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Allergen-specific IgE serology tests became commercially
available in the 1980s. Since then these tests have been widely
used to diagnose and treat allergic skin diseases. However,
the relationship between a positive reaction and disease
occurrence has been controversial. The purpose of this study
was to evaluate allergens using a serologic allergy test in dogs
with atopic dermatitis (AD). Dogs clinically diagnosed with
AD (n=101) were tested using an allergen-specific IgE
immunoassay. Among the total 92 environmental and food
allergens, house dust and house dust mites were the most
common. Several allergens including airborne pollens and
molds produced positive reactions, and which was
considered increasing allergens relating to the climate
changes. The presence of antibodies against staphylococci
and Malassezia in cases of canine AD was warranted in this
study. Additionally, strong (chicken, turkey, brown rice,
brewer’s yeast, and soybean) and weakly (rabbit, vension,
duck, and tuna) positive reactions to food allergens could be
used for avoidance and limited-allergen trials.

cause similar clinical signs, and allergy test results [11].
Among these, the intradermal skin test (IDST) is
considered the gold standard. However, it seems that IDST
for dogs and cats is not practical for general practitioners.
Allergen-specific IgE serology is now widely used in
clinical practice [4]. In general, allergen-specific IgE
serology appears to produce false positive results (low
specificity) and cannot be used to confirm a diagnosis, but
offers useful information about avoidance allergens and the
inclusion of allergens for allergen-specific immunotherapy
[4,15]. Causative allergens vary according to geographical
region, climate, environmental pollution/hygiene, and
residential environments [7,19]. Allergen-specific IgE
serology is also required for large-scale investigations of
canine AD. The purpose of the current study was to
measure the sensitization rates of environmental allergens
in dogs with AD using an allergen-specific IgE serology
test and identify the causative allergens.
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Materials and Methods

Introduction
Atopic dermatitis (AD) is a genetically predisposed
pruritic inflammatory allergic skin disease that is common
among humans. The incidence of AD has increased rapidly
worldwide during the past 30 years [19]. As previously
described [15], this condition is also common in dogs and
recognized as a multifactorial disease involving IgEmediated allergic reactions to various environmental
allergens, alterations of skin barrier function, microbial
colonization, and abnormal cutaneous immunity. In
general, canine AD is diagnosed based on medical history,
physical examination, exclusion of other diseases that

Criteria for animal selection
A total of 101 dogs admitted to the Konkuk University
Veterinary Medical Teaching Hospital (Korea) between
2003 and 2010 were included in this study. All animals
were privately owned patients that had been diagnosed
with AD based on clinical history, signs, and diagnostic
criteria. Each dogs fulfilled three major plus three minor
criteria described by Willemse [27], three criteria noted by
Prélaud et al. [21], and at least five criteria described by
Farvot [18]. Administration of anti-allergy drugs such as
antihistamines, glucocorticoids, and cyclosporine had to
be discontinued at least 4 weeks prior to enrolment.
Exclusion criteria
Exclusion of animals with other pruritic skin disease
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including bacterial/fungal skin infection, yeast
overgrowth, and ectoparasite skin disease was performed
using appropriate diagnostic tests (multiple skin scrapings,
impression cytology, acetate tape preparations, otic
examination, and fungal culture). A strict hypoallergenic
hydrolyzed commercial diet was administered for at least 8
weeks, and responses to external parasite control were also
used as methods to rule out food allergy dermatitis and

ectoparasite skin disease. Furthermore, AD dogs with
concurrent conditions that required treatment (oral and/or
topical anti-allergy drugs) were excluded from the study.

Serologic allergy test (SAT)
Serological allergen-specific IgE levels were measured
with an ELISA using a spot test (Spectrum Laboratories,
USA). Blood was drawn by jugular and cephalic

Table 1. Sensitization rates for environmental allergens of each group of atopic dermatitis (AD) dogs
Allergens
House dust
Grasses
Johnson grass
Bermuda
Orchard
Common reed
Velvet
Sweet vernal
Ryegrass
Timothy
Bluegrass
Reed/Canary grass
Trees
Ash
Mulberry
Willow/Sycamore
Olive
Alder
Oak
Japanese privet
White birth
Cypress
Beech
Japanese cedar
Juniper
Japanese pine
Indoor
Orris root
Tobacco smoke
Cotton
Wool
Jute/Sisal
Kapok
Orlon/Nylon/Rayon
Insects
House fly
Cockroach
Mosquito
Flea

n (%)
53/96 (55.2)
49/96 (51)
47/101 (46.5)
45/101 (44.6)
38/96 (39.6)
36/101 (35.6)
27/96 (28.1)
27/101 (26.7)
25/101 (24.8)
18/96 (18.8)
16/101 (15.8)
61/96 (63.5)
50/101 (49.5)
44/96 (45.8)
36/96 (37.5)
36/96 (37.5)
30/101 (29.7)
28/96 (29.2)
24/96 (25)
22/96 (22.9)
20/96 (20.8)
20/101 (19.8)
18/101 (17.8)
11/96 (11.5)
37/96 (38.5)
30/96 (31.3)
23/96 (24.0)
22/96 (22.9)
8/96 (8.3)
8/101 (7.9)
0/96 (0.0)
22/96 (22.9)
15/96 (15.6)
9/96 (9.4)
8/101 (7.9)

n: number of positive reactions/number of examinations.

Allergens

n (%)

House dust mite
Weeds
Sage
Plantain
Pigweed
Lamb's quarters
Goldenrod
Ragweed
Marsh elder
Thistle
Dock/Sorrel

55/96 (57.3)
49/96 (51)
46/101 (45.5)
36/101 (35.6)
29/96 (30.2)
23/101 (22.8)
18/96 (18.8)
17/96 (17.7)
11/101 (10.9)

Molds
Pullularia
Alternaria
Curvularia
Hormodendrum
Stemphylium
Penicillium
Heminthosporidium
Candida Albicans
Fusarium
Aspergillus
Rhizopus

43/96 (44.8)
40/101 (39.6)
37/96 (38.5)
34/96 (35.4)
34/96 (35.4)
37/101 (36.6)
32/96 (33.3)
32/96 (33.3)
28/96 (29.2)
20/101 (19.8)
16/101 (15.8)

Epidermals
Mixed feathers
Mouse epithelia
Cat epithelia
Dog epithelia

26/101 (25.7)
22/96 (22.9)
10/101 (9.9)
0/96 (0.0)

62/101 (61.4)

Staphylococcus
Staphylococcus

19/96 (19.8)

Malassezia
Malassezia

21/96 (21.9)
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venipuncture, allowed to clot at room temperature, and
o
centrifuged at 2,000 × g for 15 min at 4 C. Serum samples
o
were collected, frozen at −20 C, and shipped to Spectrum
Laboratory within 2 days after obtaining the blood. A
complete IgE panel assay using a polyclonal anti-IgE that
minimized non-specific IgG and IgE binding was
performed. Test results ranged from 0 to 10,000 units.
Results over 200 units were considered positive based on the
manufacturer’s recommendations. Ninety-two allergens
belonging to a total of 12 groups were tested. The groups
include grasses, trees, weeds, mold, epidermals, house dust,
foods, indoor allergens, insects, fleas, Staphylococcus, and
Malassezia.

Results
Forty-six out of 101 dogs (45.5%) were males, seven
(15.2%) of which were castrated. Fifty-five of the 101 dogs
(54.5%) were females, four (7.3%) of which were spayed.
The ratio of male : female animals was 1 : 1.2. There were
16 different breeds included in the study: mixed (n = 13),
cocker spaniel (n = 15), Yorkshire terrier (n = 13), Shih Tzu
(n = 13), Maltese (n = 12), Pekingese (n = 4), miniature
pinscher (n = 4), beagle (n = 4), Dachshund (n = 3),
miniature Schnauzer (n = 3), pug, Cavalier King Charles
spaniel, Jindo dog, Chihuahua, and Bichon Firse (one
each). Animal age at presentation ranged from 5 months to
13 years (median, 3 years) and most dogs were less than 5
years old (77.9%). The dogs developed clinical signs and
skin lesions between 6 months and 2 years, and duration of
the clinical signs prior to diagnosis ranged from 2 weeks to
8 years.

Environmental allergens
The overall sensitization rates of the tested allergens are
shown in Table 1.

House dust and house dust mites
The sensitization rates for house dust and house dust
mites were 55.2% and 61.4%. These rates were higher
compared to those of other allergens in this study.
Airborne pollen (grass, weeds, and trees)
Among the three types of airborne pollens, the most
common offending allergen was pollen from ash (63.5%)
followed that produced by sage (57.3%), Johnson grass
(51%), plaintain (51%), mulberry (49.5%), Bermuda grass
(46.5%), willow (45.8%), and pigweed (45.5%). The
sensitization rates for Japanese pine allergens and
dock/sorrel (Rumex) were lower (11.5% and 10.9%,
respectively) compared to those of the other allergens.
Molds
The sensitization rate for pullularia and alternaria were
44.8% and 39.6%, respectively; these rates were higher
than those for other mold allergens. Additional important
molds were curvularia, penicillium, hormodendrum,
stemphylium, heinthosporidium, and candida albicans. The
lowest sensitization rate was that for rhizopus (15.8%).
Household inhalants (epithelials and indoor
allergens)
Epithelials had a lower sensitization rate compared to
other groups of allergens. Positive reactions to both mixed
feather and mouse epithelials were 25.7% and 22.9%,
respectively. The most common indoor allergens were
orris root (38.5%) followed by tobacco smoke (31.3%),
wool (22.9%), and cotton (24%). No allergic reaction to
dog epithelials or synthetic fibers (orlon, nylon, or rayon)
was observed.
Insects
The highest sensitization ratio among insects was for
houseflies (22.9%). The positive rate for flea allergens was

Table 2. Sensitization rates for food allergens among AD dogs
Allergen
Chicken
Turkey
Brewer’s yeast
Soybean
Corn
Rice
Barley
Eggs
Peas
Milk
Oatmeal

n (%)

Allergen

n (%)

61/101 (60.4)
55/96 (57.3)
40/96 (41.7)
37/101 (36.6)
33/101 (32.7)
33/101 (32.7)
29/96 (30.2)
29/101 (28.7)
27/96 (28.1)
28/101 (27.7)
25/96 (26.0)

Wheat
Tomato pomace
Carrots
Kelp
Lamb
Sorghum
Pork
Beef
White potato
Rabbit
Venison

26/101 (25.7)
24/96 (25.0)
23/96 (24.0)
16/96 (16.7)
13/96 (13.5)
13/96 (13.5)
13/101 (12.9)
11/101 (10.9)
10/96 (10.4)
6/96 (6.3)
5/101 (5.0)
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only 7.9%.

Microorganisms
For Staphyloccus and Malassezia allergens, 19.8% and
21.9%, respectively, of the dogs produced positive
responses.
Food allergens
Among the food allergens, the most common was chicken
(60.4%) followed by turkey (57.3%), brown rice (42.7%),
brewer’s yeast (41.7%), and soybeans (36.6%). The
sensitization rates for rabbit, vension, duck, and tuna were
lower compared to those of the other allergens (less than
10%; Table 2).

Discussion
Identify causative allergens associated with AD has been
a very important issue in veterinary dermatology because
this condition is the most common cause of pruritus in dogs
[25]. Many studies have been conducted to assess the value
of allergen-specific IgE serology in cases of canine AD and
canine food allergic dermatitis [4,5,12,23]. Interpretation
of the test results should be performed cautiously and only
used once a clinical diagnosis of AD has been made
because positive test results are not specific for canine AD
[11]. Traditionally, house dust mites and house dust have
been considered the most important allergens in humans
and dogs [7,19]. In canines, human dander, feathers,
kapok, molds, weeds, grasses, and trees are also important
allergens [25].
In the present study, 101 dogs with AD were tested with
92 allergens (70 environmental allergens and 22 food
allergens). Among the environmental allergens, the
sensitization rates for house dust and house dust mites were
high; these are considered important allergens in
veterinary and human medicine. The high sensitization
rate (61.4%) for house dust mites was similar to ones
previously reported in studies performed in the same
geographic location [7,26,28]. However, the sensitization
rate for house dust in the present study (55.2%) was higher
than those observed in previous investigations. The
sensitization rate for house dust was just 5.3% among 35
dogs in 2002 [28], and 17.5% among 22 dogs in 2005 [26].
In addition, reactions to airborne pollen (grasses, weeds,
and trees) and molds were relatively common in this study
although pollen is not usually considered an important
allergen. Grasses produced negative results in three
previous studies [7,26,28]. Sensitization to weeds was not
observed and the rate for trees was just 5.3% among 22
dogs in 2005 [26]; few or no allergens in these groups
caused positive reactions in 2002 [28]. The most recent
study results obtained in 2010 [7] showed that Rhizopus
had a higher positive rate (49.1%) compared to the one

observed in the current study (15.8%), which was the
lowest sensitization rate among molds. According to other
previous reports, sensitivity of the allergen-specific IgE
serology test to molds was lower than the IDST, and
serology test results are less reliable for detecting molds
hypersensitivities [5,14].
Flea and insect groups produced relatively weak positive
reactions in this study. Flea populations tend to grow in
warm temperatures and high humidity, and these insects
are very common allergens of canines in the world [25].
However, flea allergies were rare in the present study
because most of the evaluated dogs lived primarily
indoors. The results of our study also suggested that the
sensitized rate was low. On the other hand, mosquitos are
very common in Korea, and it was recently observed that
these insects have an increasingly close relationship with
AD in humans and dogs [7]. However, the sensitization
rate for mosquitos was only 9.4% in our investigation.
Differences among the causative allergens when
comparing studies might be due to several reasons. Direct
comparison between IDST and allergen?specific IgE
serology test results are impossible because the two
techniques detect IgE from different sources such as skin
and serum [5,25]. Discrepancies between IDST and
serology data may be explained by variations in testing
methodologies, allergen extracts, and sensitivity [3,5,
10,22]. In previous studies of causative allergens of AD
dogs in Korea, an IDST was performed. Thus, complete
correlations between results from those publications with
ones from the current study cannot be identified.
As previously described [19], geographic and climate
conditions are closely associated with environmental
allergens. In particular, pollens and molds are affected by
temperature and humidity [1]. Not surprisingly, these
factors represent recently emerging allergens that cause
allergenic disease in humans [17]. Positive responses to
environmental allergens identified in the present study can
be related to increased average temperatures and CO2
concentrations in Korea due to global warming and rapid
urbanization. Previous studies conducted in our country
were performed during different years (2002, 2005, and
2010), and the general sensitization rates of allergens
might be increased overall 10 years. In addition, previous
investigations included a relatively small number of dogs
and were conducted in different regions of Korea
[7,26,28].
Secondary infection associated with Malassezia or
staphylococci is quite frequent, and recent studies have
focused on the relationship of the associated antigens with
allergies in dogs [15,16]. Antibodies to microorganisms in
AD dogs had never been reported in Korea. In the present
investigation, the sensitization rates for Staphyloccus and
Malassezia were 19.8% and 21.9%, respectively. Results
from previous studies revealed that AD dogs produce higher
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levels of IgE to these microorgainisms. [2,16]. These data
indicate an immunopathogenic role of the microorganisms;
however, the exact pathogenesis and clinical significance
are uncertain. In humans, Staphylococcus aureus plays an
important role in AD development and staphylococcal
superantigens have been implicated in AD pathogenesis [9].
Thus, secondary infection by Malassezia or Staphyloccus
should be monitored and promptly identified in AD dogs.
Animals with food allergic dermatitis were excluded
from our using an elimination diet. However, AD dogs are
believed to be sensitive to various allergens, and
cross-reactivity of airborne and food allergens has been
detected in humans [8]. Among food allergens, chicken,
turkey, brown rice, brewer’s yeast, and soybean are
considered common. These allergens are frequently used
ingredients for commercial dog food that most dogs in this
study were mainly fed. The meaningful of food-specific
IgE test is still controversial [13], but which also can be
used for limited-antigen dietary trials [6]. Based on the
results from the present study, chicken, turkey, brown rice,
brewer’s yeast, and soybeans can be included in avoidance
diets. Rabbit, venison, duck, and tuna can also be used for
dietary trials of canine AD.
The clinical history, characteristic signs, and several
diagnostic criteria [18,21,27] were used for diagnosing
canine AD in the current investigation. The sensitization
rates for house dust and house dust mites were high, while
allergies against airborne pollen and molds were relatively
common in our study. The sensitization rates for Malassezia
or staphylococci were approximately 20%. Reducing the
allergen load and exposure as well as promptly identifying
and treating secondary infections may be helpful for
controlling the symptoms of AD dogs. There are several
reports indicating that the SAT has high specificity and
relatively low sensitivity [4,15]. Thus, some false positive
reactions might have been obtained in our study. However,
both the IDST and SAT are mostly used for allergen-specific
immunotherapy to treat AD [11], and have been found to
have equal efficacy for identifying allergens as a part of
immunotherapy regimens for AD dogs [20,24].
In summary, we measured the sensitization rates for
selected allergens in AD dogs using allergen-specific IgE
serology. This SAT is easy to perform, less stressful to the
patients, has a low cost compared to the IDST, and
produces fewer false negative results. When accounting
for the patient’s history, clinical signs, and exposure to
allergens and eliminating other causes of pruritus,
allergen-specific IgE serology might be valuable for
controlling canine AD.
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