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Abstract The pathogenesis of equine urticaria is not well understood. In man, urticaria has been associated with
immunological and nonimmunological mechanisms leading to the release of various mediators by mast cells. Skin
biopsies of 32 horses with a history of urticaria were stained with toluidine blue, a double-labelling method for
chymase and tryptase, and immunohistochemistry for immunoglobulin (Ig)E. These horses were compared with
horses with pemphigus foliaceus, insect bite hypersensitivity and control horses with healthy skin. Neither for-
malin fixation time nor biopsy site influenced the staining methods. No chymase-positive cells were found. In all
groups of horses, cells staining with toluidine blue and for tryptase and IgE were found in the epidermis and hair
follicle papilla and significantly more positively staining cells were observed in the subepidermal dermis compared
with the deep dermis. Horses with urticaria had significantly more IgE-bearing cells in the subepidermal dermis
than control horses. However, horses with urticaria had significantly fewer toluidine-blue-stained mast cells in
both subepidermal and deep dermis compared with the insect bite hypersensitivity and pemphigus foliaceus

groups. This study suggests that IgE-mediated reactions play a role in the pathogenesis of urticaria.

INTRODUCTION

Urticaria (hives) is a common dermatological con-
dition in horses. It occurs in horses of all ages, is often
recurring and can be pruritic. Lesions appear suddenly,
typically regressing within 24 h, but they can also be
persistent.”? In horses, the differentiation between acute
and chronic urticaria is not well defined. Chronic
urticaria in humans is defined as recurrent urticaria
occurring at least twice a week for 6 weeks.>*
Characteristic signs of urticaria in horses are acutely
appearing wheals of variable diameter, distributed bilat-
erally symmetrically on the trunk, neck and proximal
extremities. Less common signs are papules, and giant
or exudative wheals or polycyclic (gyrate) forms.>>
Most horses with urticaria respond favourably to
glucocorticoids or antihistamines but if the underlying
cause is not identified and eliminated, lesions often
recur when therapy is stopped. As a result of the dis-
ease, pruritus and lesions that occur beneath the tack
can make the horse unsuitable for working purposes.
Urticaria is considered to be a cutaneous reaction
pattern for which there are multiple potential causes in
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both humans>® and horses.”® In analogy to causes of
urticaria induction in humans, hypersensitivity reactions
towards aero-allergens, food or insect bites, contact
allergens, irritants or drugs have been reported as
possible underlying causes in horses."* ! In addition,
possible physical factors such as heat or cold, exercise
or idiopathic causes have been described.’ The evidence,
however, for a causal relationship between these factors
and the occurrence of urticaria in horses is limited.
The pathophysiology of urticaria is poorly under-
stood in both humans and horses.!*!? In man, urticaria
has been associated with immunological and nonim-
munological mechanisms leading to the release of
various mediators by the major effector cell, the mast
cell.'%1314 However, basophils, mononuclear cells, platelets
and endothelial cells have also been implicated. %1313
The histopathology of equine urticaria is character-
ized by variable dermal oedema with or without a
perivascular to diffuse infiltrate with eosinophils and
lymphocytes.>> Equine mast cells are not easily seen
without special stains. Although equine urticaria is often
described as an example of a type I hypersensitivity
reaction, the presence of mast cells has not been reported
in histological sections from horses with the disease.
Many horses with recurring urticaria undergo intra-
dermal testing for the detection of immediate-type
reactions but the sensitivity and specificity of this test
are low."">1¢ The distribution pattern and type of cellular
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infiltrate are similar to that observed in horses with insect
bite hypersensitivity (IBH). In the latter, however, an
immunoglobulin (Ig)E-mediated response has clearly
been demonstrated in situ at the mRNA level and also
at the protein level with immunohistochemistry.!”

The aims of our study were, first, to investigate the
occurrence of IgE-bearing cells and to characterize
the mast cell infiltrate in lesional skin of horses with
urticaria. Second, we aimed to compare the findings
with those of horses with IBH and pemphigus foliaceus
(PF) and horses without skin lesions. Finally, the
immunohistochemistry was related to the clinical data.

MATERIALS AND METHODS

Case material

From biopsies sent for diagnostic purposes to the
dermatopathology service of the Institute of Animal
Pathology between 1991 and 2003, we selected 32
biopsies from 32 horses with a diagnosis of urticaria
for examination. The horses ranged in age from 2 to
28 years. There were 16 mares, 10 geldings, 3 stallions
and 3 of unknown gender. The horses were 17 European
Warmblood, 2 Andalusians (Pura Raza Espanol) and
1 of each of the following breeds: Arabian, Akhal Teke,
American Quarter Horse, Anglo-Arabian, Freiberger
(small Swiss draft breed), Lusitano, Thoroughbred,
1 pony and 4 horses of unknown breed. The histol-
opathological changes comprised a superficial to deep,
perivascular to diffuse cellular infiltrate with eosinophils
and mononuclear cells with variable dermal oedema
(Fig. 1a).

Based on history, clinical signs and histopathological
diagnosis, seven horses with PF (age 3-12 years, four
mares, three geldings, various breeds) and eleven with
IBH (age 1.5-11 years, three mares, seven geldings, one
of unknown gender, various breeds) were selected for
comparison.

Clinical data were obtained from the covering letter
accompanying the biopsies and by mailing a question-
naire to the owners and veterinarians. Desired infor-
mation included signalment, duration of disease, sites
and characterization of cutaneous lesions, presence or
absence of pruritus, and occurrence of lesions in rela-
tionship to season, exercise, sweating, drugs, feed and
bedding.

Nine control horses had neither history nor clinical
signs of skin disease. They ranged from in age 1 to
27 years with five mares and nine geldings of various
breeds. Seven of the horses had acute abdominal crises,
one had bacterial joint disease, and one had a congen-
ital nasal anatomical abnormality. Six-millimetre punch
biopsies were taken within 1 h of euthanasia from six
different body sites: the lateral neck, lateral shoulder,
lateral thorax, fetlock, and base of the mane and tail.
To match the fixation times of the specimens of the skin
disease groups, biopsies from four horses were fixed in
10% formalin for < 24 h and from five horses for > 48 h
before paraffin embedding.
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Figure 1. Photomicrograph of the skin from an urticaria-affected
horse stained with H&E (a) and a polyclonal anti-horse IgE (b).
Bar = 100 pm.

Histopathology and immunohistochemistry

Serial sections were cut from all tissue samples. One
section was stained with toluidine blue to detect mast
cells. For IgE immunohistochemistry, slides were depar-
affinized in xylene, fixed in ethanol and rehydrated in
Tris-buffered saline (pH 7.6). Enzymatic digestion was
performed with 0.2% trypsin. The nonspecific binding
sites were blocked with 2% porcine skin gelatine. A
polyclonal chicken antibody, specific for a recombinant
equine Ige domain 3-4 fragment and reacting with
native horse IgE'® was used as primary antibody. Stain-
ing was performed according to the method described
by van der Haegen et al.!” As a secondary antibody an
alkaline phosphatase-labelled goat anti-chicken I1gG
(Kirkegaard and Perry Laboratory Inc., MD, USA) was
applied. Colour processing occurred with naphthol-
AS-Mx-phosphate (Sigma Chemical Co., St. Louis, MO,
USA) and Fast Red salt (Chroma-Gesellschaft, Schmid
GmbH & Co, Kongen, Germany). Preimmune chicken
IgY was used as negative control. Slides were mounted
with Glycergel (Dako, Carpinteria, CA, USA).

A double-labelling procedure for the detection of
chymase and tryptase was performed according to
Welle er al.'® First, chymase detection was carried
out with an enzyme-histochemical reaction for
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naphthol-AS-p-chloroacetate, using a commercially
available kit (Sigma). The use of Fast Blue BB salt
(Sigma) instead of Fast Violet Luria—Bertani salt was
our only modification to the company’s protocol."”
Tryptase-positive mast cells were detected by immuno-
histochemistry with a rabbit anti-(human skin tryptase)
(kindly provided by Prof Dr I. Harvima, Kupio,
Finland).?’ A rabbit preimmune serum and an equine
mast cell tumour served as the negative and positive
control, respectively. Colour processing occurred with
naphthol-AS-Mx-phosphate and Fast Red salt.
Morphometric analysis was performed under a
standard light microscope at x500 magnification using
a square eyepiece reticule (0.296 x 0.296 mm). For larger
biopsies, two regions with typical histopathological
changes were selected on haematoxylin and eosin
(H&E)-stained sections and the same regions were
assessed for the different stainings. The skin was
subdivided into four different areas: epidermis, sub-
epidermal layer, dermis and hair follicles. The entire
surface of the epidermis and hair follicles were evaluated
separately and classified as positive when one or more
positive cells were detected. The subepidermal layer
was defined as the dermal part just under the epidermis
(0.296 mm depth, corresponding to one side of the
square reticule) and was evaluated separately. Cells
were counted in six adjacent square reticules. The
deeper part of the dermis (named further dermis) was
defined as a rectangular area of 6 x 5 adjacent square
reticules located just under the subepidermal layer.
From each paraffin block (selected biopsy tissue), a
series of adjacent sections was cut. On these serial
sections, cells stained for IgE-protein, chymase and
tryptase, and toluidine blue were counted in the same
(corresponding) areas in order to allow direct compar-
ison. Results were expressed as numbers of cells/mm?.
Whenever multiple biopsies of one horse and ana-
tomic region were available, all were initially evaluated
(prepared, stained and counted). In total 45,17, 11 and
54 biopsies of urticaria-, PF-, IBH-affected and con-
trol horses were processed. In order to avoid repeated
(nonindependent) measures, those biopsy sections per
horse and anatomic region that had the highest cell
count per staining were selected and used for the com-
parative statistics between the different horse groups.

Statistical analysis

Data were stored in an Ms EXCEL spreadsheet. Descrip-
tive statistics (frequencies, measures of central tendency
and spread) and graphs were generated for data explor-
ation. For comparison of cell counts between biopsy
sites within individual horses, nonparametric paired
t-tests were used. Spearman’s rank correlation coeffi-
cient was used to assess the correlation of different
staining methods in control horses, and to describe the
correlation between horse age and cell counts. Kruskal—
Wallis analysis of variance (ANOVA) on Ranks with
Bonferoni correction for multiple comparison was
chosen to compare cell counts between the different
groups of horses (disease groups, gender, etc.). Whenever

multiple nonindependent samples from individual
horses were included into these comparisons, a repeated-
measures ANOVA approach was chosen. The overall P-
value for statistical significance was 0.05. All statistics
were performed using the software package Ncss 2001
(wWww.ncss.com).

RESULTS

The skin lesions of urticarial horses were variable (Fig. 2;
Table 1). Information about clinical signs could not be
obtained from every horse but they often exhibited
pruritus (12/26) and oozing (17/30). The neck (14/29)
and trunk (14/29) were most commonly involved. Most
horses (15/20) had recurring symptoms, often for more
than 6 weeks (11/27). A seasonal influence was reported
in 7/11 horses.

Horses with urticaria did not show any significant
association between positively staining cells and pruritus
or duration of clinical signs at the time of biopsy. There
was no significant correlation between age and positive
staining for IgE in control horses but with toluidine
blue and tryptase staining, there was a tendency for the
cell number to decrease with age. The only significant
negative correlation (r =—0.7) was found with toluidine
blue staining in the dermis. Gender did not influence
cell counts within control and urticaria-affected horses.

Figure 2. Horse with chronic urticarial lesions on the cranial
shoulder region and the lateral thorax. (a) Lateral aspect of the
horse. (b) Detail of the lesion on the dorsolateral thorax with focal
gyrate alopecia, scales and crusts.
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Table 1. Clinical information for horses with urticaria

Duration of Localization Cause/season
Sign N Y% clinical signs N Y% of lesions N Y% of clinical signs N %
Wheals 25/30 83 < 1 week 7127 26 Head 5129 17 11720 55
Oozing 17/30 57 1-6 weeks 9127 33 Neck 14/29 48 Season 7/11 64
Papules 12/30 40 > 6 weeks 1127 41 Shoulder 4/29 14 Winter 317 43
Crusts 10/30 33 recurring 15/20 75 Thorax 4/29 14 Spring + fall 2/7 29
Alopecia 5130 17 Abdomen 3/29 10 Summer + fall 2/7 29
Hyperkeratosis, 4/30 13 Whole body 7129 24  Food and bedding 6/11 56
scales Trunk 14/29 48  Stress 1/11 9
Pruritus 12/26 46 Prox. extremities 3/29 10  Riding/sweating 1/11 9

N, number of horses with the symptom compared with the number of horses with obtained information.

Fixation times of <24 h and > 48 h did not signifi-
cantly affect the numbers of positively stained cells. There
were no significant differences between sites within
individual control horses. However, the fetlock IgE-
staining tended to be higher in the dermis and fewer
cells were seen with toluidine blue staining in the
subepidermal layer (data not shown).

With all staining methods, the number of cells per
mm? had a skewed (non-normal) distribution. In the
horses with IBH, PF or urticaria, marked variations
in cell counts were found in all skin biopsy sites and
staining techniques between individual horses. In the
control horse group, a high variation of cell counts
was found, especially with the tryptase staining in the
subepidermal layer.

Positively staining cells were mainly located in the
subepidermal layer of the dermis. Tryptase-positive
mast cells, but not chymase-positive mast cells, were
detected in skin biopsies, although a control mast cell
tumour stained for both tryptase and chymase. IgE-
positive cells were found in a similar distribution pat-
tern (Fig. 1b) with a few within the subcorneal vesicles
in some urticaria-affected horses. Horses of all groups
had cells in the epidermis and hair follicle papillae
which were positive for IgE, toluidine blue and tryptase
(20.3, 6.8 and 1.5%, respectively, for epidermis and
(16.5, 11.5 and 9.8% for papillae) (Fig. 3). Serial
sections indicated that the same cells stained for IgE-
protein, tryptase and toluidine blue. IgE-positive cells
were mainly located in the basal layer of the epidermis.
Most staining was on the outer surface of the cells and
most cells were round, occasionally with staining of
possible dendrites. Mast cells identified by toluidine blue
staining always stained positively for IgE but this
should be confirmed using a double-labelling method.

The two dermal layers of control horses showed
moderate to high (r = 0.59-0.70) correlation for
numbers of positively stained cells by all methods. There
was a moderate correlation of 0.69 between toluidine
blue and tryptase staining in the dermis. All staining
methods in all groups of horses demonstrated more
positive cells in the subepidermal dermis than in the
deep dermis (Fig. 4). Toluidine-blue-positive and
tryptase-positive cells were not more common in the
dermis of urticarial horses dermis than control horses.
Horses with PF and IBH had more toluidine-blue-
positive and tryptase-positive cells in the subepidermal

and deep dermis than urticaria-affected and control
horses (Fig. 4a,b).

Horses with urticaria, IBH and PF all had significantly
more IgE-bearing cells in the subepidermal dermis
than the control group. Horses with IBH and PF also
had significantly more IgE-bearing cells in the deep
dermis (Fig. 4c).

DISCUSSION

Wheals, pruritus, oozing and recurrence of lesions were
often described in these urticarial horses (83, 46, 57
and 75%, respectively). It is probable that biopsies
are mainly taken from horses with lesions of longer
duration or recurring lesions. This may skew the data
towards chronic or recurring urticaria. It was often
unclear whether lesions were new occurrences or older
persistent lesions. Although many biopsies may have
been from chronic urticaria, many were from oozing
lesions. The histopathological findings were com-
parable with lesions described as spongiotic vesicular
dermatitis.>?! but with less clinical and histological
oedema. In contrast to an earlier study,'” which used
slaughter horses as controls, in this study, toluidine-
blue-positive and IgE-bearing cells were observed in
the epidermis of control horses. Although the control
horses in this study often had other acute diseases,
none is typically associated with IgE production.

There was variability in cell counts by all staining
methods in all horses. This variability can be explained
by differences in chronicity of the lesions in the diseased
animals. We have no explanation, however, for the high
variation in the number of tryptase-positive cells within
the control group.

Many IgE-positive cells were in the subepidermal
and deeper dermis of all horses. An unexpected finding
was the significant increase in the tryptase-, toluidine-
blue- and IgE-positive cells in the PF group. PF is
generally regarded as an IgG-mediated disease charac-
terized by the production of autoantibodies directed
against the major antigen desmoglein I (specifically
identified in humans and dogs) located in the inter-
cellular spaces of the epidermis.”” In human endemic
pemphigus folicaeus (EPF) increased serum IgE>>%* is
said to be associated with mercury and certain black fly
species,”>? but no IgE hypersensitivity reactions have

© 2005 European Society of Veterinary Dermatology, Veterinary Dermatology, 16, 94—101



98 S Riifenacht et al.

been recorded, possibly because no black fly allergens
were used in these tests.>* Horses are commonly exposed
to black flies but so far an association with PF has not
been found.?® To our knowledge, IgE-bearing cells have
not been described in humans or dogs with PF. How-
ever, in cats and humans with PF, high numbers of skin
mast cells are described.?”?8

Figure 3. The same hair follicle papilla of an urticaria-affected horse
showing toluidine-blue-positive (a), tryptase-positive cells (b) and
anti-IgE-positive cells (c). Bar = 50 um.

Control horses had many IgE-bearing cells
(median 180 cells/mm? in the subepidermal dermis and
20 cells/mm? in the deeper dermis) compared with dogs,
which may also be one explanation for the false-positive
reactions in intradermal testing in horses.'>!® Fewer
IgE-, toluidine-blue-, and tryptase-positive cells were
found in urticaria-affected horses compared with IBH
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Figure 4. Cell counts with the different stainings. Number of
tryptase- (a), toluidine-blue- (b) and IgE- (c) positive cells per mm?
in the subepidermal (grey box plots) and dermal (white box plots)
layers in horses with insect bite hypersensitivity (IBH), pemphigus
foliaceus (PF), urticaria, and in horses without skin lesions (control).
The central horizontal line of the box plots marks the median

(50 percentile) of the sample. The edges of the box mark the first
and third quartiles (interquartile range, IQR), and the whiskers
represent the tail of the distribution. ? = outliers, * significant
differences in cell counts in the subepidermal layer (s) and the
dermis (d).

and PF horses. This may have been caused by oedema
leading to spreading of all cells. Retrospectively,
however, we could not find any significant difference
in cell counts between biopsies with or without signs of
oedema (data not shown).

Although horses with urticaria had significantly
more IgE-bearing cells than control horses, decreased
mast cell counts were noted. Mast cell degranulation may
lead to the depletion of granules® and loss of staining.
The results, therefore, suggest mast cell degranulation
due to an IgE-mediated, type 1 hypersensitivity reaction.
In contrast, nevertheless, only a small percentage of
human patients with chronic urticaria have IgE-
mediated mast cell degranulation. In 30—-50% of humans
with chronic idiopathic urticaria, autoantibodies (IgG)
against the high-affinity receptor for IgE (FceRI) or
against IgE itself have been described.'*33? In horses,
the existence of such autoantibodies is unknown. These
autoantibodies may also exist in horses with urticaria.
Although colocalization of IgE-, toluidine-blue- or
tryptase-positive cells was often suggested in sequential
sections, further studies are planned to define which
cell types carry surface-bound IgE or produce IgE.

Mast cells were detected in the hair follicle papillae
of most horses in all groups. In humans, mast cells are
not present in the papilla but can be found aligned
along the outside of the hair follicles.> The role of
intrapapillary mast cells is unknown. Significantly
fewer toluidine-blue-positive cells were seen in the
urticaria group compared with the IBH and PF groups.
This may have been caused by depletion of granules of
mast cells,”” and consequent loss of staining. Hetero-
geneity of mast cells has been demonstrated both in
different species and in different tissues within one
species.'”** In man®’ and domestic animal species*®3’
mast cells are distinguished by their proteases, tryptase
and chymase. The three mast cell subtypes contain
tryptase or chymase alone or both tryptase and chymase.
With the double-labelling technique we could only detect
tryptase-positive cells and no chymase-positive cells.
The absence of chymase in mast cells has been described
in equine skin'® and endometrial'® mast cells, but using
the same technique, chymase-positive mast cells can be
detected in formalin-fixed equine lung tissue.® We
therefore conclude that the lack of chymase-positive
cells in the skin is not due to formalin fixation. As in
cattle,’’” the major mast cell subtype in equine skin
does not contain chymase. This is in contrast to man,
dogs*® and cats***! where mast cells containing both
tryptase and chymase are the major subtype in the
skin. An earlier report described how mast cells tended
to be more numerous along the dorsal midline,** but
our findings were in agreement with the observations
of Shearer*® who found no significant differences in
mast cell count in different body sites but significant
differences between animals. We found the fetlock area
had different mast cell counts but as this was not a
biopsy site in any of the other disease groups it was not
of significance in our study. Similarly, the fixation times
tested in control horses did not influence toluidine blue
staining or immunohistochemistry.

In conclusion, the results of this study suggest that
IgE-mediated reactions may play a role in the path-
ogenesis of urticaria. Prospective studies on mast cell
protease content and the cytokine profile of T-helper
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cells may prove useful in elucidation of the pathogenesis
of equine urticaria.
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Résumé La pathogénie de I'urticaire n’est pas bien comprise chez le cheval. Chez ’homme, I’urticaire est asso-
ciée a des mécanismes immunologiques et non immunologiques, responsables d une libération de médiateurs var-
iés par les mastocytes (MCs). Des biopsies cutanées de 32 chevaux présentant une urticaire ont été colorées avec
le bleu de toluidine, une méthode de double marquage pour la chymase et la tryptase, et un marquage immuno-
histochimique des IgE. Ces chevaux ont été comparés avec d’autres chevaux présentant un pemphigus foliaceus
(PF), une hypersensibilité¢ aux piqures d’insectes (IBH) et un groupe controle sans trouble cutané. Ni le temps
de fixation dans le formol, ni la zone de biopsie n’ont influencé les résultats. Aucune cellule positive pour la chy-
mase n’a été retrouvée. Dans tous les groupes de chevaux, des cellules colorées par le bleu de toluidine, réagissant
a la tryptase et aux IgE ont été retrouvées dans 1’épiderme, la papille folliculaire et significativement plus dans
le derme superficiel que dans le derme profond. Les chevaux a urticaire avaient significativement plus de cellules
IgE positives dans le derme superficiel que les chevaux du groupe controle. Cependant, les chevaux a urticaire
avaient significativement moins de MCs colorés par le bleu de toluidine en comparaison avec ceux des groupes
IBH et PF. Cette é¢tude suggere que des réactions médices par les IgE jouent un role dans la pathogénie de I'urticaire.

Resumen La patogenia de la urticaria equina no se conoce en su totalidad. En el hombre, la urticaria se ha
asociado a mecanismos inmunoldgicos y no-inmunoldgicos que llevaban a la liberacion de varios mediadores
por parte de mastocitos (MCs). Se realizo una tincion de azul de toluidina en biopsias cutaneas de 32 caballos
con una historia de urticaria, un método de marcaje doble para quimasa y triptasa, e inmunohistoquimica para
IgE. Estos caballos fueron comparados con caballos con pénfigo foliaceo (PF), hipersensibilidad a picadura de
insecto (HPI) y con caballos control con piel sana. Ni el tiempo de fijacion con formalina ni el sitio de la biopsia
influenciod los métodos de tincidon. No se encontraron células positivas a quimasa. Se encontraron en la epidermis
y la papila del foliculo del pelo, en todos los grupos de caballos, células tefiidas con azul de toluidina y para
triptasa e IgE, y mostraron una intensidad mayor las células de la dermis subepidérmica que las de la dermis
profunda. Los caballos con urticaria tenian considerablemente mas células con IgE en la dermis subepidérmica
del cojinete que en caballos control. Sin embargo, los caballos con urticaria tenian perceptiblemente menos MCs
tefiidos con azul de toluidina en la dermis subepidérmica y profunda que los de los grupos de HPI y de PF. Este
estudio sugiere que las reacciones mediadas por IgE participan en la patogenia de la urticaria.

Zusammenfassung Die Pathogenese der equinen Urikaria ist unklar. Beim Menschen ist Urtikaria mit immu-
nologischen und nicht-immunologischen Mechanismen verbunden, die zur Freisetzung verschiedener Media-
toren durch Mastzellen fithren. Hautproben von 32 Pferden mit Urtikaria wurden mit Toluidinblau, einem
Doppellabelling fiir Chymase und Tryptase und Immunhistochemie fiir IgE untersucht. Diese Pferde wurden mit
Pferden mit Pemphigus foliaceus (PF), Insektenbisshypersensitivitidt (IBH) und Kontrollpferden mit gesunder
Haut verglichen. Weder die Formalinfixationszeit noch Lokalisation der Biopsie beeinflusste die FAirbemethoden.
Es wuden keine Chymase-positive Zellen gefunden. In allen Gruppen von Pferden wurden in der Epidermis und
der Papille der Haarfollikel Zellen gefunden, die sich mit Toluidinblau anfarbten und positiv fiir Tryptase und
IgE waren und es wurden signifikant mehr positive Zellen in der subepidermalen Dermis verglichen mit der tiefen
Dermis beobachtet. Pferde mit Urtikaria hatten signifikant mehr IgE-beladene Zellen in der subepidermalen Epi-
dermis als die Kontrollpferde. Jedoch hatten Pferde mit Urtikaria signifikant weniger Toluidinblau angefirbte
Mastzellen sowohl in der subepidermalen als auch tiefen Dermis als die IBH und PF Gruppen. Diese Studie 143t
vermuten, dass IgE-mediierte Reaktionen eine Rolle bei der Pathogenese von Urtikaria spielen.
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