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Patch Test Results of Cosmetic Products and Allergens in 2007
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We investigated current tendencies in cosmetic dermatitis by patch testing of cosmetic products

and allergens in 2007.

A total of 61 subjects were suspected of having cosmetic dermatitis and underwent patch testing
in 2007. We performed patch testing on the backs of subjects for 48 hours using the Japanese
standard series and cosmetic products that each subject had brought in. Patch test reactions were
interpreted in accordance with the International Contact Dermatology Research Group (ICDRG)
recommendations. We evaluated stronger or equal to (+) as a positive reaction.

Among those tested, 10 subjects exhibited positive reactions to cosmetics. The types of products
involved were as follows: hair dyes (2), lipsticks (2), creams (2), UV creams (2), shampoos (2) and

makeup foundation (1).

No new allergens were identified as a cause of cosmetic dermatitis in 2007.
(J Environ Dermatol Cutan Allergol, 4 (2): 89-98, 2010)
Key words : contact dermatitis, patch test, cosmetic products, isopalmityl diglyceryl sebacate,

hair dye
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Abstract
Background: Malassezia is a particularly important factor
in the occurrence of atopic dermatitis (AD). Aim: The aim of
this study was to quantitatively clarify the Malassezia spe-
cies isolated from AD patients by gender, body part and an-
alytical method in detail. Methods: The subjects were 20 AD
males and 47 AD females. Samples were collected from le-
sion and nonlesion areas on the face and upper trunk of AD
patients. Malassezia DNA was analyzed using a real-time
PCR system. Results: The cutaneous Malassezia microbiota
in AD patients differed by gender, body part and analytical
method. Conclusions: The present results indicate the pos-
sibility that the influence of Malassezia antigens is different
according to gender and body part.

Copyright @ 2010 S. Karger AG, Basel

Introduction

Atopic dermatitis (AD) is a multiple-factor-related
chronic inflammatory disorder marked by pruritus (of-
ten intense) and characteristic eczematous lesions with
erythema, fine scaling and thickening of the epidermis.
Malassezia yeasts appear to be a particularly important
factor in the occurrence of AD in adults [1]. It has been
suggested that Malassezia yeasts act as allergens in AD
patients who are susceptible, rather than as an infectious
agent [2, 3]. This hypothesis has been supported by the
report that AD patients have positive reactions to Malas-
sezia yeasts in patch tests [4]. In addition, specific Malas-
sezia IgE antibodies were found in AD patients but not in
healthy individuals [5-10] .

Genus Malassezia are basidiomycetous yeasts associ-
ated with Malassezia folliculitis, pityriasis versicolor, seb-
orrheic dermatitis, dandruff, AD and psoriasis, although
they are also members of the normal resident microbiota
on human skin [11]. This genus consists of 13 species [12-
19]. The taxonomy of genus Malassezia was revised in
1996 [12], and further new species have been reported in
recent years [15-19]. There have been several studies con-
cerning the frequency of isolation of each species and its
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correlation with the clinical manifestations of AD [20-
25]. These previous studies used either nonculture or cul-
ture methods, and the differences by gender and body
part of Malassezia species isolated from AD patients have
not been thoroughly considered. However, it has been re-
ported that there are differences in the Malassezia species
detected on human skin by gender, body part and ana-
lytical method (nonculture method or culture method)
[26, 27]. Moreover, although these previous reports con-
tain data about the detection rate of each Malassezia spe-
cies, there are few reports where each Malassezia species
was analyzed quantitatively. The aim of this study was to
quantitatively clarify the Malassezia species isolated from
AD patients by gender and body part by both nonculture
and culture methods. At the same time, Staphylococcus
aureus, coagulase-negative staphylococci (CNS), Propio-
nibacterium species and non-Malassezia (nonlipophylic)
fungi were also analyzed.

Subjects and Methods

Subjects

The study design was reviewed and approved by the institu-
tional review board of Fujita Health University. The authors
gained the informed consent from all the subjects. The subjects
were 67 Japanese AD outpatients (20 males of age 35 £ 20 years,
range 14-80 vears, and 47 females of age 33 * 9 years, range 11-
54 years) treated continuously at the Fujita Health University
Hospital from June to September 2007. Severe AD patients com-
prised 29 subjects (10 males and 19 females), moderate AD pa-
tients 24 subjects (6 males and 18 females), and mild AD patients
14 subjects (4 males and 10 females). The severity of AD cases was
judged according to the standard guidelines from the Japanese
Dermatological Association [28] .

Sample Collection

Samples were collected from lesion and nonlesion areas of
10 cm? of skin surface on the face (forehead or cheek) and upper
trunk (upper chest or upper back) of the AD patients by a swab
method using 5 ml of phosphate buffer containing 2% polysorbate
80 (pH 7.0) in the morning from 9 to 12 a.m. We collected the
samples without make-up from the skin of the female subjects.

Quantitative Analysis of Malassezia Species

Malassezia species were identitied using both culture and non-
culture methods, as in the previous study [26, 27]. For analysis by
the nonculture method, Malassezia DNA was extracted directly
from 3 ml of the collected samples. For analysis by the culture
method, 0.1 ml of the collected samples were cultivated at 32°C on
Leeming & Notman agar medium for 14 days [29]. DNA of Mualas-
sezia species was analyzed using a real-time PCR system (7300
Real Time PCR system; Applied Biosystems, Foster City, Calif.,
USA) and a quantitative PCR reagent (Platinum SYBR Green
qPCR SuperMix-UDG with ROX; Invitrogen, Carlsbad, Calif,,
USA). Nine Malassezia species isolated from human skin were tar-

[38]
(93]
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geted in this study. The standard curves of each Malassezia species
using quantitative analysis of the skin surface Malassezia micro-
biota were generated with Malassezia globosa CBS 7966, Malassc-
zia restricta CBS 7877, Malassczia sympodialis CBS 7222, Malas-
sezia furfur NBRC 0656, Malassezia obtusa CBS 7876, Malassczia
slooffiae CBS 7956, Malassezia dermatis JCM 11348, Malassczia
japonica JCM 11963 and Malassczia yamatoensis CBS 9725 count-
edbeforehand using a bacterium counting chamber. The detection
limit of the culture method was 5 colony-forming units (CFU)/
¢m?, and that of the nonculture method was 50 cells/cm?® [26] .

Quantitative Analysis of Staphylococcus Species

Each 0.05-ml aliquotofthe collected samples or buffer, diluted
appropriately, was cultivated on mannitol salt agar medium (Ei-
ken Chemical) at 35°C for 3 days. The colonies that appeared were
subcultured on mannitol salt agar medium for 24 h for purifica-
tion and distinguished between §. aurcus and CNS by coagulase
test (Eiken Chemical). In addition, the mecA gene amplification
was determined using the real-time PCR system for methicillin-
resistant S. aurcus (MRSA). DNA extraction and amplification
were carried out by the same method as for the Malassezia anal-
ysis, and the primer sets used were: 5'-AAG CGA CTT CAC ATC
TATTAGGTT AT-3"and5-TAT ATTCTT CGT TACTCATGC
CAT AC-3". The mecA specificity of the primers was confirmed
by amplification and melting temperatures using S. aurcus JCM
8702 (MRSA), JCM 8703 (MRSA), JCM 8704 (MRSA), ATCC 6538
(methicillin-susceptible S. aurcus), Staphylococcus epidermidis
NBRC 12993 and 6 strains of clinically isolated methicillin-sus-
ceptible staphylococci.

Quantitative Analysis of Other Cutancous Resident

Microorganisms

For the analysis of Propionibacterium species, 0.05-ml aliquots
of the collected samples or buffer diluted appropriately were culti-
vated on modified Gifu anaerobic agar medium (Nissui Pharma-
ceutical, Tokyo, Japan) at 35°C for 7 days under anaerobic condi-
tions. The bacilli that did not increase under aerobic conditions
were judged to be Propionibacterium species. The samples were also
cultivated on potato dextrose agar medium (Nihon Pharmaceuti-
cal) at 32°C for 7 days for the isolation of non-Malassezia fungi.

Statistical Analysis

In the quantitative analysis, the number of cells lower than
the detection limit (nonculture method for Malassezia species:
50 cells/cm?; culture method for Malassezia species: 5 CFU/em?;
culture method for other cutaneous resident microorganisms:
10 CFU/cm?) was assumed to be 10°/cm®. Student’s t test and the
paired t test (nonlesion area vs. lesion area) were used.

Rsults

Cutaneous Resident Microbiota of AD Patients

The total numbers of Malassezia species assessed by
both the nonculture method and the culture method in
AD patients are shown in figure 1. For the total number
of Malassezia species, there were no significant differ-
ences between lesion and nonlesion areas. In the com-
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Fig. 1. Numbers of Malassezia species on
the skin of AD patients. The total numbers
of Malassezia species by the nonculture
method and the culture method in AD pa-
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Fig.2.Numbersof S. aurcus, CNSand Pro-
pionibacterium species on the skin of AD
patients. The total numbers of S. aureus,
CNS and Propionibacteriuim species by the
culture method in AD patients are shown.
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e (p < 0.05) 51gn1f1&,an difference S. aureus CNS Propionibacterium spp.

between nonlesion and lesion areas (p <
0.05).

parison between face and upper trunk in males, the total
number of Malassezia species on the face was greater
than that on the upper trunk found by the nonculture
method, although there were no significant differences in
numbers found by the culture method. In females, there
were no significant differences assessed by either meth-

Cutaneous Malassezia Microbiota in
Atopic Dermatitis Patients

od. In the comparison between genders, the number of
Malassezia species on males was greater than that on fe-
males as assessed by either method on the face, although
there were no significant differences between genders for
the upper trunk. The numbers found by the nonculture
method were greater than those by the culture method on

Dermatology 2010:221:253-260
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Fig. 3. Malassezia species detected from

the skin of AD patients by the nonculture 0

method. The samples from 20 AD males Face Upper
(a) and 47 AD females (b) were examined. trunk
M. slooffiae, M. japonica and M. yama- b M. restricta

toensis were not detected in any samples.
Error bars: SD.
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trunk trunk trunk trunk trunk
M. globosa M. dermatis M. furfur M. obtusa M. sympodialis

the face of males and females and on the upper trunk of
females, although there was no significant difference in
numbers on the upper trunk in males.

The total numbers of S. aureus, CNS and Propionibac-
terium species by the culture method in AD patients are
shown in figure 2. The numbers of S. aureus in the lesion
areas were greater than those in the nonlesion areas. The
presence of the mecA gene was confirmed in 261 strains
of S. aureus isolated from AD patients; MRSA comprised
6 strains (table 1). There were no significant differences
between the lesion and nonlesion areas for CNS and Pro-
pionibacterium species. For CNS and Propionibacterium
species, the numbers on the face were greater than those
on the upper trunk. The numbers of CNS and Propioni-

(3]
(92
[=2}
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bacterium species on males were greater than those on
the face of females, although there were no significant
ditferences by gender regarding their numbers on the up-
per trunk. For non-Malassezia fungi, the numbers de-
tected were 0.22-0.35 (logarithm value)/cm?, and there
were no significant differences by gender or body part
(data not shown).

For the numbers of total Malassezia species (assessed
byboth the nonculture method and the culture method),
S. aureus, CNS, Propionibacterium species and non-Ma-
lassezia fungi, there were no significant differences be-
tween the forehead and cheek or between the upper chest
and upper trunk (data not shown).

Akaza etal.
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Table 1. Recovery rate of MRSA from the skin of AD patients
Area Males Females Total

Face nonlesion 0/17 3/47 3/64
lesion 0/20 3/63 3/83

Upper trunk nonlesion 0/15 0/20 0/35

' lesion 0/26 0/53 0/79
Total 0/78 6/183 6/261

The number of samples positive for the mecA gene to the num-
ber of strains analyzed is shown. MRSA was detected from the
lesion and nonlesion areas of 1 severe and 2 mild AD female sub-
jects.

Malassezia Species Detected from Skin of AD Patients

The numbers of Malassezia species detected from the
skin of AD patients by the nonculture method are shown
in figure 3. The Malassezia species detected were M. re-
stricta, M. globosa, M. dermatis, M. furfur, M. obtusa and
M. sympodialis. M. slooffiae, M. japonica and M. yama-
toensis were not detected in any samples. There were no
significant differences in the numbers of each Malassezia
species between lesion and nonlesion areas. The predom-
inant Malassezia species on the face of males were M. re-

Cutaneous Malassezia Microbiota in
Atopic Dermatitis Patients

stricta and M. globosa. On the other hand, the number
of M. restricta on the upper trunk of males was small,
and the predominant species was M. globosa. In females,
M. globosa was the predominant species on both the face
and upper trunk.

The Malassezia species detected by the culture meth-
od were M. restricta, M. globosa, M. furfur, M. obtusa and
M. sympodialis. M. dermatis, M. slooffiae, M. japonica
and M. yamatoensis were not detected in any samples.
There were no significant differences in the numbers of
each Malassezia species between the lesion and nonlesion
areas. The predominant Malassezia species was M. glo-
bosa (data not shown).

Relationship between Number of S. aureus and

Malassezia Species and Clinical Severity of AD

The numbers of S. aureus for each clinical severity of
AD are shown in figure 4. There were positive correla-
tions between the number of S. aureus and clinical sever-
ity. The total numbers of Malassezia species for each
clinical severity of AD are shown in figure 5. On the face
of females, the numbers of Malassezia species in severe
and moderate AD patients were greater than the number
in mild AD patients. This result was due to the difference
in the number of M. globosa (data not shown). There
were no significant differences by clinical severity on the
face of males or on the upper trunk of either gender.

Dermatology 2010:221:253-260
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by the nonculture method for each clinical
severity of AD. 10 severe AD males, 6 mod-
erate AD males, 4 mild AD males, 19 se-
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Effect of Medical Agents on Cutaneous Resident

Microbiota

No statistical difference was found between AD pa-
tients using tacrolimus and those using steroids with re-
gard to the total numbers of Malassezia species (assessed
by both the nonculture method and the culture method),
S. aureus, CNS, Propionibacterium species or non-Malas-
sezia fungi (data not shown).

Discussion

The result of this study indicates that there was a dif-
ference in the cutaneous Malassezia microbiota of AD
patients according to gender or body part, as also found
in healthy subjects [27]. Moreover, there were differences
between the results of the nonculture method and those
of the culture method. Some previous studies have dem-
onstrated the prevalence and species composition of Ma-
lassezia species in AD patients as well [20-25]. However,
in these reports, the influences on the data of gender,
body part and analytical method were hardly considered.
Batra et al. [11] discussed the differences in sampling and
identification methods used in various studies that may
have contributed to the differences observed in the prev-
alence and species composition of Malassezia species.
The results of the present study provide a basis for these

o
w
o]
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discrepancies. It was considered thatitis necessary to
consider analytical factors such as gender, body part and
the experimental method when previous reports are
quoted.

In the analysis of AD females by the nonculture meth-
od, the numbers of M. globosa on lesion areas showed
positive correlations with clinical severity. Moreover, the
number of M. globosa on the face of AD females was
clearly greater than that on healthy females analyzed by
same method [27]. M. globosa is a typical antigen in AD
[7]. On the other hand, the numbers of Malassezia species
including M. globosa in AD males, and on the upper
trunk of AD females, were not greater than those on
healthy subjects [27]. The present results suggest that the
influence on inflammation by Malassezia antigens on the
face of AD females may be greater than that on the upper
trunk or on the face of AD males. There was a previous
report that the efficacy of ketoconazole in the treatment
of AD was most significant in female patients with posi-
tive Malassezia culture [30].

The numbers of CNS and Propionibacterium species
on the face of AD patients were greater than those on the
upper trunk, and the number of non-Malassezia fungi
was small, as found on healthy subjects [27]. On the oth-
er hand, Malassezia microbiota on AD patients differed
from those on healthy subjects. For example, the total
number of Malassezia species on the face was greater

Akazaetal.



than that on the upper trunk in AD males, while there
was no significant difference between the face and upper
trunk in healthy subjects. Moreover, Malassezia species
were detected on the face at the same level as on the upper
trunk in AD females, while Malassezia species were
hardly detected on the face of healthy subjects. In analyz-
ing each Malassezia species, it was characteristic that the
number of M. sympodialis, which was the predominant
species on the upper trunk of healthy subjects, was small.
This study clarified that the cutaneous Malassezia micro-
biota on AD patients differed from that on healthy sub-
jects. It was considered that the elucidation of this clari-
fies the relationship of AD to Malassezia species.

The numbers of S. aureus related closely to the lesions
in AD patients and were greater than those in nonlesion
areas of AD patients, which has previously been noted
[31]. However, for Malassezia species, both the total num-
bers and the species composition did not show significant
differences between them. There is also a report that the
detection rate of Malassezia species in lesion areas was
lower than thatin nonlesion areas [24]. These results may
indicate that Malassezia species do not induce skin in-
flammation immediately but via the action of antigens on
the lesional skin, which has had its barrier function dam-
aged due to the primary inflammation.

The total numbers of Malassezia speciesin AD pa-
tients a ssessed by t he n onculture method were greater
than those found by the culture method in many cases.
One reason may be that M. restricta constituted the de-
tection limit for the culture method but is a predominant
species [26]. However, the numbers of cultivatable Malas-
sezia species, i.e. M. globosa, M. dermatis, M. furfur and
M. obtusa, were also smaller than those assessed by the
nonculture method. These results differed from those of
healthy subjects [27]. It was indicated that the proportion
of dead cells out of the total number of Malassezia species
in AD patients was large compared with healthy subjects.
It may be considered that dead Malassezia cells are not
adequately excreted from the skin due to a reduction in
skin renewalin AD patients because the impaired epider-
mal proliferation and disturbed differentiation show on
the skin of AD patients [32]. Moreover, there is a possibil-
ity that the use of medical agents for AD may increase the
amount of dead Malassezia cells.

In AD treatment, various topical agents are used, such
as tacrolimus, a therapeutic agent, and steroids. In this
study, most AD subjects used either of these medicines.
It was reported that tacrolimus has an antifungal effect
on some Malassezia strains [33]. Moreover, it is generally
known that steroids affect sebum secretion. However, in

Cutaneous Malassezia Microbiota in
Atopic Dermatitis Patients

the present study, no statistical difference was found be-
tween AD patients using tacrolimus and those using ste-
roids. In Malassezia microbiota on the skin of AD pa-
tients, there may not be much influence of topical agents.
It was also considered that studies with subjects in whom
the use of agents was completely controlled are necessary
to clarify the influence of medicines on cutaneous Malas-
sezia species.

In this study, the existence of a mecA gene in MRSA
was also analyzed. A previous report suggested that the
detection rate of MRSA from the skin of AD patients was
43.8%in AD inpatients and 29.4% in AD outpatients [34].
Moreover, there has been a report as well that the detec-
tion rate of MRSA from p ediatric A D outpatients was
18.3% [35]. In this study of AD outpatients, the rate of
detection of MRSA was 2.3% (6/261). These results may
suggest that the infection rate of MRSA on the skin of AD
patients is strongly influenced by t he medical facilities
and environment of these different studies.

In conclusion, this study clarified that cutaneous Ma-
lassezia s pecies on A D patients d iffer by gender, b ody
partand analytical method. This resultindicates the pos-
sibility that the influence of Malassezia antigens is differ-
ent according to gender or body part. It is also necessary
to consider the suitability of the examination method
when cutaneous Malassezia microbiotain A D patients
are examined. Moreover, it was clarified that Malassezia
microbiota on AD patients differ from those on healthy
subjects in that the influence on inflammation by Malas-
sezia antigens on the face of AD females mayv be greater,
but there was no difference in Mulassezia microbiota be-
tween lesion and nonlesion areas in AD, and that the pro-
portion of dead cells of Malassezia species in AD patients
was larger.
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ORIGINAL ARTICLE
Cutaneous Malassezia microbiota of healthy subjects
differ by sex, body part and season

Narifumi AKAZA,' Hirohiko AKAMATSU,? Yasuyuki SASAKI,’ Shiori TAKEOKA,?
Masataka KISHI,’> Hiroshi MIZUTANI,* Akiyo SANO,! Keiko HIROKAWA,!

Satoru NAKATA,®> Kayoko MATSUNAGA'

Deparnments of 'Dermatology and *Applied Cell and Regenerative Medicine, Fujita Health University School of Medicine, Tayoake,
and *Research Laboratories, Nippon Menard Cosmetic, Nagoya, Japan

ABSTRACT

Malassezia is a component of normal cutaneous resident microbiota. The aim of this study was to quantitatively
clarify the differences in cutaneous Malassezia microbiota in healthy subjects by sex, body part and season.
Samples were collected from the forehead, cheek, upper chest and upper back of 20 healthy men and 20 healthy
women (average age 32 years) in summer and winter by the swab method. Malassezia DNA was analyzed using a
real-time PCR system. As a result, in sex, body parts and season, men, the upper trunk and summer showed the
highest total numbers of cutaneous Malassezia species on average. There were also differences depending on the
analytical method. The predominant species were M. restricta on the face of men, M. globosa and M. dermatis on
the upper trunk of men, and M. globosa and M. sympodialis on the upper trunk of women. This study clarified that

the cutaneous Malassezia microbiota of healthy subjects differed by sex, body part and season.

Key words:
reaction. Stapliylococcus.

INTRODUCTION

The genus Malassezia consists of basidiomycetous
yeasts associated with Malassezia folliculitis, pityriasis
versicolor, atopic dermatitis, seborrheic dermatitis,
dandruff and psoriasis, although they are also mem-
bers of the normal resident flora on human skin.'2
This genus consists of 13 species.*"" The taxonomy
of genus Malassezia was revised in 1996 to include
the following seven species: M. furfur, M. globosa,
M. obtusa, M. restricta, M. pachydermatis, M. slooffiae
and M. sympodialis.* Moreover, six new species,
M. dermatis, M. japonica, M. yamatoensis, M. nana,
M. caprae and M. equina, were proposed in 2000.”~"

Clarification of the normal cutaneous resident Ma/-
assezia microbiota is indispensable for investigations
into the cause of Malassezia-related disorders. There

cutaneous resident microbiota, healthy subject. Malassezia, Propionibacterium, real-time polvmerase chain

are several previous reports on the Malassezia micro-
biota of healthy subjects,'?™'® although differences by
sex, body part and season of Malassezia species iso-
lation from healthy subjects have not been investi-
gated thoroughly. Moreover, these previous studies
used either non-culture or culture methods, although
there is a report that there were differences between
the results from non-culture methods and those from
culture methods in an analysis of Malassezia species
in Malassezia folliculitis.’ The aim of this study
was to quantitatively clarify the differences in cuta-
neous Malassezia microbiota in healthy subjects
by sex, body part, season, and analytical method.
At the same time, the predominant microorga-
nisms in the cutaneous resident microbiota, namely
Propionibacterium species and Staphylococcus spe-
cies, and non-Malassezia (non-lipophilic) fungi were
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also analyzed in order to compare with cutaneous
Malassezia microbiota.

METHODS

Subjects

The study design was reviewed and approved by the
Institutional Review Board of Fujita Health University.
The authors took the informed consent from all the
subjects. Forty healthy Japanese subjects who did
not have a skin disease (20 men aged 33 + 8 years
[24-47] and 20 women aged 32 + 6 [24-43]) were
analyzed from June to September (summer). In addi-
tion, 40 healthy Japanese subjects (20 men aged
33 + 7 years [25-46] and 20 women aged 31 =6
[24-43])) were analyzed from January to February
(winter). All subjects were indoor workers. We took
samples from 26 subjects (15 men and 11 women) in
both summer and winter, from 24 subjects in only
summer and from 24 subjects in only winter.

Sample collection

Samples were collected from 10 cm? of skin surface
on the forehead. cheek, upper chest and upper back
of healthy subjects by a swab method using 5 mL
of phosphate buffer containing 2% polysorbate
80 (pH 7.0) in the moming between 09.00 and
12.00 hours. We collected the samples from the skin
without make-up in the female subjects.

Quantitative analysis of Malassezia species

Malassezia species were identified using both non-
culture and culture methods. For analysis by the non-
culture method, Malassezia DNA was extracted
directly from 3 mL of the collected samples. Mala-
ssezia strains picked from the culture medium and
the collected samples were placed in lysing solution
(100 mmol/L Tris-HCI, 10 mmol/L ethylene diamine
tetra acetate (EDTA), 0.5% sodium dodecyl sulfate,
pH 8.0) and incubated for 15 min at 100°C.'* The
suspension was extracted with phenol-chloroform-
isoamyl alcohol (25:24:1). Subsequently, the samples
were extracted with chloroform-isoamyl alcohol
(24:1) and DNA was precipitated using 2-propanal,
using Dr genTLE precipitation carrier (Takara, Shiga,
Japan). The DNA pellet was resuspended in TE buffer
(10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH 8.0). For
analysis by the culture method, 0.1 mL of the
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Malassezia microbiota in healthy subjects

Table 1. Oligonuclectides used in the detection of Mala-
ssezia DNA

Species Sequence (5"'=3)

Malassezia Forward GGCCAAGCGCGCTCT

globosa Reverse  CCACCACCAAATGCTCTCCTACAG
Malassezia Forward GACCCTCGCTACCGCTCTCT
sympoctalis Reverse ~ GCCCACACACAGCAAATGAC
Malassezia Forward TGCCATGAAATCTCCCAC
restricta Reverse ~AGGCACCCATCCAGACCCCAT
Malassezia Forward GGCTGGATGCCTGGTGTATT
dermatitis Reverse CCTTCTCCGGCGACTCAA
Malassezia Forward CCCAAGCGGTTGCGATT

furfur Reverse  CCTCCCTTTCAGAGCGGTTT
Malassezia Forward GGTTCCCACCCGTTAGCCA
obtusa Reverse ~ GCACACAGCAAATGAC
Malassezia Forward ATCCACTATTTATCCACAAA
slooffiae Reverse CCGGACGCCATTAAGCAA
Malassezia Forward GACTGCTGATAATGCTCCAGT
Jjaponica Reverse  GTCTGCTGATAAGTCTCACTG
Malassezia Forward TGAATTCTCTCCCCCCTTTG
yamatoensis ~ Reverse ~ GGCATGGCCCATCCAA

collected samples were cultivated at 32°C on Lee-
ming and Notman agar medium (LNA) for 14 days.2°
The colonies that appeared were sub-cultured on
LNA for 2-7 days for purification and extraction of
Malassezia DNA. ‘

Malassezia DNA was analyzed by the same
method as in the previous study, using a real-time
PCR system (7300 Real Time PCR system; Applied
Biosystems, Foster City, CA, USA) and a quantitative
PCR reagent (Platinum SYBR Green qPCR Super-
Mix-UDG with ROX; Invitrogen, Carisbad, CA,
USA)."® The primer sets used are shown in Table 1.
Nine Malassezia species isolated from human skin
were targeted in this study. The standard curves of
each Malassezia species using quantitative analysis
of the cutaneous Malassezia microbiota were gener-
ated with M. globosa CBS 7966, M. restricta CBS
7877, M. sympodialis CBS 7222, M. furfur NBRC
0656, M. obtusa CBS 7876, M. slooffiae CBS 7956,
M. dermatis JCM 11348, M. japonica JCM 11963 and
M. yamatoensis CBS 9725 counted beforehand using
a bacteria counting chamber.

Quantitative analysis of other cutaneous
resident microorganisms

For the analysis of Propionibacterium species,
0.05 mL collected samples or the buffer diluted
appropriately were cultivated on modified GAM agar
medium (Nissui Pharmaceutical, Tokyo, Japan) at
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35°C for 7 days under anaerobic conditions. The
bacilli that did not increase under aerobic conditions
were judged as Propionibacterium species. For the
analysis of Staphylococcus species, the samples
were cultivated on mannitol salt agar medium (Eiken
Chemical, Tokyo, Japan) at 35°C for 3 days. Staphy-
lococcus species were distinguished into S. aureus
and coagulase-negative staphylococci (CNS) by the
resolvability of mannitol and coagulase test (Eiken
Chemical). The samples were cultivated on potato
dextrose agar medium (Nihon Pharmaceutical,
Tokyo, Japan) at 32°C for 7 days for the isolation of
non-Malassezia fungi.

Statistical analysis

In the quantitative analysis, the number of cells less
than the detection limit (non-culture method for Mala-
ssezia species, 50 cells/cm?; culture method for Mal-
assezia species, 5 colony forming units [CFUl/cm?;
culture method for other cutaneous resident micro-
organism, 10 CFU/cm? was assumed to be
10%cm?. The Student’s t-test and paired t-test were
used for statistical analysis in this study.

RESULTS

Cutaneous resident microbiota in healthy
subjects

The total numbers of Malassezia species (assessed
by both the non-culture method and the culture
method), Propionibacterium species, CNS and non-
Malassezia fungi on the skin of healthy subjects are
shown in Figure 1. For the total number of Malassezia
species by the non-culture method in men, there were
no differences by body part or season. On the other
hand, in women, the total number of Malassezia spe-
cies on the forehead and cheek were less than that on
the upper chest and upper back. In the comparison of
men and women, the total numbers of Malassezia
species on men were greater than that on women.

For the total numbers of Malassezia species by the
culture method in men, there were less on the fore-
head and cheek than on the upper chest and upper
trunk. The numbers in summer were greater than
those in winter on the forehead and upper back. In
women, as with men, the numbers on the forehead
and cheek were less than those on the upper chest
and upper back. The numbers on the forehead in
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Figure 1. Cutaneous resident microbiota of healthy sub-
jects. The total numbers of Malassezia species by the non-
culture method and the culture method, Propionibacterium
species, coagulase-negative staphylococci (CNS) and non-
Malassezia fungi by culture methods on the skin of healthy
subjects are shown. Twenty samples from healthy men and
20 samples from healthy women were examined. Error bars
show standard deviation. The Student’s t-test was used in
the statistical analysis.

summer were greater than those in winter. In the
comparison of men and women, the numbers of total
Malassezia species on men were greater than those
on females.

The number of Propionibacterium species on the
forehead and cheek were greater than those on the
upper chest and upper back in men. In women,
the number of Propionibacterium species was the
greatest on the forehead. All Staphylococcus spp.
detected from the skin of healthy subjects were CNS.
The numbers of CNS on the forehead and cheek

© 2010 Japanese Dermatological Association

259



were greater than those on the upper chest and
upper back in each sex. There are no significant dif-
ferences by sex or season for Propionibacterium spe-
cies and CNS. For the number of non-Malassezia
species, there were no significant differences by body
part, sex or season.

Changes in cutaneous resident microbiota of
healthy subjects during summer and winter
The changes in the total number of Malassezia spe-
cies (assessed by both the non-culture method and
the culture method) on the skin of each healthy sub-
ject during summer and winter are shown in Figure 2.

Culture method

Non-culture method
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Figure 2. Changes in cutaneous resident microbiota of
healthy subjects in summer and winter. The total numbers of
Malassezia species by the non-culture method and the cul-
ture method, and coagulase-negative staphylococci by a cul-
ture method on the skin of each healthy subject are shown.
Fifteen samples from healthy men and 11 from healthy
women were examined. The Student’s paired t-test was
used in the statistical analysis.
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Malassezia microbiota in healthy subjects

For the total number of Malassezia species by the
non-culture method, there were no differences
according to season on any body part in either men
or women. On the other hand, using the culture
method, the numbers on the forehead, cheek and
upper back in summer were greater than those in
winter on men.

Malassezia species detected from the skin of
healthy subjects by the non-culture method
Malassezia species detected by the non-culture
method are shown Figure 3. The predominant
species on the forehead and cheek of men was
M. restricta. On the other hand, the predominant
species on the upper chest and upper back of men
were M. globosa and M. dermatis. Moreover, the

& I ‘ * *+  DMale

Logarithm value (fem?)

4e B Female

Logarithm value (fem?)

M restricta M _globosa M furfir M dermatis M. spmpodialis Other

D Winter

*Significant difference between summer and winter (F< 0.05)

Figure 3. Malassezia species detected on the skin of healthy
subjects by the non-culture method. Twenty samples from
healthy men and 20 samples from healthy women were
examined. Error bars show standard deviation. M. restricta,
M. globosa, M. furfur, M. dermatis, M. sympodialis and
M. yamatoensis were detected. M. obtusa, M. slooffiae
and M. japonica were not detected in any samples. The
Student’s t-test was used in the statistical analysis.
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predominant species on the upper chest and upper
back of women were M. globosa and M. sympodialis.
In the comparison of summer and winter, the number
of M. dermatis on the upper chest, and M. sympodialis
on the upper chest and upper back of men in winter
were greater than that in summer. Moreover, the
number of M. sympodialis on the upper chest of
women in winter was greater than that in summer.

Malassezia species detected from the skin of
healthy subjects by the culture method
Malassezia species detected by the culture method
are shown Figure 4. The predominant Malassezia
species were the same as the results by the non-
culture method. Moreover, M. sympodialis was also
readily detected from the upper chest and upper

ar L Male

Logarithm value (fem?)

Loganthm value (/cm?)

M restricta M giobosa M furfur M dermatis M. sympodialis Other

Summer

D Winter

*Significant difference between summer and winter (P<0.05).

Figure 4. Malassezia species detected on the skin of healthy
subjects by the culture method. Twenty samples from
healthy men and 20 samples from healthy women were
examined. Error bars show standard deviation. M. restricta,
M. globosa, M. furfur, M. dermatis, M. sympodialis, M. obtusa
and M. slooffiae were detected. M. yamatoensis and
M. japonica were not detected in any samples. The Student’s
t-test was used in the statistical analysis.
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back of men. In the comparison of summer and win-
ter, the numbers of M. restricta on the upper back,
and M. globosa on the forehead and upper back in
summer of men were greater than those in winter.
Moreover, the number of M. globosa on the forehead
of women in summer was greater than that in winter.

DISCUSSION

This study clarified the differences in the total number
of cutaneous Malassezia species on healthy subjects
by sex, body part, season and analytical method.
In the comparison of sex, the number on men was
greater than that on women for each body part. It
was considered that this difference by sex depends
on the difference in the amounts of sebum by sex.?!

In the comparison of body parts, on men, although
the results by the culture method were the same as
the result of women, there were no significant differ-
ences between the number on the face and on the
upper trunk in the analytical results from the non-
culture method. The face of men had a high propor-
tion of M. restricta, and it was considered that a lot
of non-cultivatable types were included.'® It may
be considered that there are no clear differences
between the face and upper trunk in the total number
of Malassezia species in men. On women, the number
of Malassezia species on the upper trunk was greater
than that on the face by both the non-culture and
culture methods. On the other hand, the numbers of
Propionibacterium species and CNS on the face were
greater than those on the upper trunk. These results
suggested the possibility that Malassezia species are
rivals to Propionibacterium species and CNS. More-
over, it was also considered that the difference of the
composition of sebum in each body area influences
the geographical distribution of Malassezia micro-
biota. However, there was no detailed report about
the composition of sebum in each body area. We
believe this to be an interesting topic for further
research.

In the comparison of seasons, there were no differ-
ences in the total number of Malassezia species by
the non-culture method. On the other hand, using the
culture method, there were some body parts where
the number in summer was greater than that in winter.
To be certain, M. globosa and M. restricta, which are
the predominant species, increased in summer on
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some body parts. These results suggested the possi-
bility that the number of living Malassezia cells in sum-
mer is greater in comparison with winter, although the
total number of Malassezia cells (living and dead cells)
did not differ by season. The skin diseases caused by
Malassezia yeasts, namely pityriasis versicolor and
Malassezia folliculitis, tend to be more prevalent in the
summer months and in tropical locations than in tem-
perate regions.? The development of these diseases
may relate to the increases in the number of living
Malassezia cells in summer. There is a report that
there was no significant difference in the amounts of
sebum by season in Japanese subjects.?? It was con-
sidered that the number of living Malassezia cells in
summer increased by the effect of temperature,
humidity or sweat. On the other hand, M. dermatis
and M. sympodialis numbers increased in winter in

comparison with summer in some cases by the non- |

culture method. This result indicates the possibility
that there are some interrelations between Malassezia
species. This was also considered as an interesting
topic for further research.

Not only the total number but also the Malassezia
species detected from the skin of healthy subjects
differed according to sex and body part. It was
also considered that these differences in Malassezia
microbiota in healthy subjects depend on the differ-
ence in the properties of sebum and sweat by sex or
body part. There is a report of an in vitro experiment
that some ingredients of sebum and sweat influence
the increase in Malassezia species, although this
influence differs according to the species.?®> How-
ever, this previous study did not support the current
Malassezia classification. Moreover, it is necessary
to study the relationship of sebum or sweat and
Malassezia microbiota using human skin in vivo. The
influence of the quantity and properties of sebum
and sweat on Malassezia species will be studied in
the future.

There are several reports about the normal resident
Malassezia microbiota on human skin."?™'® Lee
et al."” reported that the total numbers of Malassezia
species were different according to age and body
part by a culture method. Sugita et al."® reported that
the total numbers of Malassezia species on the cheek
were different according to age and sex by a non-
culture method. The result where Malassezia micro-
biota was different by sex and body part corresponds

®© 2010 Japanese Dermatological Association
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with the present findings. With regard to Malassezia
species detected on the skin of healthy subjects,
there are no reports concerning the quantitative anal-
ysis but there are some reports concerning the recov-
ery rates of each Malassezia species on the skin
in healthy subjects. Using the culture method, Lee
et al.'” reported that the predominant Malassezia spe-
cies were M. restricta on the forehead and M. globosa
on the chest. Nakabayashi et al.'? reported that
M. globosa was predominant on the trunk. The differ-
ence by sex was not considered, although their
results related to the present findings. On the other
hand, Gupta et al."® reported M. sympodialis was pre-
dominant on both the face and trunk. It is considered
that this result may have been because there were
many female subjects in their experiment in compari-
son with the above two reports. It may also be the
case that the white subjects are different from Asian
subjects. Using the non-culture method, there are
reports that the predominant species were M. restricta
and M. globosa on the face and neck.'®'® Moreover,
there is also a report that the recovery rate of M. sym-
podialis was also high.' These results correlate with
the present findings. It was considered that cutane-
ous Malassezia microbiota in healthy subjects was
clarified by the present quantitative analysis using the
non-culture and culture methods as well as the previ-
ous qualitative analysis. '

In conclusion, this study clarified that the cutane-
ous Malassezia microbiota of healthy subjects dif-
fered by sex, body part and season. Moreover, there
were also differences between the results by the non-
culture method and those by the culture method. It is
considered that it is necessary to take account of the
sex, body part, season and analytical method when
cutaneous Malassezia microbiota is studied.
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ABSTRACT

To clarify the prevalence of skin disorders among dermatology patients in Japan, a nationwide, cross-sectional,
seasonal, multicenter study was conducted in 69 university hospitals, 45 district-based pivotal hospitals, and 56
private clinics (170 clinics in total). In each clinic, information was collected on the diagnosis, age, and gender of all
outpatients and inpatients who visited the clinic on any one day of the second week in each of May, August, and
November 2007 and February 2008. Among 67 448 cases, the top twenty skin disorders were, in descending order
of incidence, miscellaneous eczema, atopic dermatitis, tinea pedis, urticaria’angioedema, tinea unguium, viral warts,
psoriasis, contact dermatitis, acne, seborrheic dermatitis, hand eczema, miscellaneous benign skin tumors, alopecia
areata, herpes zoster/postherpetic neuralgia, skin ulcers (nondiabetic), prurigo, epidermal cysts, vitiligo vulgaris,
seborrheic keratosis, and drug eruption/toxicoderma. Atopic dermatitis, impetigo, molluscum, warts, acne, and mis-
cellaneous eczema shared their top-ranking position in the pediatric population, whereas the most common disorders
among the geriatric population were tinea pedis, tinea unguium, psoriasis, seborrheic dermatitis, and miscellaneous
eczema. For some disorders, such as atopic dermatitis, contact dermatitis, urticaria’angioedema, prurigo, insect
bites, and tinea pedis, the number of patients correlated with the average high and low monthly temperatures. Males
showed a greater susceptibility to some diseases (psoriasis, erythroderma, diabetic dermatoses, inter alia), whereas
females were more susceptible to others (erythema nodosum, collagen diseases, livedo reticularis/racemosa, hand
eczema, inter alia). In conclusion, this hospital-based study highlights the present situation regarding dermatological
patients in the early 21st century in Japan.

Key words: age. Japan, prevalence, sex, skin diseases.

INTRODUCTION disorders. The development and perpetuation of skin

disorders are multifactorial in nature, and can result

Skin forms the outermost part of the human body
and it acts as a vital barrier to external and internal
damage. Various external and internal stimuli, which
can be either short- or long-term, can affect the
homeostasis of the skin, leading to a variety of

from genetic, environmental, mechanical, meteoro-
logical and even cultural effects. Skin disorders there-
fore include a vast range of diseases.

Although it is difficult to know the exact prevalence
or incidence of skin diseases, several hospital-based
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studies have shown that skin diseases are very
common. Of a total of 11 191 patients seen by a
general practitioner in the UK, 2386 (21%) presented
dermatological complaints. Among these there was a
preponderance of females (1604, 67 %), and the most
common skin diseases seen were viral warts, eczema
and benign tumors.! In the Netherlands, 235-460/
1000 person-years of children aged 0-17 years con-
tacted general practitioners in 1987 and 2001,° and
these contacts frequently involved bacterial, viral,
fungal, eczematous or traumatic skin diseases.?
Tamer et al. reported on 6300 pediatric cases aged
0-16 years who visited dermatological clinics in

Table 1. Numbers of patients recruited in each season

Prevalence of dermatological disorders in Japan

Turkey; this group showed a preponderance of bac-
terial, viral and eczematous skin diseases.® In the
case of Japan, there is no authentic report in the pub-
lished work on any investigation of the prevalence of
skin diseases; therefore, the Japanese Dermatologi-
cal Association conducted a nationwide, cross-
sectional, seasonal, multicenter, hospital-based study.

METHODS

A total of 190 dermatology clinics at 76 university
hospitals, 55 district-based pivotal hospitals and 59
private clinics participated in this study. At each clinic,

Number of patients

May 2007 August 2007 November 2007 February 2008 Total

University Hospitals 8558 7944 7782 7778 32 062 (47.54%)
n =69

District-based Hospitais 3505 3450 2890 2864 12 709 {18.84%)
n =45

Private clinics 5779 6709 5364 4825 22 677 (33.62%)
n =56

Total 17 842 18 103 16 036 " 15 467 67 448 (100%)

Table 2. Age distribution and sex difference of patients

Age distribution Number of Sex
(years old) patients Male patients Female patients undescribed
0-5 4192 (6.22%) 2200 (7.12%) 1983 (5.49%) 9
6-10 2099 (3.11%) 1047 (3.39%) 1047 2.9%) 5
11~15 1711 (2.54%) 815 (2.64%) 893 (2.47%) 3
16-20 2270 (3.37%) 995 (3.22%) 1266 (3.5%) 9
21-25 3219 (4.77%) 1245 (4.03%) 1960 (5.43%) 14
26-30 3516 (5.21%) 1378 (4.46%) 2126 (5.89%) 12
31-35 4050 (6%) 1546 (5%) 2483 (6.87%) 21
36-40 3807 (5.64%) 1604 (5.19%) 2180 (6.03%) 23
41-45 3298 (4.89%) 1387 (4.49%) 1879 (5.2%) 32
46-50 3201 (4.75%) 1326 (4.29%) 1848 (5.12%) 27
51-55 4062 (6.02%) 1763 (5.71%) 2279 (6.31%) 20
56-60 5543 (8.22%) 2503 (8.1%) 3012 (8.34%) 28
61-65 5413 (8.03%) 2533 (8.2%) 2846 {7.88%) 34
66-70 5629 (8.35%) 2775 (8.98%) 2824 {7.82%) 30
71-75 6157 (9.13%) 3195 (10.34%) 2923 (8.09%) 39
76-80 4777 (7.08%) 2487 (8.05%;) 2259 (6.25%) 31
81-85 2636 (3.91%) 1297 (4.2%) 1318 (3.65%) 21
86-90 1098 (1.63%) 508 {1.64%) 583 (1.61%) 7
91-100 427 (0.63%) 166 {0.54%) 259 (O 72%) 2
=101 16 (0.02%) 3 (0.01%) 2 {0.01%) 11
Age undescribed 327 (0.48%) 126 (0.41%) 155 {0.43%) 46
Total 67 448 (100%) 30 899 (100%) 36 125 (100%) 424
© 2011 Japanese Dermatological Association 311
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information on diagnosis, age and sex was collected
from all outpatients and inpatients who visited the
clinics or who were hospitalized on any single day of
the second week in each of May, August and Novem-
ber 2007 and February 2008. Reports on the monthly
average values of the high and low temperatures and
humidities were collected from the Meteorological
Agency. The information on 67 448 cases from 170

Table 3. Prevalence of skin diseases in 67 448 patients

clinics (69 university hospitals, 45 district-based piv-
otal hospitals and 56 private clinics) that participated
in all of the four seasonal examinations was analyzed.
Statistical analyses were performed by using Spear-
man’s rank correlation coefficient. A P-value of <0.05
was considered to be statistically significant. This
study was approved by the internal ethical review
boards of the Japanese Dermatological Association.

Burn

Trauma

Skin ulcer (nondiabetic)

Pressure ulcer

Miscellaneous physico-chemical
skin damage

Diabetic dermatoses

Atopic dermatitis

Hand eczema

Contact dermatitis

Seborrheic dermatitis

Misceilaneous eczema

Urticaria’ angicedema

Prurige

Drug eruption/toxicoderma

Psoriasis

Palmoplantar pustulosis

Miscellaneous pustulosis

Lichen planus

Miscellaneous inflammatory keratotic
disorders

Tylosis/clavus

Ichthyosis

Miscellaneous keratinization disorders

Ingrown nail

Miscellaneous nail disorder

Alopecia areata

Androgenic alopecia

Miscellaneous skin appendage disorders

Scabhies

Insect bite

Tinea pedis

Tinea unguium

Miscellaneous tinea

Candidiasis

Miscellaneous mycosis

Acne

Impetigo contagiosum

Folliculitis

Erysipelas

Cellulitis

Miscellaneous bacterial infection

Molluscum contagiosum

Herpes simplex

Herpes zoster/zoster-associated pain

Viral wart

Miscellaneous viral disorders

899 (1.33%)
409 (0.61%)
1334 (1.98%)
608 (0.9%)
681 (1.01%)

436 (0.85%)
6733 (9.98%)
2024 (3%)
2643 (3.92%)
2213 (3.28%)

12590 (18.67%)
3369 (4.99%)
1229 (1.82%)
1018 (1.51%)

2985 (4.43%)
832 (1.23%)
172 (0.26%)

200 (0.3%)

241 (0.36%)

917 (1.36%)

61 (0.09%)
502 (0.74%)
597 (0.89%)
397 (0.59%)
1653 (2.45%)
210 (0.31%)
266 (0.39%)

98 (0.15%)
762 (1.13%)
4379 (6.49%)
3231 (4.79%)
610 (0.9%)
408 (0.6%)
211 (0.31%)
2430 (3.6%)
507 (0.75%)
755 (1.12%)

81 (0.12%)
594 (0.88%)
914 (1.36%)
604 (0.9%)
691 (1.02%
1609 (2.39%
3028 (4.49%
353 (0.52%

Syphilis

Miscellaneous sexually transmitted
diseases

Bullous pemphigoid

Pemphigus

Miscellaneous bullous diseases

Systemic sclerosis

Systemic lupus erythematosus

Dermatomyositis

Miscellaneous collagen diseases

Anaphylactoid purpura

Reticular/racemous livedo

Miscellaneous vasculitis/purpura/
circulatory disturbance

Mycasis fungoides

Miscellaneous lymphomas
Pigmented nevus

Seborrheic keratosis

Soft fibromaacrochordon
Epidermal cyst

Lipoma

Dermatofibroma

Miscellaneous benign skin tumors

Actinic keratosis

Basal cell carcinoma

Squameous cell carcinoma/Bowen'’s
disease

Paget's disease

Malignant melanoma

Miscellaneous malignant skin tumors

Vitiligo vulgaris

Chloasmar senile freckle

Miscellaneous pigmented disorders

Erythema multiforme

Erythema nodosum

Miscellaneous disorders with
erythematous plaques

Nevus./phacomatosis
{other than pigmented nevus)

Rosacea/rosacea-like dermatitis

Granufomatous diseases

-Keloid/hypertrophic scar

Cheilitis/angular cheilitis/mucous
membrane diseases

Erythroderma

Cther diseases

Total

24 (0.04%)
41 (0.06%)

510 (0.76%)
424 (0.63%)
141 (0.21%)
619 (0.92%)
525 (0.78%)
304 (0.45%)
915 (1.36%)
171 (0.25%)
81 (0.12%)
632 (0.94%)

427 (0.63%)
285 (0.42%)
709 (1.05%)

1095 (1.62%)
231 (0.34%)

1194 (1.77%)
173 (0.26%)
111 (0.16%)

1666 (2.47%)
261 (0.39%)
324 (0.48%)
455 (0.67%)

224 (0.33%)
808 (1.2%)
534 (0.79%)
1134 (1.68%)
336 (0.5%)
154 (0.23%)
197 (0.29%)
111 (0.16%)
130 (0.19%)

267 (0.4%)

150 (0.22%)
192 (0.28%)
186 (0.28%)

95 (0.14%)

63 (0.09%)
666 (0.99%)
67 448 (100%)
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