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a  b  s  t  r  a  c  t

Immunoglobulin-E  (IgE)  mediated  reactions  can be induced  by  intradermal  injection  of  anti-
IgE antibodies  in  both  humans  and  dogs.  These  reactions  grossly  and  histologically  mimic
changes  seen  in  naturally  occurring  allergic  dermatitis  in  these  species.  Similar  studies  have
not  been  conducted  in  the cat.  Purified  polyclonal  rabbit-origin  IgG  specific  for canine  IgE
(anti-IgE)  and rabbit  immunoglobulin  G (IgG)  were injected  intradermally  in  7  non-allergic
laboratory  colony  cats.  Wheal  measurements  were  obtained  and  biopsies  collected  before
injection and  at injection  sites  after  20  min,  6, 24, and  48  h. Injection  of  anti-IgE  induced
an  immediate  wheal  response  which  was  significantly  larger  than  that seen  after  injec-
tion  of  rabbit  IgG.  Anti-IgE  injected  skin  was  also  significantly  thicker  than  IgG-injected
skin.  This  corresponded  with  a significant  increase  in  number  of  visibly  degranulated  mast
cells in  anti-IgE  samples  when  compared  to IgG  samples.  Injection  of  anti-IgE  was  associ-
ated with  the  rapid  recruitment  of  inflammatory  cells  to  the  injected  dermis.  The number
of inflammatory  cells  and mononuclear  cells  were  significantly  elevated  after  the  injec-
tion of anti-IgE  when  compared  to IgG-injected  skin.  Both  eosinophils  and neutrophils
were  significantly  increased  in  anti-IgE  samples  relative  to IgG,  although  neutrophils  were
only transiently  increased.  The high  eosinophil  and  relatively  low  neutrophil  cell  counts
in these  samples  were  consistent  with  previously  documented  histologic  features  of natu-
rally occurring  feline  allergic  skin  disease.  Immunohistochemistry  identified  a significantly
overall  increased  CD1a+ cells after  the  intradermal  injection  of  anti-IgE  when  compared  to

IgG  and  non-injected  skin.  CD3+, CD8+ and  CD4+ were  also  significantly  increased  overall
in  anti-IgE  injected  skin  relative  to IgG  injected  skin.  These  data  document  the  gross  and
cellular  response  to injection  of  anti-IgE  in  the  skin  of  healthy,  non-allergic  cats  and  support
a possible  role for  IgE in  the  development  of feline  allergic  dermatitis.

©  2014  Elsevier  B.V.  All  rights  reserved.
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1. Introduction
 study for characterization of IgE-mediated cuta-
domestic cats. Vet. Immunol. Immunopathol. (2014),

Atopic dermatitis is a common inflammatory disease
of the skin, which appears to be increasing in prevalence
(Leung et al., 2003). The condition may  be seen in several
species, including humans, dogs and horses (Olivry et al.,
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2001; Leung et al., 2003; Stepnik et al., 2012). Humans
and dogs with atopic dermatitis demonstrate a genetically
predisposed inflammatory and pruritic allergic skin dis-
ease with characteristic clinical features, including a young
age of onset, flexural dermatitis and predisposition to sec-
ondary infections with bacteria or fungi (Olivry et al., 2001;
Leung and Bieber, 2003).

In many species, the development of atopic skin and
respiratory disease has been associated with the develop-
ment of IgE antibodies to environmental antigens (Hill and
DeBoer, 2001; Olivry et al., 2001). Although many environ-
mental allergens have been associated with AD (including
pollens, danders, and molds), the most common aller-
gens appear to be those associated with house-dust mites
(HDMs), including Dermatophagoides pteronyssinus and D.
farinae (Hill and DeBoer, 2001; Bexley et al., 2009). A similar
range of allergens has been described in association with
the development of allergic respiratory disease, including
allergic asthma (AA) and allergic rhinitis (Masuda et al.,
2001).

Cats with allergic dermatitis have a pleomorphic clinical
appearance, and affected animals may  display self-inflicted
alopecia, miliary dermatitis (crusted papular dermatitis),
head and neck pruritus or the development of eosinophilic
dermatitis (eosinophilic granulomas) (Taglinger et al.,
2007). In addition, both cats and humans are frequently
affected with varying degrees of allergic respiratory dis-
ease, including allergic asthma (AA) or allergic rhinitis
(Masuda et al., 2001; Delgado et al., 2010). In humans, the
development of atopic dermatitis in childhood frequently
heralds the development of asthma later in life—the so-
called “atopic march” (Leung and Bieber, 2003).

Cutaneous immunoglobulin-E (IgE) mediated inflam-
mation can be modelled by the intradermal injection of
anti-IgE antibodies in both humans and dogs (Olivry et al.,
2001; Pucheu-Haston et al., 2006). In the dog, this injec-
tion induces degranulation of cutaneous mast cells, and
has been demonstrated to produce immediate wheal and
flare reactions as well as late phase reactions (LPR) in the
skin of both normal and atopic dogs (Olivry et al., 2001;
Pucheu-Haston et al., 2006). These reactions grossly and
microscopically resemble those generated by the intrader-
mal  injection of allergen or anti-IgE in humans with atopic
disorders (Olivry et al., 2001).

Similar studies have not yet been performed in the cat.
Indeed, some controversy exists as to the role of IgE in
the development of feline allergic skin disease, as feline
allergen-specific IgE serum levels do not always corre-
late with clinical disease (Gilbert and Halliwell, 1998a;
Halliwell et al., 1998; Taglinger et al., 2005). However, aller-
gen specific IgE levels also do not always correlate with
clinical disease in the dog, a species in which the role of
IgE in allergic dermatitis is well accepted (Egli et al., 2002;
Zemann et al., 2002; Lauber et al., 2012). In contrast, the
role of IgE in the mediation of other feline allergic diseases
(such as asthma) is better documented (Norris Reinero
et al., 2004; Lee-Fowler et al., 2009). Given the frequent
Please cite this article in press as: Seals, S.L., et al., 
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co-association of the feline asthmatic phenotype with (pre-
sumably allergic) skin disease (Moriello et al., 2007), it is
tempting to speculate that IgE may  in fact play a role in
both disorders.
 PRESS
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The specific aims for this study were two-fold. The first
objective was to characterize feline IgE-mediated cuta-
neous immune responses grossly and microscopically. The
evaluation of anti-IgE injected skin would allow us to iden-
tify important events and cellular participants during the
development of IgE-mediated inflammation in non-allergic
cats. The second objective was to compare these results to
those previously reported in cats with spontaneous cuta-
neous allergic dermatitis. Ultimately, it is expected that
this model will enable the pre-clinical evaluation of the
potential efficacy of anti-inflammatory medications for the
control of feline hypersensitivity, and facilitate improved
diagnostic and therapeutic methods to improve feline qual-
ity of life.

2. Materials and methods

2.1. Tested subjects

Seven healthy, sexually intact, laboratory colony female
domestic short haired cats were used for the study. Their
age ranged from 5 to 7 years of age with a mean age of
5.5 years. The cats were selected from the colony kept at
the Audubon Center for Research of Endangered Species.
The cats were selected based upon the lack of clinical
or historical evidence of allergic skin or respiratory dis-
ease, cutaneous bacterial infections, or systemic disease.
Cats that had received medications 14 days prior to the
study were excluded. Physical examinations were per-
formed on all cats 1 day prior to the start of the study.
Housing and experimental samplings were in accordance
with the National Research Council’s 1996 Guide for Care
and Use of Laboratory Animals. All experimental protocols
were approved by an Institutional Animal Care and Use
Committee.

2.2. Generation of IgE-mediated cutaneous immediate
and late-phase reactions

On study Day 1, each cat was anesthetized by admin-
istration of isoflurane. The cats were then shaved on their
lateral thorax. Each cat was injected intradermally (0.05 ml
each injection site) at one site with phosphate buffered
saline (PBS), at four sites with protein G affinity purified
rabbit polyclonal IgG specific for canine IgE (anti-canine
IgE) (Bruce Hammerberg, North Carolina State University)
diluted to 0.1 mg/ml  in PBS, and at four sites with normal
rabbit IgG (Jackson ImmunoResearch Laboratories, West-
grove, PA) diluted to 0.1 mg/ml  in PBS. Table 1 defines the
injection sites. Individual injection sites were marked with
an indelible marker to facilitate identification and localiza-
tion at later time points. The optimal injection volume and
concentration had been previously determined during a 3
cat pilot study (data not presented).

2.3. Grading the macroscopic reactions
A study for characterization of IgE-mediated cuta-
domestic cats. Vet. Immunol. Immunopathol. (2014),

Injected skin sites were examined at 20 min  and at 6,
24 and 48 h after injection. The diameter of the cutaneous
reactions was  measured with calipers in two perpendicu-
lar directions to determine the reaction area. Skin thickness

dx.doi.org/10.1016/j.vetimm.2014.02.007
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Table  1
Sample injection site and collection.

Time Time zero 20 min  6 h 24 h 48 h

Samples collected PBS Anti-IgE Anti-IgE Anti-IgE Anti-IgE
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Non-injected skin IgG

ntradermal PBS was assessed for control of wheal diameter and skin t
ollected from non injected skin and from anti-IgE, and IgG injected areas

as also measured with calipers at these times. The pres-
nce or absence of erythema or palpable induration was
lso recorded.

.4. Specimen collection and processing

The cats were placed under isoflurane anesthesia before
ach biopsy collection. Each biopsy site received 0.5 ml  of
% lidocaine (Sparhawk Laboratories, Lenexa, KS) buffered
ith sodium bicarbonate s.c. One 8 mm punch biopsy of
on-injected skin was collected on the lateral thorax, and
hen similar samples were collected at injection sites at
0 min  and 6, 24 and 48 h after injection with anti-IgE and
ormal rabbit IgG. Each sample was bisected immediately
fter collection. One half was placed in 10% neutral buffered
ormalin for routine processing in paraffin. The other half
as placed in Optimal Cutting Temperature medium (OCT

issue Tek, Baxter Diagnostics Inc.), immersed in isopen-
ane cooled in liquid nitrogen and stored at −80 ◦C until
ryosectioning. The skin was closed using a single cru-
iate stitch using 3-0 poliglecaprone 25 monofilament
bsorbable suture.

.5. Histological staining

Five-micrometer sections were cut from paraffin blocks
nd stained with haematoxylin and eosin for examina-
ion of inflammatory cells. Eosinophils were visualized and
ounted using Luna’s stain for eosinophils (Luna, 1968). A
ow-pH toluidine blue stain (Preece, 1972; Sheehan and
rapchak, 1980) was used to identify dermal mast cells.

.6. Immunohistochemistry of cutaneous mononuclear
ells

Frozen samples were sectioned at −20 ◦C in a cry-
tome. The slides were air dried for 10 min, then fixed by

 10 min  immersion in acetone. Endogenous peroxidase
ctivity was neutralized by a 10 min  immersion in 0.3%
ydrogen peroxide/0.1% sodium azide. Nonspecific binding
as inhibited by blocking for 20 min  in 1% fetal calf serum.
fter thoroughly washing with PBS, the slides were incu-
ated with mouse-origin monoclonal antibodies specific
or feline CD1a+, CD4+ or CD8+ (P.F. Moore, Leukocyte Anti-
en Biology Laboratory, UC Davis) for 1 h. This was followed
y a 30 min  incubation using biotinylated horse anti-mouse
gG (Vector Laboratories, Burlingame, CA), then a 30 min
ncubation with horseradish peroxidase-conjugated strep-
Please cite this article in press as: Seals, S.L., et al., A
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avidin (Zymed-Invitrogen, Carlsbad, CA). Finally, the slides
ere developed using AEC chromogen (BioGenex, Fremont,
A) and counterstained with hematoxylin (Dako, Carpinte-
ia, CA).
IgG IgG IgG

. All solutions were injected intradermally at time zero. Biopsies were
pecified time points.

For CD3+ immunohistochemistry, samples were pre-
pared from 5-micrometer sections cut from paraffin blocks.
Each slide was deparaffinized in 3 changes of xylene for
5 min. Slides were rehydrated with 3 changes of 100% alco-
hol and 1 change with 95% alcohol for 5 min  each. The
slides were rinsed 3 times with distilled water. This was
followed by antigen retrieval using 10mMCitrate buffer, 6.0
pH, for 10 min at 125–127 ◦C (Biocare Medical (Concord,
CA) Decloaker). The slides were allowed to cool for 20 min,
followed by a rinse with deionized water, and then with
a Tris–buffer, pH 7.6. The slides were loaded into a DAKO
Autostainer LINK 48. Endogenous peroxidase activity was
blocked by application of a 3% hydrogen peroxide solution
for 3 min, and then the slides were rinsed with buffer solu-
tion. Normal goat serum was then applied to each slide
for 30 min  to inhibit non-specific antibody binding. Slides
were not rinsed after blocking. The rabbit anti-human CD3+

primary antibody (Dako A 0452) at a 1:400 dilution was
applied to each slide for 30 min, and then rinsed with buffer
solution. Biotinylated anti-rabbit secondary antibody, was
then applied to each slide for 30 min, and then rinsed with
buffer solution. The detection reagent ABC (Vector Labora-
tories, INC.; Burlingame, CA) was  applied for 30 min, and
then rinsed with buffer solution. The substrate Nova Red
(SK-4800, Vector Laboratories, INC.; Burlingame, CA) was
applied to each slide, and then rinsed with buffer solution
and deionized water. The counter stain Mayers Hema-
toxylin was  applied to each slide for 5 min, and then rinsed
with buffer solution followed by a deionized water rinse.
The slides were removed from the stainer, and allowed to
dry in an oven at 60 ◦C for 30 min. The slides were removed
from the oven and allowed to cool for 10 min. The slides
were rinsed in 3 changes of xylene for 3 min, and a cover
slip was applied.

2.7. Enumeration of dermal cells

The stained slides were blinded to the investigator,
and the total nucleated cells/mm2 were counted in the
superficial dermis. Cells were counted in 16 consecutive
0.254 mm × 0.254 mm fields with a 40× objective lens
(Olympus BX53 microscope, Olympus America Inc, Cen-
ter Valley, PA), excluding endothelial cells and adnexa.
Eosinophils, neutrophils, mast cells, as well as CD1a+, CD3+,
CD4+, and CD8+ mononuclear cells/mm2 were counted in
the same manner.

2.8. Statistical analysis
 study for characterization of IgE-mediated cuta-
domestic cats. Vet. Immunol. Immunopathol. (2014),

Statistical analyses were performed using SAS Software,
Version 9.3 for Windows (SAS institute, Cary, NC, USA).
Statistical analysis of gross measurements and dermal cell

dx.doi.org/10.1016/j.vetimm.2014.02.007
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counts was performed by using the MIXED procedure. The
evaluation of repeated measures analysis of variance in a
factorial arrangement of treatments was conducted. The
fixed effects were time and the injected substance type
(PBS, IgG, and anti-IgE). The random effect was  the tested
animals (7 cats). When overall significance was detected,
pairwise comparisons of least-squares means were con-
ducted with t tests. All tests were considered significant
at p ≤ 0.05.

3. Results

3.1. Intradermal injection of anti-IgE produced
macroscopic immediate reactions

Intradermal injection of anti-IgE produced a significant
(p < 0.001) immediate wheal response at 20 min  when com-
pared to PBS and IgG injected skin (Fig. 1A). Skin thickening
was also significantly greater overall after the injection of
anti-IgE when compared to IgG-injected skin (p < 0.0001),
although a treatment × time effect could not be demon-
strated (Fig. 1B). Erythema was not noted after injecting
the skin with testing agent or controls.

3.2. Intradermal injection of anti-canine IgE induced
degranulation of dermal mast cells

Toluidine blue staining improved the contrast of gran-
ules and permitted visualization of intact and degranulated
mast cells. The cells were predominately located in a
perivascular and perifollicular location. The intradermal
injection of anti-IgE was associated with the dispersal of
dark staining granules into the surrounding dermis and
overall diminution of cell-associated granule staining den-
sity (Fig. 2A and B). This finding was interpreted as mast
cell degranulation (Olivry et al., 2001). Overall, a significant
increase in degranulated superficial dermal mast cells was
seen after the injection of anti-IgE when compared to both
non-injected and IgG injected skin (p < 0.0001; Fig. 2A).
However, no significant treatment × time effect was found.
These changes correlated with the observed wheal and der-
mal  thickening changes seen in anti-IgE injected skin.

3.3. Intradermal injection of anti-canine IgE induced an
increase of inflammatory cells

Injection of anti-IgE was associated with the rapid
recruitment of inflammatory cells. The majority of these
cells were distributed in a perivascular to perifollicu-
lar pattern, similar to that documented in spontaneous
disease (Taglinger et al., 2007). In addition, mild to
marked superficial dermal edema was noted in the anti-IgE
injected samples when compared to IgG-injected sam-
ples (Fig. 3A–D). The total number of inflammatory cells
was highest at 20 min  after injection of anti-IgE, and
then decreased only slightly thereafter (Fig. 4A). In con-
trast, the eosinophil numbers peaked at 6 and 24 h then
Please cite this article in press as: Seals, S.L., et al., 
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decreased (Fig. 4B). Neutrophils demonstrated only a slight
increase at 20 min  and 6 h (Fig. 4C). A group statistical
effect was demonstrated, with total inflammatory cells
and eosinophils increased overall in anti-IgE injected skin
 PRESS
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relative to both non-injected and IgG-injected skin. For
neutrophils, a group effect could also be demonstrated,
with increased numbers in anti-IgE relative to IgG-injected
skin. However, type × time interactions were not identified
for any of these parameters.

3.4. Intradermal injection of anti-canine IgE was
associated with an increase in dermal CD1a+ dendritic
cells but had minimal effect upon dermal lymphocytes

A group statistical effect was demonstrated for CD1a+

dendritic cells, which were increased overall when com-
pared to non-injected and IgG-injected skin (Table 2). In
contrast, the effect of anti-IgE injection on lymphocyte
numbers was less remarkable. The numbers of CD3+, CD4+

and CD8+ T cells were increased overall after the injection of
anti-IgE when compared to the control IgG, but a significant
group effect could not be demonstrated between anti-
IgE and non-injected skin for these parameters (Table 2).
Although a significant group difference could be demon-
strated between anti-IgE and IgG, significant type × time
interactions were not identified.

4. Discussion

This study documented the immediate and delayed
inflammatory responses of normal cat skin to the intrader-
mal  injection of anti-IgE. The macroscopic and microscopic
changes seen after the intradermal injection of anti-IgE
shared many features with those previously reported in
cats with naturally occurring allergic skin disease (Moriello,
2001; Taglinger et al., 2005). In contrast, the intradermal
injection of normal rabbit IgG did not cause significant
macroscopic or microscopic changes. These results suggest
that the intradermal-injection of anti-IgE may  be a useful
tool for modelling IgE-dependent inflammatory responses
in normal cat skin.

Few studies have investigated the role and importance
of IgE in allergic skin conditions of cats (Hobi et al., 2011).
Some authors question the importance of IgE in feline aller-
gic disease (Hobi et al., 2011), as feline allergen-specific
IgE serum levels do not always correlate with clinical dis-
ease (Gilbert and Halliwell, 1998a; Halliwell et al., 1998;
Taglinger et al., 2005). However, allergen specific IgE lev-
els also do not always correlate with clinical disease in
the dog, a species in which the role of IgE in allergic der-
matitis is well accepted (Egli et al., 2002; Zemann et al.,
2002; Lauber et al., 2012). In addition, some studies in peer
reviewed literature have drawn conclusions about feline
serum IgE levels based upon the results of non-validated
assays (Reinero, 2009). Nonetheless, considerable evidence
supports the assertion that IgE may  play a pivotal role in
the development and perpetuation of feline hypersensi-
tivity, as it does in the dog and in humans. For example,
allergen-specific cutaneous reactivity can be transferred
between individuals by the injection of serum from a sen-
sitized cat (passive cutaneous anaphylaxis testing; PCA)
A study for characterization of IgE-mediated cuta-
domestic cats. Vet. Immunol. Immunopathol. (2014),

(Gilbert and Halliwell, 1998a; Reinero, 2009). This reac-
tivity is abrogated if the serum is heated before transfer,
which inactivates IgE, but not other antibody isotypes
(Gilbert and Halliwell, 1998a,b; Lee-Fowler et al., 2009). In

dx.doi.org/10.1016/j.vetimm.2014.02.007
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Fig. 1. Injection of cross-linking anti-IgE is associated with the development of an immediate wheal response and dermal thickening. Intradermal injection
of  anti-IgE produced a significant (p < 0.001) immediate wheal response at 20 min  when compared to IgG injected skin (A); Skin thickness was significantly
greater overall after the injection of anti-IgE when compared to IgG-injected skin (p < 0.0001), although a treatment × time effect could not be demonstrated.

Fig. 2. Intradermal injection of anti-IgE is associated with cutaneous mast cell degranulation. A significant increase overall in degranulated dermal mast
cells  seen after the injection of anti-IgE when compared to both non-injected and IgG injected skin (p < 0.0001) although a treatment × time effect could
not  be demonstrated (A); The arrowhead points to a degranulating mast cell and the arrow points to an intact mast cell (B). Toluidine blue stain, 100×,
bar  = 10 �m.

Fig. 3. Injection of cross-linking anti-IgE is associated with the development of superficial dermal edema and the recruitment of inflammatory cells. Non-
injected skin (A); IgG injected skin (B); Anti-IgE injected skin demonstrating superficial dermal edema and a superficial perivascular infiltrate (C); anti-IgE
injected skin from a different cat demonstrating less cellularity, but more obvious superficial edema (D). Hematoxylin and eosin stain, 20×,  bar = 100 �m.

dx.doi.org/10.1016/j.vetimm.2014.02.007


ARTICLE IN PRESSG Model
VETIMM-9163; No. of Pages 9

6 S.L. Seals et al. / Veterinary Immunology and Immunopathology xxx (2014) xxx–xxx

Fig. 4. Intradermal injection of anti-IgE was associated with the rapid recruitment of inflammatory cells to the dermis. Total number of inflammatory cells
d non-i
(p < 0.01
in  anti-IgE injected skin were significantly higher overall than both IgG an
injected skin relative to IgG-injected (p < 0.0001) and non-injected skin 

increased overall relative to IgG-injected skin (p < 0.05) (C).

addition, intradermal injection of polyclonal, cross-linking
anti-feline IgE will induce the formation of a wheal and
flare in normal feline skin (Gilbert and Halliwell, 1998b;
Norris et al., 2003). Increased levels of allergen specific IgE
have been demonstrated in association with spontaneous
allergic asthma, rhinitis and dermatitis in the cat (Gilbert
and Halliwell, 1998a; Masuda et al., 2001; Moriello et al.,
2007). Furthermore, experimental sensitization of cats by
injectable or aerosol exposure has also been demonstrated
to induce increases in serum allergen-specific IgE (DeBoer,
1993; Lee-Fowler et al., 2009).

Several published studies have documented the impor-
tance of IgE in mediating immediate- hypersensitivity
responses and LPR in humans and dogs (Leung and Bieber,
2003; Pucheu-Haston et al., 2006; Stone et al., 2010). This
antibody is bound by high affinity IgE receptors (Fc�RI)
Please cite this article in press as: Seals, S.L., et al., 

neous immediate and late-phase reactions in non-allergic 

http://dx.doi.org/10.1016/j.vetimm.2014.02.007

that are located on mast cells, basophils and activated
eosinophils (Stone et al., 2010). When an antigen binds
to IgE and cross links the Fc�RI it triggers cell degranu-
lation (Leung and Bieber, 2003; Stone et al., 2010). This

Table 2
Immunohistochemistry Results.

Non injected (n = 7) Normal rabbit IgG (n = 7) 

Time 0 20 min  6 h 24 h 

Paraffin samples
CD3+

Mean 21.71 15.00 13.00 13.14
(SE)  (2.44) (3.67) (4.31) (3.99
Median 20 15 9 7 

Frozen samples
CD1a+

Mean 25.71 23.14 30.00 22.85
(SE)  (4.18) (3.92) (6.19) (1.64
Median 24 25 26 23 

CD4+

Mean 40.85 21.57 9.14 14.57
(SE)  (15.06) (6.62) (3.49) (4.67
Median 22 19 4 13 

CD8+

Mean 7.71 10.42 7.14 5.14 

(SE)  (4.16) (5.15) (1.88) (1.65
Median 3 3 5 4 

CD3+ was significantly increased overall in anti-IgE injected skin relative to IgG-inj
injected skin relative to IgG- and non-injected skin (p < 0.001). CD4+ was  significa
and  non-injected skin (p < 0.01). CD8+ was significantly elevated overall in anti-Ig
njected skin (p < 0.001) (A). Eosinophils were increased overall in anti-IgE
) (B). Neutrophils demonstrated only a transient increase but were still

degranulation is associated with the release of pre-formed
chemical mediators such as: biogenic amines, granule
enzymes, proteoglycans, and lipid mediators. These media-
tors are responsible for the classic wheal and flare reaction
(Leung and Bieber, 2003; Stone et al., 2010). In addition,
pre-formed and de novo synthesized cytokines such as TNF,
IL-1, IL-4, IL-6, IL-13, CCL3, CCL4, IL-3 and GM-CSF are
also released from the cytoplasm of mast cells and are
largely responsible for promoting LPR (Leung and Bieber,
2003; Stone et al., 2010). To the authors’ knowledge, this
study is the first to characterize late phase reactions in
the cat, and our results are similar (if not as dramatic) as
those demonstrated in humans and dogs (Leung and Bieber,
2003; Pucheu-Haston et al., 2006; Stone et al., 2010).

In the current study, the intradermal injection of anti-
IgE in cats induced an immediate wheal response at
A study for characterization of IgE-mediated cuta-
domestic cats. Vet. Immunol. Immunopathol. (2014),

20 min, which was  greatly decreased by 6 h and unde-
tectable afterwards. This wheal response correlated with
the development of mild to marked superficial edema
in anti-IgE injected skin. The rapidly fading response is

Anti-IgE (n = 7)

48 h 20 min  6 h 24 h 48 h

 12.50 30.00 22.14 24.14 31.14
) (4.07) (6.33) (4.38) (4.88) (7.23)

11 22 25 27 24

 23.28 38.14 46.57 40.28 40.42
) (3.39) (5.43) (6.55) (4.53) (5.15)

23 40 40 44 45

 17.14 40.42 33.29 34.71 37.42
) (5.15) (6.03) (11.35) (10.42) (7.11)

15 43 21 34 50

2.14 12.71 16.85 11.42 9.42
) (0.40) (6.25) (8.51) (4.36) (2.59)

2 5 7 6 7

ected skin (p < 0.001). CD1a+ was significantly increased overall in anti-IgE
ntly increased overall in anti-IgE injected skin relative to IgG- (p < 0.001)
E injected skin relative to IgG-injected skin (p < 0.05).
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imilar to the results often seen during intradermal aller-
en challenge in cats with spontaneous allergic skin disease
Taglinger et al., 2005). Despite the evanescent quality
f the wheal response, injection of anti-IgE was associ-
ted with a significant overall increase in skin thickness
ompared to IgG-injected skin, although no type × time
nteraction could be demonstrated.

Anti-IgE injected skin exhibited an overall increase in
he number of visibly degranulated mast cells when com-
ared to IgG-injected skin. This increase in degranulated
ells would be consistent with the increases in wheal
rea and dermal thickness following injection of anti-IgE.
he degranulated cells were identified with toluidine blue
taining and had a pale blue cytoplasmic appearance with
ispersion of granules into the surrounding dermis (Olivry
t al., 2001) (Fig. 2B). Similar appearing degranulated mast
ells have been documented in dogs after the injection of
nti-IgE (Olivry et al., 2001).

The inflammatory cellular infiltrate in cutaneous late
hase responses in humans and dogs is well documented
nd is typically comprised of eosinophils, neutrophils, den-
ritic cells and lymphocytes (Olivry et al., 2001; Leung and
ieber, 2003; Stone et al., 2010). In contrast to the extensive
esearch that has been performed in these species, rela-
ively little work has been performed to characterize the
nflammatory response associated with feline allergic skin
isease. Eosinophilia appears to be a relatively consistent
eature of spontaneous allergic skin disease in the cat. One
ase report identified a mild perivascular dermatitis made
p of mast cells, lymphocytes and eosinophils (Moriello,
001). A second peer reviewed study reported demon-
tration of prominent numbers of eosinophils, mast cells,
eutrophils, and lymphocytes in the superficial dermis
Roosje et al., 1998). A third study identified a similar histo-
ogical dermal inflammatory pattern (Roosje et al., 2002).
inally, Taglinger et al. (2007) reported that feline allergic
kin was infiltrated by activated antigen-presenting cells
nd T lymphocytes in addition to dermal mast cells.

The present study identified an overall increase in the
umber of eosinophils in anti-IgE injected skin compared
o non-injected and IgG injected skin. Although the lack of a
ignificant treatment × time interaction precludes a defini-
ive statement on the kinetics of the eosinophil response,
here was a trend for dermal eosinophils to peak at 6 and
4 h then decline. This finding was similar with previous
tudies in the dog, which identified migrating eosinophils
ithin 12 h post challenge of allergen (Becker et al., 1988)

r anti-IgE antibodies (Olivry et al., 2001). In humans, the
eak eosinophil influx takes place about 6 h after induc-
ion of LPR (Frew and Kay, 1988; Charlesworth et al., 1989;
aga et al., 1991; Tsicopoulos et al., 1994). The exact cause

or this eosinophil influx in cats remains unknown; how-
ver, it may  be similar to that reported in humans, in
hich release of Th2-type cytokines such as IL-3, IL-4,

L-5, GM-CSF, and CCL11 have been found to contribute
o eosinophil development, proliferation, differentiation,
nd recruitment to LPR inflammatory sites (Gilfillan and
Please cite this article in press as: Seals, S.L., et al., A
neous immediate and late-phase reactions in non-allergic 
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kaczyk, 2006; Rothenberg and Hogan, 2006; Abraham and
t John, 2010; Stone et al., 2010). Other chemoattractants
uch as C5a, PAF, and LTB4 may  also play a role in recruit-
ng eosinophils to these areas in humans (Rothenberg and
 PRESS
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Hogan, 2006; Stone et al., 2010). Unfortunately, very lit-
tle work has been performed to investigate the cytokine
profile in the skin or blood of cats with spontaneous aller-
gic skin disease. In one study, no clear difference could
be demonstrated in the expression of IL-4 and IL-5 in the
skin of cats with allergic skin disease compared to healthy
cats (Taglinger et al., 2008). Similarly, serum levels of IL-
5 were not found to correlate with circulating eosinophil
numbers in cats (Nakazato et al., 2007). In contrast, CD4+ T
cells in lesional and nonlesional skin of cats with naturally
occurring allergic skin disease have been demonstrated to
produce IL-4 (Roosje et al., 2002).

Neutrophil infiltration has been documented in human
and dog LPR. However, the relative numbers of these
cells are somewhat variable between studies (Solley et al.,
1976; Olivry et al., 2001; Pucheu-Haston et al., 2006). In
general, neutrophil infiltrate in LPR increases between 6
and 12 h and is transient in nature. In the present study,
intradermal injection of anti-IgE was associated with a
minimal increase of neutrophils at 20 min  and 6 h. This rel-
ative paucity of neutrophils was consistent with previously
reported histological changes in spontaneous feline aller-
gic disease. Neutrophils appear to be relatively scarce in
non-infected allergic cat skin. For example, biopsy results
of three littermates diagnosed with atopy did not con-
tain any neutrophils, but rather mast cells, lymphocytes,
and eosinophils (Moriello, 2001). Another study reported
mixed perivascular inflammation with few neutrophils in
lesional allergic skin; however neutrophils were absent in
non-lesional allergic cat skin (Roosje et al., 2002).

In dogs, the number of CD1c+ dendritic cells have been
shown to increase significantly in LPR after the intrader-
mal  injection of anti-IgE (Olivry et al., 2001; Pucheu-Haston
et al., 2006). This experimental finding echoes the increased
numbers of dermal and epidermal dendritic cells asso-
ciated with canine spontaneous atopic dermatitis. In the
current study, there was  a significant overall increase
in the number of CD1a+ dermal dendritic cells in skin
injected with anti-IgE relative to non-injected and IgG
injected skin. This increase is similar to that reported in
feline spontaneous allergic dermatitis. A previous study
demonstrated significantly increased numbers of CD1a+

and MHCII+ dendritic cells in the epidermis and dermis
of lesional skin in allergic cats compared to healthy con-
trol cats (Roosje et al., 1997). In another study, increased
numbers of cells expressing MHC  class II+ (morphologi-
cally resembling dermal dendritic cells, macrophages and
epidermal Langerhans cells) were found in lesional and
non-lesional skin in cats with spontaneous allergic skin dis-
ease relative to healthy control cats (Taglinger et al., 2007).
Together, these results suggest that Langerhans cells, den-
dritic cells and other MHC  class II+ cells play a significant
role in the pathogenesis of feline allergic skin disease.

Intradermal injection of anti-IgE was  associated with an
overall increase in dermal CD3+ T-lymphocytes relative to
that seen following injection of IgG, although this increase
was not significant compared to non-injected skin. There
 study for characterization of IgE-mediated cuta-
domestic cats. Vet. Immunol. Immunopathol. (2014),

was a tendency for the lymphocyte numbers to increase
with time, but this increase was not statistically significant.
The lymphocytes in the present study were distributed in a
superficial perivascular and perfollicular pattern. A recent

dx.doi.org/10.1016/j.vetimm.2014.02.007


 ING Model

gy and Im
ARTICLEVETIMM-9163; No. of Pages 9

8 S.L. Seals et al. / Veterinary Immunolo

report documented an increase in the number of CD3+

lymphocytes in the skin of cats with spontaneous aller-
gic disease, frequently in association with dendritic cells
expressing MHC  class II+ (Taglinger et al., 2007). This report
suggests that dendritic cells may  participate in the mainte-
nance of the local immune response by presenting antigen
to T lymphocytes, as has been reported in other species
(Taglinger et al., 2007).

The CD4+ and CD8+ cell counts were increased over-
all after the injection of anti-IgE when compared to IgG
injected skin. Evaluation of the CD4+ to CD8+ ratio is an
alternate method of evaluating the dermal lymphocyte
response, and has been used in previous studies (Bos et al.,
1987; Roosje et al., 1998). In the present study, the ratio
of CD4+/CD8+ T cells in anti-IgE injected skin was cal-
culated as 3.97:1. In contrast, the CD4+/CD8+ ratios in
non-injected and IgG-injected skin were somewhat lower
(3.5:1 and 3.2:1, respectively). One study documented a
relative increase of CD4+ T cells and a CD4+/CD8+ ratio
of 3.9:1 in lesional skin of cats diagnosed with allergic
dermatitis (Roosje et al., 1998). The same study docu-
mented that the dermis of healthy control cats had only1
or 2 CD4+ cells and no CD8+ cells noted (Roosje et al.,
1998).

5. Conclusion

In conclusion, intradermal injection of cross-linking
anti-IgE was associated with a transient immediate
wheal response and the development dermal thicken-
ing and superficial dermal edema. Histologic examination
of injected skin demonstrated an increase in the num-
ber of degranulated mast cells, which was associated
with the rapid recruitment of inflammatory cells, espe-
cially eosinophils and dermal dendritic cells. These cells
were typically distributed in a perivascular to perifol-
licular fashion. Overall, these results are very similar to
those reported in experimentally induced IgE-mediated
cutaneous inflammation in both dogs and humans. Fur-
thermore, the responses seen in the current study shares
many features with those previously described in spon-
taneous feline allergic skin disease. Although it would be
premature to state that the results of the current study
prove that IgE plays a relevant role in feline allergic skin
disease, the model does provide evidence to support such
a hypothesis.

In summary, our laboratory has developed an exper-
imental in vivo model of feline cutaneous IgE-mediated
inflammation. The model shares many similarities with
both experimentally induced IgE-mediated inflammation
in other species as well as with spontaneous allergic skin
disease in the cat. This model shows promise for fur-
ther evaluation of the events involved in the development
of feline LPR, and may  prove useful in the pre-clinical
evaluation of drugs designed to target the LPR in this
species.
Please cite this article in press as: Seals, S.L., et al., 

neous immediate and late-phase reactions in non-allergic 

http://dx.doi.org/10.1016/j.vetimm.2014.02.007

Conflict of interest

None declared.
 PRESS
munopathology xxx (2014) xxx–xxx

Role of funding source

LSU VCS funds portions of resident projects.

Acknowledgements

The authors thank the Audubon Center for Research of
Endangered Species (ACRES) organization for the use of
their cat colony, facilities and equipment for this study. We
would like to thank the Louisiana State University 2011 VCS
Corp grant for the partial funding of this project.

References

Abraham, S.N., St John, A.L., 2010. Mast cell-orchestrated immunity to
pathogens. Nat. Rev. Immunol. 10, 440–452.

Becker, A.B., Chung, F., McDonald, D.M., Frick, O.L., Gold, W.M.,  1988. Cuta-
neous allergic response in atopic dogs: relationship of cellular and
histamine responses. J. Allergy Clin. Immunol. 81, 441–448.

Bexley, J., Hogg, J.E., Hammerberg, B., Halliwell, R.E., 2009. Levels of
house dust mite-specific serum immunoglobulin E (IgE) in different
cat  populations using a monoclonal based anti-IgE enzyme-linked
immunosorbent assay. Vet. Dermatol. 20, 562–568.

Bos, J.D., Zonneveld, I., Das, P.K., Krieg, S.R., van der Loos, C.M., Kapsen-
berg, M.L., 1987. The skin immune system (SIS): distribution and
immunophenotype of lymphocyte subpopulations in normal human
skin. J. Invest. Dermatol. 88, 569–573.

Charlesworth, E.N., Hood, A.F., Soter, N.A., Kagey-Sobotka, A., Norman, P.S.,
Lichtenstein, L.M., 1989. Cutaneous late-phase response to allergen.
Mediator release and inflammatory cell infiltration. J. Clin. Invest. 83,
1519–1526.

DeBoer, D.J., 1993. Feline immunoglobulin E: preliminary evidence of its
existence and cross reactivity with canine IgE. In: Ihrke, P., Mason, I.,
White, S. (Eds.), Advances in Veterinary Dermatology. Pergamon Press,
Oxford, pp. 51–62.

Delgado, C., Lee-Fowler, T.M., DeClue, A.E., Reinero, C.R., 2010. Feline-
specific serum total IgE quantitation in normal, asthmatic and
parasitized cats. J. Feline Med. Surg. 12, 991–994.

Egli, K.S., Schiessl, B., Roosje, P.J., Seewald, W.,  Forster, U., Peel, J.E., Welle,
M.M.,  2002. Evaluation of the usefulness of sensitization to aeroaller-
gens as a model for canine atopic dermatitis in genetically predisposed
Beagles. Am.  J. Vet. Res. 63, 1329–1336.

Frew, A.J., Kay, A.B., 1988. The relationship between infiltrating CD4+
lymphocytes, activated eosinophils, and the magnitude of the
allergen-induced late phase cutaneous reaction in man. J. Immunol.
141, 4158–4164.

Gaga, M., Frew, A.J., Varney, V.A., Kay, A.B., 1991. Eosinophil activation and
T  lymphocyte infiltration in allergen-induced late phase skin reactions
and classical delayed-type hypersensitivity. J. Immunol. 147, 816–822.

Gilbert, S., Halliwell, R.E., 1998a. Feline immunoglobulin E: induction of
antigen-specific antibody in normal cats and levels in spontaneously
allergic cats. Vet. Immunol. Immunopathol. 63, 235–252.

Gilbert, S., Halliwell, R.E., 1998b. Production and characterisation of poly-
clonal antisera against feline IgE. Vet. Immunol. Immunopathol. 63,
223–233.

Gilfillan, A.M., Tkaczyk, C., 2006. Integrated signalling pathways for mast-
cell  activation. Nat. Rev. Immunol. 6, 218–230.

Halliwell, R.E., Gilbert, S., Lian, T.M., 1998. Induced and spontaneous IgE
antibodies to Dermatophagoides farinae in dogs and cats: evidence of
functional heterogeneity of IgE. Vet. Dermatol. 9, 179–184.

Hill, P.B., DeBoer, D.J., 2001. The ACVD task force on canine atopic der-
matitis (IV): environmental allergens. Vet. Immunol. Immunopathol.
81, 169–186.

Hobi, S., Linek, M.,  Marignac, G., Olivry, T., Beco, L., Nett, C., Fontaine,
J.,  Roosje, P., Bergvall, K., Belova, S., Koebrich, S., Pin, D., Kovalik,
M.,  Meury, S., Wilhelm, S., Favrot, C., 2011. Clinical characteris-
tics and causes of pruritus in cats: a multicentre study on feline
hypersensitivity-associated dermatoses. Vet. Dermatol. 22, 406–413.

Lauber, B., Molitor, V., Meury, S., Doherr, M.G., Favrot, C., Tengvall, K.,
Bergvall, K., Leeb, T., Roosje, P., Marti, E., 2012. Total IgE and allergen-
A study for characterization of IgE-mediated cuta-
domestic cats. Vet. Immunol. Immunopathol. (2014),

specific IgE and IgG antibody levels in sera of atopic dermatitis affected
and non-affected Labrador- and Golden retrievers. Vet. Immunol.
Immunopathol. 149, 112–118.

Lee-Fowler, T.M., Cohn, L.A., DeClue, A.E., Spinka, C.M., Ellebracht, R.D.,
Reinero, C.R., 2009. Comparison of intradermal skin testing (IDST) and

dx.doi.org/10.1016/j.vetimm.2014.02.007
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090


 ING Model
V

gy and Im

L
L

L

M

M

M

N

N

N

O

P
P

R

R

ARTICLEETIMM-9163; No. of Pages 9

S.L. Seals et al. / Veterinary Immunolo

serum allergen-specific IgE determination in an experimental model
of  feline asthma. Vet. Immunol. Immunopathol. 132, 46–52.

eung, D.Y., Bieber, T., 2003. Atopic dermatitis. Lancet 361, 151–160.
eung, D.Y., Jain, N., Leo, H.L., 2003. New concepts in the pathogenesis of

atopic dermatitis. Curr. Opin. Immunol. 15, 634–638.
una, L.G., 1968. Manual of Histologic Staining Methods of the Armed

Forces Institute of Pathology. McGraw-Hill, New York.
asuda, K., Kurata, K., Sakaguchi, M.,  Yamashita, K., Hasegawa, A., Ohno,

K.,  Tsujimoto, H., 2001. Seasonal rhinitis in a cat sensitized to Japanese
cedar (Cryptomeria japonica) pollen. J. Vet. Med. Sci. 63, 79–81.

oriello, K.A., 2001. Feline atopy in three littermates. Vet. Dermatol. 12,
177–181.

oriello, K.A., Stepien, R.L., Henik, R.A., Wenholz, L.J., 2007. Pilot study:
prevalence of positive aeroallergen reactions in 10 cats with small-
airway disease without concurrent skin disease. Vet. Dermatol. 18,
94–100.

akazato, A., Momoi, Y., Kadoya, M.,  Iwasaki, T., 2007. Measurement of
feline serum interleukin-5 level. J. Vet. Med. Sci. 69, 843–846.

orris, C.R., Decile, K.C., Byerly, J.R., Berghaus, R.D., Schelegle, E.S., Hyde,
D.M., Gershwin, L.J., 2003. Production of polyclonal antisera against
feline immunoglobulin E and its use in an ELISA in cats with experi-
mentally induced asthma. Vet. Immunol. Immunopathol. 96, 149–157.

orris Reinero, C.R., Decile, K.C., Berghaus, R.D., Williams, K.J., Leuteneg-
ger, C.M., Walby, W.F., Schelegle, E.S., Hyde, D.M., Gershwin, L.J., 2004.
An experimental model of allergic asthma in cats sensitized to house
dust mite or bermuda grass allergen. Int. Arch. Allergy Immunol. 135,
117–131.

livry, T., Dunston, S.M., Murphy, K.M., Moore, P.F., 2001. Characteriza-
tion of the inflammatory infiltrate during IgE-mediated late phase
reactions in the skin of normal and atopic dogs. Vet. Dermatol. 12,
49–58.

reece, A., 1972. A Manual for Histologic Technicians. Little Brown, Boston.
ucheu-Haston, C.M., Shuster, D., Olivry, T., Brianceau, P., Lockwood,

P.,  McClanahan, T., de Waal Malefyt, R., Mattson, J.D., Hammerberg,
B., 2006. A canine model of cutaneous late-phase reactions: pred-
nisolone inhibition of cellular and cytokine responses. Immunology
117, 177–187.
Please cite this article in press as: Seals, S.L., et al., A
neous immediate and late-phase reactions in non-allergic 

http://dx.doi.org/10.1016/j.vetimm.2014.02.007

einero, C.R., 2009. Feline immunoglobulin E: historical perspective, diag-
nostics and clinical relevance. Vet. Immunol. Immunopathol. 132,
13–20.

oosje, P.J., Whitaker-Menezes, D., Goldschmidt, M.H., Moore, P.F.,
Willemse, T., Murphy, G.F., 1997. Feline atopic dermatitis. A model for
 PRESS
munopathology xxx (2014) xxx–xxx 9

Langerhans cell participation in disease pathogenesis. Am. J. Pathol.
151, 927–932.

Roosje, P.J., van Kooten, P.J., Thepen, T., Bihari, I.C., Rutten, V.P., Koe-
man, J.P., Willemse, T., 1998. Increased numbers of CD4+ and CD8+
T  cells in lesional skin of cats with allergic dermatitis. Vet. Pathol. 35,
268–273.

Roosje, P.J., Dean, G.A., Willemse, T., Rutten, V.P., Thepen, T., 2002. Inter-
leukin 4-producing CD4+ T cells in the skin of cats with allergic
dermatitis. Vet. Pathol. 39, 228–233.

Rothenberg, M.E., Hogan, S.P., 2006. The eosinophil. Annu. Rev. Immunol.
24, 147–174.

Sheehan, D.C., Hrapchak, B.B., 1980. Toluidine Blue Stain Theory and
Practice of Histotechnology. Mosby, St. Louis.

Solley, G.O., Gleich, G.J., Jordon, R.E., Schroeter, A.L., 1976. The late phase
of the immediate wheal and flare skin reaction. Its dependence upon
IgE antibodies. J. Clin. Invest. 58, 408–420.

Stepnik, C.T., Outerbridge, C.A., White, S.D., Kass, P.H., 2012. Equine atopic
skin disease and response to allergen-specific immunotherapy: a ret-
rospective study at the University of California-Davis (1991–2008).
Vet. Dermatol. 23, 29–35, e27.

Stone, K.D., Prussin, C., Metcalfe, D.D., 2010. IgE, mast cells, basophils, and
eosinophils. J. Allergy Clin. Immunol. 125, S73–S80.

Taglinger, K., Helps, C.R., Day, M.J., Foster, A.P., 2005. Measurement of
serum immunoglobulin E (IgE) specific for house dust mite antigens
in  normal cats and cats with allergic skin disease. Vet. Immunol.
Immunopathol. 105, 85–93.

Taglinger, K., Day, M.J., Foster, A.P., 2007. Characterization of inflammatory
cell infiltration in feline allergic skin disease. J. Comp. Pathol. 137,
211–223.

Taglinger, K., Van Nguyen, N., Helps, C.R., Day, M.J., Foster, A.P., 2008. Quan-
titative real-time RT-PCR measurement of cytokine mRNA expression
in  the skin of normal cats and cats with allergic skin disease. Vet.
Immunol. Immunopathol. 122, 216–230.

Tsicopoulos, A., Hamid, Q., Haczku, A., Jacobson, M.R., Durham, S.R., North,
J.,  Barkans, J., Corrigan, C.J., Meng, Q., Moqbel, R., et al., 1994. Kinet-
ics  of cell infiltration and cytokine messenger RNA expression after
intradermal challenge with allergen and tuberculin in the same atopic
 study for characterization of IgE-mediated cuta-
domestic cats. Vet. Immunol. Immunopathol. (2014),

individuals. J. Allergy Clin. Immunol. 94, 764–772.
Zemann, B., Griot-Wenk, M.,  Marti, E., Mayer, P., Eder, C., Nefzger, M.,

Schneider, H., de Weck, A., Liehl, E., 2002. Allergic pulmonary and ocu-
lar tissue responses in the absence of serum IgE antibodies (IgE) in an
allergic dog model. Vet. Immunol. Immunopathol. 87, 373–378.

dx.doi.org/10.1016/j.vetimm.2014.02.007
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0140
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00043-9/sbref0220

	A study for characterization of IgE-mediated cutaneous immediate and late-phase reactions in non-allergic domestic cats
	1 Introduction
	2 Materials and methods
	2.1 Tested subjects
	2.2 Generation of IgE-mediated cutaneous immediate and late-phase reactions
	2.3 Grading the macroscopic reactions
	2.4 Specimen collection and processing
	2.5 Histological staining
	2.6 Immunohistochemistry of cutaneous mononuclear cells
	2.7 Enumeration of dermal cells
	2.8 Statistical analysis

	3 Results
	3.1 Intradermal injection of anti-IgE produced macroscopic immediate reactions
	3.2 Intradermal injection of anti-canine IgE induced degranulation of dermal mast cells
	3.3 Intradermal injection of anti-canine IgE induced an increase of inflammatory cells
	3.4 Intradermal injection of anti-canine IgE was associated with an increase in dermal CD1a+ dendritic cells but had minim...

	4 Discussion
	5 Conclusion
	Conflict of interest
	Role of funding source
	Acknowledgements
	References


