH-lesions as known in human atopic eczema.
However, further studies are necessary to confirm these
findings as only a small number of chronic lesions were
tested so far (Marti, Berne, Switzerland).

In contrast to human atopic eczema, clinically normal
skin of horses affected with IBH is not characterized by
increased levels of IL-1b mRNA. Intradermal injection of
Culicoides nubeculosus extract stimulates local IL-1b
transcription in all horses independent from disease
status, but the extent of upregulation from basal levels
only reaches statistical significance in IBH-affected horses
during the active stages of the disease. In humans and
mice, IL-1 RA down-regulates antigen specific IL-4 and IgE
responses with concomitant enhancement of IFN-g
production in vitro and in vivo. There is no indication so
far that cutaneous IL-1RA has a modulatory effect in equine
IBH (Kolm et al., 2006).

In summary, an IgE-mediated mast cell degranulation,
i.e. a type I hypersensitivity reaction is sufficient to explain
the acute phases of IBH. This, however, does not exclude
that other immunological mechanisms are also involved in
chronic stages of the disease.

A special focus was then given to the specific aspects of
IBH in Icelandic horses. IBH is a serious problem in
exported Icelandic horses but also occurs in Icelandic
horses born abroad. The disease is not seen in the native
horse population because the causative agents, Culicoides

spp., are not present in Iceland. As introduction Björns-
dóttir (Hólar, Iceland) summarised a recently published
study on the prevalence of IBH in Icelandic horses
(Björnsdóttir et al., 2006). Overall, IBH was diagnosed in
34.5% of 330 horses exported from Iceland to Denmark,
Sweden or Germany. The number of affected horses
increased with duration of exposure to midges. At two
years post export, the prevalence was 49.5%, and even
reached 54% in horses that had lived in areas heavily
infested by Culicoides spp. A slightly lower prevalence of
IBH of 47% was found in another group of 191 horses
exported to Norway or Sweden that had been living in
Culicoides spp. rich environments for at least two years. Age
at export, gender, sire and country of examination were not
associated with the prevalence of IBH in exported Icelandic
horses. Information about the time of onset of the disease
ease cite this article in press as: version="1.0" encoding="utf-8"?>Report of the 3rd Havemeyer workshop on allergic
iseases of the Horse, Hólar, Iceland, June 2007. Vet. Immunol. Immunopathol. (2008),
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was available for 49 horses and ranged from 1 to 8 years
after export. Most commonly the first signs of IBH were
detected 2–3 years after export (mean 2.4 years). By
comparison, only 4.6% of 1192 Icelandic horses born in
Germany in Culicoides infested areas were affected with
IBH. It was concluded that Icelandic horses are predisposed
to IBH most likely as a result of a lack of exposure to
Culicoides bites in early life and possibly because of the
great environmental changes following export. The Ice-
landic horse does not seem to be inherently more
susceptible to IBH than other breeds if the individuals
are born in an environment where midges are present.

Hamza (Berne, Switzerland) compared the Th1/Th2
polarity in healthy and IBH-affected horses of the Icelandic
breed imported from Iceland to Europe (1st generation
horses) or born in Europe (2nd generation horses). During
summer, after in vitro stimulation, PBMC from IBH-affected
horses produced significantly more IL-4 and less IFN-g
than those of healthy horses (Hamza et al., 2007). Most
interestingly, upon polyclonal or antigen-specific stimula-
tion, lymphocytes of 1st generation Icelandic horses
expressed significantly higher levels of Th2-cytokines than
those of 2nd generation Icelandic horses matched with
regard to disease state. This may indicate that Th2-type
cytokine expression is suppressed in horses born in
Switzerland. These results raise the question whether
the IL-4 response in 2nd generation horses is suppressed
by regulatory cytokines. To test this hypothesis, super-
natant from PBMC cultures of healthy 2nd generation
horses were added to cultures of IBH-affected 1st
generation horses. Addition of these supernatants led to
a significant decrease of IL-4 production by PBMC of IBH
1st generation horses. This effect could be mimicked by
addition of IL-10 and TGFb1. On the other hand,
neutralisation of IL-10 and TGFb1 in PBMC cultures of
healthy 2nd generation horses led to a significant increase
of IL-4 production (Hamza et al., 2008). These findings
indicate that in 1st generation horses the immune
response is Th2 biased and that this could be due to
decreased regulatory cytokine expression (Hamza, Berne,
Switzerland). Further studies are necessary to investigate
the presence of regulatory T cells in the horse and their
potential role in allergic disease.

The discussion then focussed on factors which may lead
to this Th2 biased immune response which results in a high
prevalence of IBH in imported Icelandic horses. The timing
of exposure to Culicoides bites was considered to be a major
factor: horses born in Europe are first exposed to Culicoides

allergens at the age of 2–3 months when their own IgE
production is low and maternal IgE levels are present
although decreasing (Wilson, Bristol, UK). There is
presently no evidence supporting priming by maternal
IgE (Wilson, Bristol, UK; Wagner, NY, USA) and whether
maternal factors such as passive IgG antibody transfer have
a protective effect remains unknown. Horses imported
from Iceland are usually imported as adults i.e. the first
contact with the Culicoides allergens happens with a
mature immune system. However, besides age at first
exposure to Culicoides allergens other environmental
factors may also contribute to the high prevalence of
IBH in imported horses. A recent study had shown that

horses living in Iceland have high total IgE levels, which
decreased some time after import to Switzerland and
remained relatively low in horses remaining unaffected by
IBH, while IgE levels increased again in horses developing
IBH (Wilson et al., 2006). As high total IgE levels are
induced by helminth infections, it was thus hypothesized
that horses living in Iceland (where anthelminthic use is
infrequent) may have a higher endoparasitic burden then
horses living in Europe. It has been previously shown that
horses imported from Iceland to Norway have a lower
incidence of IBH if they arrive during the summer
compared to the winter (Halldorsdóttir and Larsen,
1991). Taking this observation together with the results
reported here we propose that horses exposed to Culicoides

immediately after import would have a high level of total
IgE (presumably to helminths) which may block the Fce
receptors on mast cell, thus competitively preventing a
new IgE response to Culicoides. In contrast, total IgE levels
of horses imported in winter will have dropped until the
following spring and sensitization of mast cell by exposure
to Culicoides at this time may be facilitated.

Infestation with helminths also influences the immune
response at the Th-level, leading to a strong Th2 response. A
pilot study, however, showed that there is no evidence for
high IL-4 production following polyclonal activation or
stimulation of PBMCs with helminth extracts in horses living
in Iceland (Hamza, Berne, Switzerland). Studies in humans,
however, have shown that chronic infections with endopar-
asites lead a strong regulatory network (Carvalho et al.,
2006). Regulatory cytokines need now to be determined in
these horses. Further environmental factors specific for the
Iceland environment are also the absence of some viral
infections such as equine influenza and EHV-1 and -4
(Svansson, Reykjavik, Iceland). Viral diseases are known to
induce a Th1-type immune response, inhibiting a Th2
response. This inhibition loop may thus be absent in horses
living in Iceland favoring a higher Th2 response in exported
horses exposed to insect bites in the new environment.

Post export, Icelandic horses are usually immediately
de-wormed and vaccinated, and depending on the season
of export, exposed to Culicoides bites. It was agreed that
studies are needed to investigate whether Culicoides bite
exposure alone or other environmental factors are
involved in the high prevalence of IBH in horses exported
from Iceland to Europe.

In summary, while the pathogenesis of IBH is relatively
well-defined and clearly related to Th2-type, IgE-mediated
reactions, the pathogenesis of RAO is less clear. Different
Th-type immune responses are probably involved in the
pathogenesis of RAO depending on time point, exposure to
antigens and airway irritants and also depending on the
genetic background of the horse.

2.3. Foals

As the differences in the immune response between
foals and adult horses may be one of the factors
contributing to the differences in IBH prevalence in horses
exposed for the first time to bites of Culicoides as adults (i.e.
horses imported from Iceland to Europe) as compared to
foals born in an environment where IBH allergens are
Please cite this article in press as: version="1.0" encoding="utf-8"?>Report of the 3rd Havemeyer workshop on allergic
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sent, data on immune responses in foals were also
sented and discussed at this workshop.
While transfer of IgG occurs in all vertebrates, IgE is not
sferred in all mammal species. Wagner (NY, USA) and

son (Bristol, UK) showed that in the horse there is
ternal transfer of IgE with the colostrums (Wagner et al.,
6b): IgE antibodies detected in foals in the first 3–4
nths of life are of maternal origin and levels are not
related with those later in life. Furthermore, there is
dence for IgE binding to mast cells directly after birth.
positive intestinal mast cells are found in the lamina
pria of neonatal foals but disappear after a few weeks

re-appear later (Wilson, Bristol, UK). They can be
uently found in lymph nodes (Wagner, NY, USA). IgE

n becomes undetectable for a variable period of time
il the foal’s endogenic production begins at 6–12
nths of age. The levels of early endogenic IgE production
ix months of age are correlated with levels later in life at
t until three years of age.

How maternal IgE present in young foals may influence
modulate their immune response and development is

rently unknown. The relatively late onset of endogen-
production and the lack of a correlation between

ternal and endogenous levels may explain, however,
y in horses IgE-mediated allergic diseases are usually
observed before puberty.

Further characterisation of foals’ immune development
come from the study on cytokine profiles over time

rohov, Lexington, KY, USA): IL-13 may be initially
ated in newborn foals and then declines over time.

ther, diminished INF-g, IL-4, IL-5 and IL-10 production
racterizes neonatal foals compared to adult horses.
s, there is currently no evidence supporting Th2 biases
foals, and the role of these cytokine profiles and
tuations in the onset of allergy is unclear. Low IFN-g
h at the mRNA and protein level, however, may
dispose foals to intracellular pathogens like Rhodococ-

equi and rotavirus (Breathnach et al., 2006).
Cunningham (London, UK) than gave an overview of

potential therapeutic targets in equine allergic
ases, such as inhibition of cytokines and chemokines

nhibition of transcription factors which should result in
reased synthesis of multiple inflammatory proteins
ich are described in more details by Cunningham and
kel (2008).

erology, other in vitro allergy tests and intradermal
ting in RAO and IBH

There is older evidence suggesting IgE-mediated type I
erreactivity (Halliwell et al., 1993; Hare et al., 1999) in
. Newer studies showed that within the same

ironment, unrelated RAO-affected horses have
reased serum IgE levels against Aspergillus fumigatus

Alternaria alternata allergens (Künzle et al., 2007).
ever, environmental as well as genetic factors

uence mould allergen-specific IgE levels in the horse
er et al., 2001; Curik et al., 2003). In horses living under
ious environmental conditions there was no significant
erence in serum IgE levels against A. alternata and A.

igatus extracts between RAO-affected and control

horses (Eder et al., 2000). Increased levels in RAO horses
were only found for specific IgE against the recombinant
allergens rAsp f 7 and 8 and rAlt a 1. Evidence presented at
this workshop indicates that total IgE is not associated
with the RAO phenotype (Gerber, Berne, Switzerland).
Contrarily, total IgE is influenced by environmental factors
(predominantly parasite loads) and decreases with age
(Marti, Berne, Switzerland). In contrast, allergen-specific
IgE (rAsp7) and, more strongly, the IgG subclass IgGa
(IgG1) are associated with the RAO-phenotype in two
Warmblood halfsibling high-prevalence families. Both
IgGa and allergen-specific IgE were also higher in offspring
of one compared to offspring of another RAO-affected sire.

Overall, commercial allergy tests have not been shown
to be useful for the diagnosis of RAO so far. Comparing a
serological IgE ELISA (the FcRIa-based Test; ALLERCEPTTM,
Heska), an in vitro sulfidoleukotriene release assay
(Cellular Antigen Stimulation Test (CAST1), DPC Bühl-
mann, Switzerland) and intradermal testing (IDT) Marti
(Berne, Switzerland) found some agreement between the
tests: the majority of positive reactions in all tests were
found with mite extracts, but none of the tests showed a
significant difference between RAO-affected and control
horses. In contrast, another commercial serological IgE
ELISA test, showed high sensitivity (92%) and acceptable
specificity (76%) in different groups of RAO-affected and
control horses. However, the nature of the reagent in this
ELISA was not disclosed, and therefore the specificity of the
IgE detection remains unclear.

Various tests have been evaluated for in vitro diagnosis
of IBH recently. They include serological (FcRIa-based Test
(ALLERCEPTTM from Heska) and Polycheck Allergie NF
Horse Panel, BioCheck GmbH, Münster, Germany) as well
as functional in vitro tests such as the Functional In vitro
Test (FIT, Hannover), where histamine release is measured,
or the Cellular Antigen Stimulation Test (CAST1, DPC
Bühlmann, Switzerland), where released sulfidoleuko-
trienes are measured after incubation of peripheral blood
leukocytes with presumptive allergen extracts.

In the first study presented (Kolm-Stark, Vienna,
Austria) the FcRIa-based serological test, the FIT and the
CAST1 were compared to intradermal testing, using the
same five insect extracts (Tabanus, Simulium, Culex,
Stomoxys and C. nubeculosus). Sixteen horses with and
29 horses without IBH were included in the study. In
summary, there was fair to moderate agreement (kappa
statistics) between the three in vitro tests and clinical
diagnosis of IBH.

In the second study (Frey, Norrköping and Uppsala,
Sweden) sera from 99 Icelandic horses were tested in the
FcRIa-based Test (ALLERCEPTTM, Heska). IgE levels against
five insect species were determined (Culicoides, Simulium,
Tabanus, Stomoxis and Culex). All horses living in Iceland,
with one exception, had IgE levels below the cut off of the
test. Within the group of horses born in Iceland and
exported to Sweden, 45% of the IBH-affected and 35% of the
healthy horses gave a positive reaction with at least one
insect extract. Within the horses born in Sweden, the
proportion of horses showing a positive reaction with at
least one insect extract was lower both in the IBH-affected
group (17%) as well as in the healthy animals (10%). The
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results of this study will be presented in more details in
Frey et al. (in press).

A test for determination of allergen-specific IgE in horse
sera using a monoclonal anti-IgE antibody, which is
presently being developed (Polycheck Allergie NF Horse
Panel, BioCheck GmbH, Münster, Germany), was evaluated
(Marti, Berne, Switzerland) for diagnosis of IBH. For this
purpose, sera of 48 IBH-affected and 49 healthy control
horses, usually living in the same environment as the IBH-
affected horses, were used. A receiver operator curve (ROC)
analysis was first performed to determine the best cut off
of the assay. Using this cut off, the test with C. nubeculosus

extract had a sensitivity of 71% and a specificity of 92%.
Sensitivity and specificity of the test were lower with a
Simulium vittatum extract (67% and 69%, respectively)
confirming a previous study with the CAST1 (Baselgia
et al., 2006). These findings provide further evidence,
together with the fact that Culicoides but not Simulium are
absent in Iceland, that the main allergens for IBH are
derived from Culicoides spp.

In conclusion, there was a fair to moderate agreement
between the in vitro tests presented here and the clinical
diagnosis of IBH. The performance of these tests needs to
be improved and this can be achieved by the use of high
affinity IgE reagents (monoclonal antibodies) and of pure
recombinant allergens instead of the whole body extracts
which are presently being used. For RAO the situation is
more complex as it is still controversial if and to what
extent IgE-mediated reactions are involved in the patho-
genesis of this disease. Further studies are also needed to
identify the specific antigens that are involved in RAO.

4. Allergens

While no recent data were presented on the allergens
that might be responsible for RAO, a number of studies are
now underway to identify the specific allergens causing
IBH. Previous studies had shown that Culicoides whole
body extracts contain a wide range of IgE-binding antigens
and that all allergic horses show positive reactions with
these antigens (Wilson et al., 2001). In a recent study using
C. nubeculosus salivary gland extract (Hellberg et al., 2006),
ten different IgE-binding protein bands were identified,
with molecular weights ranging between 75 and 12 kDa. It
was shown that serum IgE of most of the allergic horses
bind to at least one salivary gland protein but with variable
affinity, and that each horse shows an individual IgE-
binding pattern to the different allergens present in the
salivary gland extract (Marti, Berne, Switzerland).

A proteomics approach was used to identify candidate
allergens for IBH which is described in more details in
Wilson et al. (2008). In brief, this study showed that
Culicoides salivary gland extract contains a limited number
of highly expressed proteins corresponding to abundant
mRNA species and that a group of proteins with basic pI

and molecular weights of about 40 kDa are the most
frequent IgE-binding proteins in 2D blots (Wilson, Bristol,
UK).

A ‘‘candidate allergen’’ approach was used by Björns-
dóttir (Reyjkavı́k, Iceland): Hyaluronidase and antigen 5
are known allergen in bee and/or vespid venom and EST

sequences from C. sonorensis with homology to antigen 5
and hyaluronidase are available. Based on these sequences,
antigen 5 and hyluronidase have been isolated from a C.

nubeculosus salivary gland library. These are now in the
process of being expressed as recombinant proteins.

In summary two different cDNA libraries have been
made from C. nubeculosus salivary glands and cDNA clones
encoding putative allergens are available including D7
proteins, antigen 5, hyluronidase, trypsin as well as various
clones with homology to novel C. sonorensis salivary gland
sequences with unknown function (Wilson, Bristol, UK). In
particular, one additional candidate allergen, a glycopro-
tein with an observed molecular weight of about 45–
50 kDa and a calculated pI of 9.1 which was similar to the C.

sonorensis salivary protein AY603640 was identified.

Using a different approach, clones expressing IgE-
binding proteins from S. vittatum have been isolated using
phage surface display technology. Seven putative S.

vittatum salivary gland allergens have been cloned and
expressed in E. coli, including a protein with homology to
antigen 5. This protein appears to be an interesting
candidate allergen as it binds significantly more often
IgE antibodies from sera of IBH-affected horses than from
healthy control horses (Marti, Berne, Switzerland). Inter-
estingly, antibodies produced against the r-antigen 5
protein from S. vittatum also bound to a protein band from
C. nubeculosus SGE of a similar molecular weight,
suggesting that the antigen 5 protein from S. vittatum

and C. nubeculosus are closely related.
The question to which extent the various Culicoides

species contain conserved allergens was raised at the
workshop. Studies have shown that horses with IBH
usually showed positive reactions in intradermal testing
with different species of Culicoides and even with Culicoides

species which are not native to the areas where the horses
are living (Anderson et al., 1993; Langner et al., 2008). The
fact that most IBH-affected horses show IgE-binding to at
least one salivary gland protein from C. nubeculosus, a
species which is only rarely found in Switzerland seems to
confirm these findings (Hellberg et al., 2006). On the other
hand, comparison of cDNA sequences of C. sonorensis EST
sequences with sequences generated from C. nubeculosus

sequences suggests that for some sequences, although they
share 85% amino acid homology, this was seldom in
stretches long enough to provide an immune epitope
(Wilson, Bristol, UK; Wilson et al., 2008).

In summary, the search of the specific allergens
responsible for IBH is progressing. It was agreed that
there is a need to find and express putative recombinant
allergens for IBH both in E. coli and insect cells. These
putative recombinant allergens then need to be tested in

vitro and in vivo for their relevance as allergens for IBH. It
was also stated that it would be very useful to establish an
international bank of recombinant Culicoides salivary
proteins.

5. New treatment of allergy

As IBH is often due to IgE-mediated reactions and the
specific IBH allergens are in the process of being identified,
there is good chance to implement a successful allergen-
Please cite this article in press as: version="1.0" encoding="utf-8"?>Report of the 3rd Havemeyer workshop on allergic
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cific immunotherapy (SIT) for this condition in the
re. On the other hand, SIT for treatment of RAO cannot
resently envisaged due to the lack of knowledge about
molecular structures involved in the immunopatho-

esis of RAO which still need to be identified.
There are no recent studies published on the efficacy of

unotherapy for IBH. However, it is generally recog-
ed that the success of specific immunotherapy for IBH is
rently limited, probably because of the use of Culicoides

ole body extracts instead of pure salivary gland
teins. In humans, an effective immunotherapy leads
change in the Th1/Th2/Treg ratios and the induction of

ulatory T cells. A high antigenicity leads to a Th1
ponse, which results in a counter regulatory induction
IL-10 and Tregs (Larché et al., 2006). However, the

unological changes leading to a successful SIT in
ans require a long time to establish, which strongly
promises the patient’s compliance and, as a conse-

nce thereof, the number of patients which are choosing
as a therapeutic option for allergy (Crameri, 2007).

Novel approaches for SIT against IBH were discussed at
workshop, including DNA vaccination, the use of viral

tors or protein vaccination with allergens coupled to
dular antigen translocating (MAT) molecules, which
ance the antigen presentation through intracellular
eting of the MHC class II presentation pathway

ameri, Davos, Switzerland; Crameri et al., 2007).
Different pilot studies have been performed with the

to improve immunotherapy for equine allergy. As the
cific allergens for IBH have not been identified yet,
dies aimed at shifting the balance of the immune
ponse from a Th2 to a Th1 phenotype were performed
ng human serum albumin (HSA) as a model allergen.
A vaccination of horses with HSA resulted in a very
ak immune response which did not abrogate the IgE
ponse after boosting with HSA protein in aluminium
roxide (Svansson, Reykjavik, Iceland). The aim of the
t pilot study was then to improve HSA expression from
vectors with a Kozak sequence and the cytomegalo-
s (CMV) intron A. Insertion of CMV intron A diminished
expression of HSA from the pcDNA vectors whereas

ertion of a Kozak sequence upstream of the gene
reased the in vitro expression both in COS7 cells and

ary horse cells derived from skin, lung, duodenum and
ney (Ólafsdóttir, Reykjavı́k, Iceland; Ólafsdóttir et al.,
mitted for publication). The use of adjuvants inducing a

shift is another option for improvement of specific
unotherapy. Monophosphoryl-lipid (MLP) was tested

an adjuvant and compared to aluminium hydroxide
m) in a further pilot study. Horse immunised with HSA/

P had a slightly higher IFN-g/IL-4 ratio than horses
unised with HSA/aluminium hydroxide. However,

h groups responded with similar IgG subclass profiles.
HSA-specific IgE response was boosted to high levels in
HSA/MLP horses but was more transient than in the
/alum horses that showed a strong and persistent IgE

ponse (Torsteinsdóttir, Reykjavı́k, Iceland). It was
cluded that unlike in laboratory mice, MLP does
bably not induce a sufficiently strong Th1 immune
ponse to induce Tregs and inhibit a Th2 response in the
se.

The following issues regarding specific immunotherapy
(SIT) were discussed (Lunn, CO, USA; Crameri, Davos,
Switzerland; Svansson, Reykjavı́k, Iceland): If the specific
allergens are used as proteins for SIT their immunogenicity
could be improved through coupling to modular antigen
translocating molecules (Crameri, Davos, Switzerland).
Alternatively, DNA vaccination could be used. However,
although DNA vaccination induces a Th1 response in the
horse it seems to be quite inefficient. This could be
improved by physically targeting the lymph nodes, testing
various CpG motifs as adjuvants, and by the addition of
cytokines. Another option could be the use of viral vectors.
The immune response in viral infections is generally Th1-
mediated and could thus induce Tregs. Several groups have
been working with human and animal herpes viruses as a
model for potential vectors for gene delivery. It was shown
that the immunological response to EHV-2 is strongly Th1
biased (Svansson, Reykjavik, Iceland). An EHV-2 vector
could thus be engineered as a vector for vaccination
against IBH. The approach to vaccination using EHV-1 as
vaccine vector has recently been described in the horse
(Rosas et al., 2007). Alternatively, a commercial non-
persistent canary pox vector could be used (Lunn, CO, USA).
This vector is presently used for vaccination against
various viral diseases in the horse with good results
(Poulet et al., 2007; Siger et al., 2006).

Finally, it was also discussed that for the Icelandic
horses, a preventive immunisation with the relevant IBH
allergens before export to Culicoides infested areas could be
a possibility to reduce the high incidence of IBH in these
horses.

6. Genetics of RAO and IBH

Antczak (NY, USA) presented recent advances in the
understanding and information gained on the horse
genome. Sequencing of the whole equine genome has
been completed; this and other advances offer new tools to
identify candidate genes for disease susceptibility. A
concerted international effort has led to the development
of tools such as a synteny map, a genetic linkage map, a
cytogenetic map, a radiation hybrid (RH) map, and the on-
going effort to produce a high-resolution BAC-based
physical map of the horse genome. To date the ‘Newmarket
Horse Genetic Linkage Map’ consists of 950 microsatellite
markers covering all autosomes and the X chromosome
(Swinburne et al., 2000; Swinburne et al., 2006). Further-
more, The National Human Genome Research Institute of
the USA has funded and completed a 7� sequence of the
horse genome, with SNP discovery. These tools are now
becoming available to the equine research community.

A genetic predisposition for RAO has been previously
shown in different full- and half-sibling groups (Gerber,
1989; Marti et al., 1991). Gerber (Berne, Switzerland)
presented the validation of a new scoring system for larger
epidemiological and genetic studies. A standardized
questionnaire was used to gather information on the
horses’ history of chronic coughing, respiratory distress,
increased breathing effort after exercise, and nasal
discharge, all graded into categories of frequency and
severity of symptoms. This information was used sepa-
ease cite this article in press as: version="1.0" encoding="utf-8"?>Report of the 3rd Havemeyer workshop on allergic
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rately for analyses and compounded into a Horse Owner
Assessed Respiratory Signs Index (HOARSI): healthy (no
symptoms observed = HOARSI 1), mildly affected (some
nasal discharge and/or occasional cough = HOARSI 2),
moderately affected (frequent coughing = HOARSI 3),
severely affected (moderate to severe coughing and poor
performance = HOARSI 4). Using the HOARSI, a strong
heritability for RAO was confirmed in two large Warm-
blood half-sibling families of offspring from RAO-affected
sires (Ramseyer et al., 2007). Coughing, compared to
increased nasal discharge, poor performance and abnormal
breathing pattern most markedly distinguished genetically
predisposed RAO-affected offspring. Compared to mater-
nal half-siblings, the risk of offspring from affected
stallions was 4–5.5 fold increased. From preliminary
segregation analyses, the investigators conclude that a
single major gene cannot explain the observed pheno-
types. The high heritabilities suggest the presence of
additional major genes.

Association and segregation analysis of markers for
epithelial signaling factors and other microsatellites
located near atopy candidate genes as well as gene
expression studies indicate IL-4RA as a candidate gene
with disease association in one family but not in the other,
indicating possible genotypic locus heterogeneity for this
disease (Jost et al., 2007). Results from a whole genome
scan showed association with other chromosomal regions
in addition to the one around IL-4RA. Furthermore,
preliminary results indicate that offspring from one
high-prevalence family have lower parasitic burden
(decreased fecal egg counts) than control pasture mates
(Gerber, Berne, Switzerland).

A genetic basis of IBH has been demonstrated in Swiss
Warmbloods and other breeds (Marti et al., 1992; Lazary
et al., 1994). Björnsdóttir (Hólar, Iceland) found an overall
prevalence of 4.6% in close to 1200 Icelandic horses born in
Germany. When both parents were affected by IBH the
prevalence was significantly higher (12.2%) compared to
offspring with one of the parents affected (6.5%) or offspring
with two unaffected parents (2.9%). Interestingly, disease
status of the stallions was significant only when affected
stallions were born in Germany, but not when they had been
born in Iceland. Thus, the high prevalence of IBH in exported
Icelandic horses appears to reflect environmental rather
than genetic factors. Frey (Norrköping and Uppsala,
Sweden) presented an on-going project in 27 Swedish-born
Icelandic horse half-sib families consisting of 1211 indivi-
duals classified by questionnaire data into healthy, mild,
moderate and severe IBH. The main goal of the project is to
use samples from all affected individuals (8.3%) and healthy
controls from each family to perform a whole genome
association analysis by genotyping with a SNP chip.

Horin (Brno, Czech Republic) reported that out of 56
breeding mares of the Old Kladruber breed, which is
genetically isolated and inbred, 17 were classified as IBH
susceptible (showing clinical signs of IBH in at least one of
nine seasons) and 39 as resistant (no clinical signs of IBH
over nine years). A genome scan using 50 microsatellites
and 9 single nucleotide polymorphisms (SNP) in 5
candidate genes identified significant associations
between the microsatellite AHT04 as well as SNPs in the

FceR1 alpha and the IFNg genes. Furthermore, a significant
difference of total IgE levels was found between IFNg
intron 1 SNP heterozygotes and homozygotes.

The following issues were discussed and summarised
(Antczak, NY, UK; Horin, Brno, Czech Republic; Gerber,
Berne, Switzerland; Björnsdóttir, Holar, Iceland; Frey,
Norrköping and Uppsala, Sweden):

Both RAO and IBH have a large environmental
component and both are probably complex traits, with
more than 2 genes with major effects involved. Overall,
there is no breed specificity for RAO or IBH. However, there
is a high incidence of IBH in exported Icelandic horses,
which is probably due to environmental factors (first
exposure to allergen as adults). The fact that only 50% of
these imported Icelandic horses become IBH-affected still
suggests that genetic factors may be involved and the
question was raised whether it would be possible to breed
out IBH susceptible horses. For RAO, the identification of
susceptible animals prior to developing the condition
could allow prevention of the clinical manifestation of the
disease through management such as dust/allergen poor
environment and help preventing high risk matings.
Furthermore, identification of genes responsible for RAO
susceptibility could contribute to a better understanding of
the pathogenesis of this disease.

For the future, it was recommended to collect samples
(DNA bank) from phenotypically well characterized cases
and controls. Furthermore, once candidate genes have
been identified it will be needed to demonstrate that they
translate into immunological anomalies. For functional
genomics different samples, i.e. for RNA isolation, will be
needed (genotyping versus expression studies). Samples
should also be collected from different breeds. However,
there should be enough samples from each breed to
perform an analysis within breed. Samples can be from
unrelated individuals or families. As both RAO and IBH are
complex traits with many genes involved, a larger number
of cases and controls will be needed (>100 per group).

New genomic resources (e.g. SNP chips) and bioinfor-
matic approaches will likely become available within the
next three years. They are currently expensive but costs
will decrease. As cheaper alternative, small, targeted SNP
arrays may be useful for some genetic studies.

7. Conclusion

In conclusion, this workshop has shown that while it is
still controversial whether RAO is an allergic reaction and if
so, which are the causative allergens for RAO, there is an
improved understanding of the pathophysiology leading to
RAO. The presence of a genetic predisposition for this
condition has been thoroughly documented and the
availability of DNA samples from families of RAO-affected
sires may allow, in the future, to identify the genes
involved in RAO susceptibility. The genetics approach may
also be a way to better understand the pathogenesis of this
disease as shown with the example of the IL-4Ra gene.

The immunopathogenesis of IBH is better character-
ized. However, the next task will be to understand which
immunological mechanisms lead to the high prevalence of
IBH in horses imported from Iceland to Europe. This may
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w identifying a way to prevent IBH in exported
andic horses and contribute to the understanding of
increase of allergy prevalence in humans. The first
rity for research on IBH is now to identify the allergens

he molecular level. This will open the way to a causative
tment of the disease and to a better understanding of
immunopathogenesis underlying this allergic condi-
. Genetic studies are presently also being performed for
. First insights into the immune response of foals
tribute to understand susceptibility of foals to some
ctious diseases, such as Rhodoccocus infections. Addi-
ally, the low levels of serum IgE early in life may
lain why clinical signs of allergy are usually not
urring in horses before puberty.
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Institute for Experimental Pathology,

University of Iceland,

Keldur, v/Vesturlandsveg, Reykjavı́k, Iceland

F. Cunningham

Department of Veterinary Basic Sciences,

The Royal Veterinary College,

Hawkshead Campus, Hertfordshire AL9 7TA, UK
Please cite this article in press as: version="1.0" encoding="utf-8"?>Report of the 3rd Havemeyer workshop on allergic
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iseases of the Horse, Hólar, Iceland, June 2007. Vet. Immunol. Immunopathol. (2008),
oi:10.1016/j.vetimm.2008.07.008

mailto:eliane.marti@itz.unibe.ch
http://dx.doi.org/10.1016/j.vetimm.2008.07.008

