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Abstract : The purpose of the study reported here was to test the hypotheses that clinically healthy dogs will not manifest
immediate hypersensitivity responses to intradermal injection of Malassezia pachydermatis extracts but that affected
dogs with Malassezia otitis will manifest such hypersensitivity. We desired to identify approximate molecular mass
of any allergenic components of the yeast by use of sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The
protein profile of Malassezia pachydermatis extracts showed between 16 and 110 kDa. Especially, the intensity was
strongest between 25 and 80 kDa. Mean wheal diameters in the affected groups of 20, 2, 0.2, and 0.02 pg/ml were
13.36 £ 0.67, 5.33 £ 0.67, 5.47 £ 0.82, and 5.07 & 0.64, respectively. Mean wheal thickness in the affected groups of
20, 2, 0.2, and 0.02 pg/ml was 6.44 £ 0.40, 3.86 + 0.35, 2.64 £ 0.36, and 2.60 £ 0.44, respectively. The difference of
wheal diameters and thickness between healthy and affected groups was significant (p < 0.05). In conclusion, the
observations confirm that Malassezia pachydermatis-derived antigens may induce an immediate wheal response when
intradermal injected in dogs. It seems reasonable to suggest that hypersensitivity to yeast may contribute to the
development of clinical signs in dogs with immediate skin test reactivity, especially in dogs with Malassezia otitis

externa.
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Introduction

The lipophilic yeast Malassezia pachydermatis is part of
the normal cutaneous microflora of most warm-blooded verte-
brates. It is now widely accepted that Malassezia pachydermatis
is an opportunistic pathogen of the dog, with an important
role in both otitis externa (12) and dermatitis (10). The pres-
ence of high population densities of the yeast in lesional skin
in dogs with dermatitis refractory to antibacterial and anti-
inflammatory therapy, and the clinical response following anti-
fungal treatments and the associated reduction in yeast numbers
provide good evidence for a pathogenic role (2,10,21).

Much less has known about immunity to skin colonization
and infection by yeasts of the genus Malassezia. Abnormal
cell-mediated immune responses have been reported in peo-
ple with seborrheic dermatitis associated with lipid-depen-
dent Malassezia species (30). Hypersensitivity responses to
Malassezia antigens have been reported in people with the
head-neck form of atopic dermatitis (15).

In recent years, skin disease associated with Malassezia
pachydermatis has been commonly recognized in dogs (10,18,
21), and the population density of the yeast has been shown
to be markedly higher in areas of the skin with lesions (2,3).

Several factors have been suggested to cause overgrowth of
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the organism, such as alterations in skin surface microcli-
mate and defective host immunity (22). These factors may be
associated with various underlying skin diseases including
hypersensitivity disorders, bacterial skin infections, keratini-
zation defects and endocrine diseases (21,22,25,27).

Atopic dermatitis is one of the most common diseases
associated with Malassezia overgrowth in dogs. It has been
demonstrated that some atopic dogs carry higher numbers of
Malassezia pachydermatis on the skin than normal dogs (1,6,32)
and cytological evidence of Malassezia overgrowth is a common
finding in atopic dogs.

Wide variability in the number of Malassezia organisms
that can be isolated from the skin of healthy dogs has been
noted. Variation according to anatomic site within individual
dogs is significant (5,16). These factors have been a hindrance
to establishing reference range values for the number of yeast
organisms to be expected on healthy dogs. In addition, the
anatomy of the canine ear predisposes the dog to microbial
proliferation that may result in clinical diseases. The exter-
nal canal is long and narrow and turns medially at the junc-
tion of the vertical and horizontal segments. As moisture
content increases, the stratum corneum becomes progressively
macerated decreasing the protective mechanism and providing
a medium for organism proliferation (34).

Otitis externa of the dogs is a major inflammatory discase
of the external ear canal inflicting as much as 20% of the
canine population (26,34). Although it is a common disorder,
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etiological and predisposing factors and the role of microor-
ganisms in the pathogenesis still remain uncertain. Etiologi-
cal factors of otitis externa have not been clearly identified
and numerous factors are implicated either as primary initiat-
ing causes or secondary complications (26,33,34).

In more recent studies, Malassezia pachydermatis was
commonly isolated from clinical cases of otitis externa (7,9,11,19,
29,31). Malassezia pachydermatis was isolated in 80% of
otitic ears and 21% of normal ear (19), and 72% and 36% (7),
and 57% and 17% (11), respectively. Mansfield er al (20)
investigated the role of Malassezia pachydermatis as a pathogen
and the effects of moisture and yeast byproducts in the normal
external ear canal of dogs and reported that Malassezia pachyder-
matis is an opportunistic pathogen. In our knowledge, despite
of a strong association between Malassezia pachydermatis-induced
hypersensitivity and otitis externa, there have been no reports.

The purpose of the study reported here was to test the
hypotheses that clinically healthy dogs will not manifest immedi-
ate hypersensitivity responses to intradermal injection of Malasse-
zia pachydermatis extracts but that affected dogs with Malassezia
otitis will manifest such hypersensitivity.

Materials and Methods

Animals

Five healthy dogs and five dogs with Malassezia otitis
were tested intradermally with extracts prepared from Malassezia
pachydermatis isolates. The diagnosis of Malassezia otitis
was based on the presence of relapsing greasy, erythematous
otitis affecting the external canal, accompanied by large pop-
ulations of the yeast in representative lesions as assessed by
cytologic examination. Dogs were determined to be clinically
normal on the basis of results of complete physical and der-
matologic examinations. Malassezia overgrowth was diagnosed
by microscopic observation of modified Wright stain (Diff-Quik,
Dade-AG, Switzerland) stained tape strips. Samples were
obtained from the groin, axilla and interdigital web and Malasse-
zia overgrowth was characterized as an average of 5 or more
Malassezia organisms per 400 x field (23). Involvement of
Malassezia in cases of ofitis externa was assessed by sampling
the external ear canal with a cotton swab and transferring the
material to a glass slide prior to heat fixing and staining. The
criteria for demonstrating overgrowth were as described for
the tape strips.

Culture of Malassezia pachydermatis

An isolate of Malassezia pachydermatis was obtained from
the ear canal of a dog with Malassezia otitis. The use of a
single isolate was deemed appropriate because previous stud-
ies have shown that Malassezia pachydermatis was the only
Malassezia species isolated from the skin and external ear
canal of dogs with either otitis externa or skin infections, and
all isolates of Malassezia pachydermatis had similar electro-
phoretic karyotypes(29). The sample was cultured on Sabouraud
Dextrose agar (Oxoid, UK) containing 20 mg/ml of chlorampheni-

col (Intramycetin®, Parke-Davis Veterinary, UK) for 48 h at 37°C.
The colonies were then subcultured onto large numbers of plates
in order to obtain enough organisms for subsequent studies.

Extraction of Malassezia pachydermatis proteins

Malassezia colonies carefully harvested and suspended in
phosphate-buffered saline (PBS, pH 7.4) for a washing pro-
cedure that consisted of 3 cycles of centrifugation at 500 g
for 5 min followed by removal of the supernatant and resus-
pension in PBS. After the last washing cycle, the cells were
resuspended in extraction buffer (pH 7.4) containing 125 mM
NHHCO; (Sigma, UK) and protease inhibitors (20 mM g-amino-
caproic acid, Sigma, UK; 5 mM ethylenediaminetetra-acetic
acid, Sigma, UK; and 1 mM phenylmethylsulphonyl fluoride,
BDH, UK). The Malassezia colonies in the extraction buffer
were then mixed vigorously with an equal volume of glass beads
(0.5 mm, 40 mesh, BDH, UK) on a vortex mixer for 10 min
to mechanically disrupt the cell membranes. After extraction, the
cell suspensions were stored at 4°C overight, centrifuged at

6000 g for 5min and the supernatants were collected. The

amount of protein obtained was measured with BCA Protein
Assay Reagent (Pierce Chemical Company, USA).

SDS-PAGE and electrophoretic transfer

Gel electrophoresis was performed according to the method of
Laemmli(18) using 10% separating polyacrylamide gel and
4% stacking gel in a discontinuous buffer system containing
0.025 M Tris (Sigma, UK), 0.2 M Glycine (Fisher Scientific,
UK) and 0.1% sodium dodecyl sulphate (Fisher Scientific,
UK), pH 8.3. The extract (60 pg) and molecular weight stan-
dards were difuted 1:1 with reducing sample buffer (containing
5% B-Merca- ptoethanol, Sigma, UK) and heated at 95°C for
5 min. the extract was then added to one broad well across the
top of the gel and the electrophoresis was run at 200 V for
40 min. Fig. 1 shows the protein profile of Malassezia pachy-
dermatis extracts on a 10% separating polyacrylamide gel.

The separated proteins and molecular weight standards
were transferred from the gel to a polyvinylidene difluoride micro-
porous membrane (Millipore Immobilon™-P Transfer mem-
brane, Millipore corporation, Bedford, MA, USA) in a Bio-Rad
Trans-Blot® SD Semi-Dry Electrophoretic Transfer Cell accord-
ing to the manufacturer’s instructions. The transfer buffer con-
tained 25 mM Tris (Sigma, UK), 192 mM Glycine (Fisher
Scientific, UK), pH 8.3. The transfer was run at 80 mA per
minigel for | h. The quality of transfer was checked by staining
gels and molecular weight standards blotted onto the mem-
brane with Coomassie Brilliant Blue R-250 (BDH, UK).

Intradermal testing

Aliquots of each extract were diluted in phosphate-buff-
ered saline solution to protein concentrations of 20, 2, 0.2 mg/ml
and 0.02 pg/ml. Before the skin tests, the hair was clipped
from the lateral thorax with electric clippers with a number
40 blade. The dogs were injected intradermally with 0.05 ml
of the extracts, using insulin syringes with 29 gauge needles
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(Becton & Dickinson)USA, and with phosphate-buffered saline
solution and histamine (1 : 100,000) as controls. Ten dogs
were tested with all four dilutions of extracts. The test sites
were inspected at intervals for evidence of hypersensitivity
reactions, and the means of the horizontal and vertical diam-
eters of wheals were recorded. The dogs were assessed after
15 minutes.

Statistical Analysis

The diameters of the reactions to the intradermal tests after
15 minutes in the healthy and affected dog were compared
by analysis of variance, with analysis by student s-test. The
analyses were made by using computer software (SigmaPlot
2000, Version 6.00). A significance level of p < 0.05 was used.

Results

The protcin profile of Malassezia pachydermatis extracts
on a 10% separting polyacrylamide gel was shown in Fig 1.
Malassezia pachydermatis protein extract showed several
bands between 16 and 110 kDa in electrophoresis and the
intensity was strondest between 25 to 80 kDa areas (Fig 1).

The lesions at the test sites of the 20 ug/ml concentrations
of extracts in the affected dogs were significantly larger in
diameter and thickness than in the healthy dogs. But the
diameters of the lesions of other concentrations in the healthy
and affected dogs were not significantly different.

Mean wheal diameter in the affected groups of 20, 2, 0.2,
and 0.02 png/ml was 13.36 £0.67, 5.33 £0.67, 547+ 0.82, and
5.07 £ 0.64, respectively. Wheal diameter in the healthy groups
of 20, 2, 0.2, and 0.02 pg/ml was 541 £048, 427+0.28,

219kDa b
110 kDa P;

82.7kDa p
4 80 kDa

47.0kDa b

4 25kDa

16.8 kDa

Fig 1. Coomassie Brilliant Blue stained Malassezia pachyder-
matis extracts on a 10% separating polyacrylamide gel. Lane 1:
molecular weight markers; Lane 2: Malassezia extract.

Fig 2. Intradermal reactions in the healthy dog 15 minutes after
the injection of histamine, PBS control, 20 pg/ml 2 pg/ml,
0.2 pg/ml, 0.02 pg/ml. Large wheals are apparent at the site of
injection of histamine, and a smaller wheal at the site of 20 ng/
ml, 2 pg/ml, 0.2 pg/ml, 0.02 pg/ml, PBS control.

Fig 3. Intradermal reactions in the dog with Malassezia otitis 15
minutes after the injection of histamine, PBS control, 20 pg/ml,
2 pg/ml, 0.2 pg/ml, 0.02 pg/ml. Large wheals are apparent at
the site of injection of histamine, 20 pg/ml, and a smaller wheal
at the site of 2 pg/ml, 0.2 ug/mi, 0.02 ug/mi, PBS control.
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Fig 4. Wheal diameter of the intradermal wheal responses of
healthy and affected dogs to a crude Malassezia pachydermatis
extract at a concentration of 20, 2, 0.2, 0.02 pg/ml, histamine
and PBS. (MO; Malassezia otitis, *p < 0.05, **p < 0.01)
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Fig 5. Wheal thickness of the intradermal wheal responses of
healthy and affected dogs to a crude Malassezia pachydermatis
extract at a concentration of 20, 2, 0.2, 0.02 pg/ml, histamine
and PBS. (MO; Malassezia otitis, *p < 0.05, **p < 0.01)

4.61 £0.48, and 3.86 +0.52, respectively (Fig 4). The difference
of wheal size between healthy and affected groups was significant.

Mean wheal thickness in the affected groups of 20, 2, 0.2,
and 0.02 pg/ml was 6.44 £0.40, 3.86 £ 0.35, 2.64 £ 0.36, and
2.60 £ 0.44, respectively. Wheal thickness in the healthy groups
of 20, 2, 0.2, and 0.02 pg/ml was 3.00 £ 0.19, 3.03 £ 0.20,
2.21 £0.32, and 2.24 £ 0.30, respectively (Fig 5). The differ-
ence of wheal thickness between healthy and affected groups
was significant.

Discussion

The intradermal injection of substances derived from microbes
and parasites may elicit a range of cutaneous inflammatory
and hypersensitivity responses. Inflammation caused by irritant
substances may develop without specific immunological sen-
sitization; this may be the case with crude extracts derived
from microbes (8). Antibody-dependent events include immuno-
globulin E-mediated immediate (Type-I) and late-phase responses,
and the Arthus reaction (Type-III hypersensitivity) (13).

In addition to testing healthy and affected dogs for imme-
diate hypersensitivity responses to a crude extract of Malassezia
pachydermatis, we desired to identify approximate molecular
mass of any allergenic components of the yeast (14) by use of
sodium dodecyl sulfate- polyacrylamide gel electrophoresis.

Malassezia yeasts are commonly associated with otitis
externa in dogs and may contribute to sensitization (24). Our
dogs had history of chronic or recurrent otitis externa. Five
dogs in the Malassezia otitis-positive group reacted to the
crude yeast extract, whereas the 5 dogs in the Malassezia oti-
tis-negative group did not react. These results indicated that
Malassezia otitis related to type-1 hypersensitivity in dogs.
However, further studies to evaluate the role and/or mecha-
nisms of otic yeast in sensitized dogs will be required.

The observations confirm that Malassezia pachydermatis-
derived antigens may induce an immediate wheal and flare
response when injected intradermally in certain dogs (24). In
this study, it seems reasonable to suggest that IgE-mediated
hypersensitivity to yeast may contribute to the development

of clinical signs in dogs with immediate skin test reactivity,
especially in dogs with Malassezia otitis. Thus, The dogs'
immediate skin test reactivity to Malassezia pachydermatis
supports the idea that type 1 hypersensitivity responses may
be important in the pathogenesis of Malassezia otitis. Also, it
is possible that Malassezia otitis-dogs, through their extended
pruritic behavior, are capable of becoming sensitized to their
normal commensal populations of the yeast. It has been
hypothesized that Malassezia allergen release may result from
disruption of the organisms by the scratching behavior of the
allergic individual or from digestion of the cell wall by
enzymes released from inflammatory cells of affected skin
(14). An additional contributing factor could be disruption of
stratum corneum barrier function by scratching, allowing
exposure of the sub-comeal immune system to yeast allergens.

The intradermal test did not discriminate between the
healthy and affected basset hounds (4). But this difference
may have been due to the use of antigens of different compo-
sition, their study was designed to investigate delayed reac-
tivity or to the fact that the dogs tested were of different
breeds and disease status.

In conclusion, the results of this study demonstrate that
clinically healthy dogs will not manifest immediate hyper-
sensitivity responses to intradermal injection of Malassezia
pachydermatis extracts but that affected dogs with Malasse-
zia otitis will manifest such hypersensitivity. However fur-
ther studies are required to assess the relationship between
the cutaneous responses to the intradermal injection of sub-
stances derived from Malassezia pachydermatis and the out-
come of the colonization and infection of canine skin by the
yeast. The variable immune responses observed among the
dogs suggest that any future therapeutic or prophylactic
immunomodulatory approach may need to target different
processes mediated by the immune system of the skin.
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