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What is known about the topic of this paper

« Epicutaneous route of allergen exposure plays a role
in canine atopic dermatitis based on histopathological
studies.

« House dust mite is an important allergen.

What this paper adds to the field of veterinary

dermatology

« Distribution of lesions is not dependent on the route
of allergen exposure.

« Oral administration of environmental allergens such as
house dust mites can induce atopic dermatitis lesions.

« All routes of allergen exposure play an additive effect
but epicutaneous route appears to be the most
important one

Abstract

The current study aimed to investigate the role played
by oral, epicutaneous, and inhalation routes of expo-
sure to house dust mites (HDM). The colony of high
IgE-producing beagle dogs has been shown to develop
pruritic dermatitis compatible with atopic dermatitis
following environmental exposure (EE) to HDM. In
crossover experiments, the response to EE was com-
pared to two modified challenges, oral exposure (OE)
and snood and muzzle exposure (SME). For OE, HDM
were fed daily for 3 days. For SME, ingestion of aller-
gen was prevented but there was inhalation and
epicutaneous exposure to all body regions except to
one ear. In all experiments, dogs were challenged for
three consecutive days, and evaluated before, 6 h after
exposure and daily thereafter, for 5 days. After a wash-
out period, groups were crossed-over so that each dog
was randomly challenged to all three protocols. Clini-
cal scores were analysed using least squares analysis
of variance. All dogs developed pruritic dermatitis
regardless of the protocol. With OE, lesions developed

in the same body regions as with EE although scores
were lower. This difference became more evident after
the first 3 days when OE scores decreased and EE
scores continued to increase. The scores of covered
and uncovered ears did not differ with SME. Scores for
the remainder of the body were significantly lower
than for EE. The development of lesions on covered
ears supports the importance of inhalation or a sys-
temic reaction to epicutaneous exposure in other
areas. Itis concluded that all routes are important and
have additive effects, that route of exposure does not
determine the distribution of lesions and that continu-
ous epicutaneous exposure probably plays the most
important role.
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Introduction

Controversy exists regarding the routes of allergen expo-
sure in canine atopic dermatitis (cAD)." Former studies
have emphasized the inhalatory route of allergen expo-
sure.? More recently, histopathological studies of canine
atopic lesional skin® and experiments using atopy patch
testing*® have emphasized the epicutaneous route of
allergen exposure. The epicutaneous route of exposure
might help explain the distribution of lesions (contact
areas such as muzzle, feet, and pinnae) observed in dogs
with AD. This route has been well documented in human
medicine®’ and has been recently highlighted by the
demonstration of a genetic basis for a defective barrier
function in humans with AD.8

In a recently described model of cAD, high-IgE beagle
dogs sensitized to house dust mites (HDM) at a young age
developed dermatitis upon environmental exposure (EE)
to HDM.® In this method of challenge, liquid HDM was
applied to the floor of kennels and dogs were allowed to
be exposed by a combination of inhalatory, oral, and epi-
cutaneous routes, mimicking exposure to allergens as it
would occur in a natural setting. Lesions observed after EE
involved mostly contact areas, such as the face, feet, ventral
abdomen and pinnae, and consisted of pruritic erythema-
tous macules and papules. Immunohistochemical evaluation
of these lesions demonstrated local accumulation of dermal
dendritic cells suggesting a role for epicutaneous capture
of the allergen, as previously described in dogs with natural
occurring AD.2 The purpose of the present study was to
further evaluate the individual role played by oral, epicuta-
neous, and inhalatory routes of allergen exposure in an
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experimental model of cAD and whether the distribution
of lesions is linked to the route of allergen exposure.

Materials and methods

Animals
Six high-IgE Beagles, epicutaneously sensitized to HDM at
a young age and known to develop dermatitis upon EE
challenge with HDM?® and to have positive Atopy Patch
Test (APT) reactions to HDM,'® were used. All procedures
applied in this study were approved by the Institutional
Animal Care and Use Committee of the University of Florida.
At the time of the experiments the dogs were 6 years
old. Five were intact females and one was an intact male.
Dogs were housed in individual cement runs in a research
facility of the University of Florida. Runs were cleaned
daily using high temperature and high pressure wash.
Stuffed toys, carpets, soft bedding or anything that could
trap dust were not allowed in the runs. Walls of the runs
and filters were checked monthly to ensure the absence
of HDM in the environment in between challenges.
Results were always below the detection level of the test
used (MITE-T-Fast™ Allergen Detection System, Aveho
Biosciences, Monterey, TN, USA).

Experimental design

Using crossover experiments all dogs were randomly chal-
lenged by EE and two modified ways. Modified challenges
included an oral exposure (OE) protocol and a snood and
muzzle exposure (SME) protocol. All dogs were challenged
by the three exposure protocols at different times.

In all experiments the dogs were challenged for three
consecutive days. The dogs were evaluated and scored
before and 6 h after each exposure and daily thereafter, for
5 days. At the end of the 5-day experiment, the dogs were
bathed with a hypoallergenic shampoo (HydraPearls®
shampoo, Evsco Pharmaceuticals, Buena, NJ, USA) and a
leave-on hydrocortisone conditioner (Resi-CORT®, Virbac,
Fort Worth, TX, USA) was applied if needed to resolve the
inflammation, for a maximum of 5 days. After a wash-out
period of 1 month, the dogs were crossed-over and
switched to another challenge.

House dust mite preparation

For all experiments the same liquid HDM formulation was
used. The HDM solution was prepared from a HDM culture
(natural Dermatophagoides farinae, Greer Laboratories
Inc, Lenoir, NC, USA), and mixed with filtered (0.2 um
syringe filter) PBS (pH = 7.2) to obtain a final concentration
of 31 mg mL™". The solution was vortexed and sonicated
prior to use. On each of the three challenge days, 1.6 mL
(50 mg) of HDM solution was used per dog for all expo-
sure types. The concentration and volume of HDM used
was selected based on previous studies on EE with
HDM.®

Plain environmental exposure

In the EE, liquid HDM (1.6 mL, 50 mg/challenge) was
applied daily for 3 days on the floor of a plastic air kennel
measuring 50.8 x 68.6 x 48.3 cm. Each dog was placed in
the kennel for 3 h day™', during three consecutive days.
The kennels were washed at the end of the last challenge.

Routes of allergen exposure in canine AD

Figure 1. During the (a) snood and muzzle experiments, dogs wore a
(b) modified type of tubular stockinet made of impermeable material
that would allow one ear to be exposed while the other ear was covered.
(a) The snood was secured by the use of Elastikon (Johnson & Johnson,
New Brunswick, NJ, USA).

Oral exposure

In the OE, liquid HDM (1.6 mL, 50 mg/challenge) was
mixed with canned food and fed to the dogs once daily for
three consecutive days. The dose used for the oral chal-
lenge was the same as for other challenges to minimize
confounding factors.

Snood and muzzle exposure

In the SME, liquid HDM (1.6 mL, 50 mg/challenge) was
sprayed daily for 3 days on the floor of the kennels (same
size kennels used for EE) but the dogs wore snoods to
allow epicutaneous exposure of one ear only while the
other ear was covered by impermeable material (Figure 1).
They also wore muzzles while in the kennels (3 h day™,
for three consecutive days). For the rest of the time, muz-
zles were replaced by E-collars to allow the dogs to eat
and drink yet prevent grooming and the ingestion of HDM.
Snoods were used for the entire duration of the challenge.
This experiment was designed to allow HDM exposure
through inhalation and epicutaneously albeit avoiding
exposure to one ear.

Clinical scoring

Dogs were evaluated using a modified Canine Atopic
Dermatitis Extent and Severity Index (mCADESI)."
Briefly, the dog’s body was divided into 50 small sections,
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Figure 2. Ears of one of the dogs, 24 h after the beginning of the
snood and muzzle exposure. No appreciable difference in the
erythema between (a) exposed and (b) covered ears.

each of which received a score based on the clinical signs
evaluated. The total score was calculated by adding the
scores of all clinical signs and body sites. Total score was
used in the statistical analysis. Clinical signs evaluated
included diffuse erythema, erythematous macules,
papules, excoriations and alopecia. The scoring system
ranged from 0 (absent) to 3 (severe) for each site and each
symptom. This scoring system had a maximum possible
score of 150. Presence of pruritus was also noted.

Statistics

Clinical scores between types of exposure were com-
pared using repeated-measure ANOVA with both exposure
and time of evaluation as within-subject factors. When
planned comparisons are reported, exposure differences
at each evaluation time were analysed using paired Student’s
ttests. All analyses were performed using the statistical
software package sas system for Windows version 9.0
(SAS Institute, Cary, NC, USA). A P-value < 0.05 was
considered significant. All data in Figures 3, 4 and 6 are
presented as mean = SEM, unless otherwise indicated.

Results

Erythema, pruritus, and papules developed in all dogs
regardless of the type of exposure. In all experiments the
same body sites became lesional. They included the face
(periocular, perilabial and preauricular), ear pinnae (con-

Ear scores (covered vs. exposed)
3.5 -
n=3

Clinical scores
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—- Left (covered)

TO T6 T24 T30 T48 Tb54 T72 T96
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Figure 3. Clinical scores of the ears in the snood and muzzle experiment
(SME). In this experiment the oral exposure was prevented and one
ear was covered to prevent epicutaneous exposure while the other ear
was left uncovered. This experiment was designed to evaluate the
role of inhalatory route and epicutaneous route of allergen exposure.
For each experiment dogs were challenged for three consecutive
days (days of challenge are indicated by arrows) with 50 mg of house
dust mites sprayed on the floor of their kennel. Figure shows means
for all data points: when there were six observations, all six were used
to calculate means and standard errors (SE) of the means (bars); when
there were only three observations, only three observations were
used to calculate means and SEs. The vertical line indicates the time
at which three dogs removed their snoods and muzzle and only the
data of the three dogs that still had the snoods and muzzles in place
were included.

cave surface), feet (interdigital areas), inguinal area, ven-
tral abdomen and axillae.

Snood and muzzle exposure vs. plain environmental
exposure

Ear scores

All ears developed erythema starting 6 h after the chal-
lenge regardless whether they were covered or exposed
(Figure 2a). Snoods and muzzles were lost in 3 dogs after
the first 24 h; therefore, only three dogs were able to com-
plete the SME experiment. Since there were missing
observations at times 30 h through 96 h, data were ana-
lysed using only paired t-tests at each time point. There
were no significant differences in mean clinical scores at
any time point (P-values > 0.05) between covered and
exposed ears. Scores appeared to increase after each
exposure to HDM and then decrease 24 h after each chal-
lenge (Fig. 3). Peak values were reached at 30 h.

Body scores (ears excluded)

Due to the loss of the muzzles in three dogs and missing
observations at times 30 h through 96 h, data relative to
the body scores were analysed using only paired t-tests at
each time point. The mean clinical scores of the EE tended
to be higher than the ones of the SME (Figure 4) and such
difference was statistically significant at 24 h and 48 h
(P=0.027 and P = 0.001, respectively). Peak values were
reached at 72 h.
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Environmental exposure vs. snood and muzzle exposure
(ear scores excluded)
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Figure 4. Clinical scores of the body, except for ears scores, in
snood and muzzle exposure (SME) compared to the scores of plain
environmental exposure (plain EE). In the SME experiment, oral
exposure was prevented and one ear was covered to prevent
epicutaneous exposure while the other ear was left uncovered. This
experiment was designed to evaluate the role of inhalation allergen
exposure and the effect of preventing oral exposure. In each
experiment, dogs were challenged for three consecutive days (days
of challenge are indicated by arrows) with 50 mg of house dust mites
sprayed on the floor of their kennel. Figure shows means for all data
points: when there were six observations, all six were used to
calculate means and standard errors (SE) of the means (bars); when
there were only three observations, only three observations were
used to calculate means and SEs. The vertical line indicates the time
at which three dogs removed their snoods and muzzle and only the
data of the three dogs that still had the snoods and muzzles in place
were included. Asterisk indicates times at which the difference in
mean clinical scores between the two groups reached statistical
significance.

Oral exposure vs. plain environmental exposure

All dogs developed erythema, pruritus and a mild to
moderate papular eruption after oral administration of
HDM (Figure ba). The body sites that developed lesions
after OE were the same as the ones of the EE (face, feet,
ears and ventral abdomen). Mean clinical scores of OE
peaked at 48 h (last challenge) and then slowly decreased
over time. In contrast, mean scores of EE continued to
increase after the last HDM exposure reaching a peak
value at 72 h (Figure 6).

Data were analysed using two-exposure type x eight-
time repeated measures anova. Significant effect of
exposure type (P =0.0031) and time (P < 0.0001) and a
significant exposure—time interaction (P < 0.0001) were
detected. Additionally, paired ttests showed that EE
mean clinical scores were significantly higher than OE
scores at 6, b4, 72 and 96 h (P-values < 0.005).

Discussion

In this study, pruritic dermatitis could be triggered by any
route of allergen exposure, suggesting that all routes are
contributory. The distribution of lesions appeared to be

Routes of allergen exposure in canine AD

Figure 5. (a) Erythema on the ventral abdomen of a beagle 24 h after
ingestion of 50 mg of HDM. A mild papular eruption was noticeable
on the medial aspect of the rear leg. (b) Close up of the papular
eruption developed 48 h after the beginning of the oral challenge.

independent of the route of exposure, suggesting that
certain areas of the body seem to be ‘preprogrammed’ to
develop inflammation upon allergen challenge once sen-
sitization has occurred.

In SME, erythema developed in all ears, whether they
were covered or not. Because of the low number of dogs
and the loss of the snoods and muzzles in three dogs after
the first 24 h, statistical conclusions are limited. A variety
of snoods had been tried in pilot studies to find the snood
model that would have the highest likelihood to stay in
place. Unfortunately, some dogs managed to consistently
remove muzzles and snoods regardless of the model
used. Of the dogs in which the snoods and muzzles stayed
in place, it can be speculated that either inhalation of the
allergen or a systemic reaction following epicutaneous
exposure to other parts of the body or both was responsible
for the development of erythema in the covered ears.

The inhalatory route of allergen exposure was explored
and emphasized in previous studies that attempted to
develop a model for asthma using dogs.'? In the early
40s, rhinitis, conjunctivitis, and asthma symptoms were

© 2006 The Authors. Journal compilation © 2006 European Society of Veterinary Dermatology. 309



Marsella et al.

60 - Oral exposure vs. environmental exposure

*
* *

n=6

40 1

30 1

Clinical scores

—&— Oral

—&— Environmental

TO T6 T24 T30 T48 T54 T72 T96

! i !

Time (hours)

Figure 6. Clinical scores of the oral exposure (OE) compared to the
plain environmental challenge (plain EE). With each experiment, dogs
were challenged for three consecutive days (days of challenge are
indicated by arrows) with 50 mg of HDM. Figure shows means and
standard errors (SE) of the means (bars) for all data points. While the
mean clinical scores in the oral challenge experiment decreased after
discontinuation of challenge, in the environmental challenge they
continued to increase despite discontinuation.

Asterisk indicates times at which the difference in mean clinical
scores between the two groups reached statistical significance.

induced by aerosolizing ragweed pollens in a dog with
spontaneous allergic conjunctivitis and dermatitis.'®
Additionally, beagle dogs experimentally sensitized to
Ascaris, developed bronchial hyperreactivity and pulmo-
nary inflammation after bronchial allergen challenge. In
our experiments the allergen was not aerosolized in order
to minimize irritation and more closely mimic a natural
setting. Interestingly, only two of the dogs in this colony
developed conjunctivitis with EE and none of them had
ever developed respiratory signs. Although allergen inha-
lation may play some role in the canine disease, previous
studies also demonstrated that it is not the single most
important route of exposure. When atopic dogs were
intranasally challenged with allergens, although respiratory
signs developed in some dogs, worsening of skin lesions
could not be induced in any of the atopic dogs.'®

The possibility of a systemic reaction following epicuta-
neous exposure to the allergen in other body parts is
therefore another intriguing explanation for the develop-
ment of erythema in the covered ears. It is currently
unknown whether in cAD the allergen may be captured in
one part of the body and then migrate to ‘preprogrammed’
areas to trigger an inflammatory reaction. Whether the
inflammation in the covered ear was induced by an allergen
that physically migrated to that area or by selective hom-
ing of memory T cells in ‘preprogrammed’ sites will need
to be evaluated in future studies.

An interesting finding of this study was that dermatitis
clinically compatible with AD could be triggered by simple
ingestion of the allergen. This route of exposure in cAD
may indeed be more important than initially thought
because of the grooming habits of our patients. To the
best of the authors’ knowledge, this is the first study

focusing on the role of ingestion of environmental aller-
gens in cAD. Cross-reactivity between food and pollens
has been extensively investigated in human medicine and
is starting to be explored in veterinary medicine.'® How-
ever, ingestion of pollens or other environmental allergens
had not been previously investigated in veterinary medi-
cine. It is interesting to note that selective homing of
allergen-specific T cells to lesional atopic areas has been
demonstrated in humans with food allergies. Specifically,
worsening of AD lesions can be induced after oral chal-
lenge with birch-related foods in patients allergic to
birch.'” Thus, it is conceivable that HDM-specific memory
T cells may be present in ‘atopic sites’ in the dogs used in
the current study and that these cells may be responsible
for the flaring up of lesions, regardless of the route of
exposure to the allergen.

As the distribution of lesions was not determined by the
route of exposure, a fascinating question arises regarding
the anatomic sites of AD. These sites are strikingly similar
between humans and dogs.'® While for dogs the epicuta-
neous route of allergen exposure has been traditionally
used to help explain the anatomic predisposition of certain
sites (e.g. walking on grass, sniffing the ground), this does
not seem to apply as well when humans are considered.
It could be speculated that lesional areas are sites where
there is impaired sweat and/or abnormal barrier function
potentially leading to increased allergen exposure and
increased risk for sensitization. Growing evidence sug-
gests alterations in skin pH and impairment in the sweat
response and barrier function of the skin in human AD.'%??
The anomalous sweat response has been demonstrated
to be attributable to an abnormal sudomotor axon reflex.?
Differences in sweat response were found between lesional
areas and non-lesional areas, potentially explaining the
distribution of lesions in human AD.?® Recently, the
impaired barrier function has been linked to loss-of-
function genetic variants in the gene encoding filaggrin, a
key protein that facilitates terminal differentiation of the
epidermis and the formation of the skin barrier?* Altera-
tions in tissue kallikreins have also been considered to
explain the impaired barrier function in human AD as kal-
likreins are essential for the regulation of serine protease
activity in skin and for steady desquamation, sebum and
sweat maturation.?®

Based on the results of this study, the epicutaneous
route of allergen exposure appears to be the most clinically
important as clinical scores continued to increase only in
experiments where epicutaneous route was allowed. This
was particularly noticeable when the clinical scores of the
plain EE were compared to the OE. In the OE, scores
peaked at 48 h and then slowly decreased, as allergen
administration was not protracted beyond the first 3 days.
In the EE, although no new exposure to the allergen was
performed after the first 3 days, the persistence of the
allergen on the skin (dogs were not bathed until the end
of the week) was likely responsible for sustaining the
inflammation and the worsening of clinical scores. These
results, combined with the detection of HDM allergens on
the skin and in the coat of dogs,?® can explain how dogs
with AD experience temporary relief with topical therapy
and how this source of allergen may act as a reservoir for
continual cutaneous inflammation.
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In summary, all routes of allergen exposure (oral, inhala-

tory and epicutaneous) appear to play a role in triggering
AD lesions in dogs sensitized to HDM, with epicutaneous
being the most important one in the perpetuation of clini-
cal signs. The distribution of lesions also appears to be
independent of the route of exposure. Further studies are
necessary to better elucidate the mechanisms involved in
determining the anatomic distribution of AD lesions and
the development of lesions in ‘preprogrammed’ atopic sites.

Acknowledgements

The authors would like to thank Dr William Perlstein for
providing statistical analyses. Support for the colony was
in part donated by Novartis Animal Health and the Amer-
ican College of Veterinary Dermatology.

References

1.

Olivry T, Hill PB. The ACVD task force on canine atopic dermatitis
(IX): the controversy surrounding the route of allergen challenge
in canine atopic dermatitis. Veterinary Immunology and Immuno-
pathology 2001; 81: 219-25.

. Helton-Rhodes K, Kerdel F, Soter NA, Chinnici R. Investigation

into the immunopathogenesis of canine atopy. Seminars in Vet-
erinary Medicine and Surgery (Small Animal) 1987; 2: 199-201.

. Olivry T, Moore PF, Affolter VK, Naydan DK. Langerhans cell

hyperplasia and IgE expression in canine atopic dermatitis.
Archives of Dermatological Research 1996; 288: 579-85.

. Olivry T, Buckler KE, Dunston SM, Clarke KB, McCall CA. Positive

‘atopy patch tests’ reactions in IgE-hyperresponsive beagle dogs
are dependent upon elevated allergen-specific IgE serum levels
and are associated with IgE-expressing dendritic cells. Veterinary
Dermatology 2002; 13: 219.

. Olivry T, Deangelo KB, Dunston SM, Clarke KB, McCall CA. Patch

testing of experimentally sensitized beagle dogs: development of
a model for skin lesions of atopic dermatitis. Veterinary Dermatology
2006; 17: 95-102.

. Mudde GC, van Reijsen FC, Boland GJ et al. Allergen presentation

by epidermal Langerhans’ cells from patients with atopic dermatitis
is mediated by IgE. Immunology 1990; 69: 335-41.

. Mudde GC, van Reijsen FC, Bruijnzeel-Koomen CA. IgE-positive

Langerhans cells and Th2 allergen-specific T cells in atopic derma-
titis. Journal of Investigative Dermatology 1992; 99: 103S.

. Weidinger S, lllig T, Baurecht H et al. Loss-of-function variations

within the filaggrin gene predispose for atopic dermatitis with
allergic sensitizations. Journal of Allergy and Clinical Immunology
2006; 118: 214-9.

. Marsella R, Olivry T, Nicklin CF, Loez J. Pilot investigation of a

model for canine atopic dermatitis: environmental house dust
mite challenge of high-IgE-producing beagles, mite hypersensitive
dogs with atopic dermatitis and normal dogs. Veterinary Derma-
tology 2006; 17: 24-35.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Routes of allergen exposure in canine AD

Marsella R, Nicklin C, Lopez J. Atopy patch test reactions in high-
IgE beagles to different sources and concentrations of house dust
mites. Veterinary Dermatology 2005; 16: 308-14.

. Olivry T, Rivierre C, Jackson HA, Murphy KM, Davidson G, Sousa

CA. Cyclosporine decreases skin lesions and pruritus in dogs with
atopic dermatitis: a blinded randomized prednisolone-controlled
trial. Veterinary Dermatology 2002; 13: 77-87.

Patterson R. Investigations of spontaneous hypersensitivity of
the dog. Journal of Allergy 1960; 31: 351-63.

Wittich FW. Spontaneous allergy (atopy) in the lower animal —
seasonal hay fever (fall type) in a dog. Journal of Allergy 1941; 12:
247-51.

Turner NC, Fuller RW, Jackson DM. Eicosanoid release in allergen-
induced broncho-constriction in dogs: Its relationship to airways
hyperreactivity and pulmonary inflammation. Journal of Lipid
Mediators and Cell Signaling 1995; 11: 93-102.

Willemse A. Canine atopic disease: investigations of eosinophils
and the nasal mucosa. American Journal of Veterinary Research
1984; 45: 1867-9.

Fujimura M, Ohmori K, Masuda K, Tsujimoto H, Sakaguchi M. Oral
allergy syndrome induced by tomato in a dog with Japanese
cedar (Cryptomeria japonica) pollinosis. Journal of Veterinary
Medical Science 2002; 64: 1069-70.

Reekers R, Busche M, Wittmann M, Kapp A, Werfel T. Birch pollen-
related foods trigger atopic dermatitis in patients with specific
cutaneous T-cell responses to birch pollen antigens. Journal of
Allergy and Clinical Immunology 1999; 104: 466-72.

Marsella R, Olivry T. Animal models of atopic dermatitis. Clinics
in Dermatology 2003; 21: 122-33.

Rippke F, Schreiner V, Doering T, Maibach HI. Stratum corneum
pH in atopic dermatitis: impact on skin barrier function and colo-
nization with Staphylococcus Aureus. American Journal of Clinical
Dermatology 2004; 5: 217-23.

Hudson TJ. Skin barrier function and allergic risk. Nature Genetics
2006; 38: 399-400.

Seguchi T, Cui CY, Kusuda S, Takahashi M, Aisu K, Tezuka T.
Decreased expression of filaggrin in atopic skin. Archives of Der-
matological Research 1996; 288: 442-6.

Jensen JM, Folster-Holst R, Baranowsky A et al. Impaired sphingo-
myelinase activity and epidermal differentiation in atopic dermatitis.
Journal of Investigative Dermatology 2004; 122: 1423-31.

Eishi K, Lee JB, Bae SJ, Takenaka M, Katayama |. Impaired sweat-
ing function in adult atopic dermatitis: results of the quantitative
sudomotor axon reflex test. British Journal of Dermatology 2002;
147: 683-8.

Palmer CN, Irvine AD, Terron-Kwiatkowski A et al. Common loss-
of-function variants of the epidermal barrier protein filaggrin are a
major predisposing factor for atopic dermatitis. Nature Genetics
2006; 38: 441-6.

Komatsu N, Saijoh K, Toyama T et al. Multiple tissue kallikrein
mRNA and protein expression in normal skin and skin diseases.
British Journal of Dermatology; 153: 274-81.

Glass EV, Reid RA, Hillier A, Needham GR. Use of an amplified
ELISA technique for detection of a house dust mite allergen (Der
f 1) in skin and coat dust samples from dogs. American Journal of
Veterinary Research 2003; 64: 162-5.

Résumé Cette étude s'estintéressée aux différentes voies de pénétration (orale, épicutanée, respiratoire)
des acariens des poussieres (HDM). Une colonie de Beagle haut répondeur en IgE s’est révélée capable
de développer une dermatite prurigineuse comparable avec une dermatite atopique quand stimulée par une
exposition environnementale (EE) a HDM. Dans des essais en cross-over, la réponse a EE a été comparée
a deux provocations modifiées, une exposition orale (OE) et une provocation nasale (SME). Pour OE, des
HDM ont été ingérés quotidiennement pendant 3 jours. Pour SME, I'ingestion a été évitée, mais une inha-
lation et une exposition épicutanée a toutes les régions cutanées sauf une oreille. Dans tous les essais, les
chiens ont été provoqués pendant trois jours consécutifs, et évalués avant, 6h aprés exposition, et tous les
jours pendant 5 jours. Aprés une période de wash out, les groupes ont été échangés, afin que chaque chien
subisse les trois protocoles. Les scores cliniques ont été évalués en utilisant une analyse de la variance.
Tous les chiens développerent une dermatite prurigineuse quelque soit le protocole. Avec OE, les Iésions
apparurent dans les mémes zones que avec EE bien que les scores furent plus faibles. Cette différence
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était plus marquée aprées les trois premiers jours, quand les scores d'OE ont diminué et que les scores d’'EE
continuerent d'augmenter. Les scores entre les oreilles provoquées et non provoguées n’étaient pas dif-
férents pour SME. Les scores pour le reste du corps étaient plus faibles que pour EE. L'apparition de lésions
sur les oreilles couvertes souligne I'importance de I'inhalation ou de la voie systémique en réaction a une
provocation épicutanée dans d'autres zones. Nous concluons que toutes les voies de stimulation sontimpor-
tantes et ont des effets qui s'additionnent, que la voie de stimulation n’est pas liée a la localisation des
|ésions et qu’'une exposition épicutanée continue joue probablement le plus grand réle.

Resumen En el presente estudio nos planteamos investigar el papel que juegan las rutas oral, epicutédnea
e inhalatoria en la exposicion a los &caros del polvo. La colonia de perros Beagle con produccién de IgE ele-
vada ha demostrado desarrollar dermatitis pruritica compatible con dermatitis atopica tras la exposicion en
el ambiente a acaros del polvo. En experimentos cruzados, la respuesta a la exposicidon ambiental se com-
paré con dos desafios modificados: la exposicién oral, y la exposicién en el hocico y a cofias. Para la via oral
los animales fueron alimentados diariamente por 3 dias. Para la ruta hocico/cofia, se evito la ingestién del
alergeno, pero se indujo inhalacién y exposicién epicutanea en todas las regiones anatdémicas a excepcion
de una oreja. En todos los experimentos, los perros se desafiaron con el alergeno durante 3 dias consecu-
tivos, y se evaluaron antes, 6 horas tras la primera exposicion, y después a diario durante cinco dias. Tras
un periodo de descanso, los grupos se cruzaron de forma que cada perro se desafié al azar con los tres pro-
tocolos. Los valores clinicos se analizaron utilizando el ajuste minimo cuadratico de la varianza. Todos los
perros desarrollaron dermatitis pruritica independiente del protocolo. Con la exposicion oral, las lesiones
aparecieron en las mismas regiones corporales que tras la exposicién ambiental, aunque los valores fueron
menores. Esta diferencia fue mas evidente tras los tres primeros dias cuando los valores orales dis-
minuyeron y los valores ambientales continuaron aumentando. Los valores en orejas cubiertas o descubi-
ertas no fueron diferentes con el protocolo hocico/cofia. Los valores para el resto del cuerpo fueron
significativamente menores que con el protocolo de exposicion ambiental. El desarrollo de lesiones en orejas
cubiertas indica la importancia de la inhalacién o de una reaccion sistémica a la exposicién epicutdnea en
otras areas. Concluimos que todas las rutas son importantes y tienen efectos aditivos, que la ruta de expos-
icion no determina la distribucion de las lesiones, y que la continua exposiciéon epicutdnea posiblemente
juega el papel més importante.

Zusammenfassung Das Ziel der vorliegenden Studie war es, zu untersuchen, welche Rolle die Route der
Exposition (oral, epikutan und Inhalation) zu Hausstaubmilben (HDM) spielt. Es konnte gezeigt werden, dass
eine Kolonie von Beagles mit hoher IgE Produktion eine juckende Dermatitis entwickeln, welche mit atopis-
cher Dermatitis vergleichbar ist, nachdem sie Hausstaubmilben in der Umwelt (EE) ausgesetzt worden
waren. In Cross-over Experimenten wurde die Antwort auf EE mit zwei modifizierten Provokationen vergli-
chen, néamlich der oralen Exposition (OE) und der Exposition tiber Schnauze und Maul (SME). Fir OE wurden
die HDM 3 Tage lang taglich gefittert. Fir SME wurde die orale Aufnahme von Allergenen verhindert, aber
es bestand Inhalation und epikutane Exposition an allen Kérperregionen aufder an einem Ohr. In allen Exper-
imenten wurden die Hunde fir 3 aufeinanderfolgende Tage der Provokation ausgesetzt und vor und 6
Stunden nach der Exposition, sowie danach taglich 5 Tage lang, evaluiert. Nach einer Wash-out Phase, wurden
die Gruppen Uberkreuzt, sodass jeder Hund dem Zufallsprinzip folgend mit allen drei Protokollen provoziert
wurde. Die klinischen Veranderungen wurden mittels ‘least squares analysis of variance’ analysiert. Alle
Hunde entwickelten unabhangig vom verwendeten Protokoll eine juckende Dermatitis. Bei OE entwickelten
sich die Hautveranderungen in denselben Kérperregionen wie mit EE, obwohl die Grade der Verdnderungen
geringer waren. Dieser Unterschied wurde nach den ersten 3 Tagen gravierender, da die OE Veranderungen
abnahmen wéhrend die EE Verdnderungen weiterhin zunahmen. Die Grade der Veranderungen bei bedeck-
ten und unbedeckten Ohren waren bei SME nicht unterschiedlich. Fir den Rest des Kdrpers waren die
Grade der Veranderungen signifikant niedriger als bei EE. Die Entstehung von Lasionen an den bedeckten
Ohren bestéatigt die Bedeutung der Inhalation oder einer systemischen Reaktion auf die epikutane Exposition
in anderen Regionen. Es wird daraus geschlossen, dass alle Routen wichtig sind und ein additiver Effekt
besteht; dass die Route der Exposition die Verteilung der Lasionen nicht bestimmt und dass kontinuierliche
epikutane Exposition mdglicherweise die wichtigste Rolle spielt.
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