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Background: Multiple hypersensitivities (MHS) have been described in humans, cats, and dogs, but not horses.

Hypotheses: Horses suffering from recurrent airway obstruction (RAO), insect bite hypersensitivity (IBH), or urticaria

(URT) will have an increased risk of also being affected by another one of these hypersensitivities. This predisposition for

MHS also will be associated with decreased shedding of strongylid eggs in feces and with a single nucleotide polymorphism

(SNP BIEC2-224511), previously shown to be associated with RAO.

Animals: The first population (P1) included 119 randomly sampled horses representative of the Swiss sporthorse popu-

lation; the replication population (P2) included 210 RAO-affected Warmblood horses and 264 RAO-unaffected controls.

All horses were Warmbloods, 14 years or older.

Methods: Associations between disease phenotypes (RAO, IBH, URT, MHS) fecal egg counts, the SNP BIEC2-224511

as well as management and environmental factors were investigated.

Results: In P1, RAO-affected horses had a 13.1 times higher odds ratio (OR) of also suffering from IBH (P = .004). In

P2, the respective OR was 7.4 (P = .002) and IBH-affected horses also showed a 7.1 times increased OR of concomitantly

suffering from URT (P < .001). IBH, URT, and MHS phenotypes were significantly associated with the absence of nema-

tode eggs in the feces.

Conclusions and Clinical Importance: This is the first report of MHS in horses. Specifically, an increased risk for IBH

should be expected in RAO-affected horses.
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Hypersensitivity disorders are important in horses,
with recurrent airway obstruction (RAO), insect

bite hypersensitivity (IBH), and urticaria (URT)
among the most frequently observed.1–6 In other spe-
cies, including humans, dogs, and cats, a combined
occurrence of multiple hypersensitivities (MHS) affect-
ing different organ systems has been described. Feline
atopy, for instance, includes not only different syn-
dromes of pruritic dermatoses, but also feline asthma.7

Furthermore, the combined occurrence of allergic der-
matitis, conjunctivitis, rhinitis, and asthma-like clinical
signs has been reported both in naturally occurring
and experimental hypersensitivities in dogs.8 The
occurrence of MHS, such as asthma, rhinitis, and
allergic skin diseases, in the same individual also has
been described in humans.9–12 A temporal sequence of
hypersensitivities has been termed an “allergic march”

with childhood atopic dermatitis being the precursor
to allergic rhinitis and asthma years later.12

Investigating MHS may improve our understanding
of the background of these hypersensitivity disorders.
There is evidence that specific genetic determinants
may predispose to an allergic phenotype in general.9

For instance, interleukin-4 receptor a-chain (IL4RA)
has been identified as a candidate gene in atopic der-
matitis, rhinitis, and asthma. In addition, IL4RA has
been linked to an “allergic predisposition” and is
associated with increased serum immunoglobulin E
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(IgE) concentrations in asthma-affected humans.9–11

Polymorphisms in IL13, a gene involved in the same
T-helper-2 (Th2)-type response as IL4RA, are associ-
ated with both rhinitis and asthma, and rhinitis was
shown to be a risk factor for the development of
asthma.10 Furthermore, patients carrying a mutation
in a profilaggrin/filaggrin gene which is associated with
a severe form of atopic dermatitis also have an
increased risk to develop allergic asthma.11

The pathogenesis of RAO has remarkable similari-
ties to asthma in humans,1,13,14 one of these is a
genetic association with IL4RA. Genetic linkage
between equine RAO and a region on equine chro-
mosome (ECA) 13 containing the gene for IL4RA
was described in a high-prevalence RAO family.15

An association of RAO with a single nucleotide
polymorphism (SNP BIEC2-224511) on ECA 13 near
IL4RA recently was confirmed in unrelated cases
and controls.16 Moreover, RAO has been shown to
be associated with increased resistance against
strongylid nematodes,17,18 which is in agreement with
the hygiene hypothesis first proposed by Strachnan.19

Except for a preliminary report describing an associ-
ation of RAO with URT in a limited cohort of a
RAO high-prevalence family,20 MHS so far have not
been reported in horses. Therefore, the objective of
this study was to test the hypothesis that horses suf-
fering from a hypersensitivity, specifically RAO,
IBH, or URT, have an increased risk of also being
affected by another one of these hypersensitivities.
Furthermore, we wanted to investigate if environ-
mental and management factors (eg, husbandry, bed-
ding type, pasture access, deworming practice),
nematode eggs per gram of feces (EpG), and SNP
BIEC2-224511 are linked to the occurrence of these
hypersensitivities.

Materials and Methods

Study Design

First, a population consisting of a random sample represen-

tative of the Swiss sporthorse population (P1) was examined.

To test whether results could be replicated, a second

population of Warmblood horses consisting of RAO-affected

cases (RAO+) and RAO-unaffected controls (RAO�) was

investigated (P2). The study was approved by the ethical

committee of the Canton of Berne (BE33/07, BE58/10, and

BE10/13).

Horses

Warmbloods of at least 14 years of age were recruited into

this study, to minimize false negative phenotyping. This is impor-

tant especially with RAO, because clinical signs can develop rela-

tively late in life.1,14 Based on an error level of 5% and

confidence level of 95%, a minimum sample size was calculateda

for P1, which then was randomly selected from the horse register

of the Swiss Federation of the Equestrian Sports as described in

detail in a previous publication.21 After selection based on age,

P1 consisted of 119 horses.

P2 consisted of 474 horses recruited from the University clin-

ics of Berne, Giessen, and Brno and living in Switzerland, Ger-

many, the Czech Republic, Hungary, and Belgium. P2

represents a subset of a previously investigated population.16

Horses were selected based on age and breed (as defined

above), and excluded if there was incomplete information or

first degree parental relationships. The pedigree of the horse

was investigated if possible with the aim to recruit a Warm-

blood population with minimal parental relationships to mini-

mize genetic clustering bias and maximize genetic heterogeneity.

First-degree parental relationships were only accepted if either

mare or stallion had >1 descendent in P2 and these showed dif-

ferent RAO phenotypes (ie, if an individual parent had >1
descendent that could be equally allocated in the category

RAO+ and RAO�).

Questionnaire and Classification Criteria

The classification into RAO+ and RAO� was based on the

respiratory signs reported by the owners (eg, coughing, nasal

discharge, type of breathing, performance) as has been

described before.2 The RAO� group consisted of Horse Owner

Assessed Respiratory Signs Index (HOARSI) 1 (unaffected) and

RAO+ of HOARSI 3 and HOARSI 4 (moderate to severe

clinical signs). Horses belonging to the HOARSI 2 (mild signs)

group were excluded from this study. The owners also were

asked about the environment of their horses at the time when

they had the most severe clinical signs, using a

previously described standardized questionnaire,2 which

included information about animal husbandry and manage-

ment, such as bedding type, access to pasture, contact with

donkeys, and frequency of deworming. All RAO+ horses had

to have been exposed to hay at the time they showed signs of

RAO. RAO� horses were included only if they had also been

fed hay.

Owners were asked if their horses had been diagnosed with

IBH, URT, or both. The horses were classified as having such if

the diagnoses were confirmed by their private veterinarian based

on clinical phenotypes. IBH was described as horses itching dur-

ing the period of insect activity and presenting with loss of hair,

mainly on the mane, tail, abdomen, or some combination of

these. The clinical phenotype of URT was the sudden presence of

wheals, occurring once or chronically. Owners were not asked if

intradermal skin testing was performed. Occurrence of MHS was

defined as ≥2 hypersensitivities (RAO, IBH, URT) manifesting in

the same individual.

Fecal Sample Collection and Coprology

A majority of horses of P2 were available for collection of

fecal samples by freshly voided or rectally obtained feces. If an

anthelminthic agent was applied, the sample was collected after

the expiration of the estimated egg reappearance period.22

Fecal samples were analyzed with a combined sedimentation

and flotation method. If strongylid eggs were found, the indi-

vidual was classified as positive for egg shedding.23 Results

were expressed in EpG. Feces from horses that had contact

with donkeys were further investigated using the Baermann

funnel technique to detect evidence for infection with Dictyoca-

ulus arnfieldi.23

Genotypic Association

Single nucleotide polymorphism BIEC2-224511 genotypes were

available for a subset of 471 P2 horses from a previously pub-

lished study on the association of the T allele at this SNP with

RAO.16 An association with the T allele at this SNP with RAO,

IBH, URT, and MHS was investigated.
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Statistics

Analyses were performed separately for the 2 populations with

the statistical package NCSS 2007.b After exploratory analysis,

the variables of the coprologic and environmental factors were

separated into 2 categories each:

� Horses were classified as either positive or negative for egg

shedding;

� All horses were stabled. Stabling was classified either as

indoor only without windows, or indoor with windows or

free paddock access;

� Type of bedding was classified as straw or other materials;

� The access to pasture was either yes or no;

� The frequency of deworming was 0–2 times per year or

>2 times per year.

Cross tabulation tests (chi-square or Fisher’s exact test) then were

performed to investigate associations of the above categorical egg

shedding and management factors (P1 and P2) as well as the T

allele at the SNP BIEC2-224511 (P2) with RAO, IBH, and URT as

well as with MHS. The alpha level of statistical significance was set

at P < .05. When chi-square or Fisher’s exact test indicated a sig-

nificant association, odds ratio (OR) and 95% confidence intervals

(CI) were calculated by univariate or multivariate logistic regres-

sion analyses. Because age distributions were not normal in P1 and

in P2, age differences between RAO+ and RAO� were tested by

Kruskal-Wallis one-way ANOVA on ranks.

Results

Horses

The population of P1 comprised of 119 individuals
aged 14–24 years, and 474 for P2, aged 14–31 years.
The characteristics of both populations are shown in
Table 1.

Cross Tabulation

In P1, a significant association between RAO and
IBH phenotypes was found, but not between RAO
and URT or IBH and URT. In RAO+ horses, 3 of 11
(27%) suffered from IBH in contrast to 3 of 108 (3%)
of RAO� horses (P = .01; Fig 1). No associations
between RAO, IBH, URT, and environmental and
management factors were observed.

In P2, the occurrence of RAO, IBH, and URT were
significantly associated. Nineteen of 210 (9%) of RAO+
also suffered from IBH, in contrast to 3 of 264 (1%)
among RAO� horses (P < .001; Fig 2A). Among
RAO+, 22 of 210 (11%) suffered from URT, in contrast
to 12 of 264 (5%) of RAO� (P = .01; Fig 2B); among
IBH+, 8 of 22 (36%) also were URT+, in contrast to 26
of 452 (6%) among IBH� (P < .001; Fig 2C).

Stabling and bedding type showed a significant asso-
ciation with RAO: 122 of 210 (58%) of RAO+ were
stabled without windows and 192 of 210 (91%) were
housed on straw bedding, in contrast to 117 of 264
(44%) and 220 of 264 (83%), respectively, of the
RAO� (P = .002 and P = .009, respectively).

Deworming frequency showed a significant association
with URT: 28 of 34 (82%) of URT+ were dewormed ≥3
times per year, in comparison to 268 of 440 (61%) of the

URT� (P = .01). Furthermore, a significant association
between IBH, URT, MHS, and the absence of nematode
eggs in feces was found (see Table 2). In contrast, no sig-
nificant association was found with RAO. In P2, a signifi-
cant (P = .02) association of the T allele at the SNP
BIEC2-224511 with 125 of 209 (60%) of RAO+ in con-
trast to 136 of 262 (52%) of RAO� was detected, but not
with IBH+, URT+ or MHS.

Logistic Regression Analyses

In P1, RAO+ had a 13.1 times higher OR to be
affected with IBH compared to RAO� (univariate
analysis; CI, 2.27–75.86; P = .004). In P2 (n = 474),
the multivariate analysis including effects of URT,
IBH, straw bedding, stabling with versus without
windows on RAO showed no effect of URT+ on
RAO+. However, IBH+ had a 7.8 times higher OR
(CI, 2.20–27.38; P = .001) to be affected with RAO+
compared to IBH�. Horses kept on straw bedding
had a 2.0 times increased OR (CI, 1.11–3.67;

Table 1. Descriptive statistics of horse populations
P1 and P2 including the number affected by the vari-
ous hypersensitivities (RAO, IBH, URT) and environ-
mental factors.

Variable

Horse Population

P1 (n = 119) P2 (n = 474)

Sex (%)

Male 69 (58) 283 (60)

Female 50 (42) 191 (40)

Age (years)

Mean age 16.4, 95%

CI = 16.1–16.9
18.3, 95%

CI = 18–18.7
Age RAO+ 17.3, 95%

CI = 15.5–19.1
18, 95%

CI = 17.5–18.5
Age RAO� 16.4, 95%

CI = 15.9–16.8
18.6, 95%

CI = 18.1–19.1
RAO (%)

RAO+ 11 (9) 210 (44)

RAO� 108 (91) 264 (56)

IBH (%)

IBH+ 6 (5) 22 (5)

IBH� 113 (95) 452 (95)

URT (%)

URT+ 16 (13) 34 (7)

URT� 103 (87) 440 (93)

Stabled inside without windows (%)

Yes 23 (19) 235 (49.5)

No 96 (81) 239 (50.5)

Straw bedding (%)

Yes 95 (80) 412 (87)

No 24 (20) 62 (13)

Pasture access (%)

Yes 111 (93) 458 (97)

No 8 (7) 16 (3)

Deworming frequency (%)

0–29/year 49 (39) 178 (38)

>29/year 70 (61) 296 (62)

RAO, recurrent airway obstruction; IBH, insect bite hypersen-

sitivity; URT, urticaria.
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P = .02) to be RAO+ and horses stabled inside with-
out windows had a 1.8 times higher OR (CI, 1.20–
2.56; P = .004) to be RAO+.

In a multivariate analysis including effects of RAO+
and URT+ on IBH, URT+ had a 7.4 times higher OR
(CI, 2.74–19.88; P < .001) and RAO+ a 7.4 increased

OR (CI, 2.12–25.74; P = .002) of also being affected
with IBH.

Horses dewormed ≥3 times per year had a 2.8 times
higher OR (multivariate analysis; CI, 1.10–6.96;
P = .03) to be URT+ than those that were dewormed
less often. In addition, the OR of IBH+ was 7.1 (CI,

P1 (n = 119)

RAO+ (n = 11)

27%

73%

IBH+ (3/11)

IBH-

RAO- (n = 108)

97%

3%

IBH+ (3/108)

IBH-

Fig 1. Pie chart illustrating the relative percentage (%) of recurrent airway obstruction (RAO+) (n = 11) and RAO� (n = 108) horses

in P1 which were diagnosed with insect bite hypersensitivity (IBH) (27% and 3% respectively).

P2 (n = 474)

RAO+ (n = 210)

9%

91%

IBH+ (19/210)

IBH-

RAO- (n = 264)

1%

99%

IBH+ (3/264)

IBH-

RAO+ (n = 210)

90%

10%

URT+ (22/210)

URT-

RAO- (n = 264)

5%

95%

URT+ (12/264)

URT-

IBH+ (n = 22)

36%

64%

URT+ (8/22)

URT-

IBH- (n = 452)

6%

94%

URT+ (26/452)

URT-

A

B

C

Fig 2. (A, B and C) Pie chart illustrating the relative percentage (%) of recurrent airway obstruction (RAO+) (n = 19) and RAO�
(n = 3) horses in P2 which were diagnosed with insect bite hypersensitivity (IBH) (9% and 1% respectively; A) and RAO+ (n = 22) and

RAO� (n = 12) horses with urticaria (URT) (10% and 5% respectively; B) and the relative percentage of (%) of IBH+ (n = 8) and

IBH� (n = 26) horses in P2 which were diagnosed with URT (36% and 6% respectively; C).
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2.58–19.66; P < .001) to be URT+. RAO+ had no sig-
nificant effect on URT.

In the subset of P2 (n = 326) for which EpGs were
available, horses that were not shedding any eggs had
a 7.7 times higher OR (univariate analysis; CI, 1.00–
58.54; P = .05) to be IBH+, a 4.1 times higher OR
(univariate analysis; CI, 1.20–13.85; P = .03) to be
URT+ and a 6.7 times higher OR (univariate analysis;
CI, 1.57–28.96; P = .01) to be MSH+ than those with
positive egg shedding.

In the subset of P2 (n = 471) for which SNP BIEC
2-224511 genotypes were available, the T allele was no
longer significantly associated with RAO+ (univariate
analysis), as found in the cross tabulation analysis.

Discussion

Except for a preliminary report in a limited cohort
of a RAO high-prevalence family,20 this study is, to
our knowledge, the first report describing the occur-
rence of MHS in horses. Multiple hypersensitivity in
horses was defined as suffering from at least 2 different
hypersensitivities. Significant associations between
RAO and IBH with OR of 13.1 and 7.4, respectively,
was observed in a random sample representative of
Swiss sporthorses and this could be replicated in a sec-
ond larger population of RAO cases and controls.
Furthermore, in the replication population, but not in
the smaller random sample, an association between
IBH and URT was observed, with IBH-affected horses
showing a 7.1 times increased OR of also suffering
from URT. Cross tabulation also identified an associa-
tion between RAO+ and URT+ in the RAO cases and
controls, but this finding was not confirmed in the
multivariate logistic regression analyses. This indicates
that effects of stabling and bedding type, environmen-
tal factors that have previously been reported,1,14 were

stronger than that the presence of URT in RAO+
horses.

Frequent deworming also was associated with URT
in P2. Although this was only observed in the larger
population, and deworming frequency was not associ-
ated with the diagnosis of RAO or IBH, this finding in
mature horses is interesting. In the present study,
horses with positive egg counts in the feces also
seemed to be protected against the development of
IBH, URT, and MHS. An effect of deworming as well
as the associations between decreased nematode egg
shedding and both RAO+ in previous reports17,18 and
other hypersensitivities in the current study are in
accordance with the “hygiene hypothesis”.19 Infection
with strongylid nematodes may confer protection
against the development of hypersensitivities. Alterna-
tively, the genetic basis that predisposes to these hyper-
sensitivities may award some protection against
intestinal parasites. The Th2-type pathway including
IL4RA, IL13, and IL4 represents a promising candi-
date for the identification of such a common genetic
predisposition. This pathway is not only involved in
asthma, rhinitis, atopic dermatitis, psoriasis, increased
serum IgE, and a common “allergic predisposition” in
humans9–11,24–26 as well as RAO in horses but also is
involved in host defense against parasites.27

The SNP BIEC2-224511 on ECA 13 near the
IL4RA gene previously has been found to be associ-
ated with RAO both in a high-prevalence family and
in unrelated horses.16 As expected, because our P2
was a subset of the latter unrelated horses, cross
tabulation confirmed these earlier results. However,
regression analysis showed no significant effect of the
T allele at the SNP BIEC2-224511 on RAO. Also,
no associations between IBH+, URT+, or MHS and
the T allele at the SNP BIEC2-224511 were
observed. This can be interpreted as a lack of evi-
dence for a common genetic predisposition for differ-
ent and MHS in the horse. Alternatively, the lack of
a significant association also may have been because
of the bias of the larger study population (P2)
toward selecting RAO+ cases and controls with a
resulting low number of IBH+ and URT+ cases in
both P1 and P2. Ideally, to achieve a comparable
power to the study that demonstrated a link between
SNP BIEC2-224511 and RAO+,16 similar numbers
(ie, several hundred) of IBH+ and URT+ would
have to be tested.

A limitation of our study was the relatively low num-
bers of IBH+ and URT+ horses studied. Furthermore,
the assessment of IBH and URT was less standardized
than that of RAO, which was based on the HOARSI
and a validated questionnaire. In contrast to RAO,
there are no published standardized criteria for owner
assessment of IBH and URT. The horse owners were
simply interviewed and IBH as well as URT were
described as detailed above in the Materials and Meth-
ods section. Also, diagnoses of IBH and URT were not
confirmed by intradermal skin testing or other addi-
tional tests such as the Cellular Allergy Stimulation
Test.28 Thus, due to of the lack of a gold standard for

Table 2. Association of the various hypersensitivities
(RAO, IBH, URT, MHS) with egg shedding in a sub-
set of P2 (n = 326).

Variable Positive Negative Total P-Value

RAO (%)

RAO+ 44 (30) 103 (70) 147 (100) .71

RAO� 57 (32) 122 (68) 179 (100)

Total 101 (31) 225 (69) 326 (100)

IBH (%)

IBH+ 1 (6) 16 (94) 17 (100) .03

IBH� 100 (32) 209 (68) 309 (100)

Total 101 (31) 225 (69) 326 (100)

URT (%)

URT+ 3 (11) 25 (89) 28 (100) .02

URT� 98 (33) 200 (67) 298 (100)

Total 101 (31) 225 (69) 326 (100)

MHS (%)

MHS+ 2 (7) 27 (93) 29 (100) .003

MHS� 99 (33) 198 (67) 297 (100)

Total 101 (31) 225 (69) 326 (100)

RAO, recurrent airway obstruction; IBH, insect bite hypersen-

sitivity; URT, urticaria; MHS, multiple hypersensitivities.
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diagnosis of these conditions, a possible bias could
have been introduced when classifying these cases. The
random sampling procedure used to generate P1 con-
ferred the advantage of a Warmblood horse population
representative for sporthorses in Switzerland. However,
after filtering for horses older than 13 years, the popu-
lation was decreased to 119 individuals, resulting in a
loss of power. We therefore also investigated P2, a pro-
spectively chosen replication population, which pro-
vided higher statistical power with a total of 474
horses. The drawback of P2 (44% RAO+), however,
obviously was a selection bias toward RAO and a rela-
tive scarcity of IBH and URT cases.

The prevalence of IBH+ in healthy (RAO�) horses
(3% in P1 and 2% in P2) was similar to that observed
in earlier studies investigating 3-year-old Freiberger
(1%) and Warmblood (2%) horses in Switzerland.29,30

Occurrence of IBH was thus markedly increased in
RAO+ animals compared to healthy ones in this study
as well as in these earlier reports.

Multiple hypersensitivities are best described in
human medicine. For instance, patients suffering from
allergic rhinitis and eczema are more susceptible to the
development of drug hypersensitivity reactions such as
itching or skin rash.9 The term “atopic disease” often
is used to group clinically diverse hypersensitivity syn-
dromes and symptoms. It is defined as an inherited
predisposition to allergic disease via IgE-mediated
pathophysiology.11 Investigation of serum IgE in
equine MHS would also be interesting, but was not
possible in this study.

In domestic animals, similar syndromes of multiple
manifestations of “atopic disease” are also unsub-
stantiated by measurements of IgE concentrations,
but instead have been described based on clinical
signs. The syndrome of feline atopy has been pro-
posed to include miliary dermatitis, psychogenic alo-
pecia, eosinophilic granuloma complex, and feline
asthma.7,31–33 Other investigators, however, found no
association between allergic dermatitis and small air-
way disease in cats.34 Dogs suffering from atopic
dermatitis appear to be predisposed to concurrently
develop flea or food allergies as well as allergic rhi-
nitis and asthma.8,35,36

Another limitation of our relatively large, noninter-
ventional study was the lack of a direct comparison
of egg shedding in the fecal samples of affected and
unaffected horses in the same pasture and under the
same deworming and management conditions. Addi-
tionally, fecal sampling was performed only once
after the egg reappearance period, because this is
when horses are expected to reach a maximum posi-
tive egg count after treatment. Nevertheless, the
results must be interpreted with caution because
one-time sampling and measurement of EpG after
expiration of the estimated ERP may not have been
representative of the parasite status of the horse, spe-
cifically to the EpG before administration of the
anthelmintic drug. This may explain why this study
did not confirm the association of egg shedding with
RAO observed in earlier investigations.17,18

Furthermore, it would have been interesting to
address the question whether or not a similar phenom-
enon described as the “allergic march” in humans12

occurs in horses with MHS. However, due to the lack
of reliable questionnaire-derived information concern-
ing the age at which the individuals first developed
IBH and URT, the chronology over which the differ-
ent hypersensitivities were manifested could not be
determined in the present study.

Future studies therefore should further investigate
the intriguing phenomenon of equine MHS, ideally in
prospective studies involving large numbers not only
of RAO, but also of IBH and URT-affected and con-
trol horses, for which information is available on man-
agement, fecal examinations (as in17,18), on total and
allergen-specific IgE concentrations (to better define
atopy as in humans26) as well as on the chronological
appearance of the first clinical signs (to investigate a
potential “allergic march” as described in humans12).

In conclusion, this study provides some of the first
evidence of MHS in horses. In particular, an increased
risk for IBH should be considered in horses affected
with RAO.

Footnotes

a http://www.custominsight.com/articles/random-sample-calcula-

tor.asp
b NCSS statistical software 2007; NCSS LLC, Kaysville, UT
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