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Background: The vyeasts of the genus Malassezia are
members of the normal flora on human skin and they are
found in 75~80% of healthy adults. Since its association
with various skin disorders have been known, there have
been a growing number of reports that have implicated
Malassezia yeast in atopic dermatitis (AD). Objective: The
aim of the present study is to isolate the various Malassezia
species from AD patients by using 26S rDNA (ribosomal
Deoxyribonucleic acid) PCR-RFLP and to investigate the
relationship between a positive Malassezia culture and the
severity of AD. Methods: Cultures for Malassezia yeasts were
taken from the scalp, cheek, chest, arm and thigh of 60
patients with atopic dermatitis. We used a rapid and accurate
molecular biological method 26S rDNA PCR-RFLP, and this
method can overcome the limits of the morphological and
biochemical methods. Results: Positive Malassezia growth
was noted on 51.7% of the patients with atopic dermatitis by
26S rDNA PCR-RFLP analysis. The overall dominant species
was M. sympodialis (16.3%). M. restricta was the most
common species on the scalp (30.0%) and cheek (16.7%).
M. sympodialis (28.3%) was the most common species on
the chest. The positive culture rate was the highest for the 11
~ 20 age group (59.0%) and the scalp showed the highest
rate at 66.7%. There was no significant relationship between
the Malassezia species and SCORing for Atopic Dermatitis
(SCORAD). Conclusion: The fact that the cultured species
was different for the atopic dermatitis lesion skin from that of
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the normal skin may be due to the disrupted skin barrier
function and sensitization of the organism induced by
scratching in the AD lesion-skin. But there was no
relationship between the Malassezia type and the severity
score. The severity score is thought to depend not on the
type, but also on the quantity of the yeast. (Ann Dermatol
22(1) 41~47,2010)
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INTRODUCTION

The yeasts of the genus Malassezia are members of the
normal flora on human skin and they are found in 75~
80% of healthy adults’. The colony-formation begins
immediately after the birth, and the population density
increases on skin areas that have a high sebum pro-
duction. Its prevalence is the highest for patients who are
in late adolescence and early adulthood’. Malassezia
yeast was first reported on in 1889, and it has been
implicated in various diseases, such as pityriasis ver-
sicolor, seborrheic dermatitis and Malassezia folliculitis.
Recently, there have been a growing number of reports
that have implicated Malassezia yeast in atopic der-
matitis”.

Atopic dermatitis (AD) is a multifactorial disease in which
both hereditary and environmental factors play an im-
portant role. Therefore, the Malassezia species in patients
with AD serve not only as the normal skin flora, but also
as an exacerbating factor. The number of patients with
AD, and particularly adults who respond poorly to anti-
inflammatory treatment, have recently been increasing’.
Treatment with anti-fungal agents for the patients who are
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affected mainly on the head and neck regions has been
found to decrease Malassezia colonization and the se-
verity of AD lesions, which suggests that the Malassezia
species play a certain role in AD*.

The genus Malassezia currently consists of 11 species: M.
dermatis, M. furfur, M. globosa, M. japonica, M. nana, M.
obtusa, M. pachydermatis, M. restricta, M. slooffiae, M.
sympodialis and M. yamatoensis. M. nana and M. pa-
chydermatis show affinity for animals, while the remai-
ning nine species colonize human skin. Several studies
have examined which species are involved in exacer-
bating AD’°. However, the results of culture-based
analyses of the cutaneous Malassezia flora in patients with
AD have differed among studies. These discrepancies are
likely to have occurred due to different isolation techni-
ques, different media and the various growth characteri-
stics of each species.

Therefore, various molecular biological techniques such
as direct sequencing, PCR (polymerase chain reaction),
RFLP (restriction fragment length polymorphism), RAPD
(random amplification of polymorphic DNA), SSCP (single
strand conformation polymorphism), DGGE (denaturing
gradient gel electrophoresis) and T-RFLP (terminal restric-
tion fragment length polymorphism) are gradually repla-
cing the morphologic method.

The aim of the present study is to isolate the various
Malassezia species from AD patients by using 26S rDNA
(ribosomal Deoxyribonucleic acid) PCR-RFLP and to in-
vestigate the relationship between a positive Malassezia
culture and the severity of AD.

MATERIALS AND METHODS
Patients

Sixty AD patients at Konkuk University Hospital were
enrolled in this study. They were divided into 3 groups
according to their age range from 0 to 10, 11 to 20 and 21
to 30. These groups had 10 males and 10 females in each
group. The diagnosis of AD was based on the criteria of
Hanifin and Rajka’. Five body sites were selected for the
examination: the scalp, cheek, chest, upper arm and thigh.
Most of the body sites were atopic dermatitis involved
areas. The patients were instructed not to take a shower or
use emollients on the day of investigation. The use of
systemic glucocorticoids, systemic antifungal treatment or
ultraviolet phototherapy was not allowed for 2 months
prior to the investigation. Topical antifungal treatment was
not allowed 1 month before the study and topical
corticosteroids were not allowed for 1 week before the
study. Written informed consent was obtained from each
subject before the procedure. The investigations were
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conducted according to the principles of the Declaration
of Helsinki.

Sampling from the skin

Samples from the skin were taken by the swabbing te-
chnique®. The detailed procedure was as follows: swabs
moistened in 100 x| of detergent were rubbed five times
against 3 cm of the skin from the scalp, cheek, chest,
upper arm and thigh. Then only the fiber-tipped part of the
swab was cut and then placed in 900 x| of detergent.
This was placed into a shaker for 30 seconds to evenly
disperse the Malassezia yeasts in the solution. About 100
«| of the sampled skin was mixed with 900 «1 of the
detergent along with half of the concentration. From this,
100 x| was taken to be evenly applied on Leeming &
Notman culture medium’ and this was incubated at 34°C
for 14 days. To isolate the cultured Malassezia yeasts, the
shape and size of the colony and the changes of the media
were observed, and distinct colonies were collected and
analyzed.

DNA extraction and PCR

For the DNA extraction and PCR analysis of the isolates
from skin, this study adopted colony PCR analysis, which
was developed to extract DNA directly from the colonies
of a PCR tube and to amplify the 26S rDNA at the same
time instead of using the direct genomic DNA extraction
methods. A single colony of Malassezia yeast was taken
and transferred to a PCR tube and it was warmed up in a
double boiler by using a microwave 3 times a day for 1
minute, and then the tube was moved into ice water. The
PCR reaction mixture (0.25 mM deoxynucleoside tripho-
sphate, 10X PCR buffer, 5X Q buffer, 0.5 M primers,
1.25 U Hot StarTag polymerase, 20 mM MgSO4) was
added and vortex mixing was done. Then, PCR using a
Mastercycler 5333 (Eppendorf, Hamburg, Germany) was
immediately performed. To amplify the 26S rDNA, the
primer that can amplify all 11 standard strains at once was
chosen. The sequence was forward, 5'-TAACAAGGATTC
CCCTAGTA-3" and reverse, 5'-ATTACGCCAGCATCCTAA
G-3""°. The conditions in the early stage of the reaction
were 95°C for 14 minutes for pre-denaturation, 94°C for
45 seconds for denaturation, 55°C for 45 seconds for
annealing, 72°C for 1 minute for extension of the 40
cycles, and then 72°C for 7 minutes for the last extension.
The amplified DNA was visualized by electrophoresis on
a 1.5 % (w/v) agarose gel with using ethidium bromide
(0.5 rg/ml) and by using 1 X TAE migrating buffer (pH
8.0, 40 mM Tri-acetate 1T mM EDTA).
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Restriction fragment length polymormphism (RFLP analysis)

After confirmation of the amplified 26S rDNA, the PCR
products were purified using an Accu-Prep PCR purifi-
cation kit (Bioneer, Daejeon, Korea). Two restriction en-
zymes, Hhal (Takara Biomedicals, Otsu, Japan) and
BstF51 (SibEnzyme, Novosibirsk, Russia), were used to
perform the 265 rDNA-RFLP of Malassezia''. In this ex-
periment, the restriction enzyme digestion was performed
with 10X PCR buffer, 10 U of the restriction enzyme and
7.5 11 of the PCR products, which sum up to 20 1. After
the reaction at 37°C for 3 hours, the electrophoresis was
done on 3.5% (w/v) NuSieve GTG agarose gel (FMC,
Rockland, ME, USA) at 100 volts and staining was done
with ethidium bromide. The restriction fragments were
analyzed according to the size and number of DNA
fragments seen under the UV transilluminator.

Statistical analysis

Comparision of the AD patient groups was done accor-
ding to clinical severity as reflected by an SCORAD above
or below 40, and Fisher’s exact test was used for statistical
analysis.

M 1 2 3 4 5 6 7 8 9 10 11 M

Fig. 1. PCR-RFLP patterns of the 26S rDNA PCR digested with
Hha1l (A) and BstF51 (B) of the 11 standard strains of Malassezia.
Lanes: M means molecular marker, 1: M. furfur (KCTC 7743),
2: M. sympodialis (KCTC 7985), 3: M. globosa (CBS 7966), 4
M. restricta (KCTC 7848), 5: M. slooffiae (KCTC 17431), 6: M.
pachydermatis (KCTC 17008), 7: M. japonica (CBS 9432), 8: M.
nana (JCM 12085), 9: M. dermatis (JCM 11348), 10: M. obtusa
(KCTC 7847), 11: M. yamatoensis (CBS 9725).

RESULTS

26S rDNA PCR-RFLP analysis of the Malassezia
standard strains

After the amplification of the 26S rDNA of the Malassezia
standard strains, a 580 bp PCR band was seen for all the
11 standard strains. These PCR products were digested
with restriction endonucleases Hhal and BstF51 by
agarose gel electrophoresis. M. furfur, M. globosa, M.
japonica, M. nana, M. obtusa, M. pachydermatis, M.
slooffiae and M. yamatoensis were distinguished using
Hha1l (Fig. 1A). On the other hand, M. dermatis and M.

Table 1. The detection rate of Malassezia species according to
the age group in atopic dermatitis patients

No. of Malassezia species

Age

groups Male (%) Female (%) Total (%)
0~10 26/50 (52.0) 20/50 (40.0) 46/100 (46.0)
11~20 39/50 (78.0) 20/50 (40.0) 59/100 (59.0)
21~30 29/50 (58.0) 21/50 (42.0) 50/100 (50.0)
Total 94/150 (62.7) 61/150 (40.7) 155/300 (51.7)

Table 2. The detection rate of Malassezia species according to
the body sites in atopic dermatitis patients

. Male (%) Female (%) Total (%)
Bl (n=30) (n=30) (n=60)
Scalp 20 (66.7) 20 (66.7) 40 (66.7)
Cheek (66.7) 16 (53.3) 36 (60.0)
Chest 26 (86.7) 13 (43.3) 39 (65.0)
Upper arm (63.3) 9 (30.0) 28 (46.7)
Thigh (30 0) 3 (10.0) 12 (20.0)
Total 94/150 (62.7) 61/150 (40.7) 155/300 (51.7)
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Fig. 2. The identified Malassezia species from atopic dermatitis
patients by age.
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sympodialis were distinguished using BstF51 (Fig. 1B). All
the Malassezia standard strains could be differentiated by
analyzing the 26S rDNA PCR-RFLP pattern with using the
two restriction enzymes. The same as the standard strains,
all of the colonies that were isolated and cultured from the
AD patients were successfully identified using 26S rDNA
PCR-RFLP analysis.
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The detection rates of cultured Malassezia yeasts by
the different age groups and body sites

Six Malassezia species were identified in the AD patients
through the 26S rDNA PCR-RFLP method: M. restricta, M.
globosa, M. sympodialis, M. furfur, M. dermatis and M.
slooffiae. The overall positive culture rate of the sampled
Malassezia yeasts from the 60 AD patients was 51.7%
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Fig. 3. The identified Malassezia species from the atopic
dermatitis groups according to body sites.
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Table 3. Positive Malassezia culture in relation to the severity of atopic dermatitis

Score MR (%) MG (%) MS (%) MF (%) MD (%) Mslo (%) Total (%)
SCORAD <40 21 (20.4) 15 (14.6) 33 (32.0 24 (23.3) 9 (8.7) 1(1) 103 (100)
SCORAD =40 13 (25) 10 (19.2) 16 (30.8) 8 (15.4) 1 (1.9) 4 (7.7) 52 (100)
Total 34 (21.9) 25 (16.1) 49 (31.6) 32 (20.7) 10 (6.5) 5 (3.2) 155 (100)

MR: M. restricta, MG: M. globosa, MS: M. sympodialis, MF: M. furfur, MD: M. dermatis, Mslo: M. slooffiae.

(Table 1). For the culture rate by age, the positive culture
rate was the highest in the 11~20 AG (age group)
(59.0%). In the experiment groups according to different
body areas, the scalp showed the highest positive culture
rate at 66.7% (Table 2).

Molecular biological identification of the Malassezia
species by the age groups and body sites using 26S
rDNA PCR-RFLP analysis

The results showed that in the AD patients, M. sym-
podialis was identified most frequently in 49 sites (16.3%)
of the 300 tested sites (Fig. 2). Among the Malassezia
yeasts cultured on the different body areas according to
the AGs, M. sympodialis was identified as the common
species in 18.0% of the 0~ 10 AG, followed by 17.0% in
the 11~20 AG and 14.0% in the 21~30 AG (Fig. 2). The
results from each body site indicated that M. restricta was
the most common species on the scalp (30.0%) and cheek
(16.7%). M. sympodialis (28.3%) was the most common
species on the chest in the AD patients (Fig. 3).

Positive Malassezia culture in relation to the severity of
AD

For the patients with severe AD (a SCORAD =40), the
Malassezia cultures were positive in 52 of 87 cases
(59.8%), as compared with 103 of the 213 cases (48.4%)
with less severe AD (@ SCORAD<40). The Malassezia
species that were more commonly cultured from the
patients with AD and a SCORAD=40 were M. sym-
podialis in 16 of 52 cases (30.8%), M. restricta in 13 cases
(25%) and M. globosa in 10 cases (19.2%). The Malas-
sezia species that were more commonly cultured from the
patients with AD with a SCORAD<40 were M. sym-
podialis in 33 of 103 cases (32%), M. furfur in 24 patients
(23.3%) and M. restricta in 21 patients (20.4%) (Table 3).
But there were no significant differences between a
positive Malassezia culture, the Malassezia species and
the severity of AD.

DISCUSSION

According to earlier reports, M. sympodialis, M. globosa

and M. furfur were the most commonly isolated Malas-
sezia species from healthy individuals and from patients
with diseases like atopic dermatitis'"'®. M. restricta and
M. globosa were the most frequently isolated species in a
Korean study'’. However, there were differences with a
respect to the commonly isolated species, not only bet-
ween normal healthy individuals and the patients with
various skin diseases, but also between different countries.
For the healthy subjects from a previous study, the do-
minant species was M. globosa'®, while M. sympodialis
was the dominant species in a study from Canada'’. For
the patients with AD in this study, the dominant species
was M. sympodialis, while M. furfur’® or M. globosa and
M. restricta'® were the dominant species in Japan and M.
sympodialis was the dominant species in Canada'’. This
difference may be attributable to the sampling and culture
techniques such as our swabbing-culture-PCR-RFLP tech-
nique or the Opsite-nonculture-PCR-RFLP, as well as to
racial and geographical differences.

The results from each body site indicated that M. restricta
was the most common species on the scalp (30.0%) and
cheek (16.7%). M. sympodialis (28.3%) was the most
common species of AD patients on the chest (Fig. 3). The
detection rate was lower on the thigh and upper arm
among the different body sites. There could be a rela-
tionship among the prevalence sites of atopic dermatitis,
the culture rate and the different isolated species, although
this has not been clearly identified.

We understand that several subtypes of Malassezia may
coexist on the same individual. We actually have con-
firmed the isolation of more than one subtype during the
culture and PCR-RFLP process. However, in this study, the
results were derived from the dominant subtypes (the
dense band on PCR-RFLP).

In this study, the prevalence of the Malassezia yeasts was
lower for the AD patients as compared to that of the
healthy subjects from a previous study'®. Further proof is
needed for our observation that patients with AD harbor a
lower number of Malassezia yeasts. One reason for this
may be the reduced amount of lipids in the skin of AD
patients'”. In a recent study, the number of yeast cells on
patients with AD was lower in the lesional skin as
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compared to that of the nonlesional skin. In a previous
study, cultures from the lesional skin of patients with AD
were, for approximately 25% of the subjects, taken from
the arm or leg, which are locations known to harbor
Malassezia less often than the trunk, neck and forehead®.
Another explanation may be the antifungal activity of the
mediators and/or inflammatory cells present in AD le-
sions. According to recent studies, Malassezia may be an
important allergen and trigger factor in AD, and especially
for the AD located in the head and neck region®"**. In this
current study, the prevalence of positive Malassezia cul-
tures was not higher for the patients with severe AD or a
SCORAD =40, as compared with those patients who had
a SCORAD < 40. The role of Malassezia yeasts as a trigger
factor in AD is probably due to an allergic reaction. There
was no difference between positive cultures of different
Malassezia species and the severity of AD. Quantitative
analysis like RT-PCR may be needed to clarify the rela-
tionship between Malassezia and atopic dermatitis.

From this study, the recovery rate from AD was lower than
that of other studies. The reason for this is the limitation of
the age group from 0 to 30. Atopic dermatitis is a chronic,
fluctuating, inflammatory skin disease that rarely presents
in adulthood; it commonly occurs within the first 2 years
after the birth. The worldwide prevalence of AD is 10~
20% in children and 1~3% in adults®. So in this study,
we enrolled AD patients from the 0~ 30 age group, and
not from the AD patients of all ages. Our result of the
distribution of the Malassezia species was similar to that
of many previous studies, but the recovery rate was lower.
In many recent studies, real time PCR or nested PCR were
popularly used for identifying the Malassezia species.
However, 26S rDNA PCR RFLP is a genotypic identifica-
tion approach that can be applied for identifying nearly all
known Malassezia species and it is a flexible procedure
because patterns of newly described species can be added
directly to a database without the need for sequence infor-
mation. This PCR-RFLP method requires only PCR and
one or two enzymes, and it is technically less demanding
than most other molecular biological approaches'”. Lee et
al.** previously compared the obtained DNA sequences
with the full sequences of the genes already available in
GeneBank, and this showed 99% concordance. Oh et
al.” re-identified Malassezia species using nested PCR
from the 327 positive samples, with those samples with 2
or more identified yeasts being excluded. As a result, 320
out of the 327 samples (98.8%) were concordant with the
results of the RFLP method. Thus, the 26S rDNA PCR-
RFLP method for identifying 11 Malassezia species is ca-
pable of identifying species with high accuracy and reli-
ability, and it is simple, fast and cost effective for use even
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in routine laboratories.

In conclusion, we found fewer individuals with positive
Malassezia cultures among the AD patients. It was also
confirmed that the prevalence of a positive Malassezia
culture was not correlated with the severity of AD.

This makes it rather difficult to elucidate the role of Malas-
sezia in atopic dermatitis on the basis of the detection rate
alone. The relationship between atopic dermatitis and the
Malassezia species should be clarified through further
studies.

The species cultured from the AD patients' skin differed
from that of the normal skin, as much it varied among
different locations of AD lesions. These facts may be due
to disrupted skin barrier function and the sensitization to
the organism that’s induced by scratching in AD lesions.
In order to determine the distribution and the character of
Malassezia yeasts on the skin of AD patients, more case
control studies and quantitative molecular biologic
analysis should be done by selecting specific types of
subjects from AD patients.
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