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Background: Malassezia species play an important role in 
the pathogenesis of seborrheic dermatitis. In particular, M. 
restricta and M. globosa are considered to be the pre-
dominant organisms in seborrheic dermatitis of Western 
countries. However, species distribution of Malassezia in 
seborrheic dermatitis has not been clearly determined yet in 
Asia. Objective: To identify the distribution of Malassezia 
species on the scalp of seborrheic dermatitis patients in 
Korea using 26S rDNA PCR-RFLP analysis. Methods: A total 
of 40 seborrheic dermatitis patients and 100 normal healthy 
volunteers were included in this study. For the identification 
of Malassezia species, the scalp scales of the subjects were 
analyzed by 26S rDNA PCR-RFLP analysis. Results: The most 
commonly identified Malassezia species were M. restricta in 
the seborrheic dermatitis patients, and M. globosa in the 
normal controls. In the seborrheic dermatitis group, M. 
restricta was identified in 47.5%, M. globosa in 27.5%, M. 
furfur in 7.5%, and M. sympodialis in 2.5% of patients. In the 
healthy control group, M. globosa was identified in 32.0%, 
M. restricta in 25.0%, M. furfur in 8.0%, M. obtusa in 6.0%, 
M. slooffiae in 6.0%, and M. sympodialis in 4.0% of subjects. 
Conclusion: M. restricta is considered to be the most im-

portant Malassezia species in Korean seborrheic dermatitis 
patients. (Ann Dermatol 23(2) 156∼161, 2011)
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INTRODUCTION

Malassezia species are lipophilic fungi which are regarded 
as part of the normal flora of human skin, and are found in 
75∼98% of healthy adults. These yeasts are the cause of 
pityriasis versicolor and Malassezia folliculitis, and appear 
to be involved in the pathogenesis of common skin 
disorders such as seborrheic dermatitis, psoriasis, and 
atopic dermatitis1. In 1996, Guého et al.2 classified 
Malassezia into seven species, M. furfur, M. obtusa, M. 
globosa, M. slooffiae, M. sympodialis, M. pachydermatis, 
and M. restricta, based on morphological and biochemical 
analysis. However, with the development of molecular 
methods such as polymerase chain reaction (PCR), an 
additional six species have been described which are M. 
yamatoensis, M. nana, M. japonica, M. equine, M. caprae 
and M. dermatis3. Among them, M. restricta and M. 
globosa are considered to be the most important patho-
genic organisms in the development of seborrheic der-
matitis4. However, some reports have also linked M. 
furfur, M. sympodialis, M. obtusa, and M. slooffiae with 
seborrheic dermatitis5.
The aim of this study was to identify Malassezia species 
on the scalp of 40 patients with seborrheic dermatitis in 
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Table 1. Age and sex distribution of subjects

Age groups
Seborrheic dermatitis group Control group

Male (%) Female (%) Total (%) Male (%) Female (%) Total (%)

20∼29 6 (60) 4 (40) 10 (100) 22 (55) 18 (45) 40 (100)
30∼39 13 (65) 7 (35) 20 (100) 23 (58) 17 (43) 40 (100)
40∼ 7 (70) 3 (30) 10 (100) 10 (50) 10 (50) 20 (100)
Total 26 (65) 14 (35) 40 (100) 60 (60) 40 (40) 100 (100)

Korea using 26S rDNA polymerase chain reaction res-
triction fragment length polymorphism (PCR-RFLP). We 
also compared the results of seborrheic dermatitis patients 
with those of 100 normal healthy volunteers.

MATERIALS AND METHODS
Standard strains

Six reference strains of Malassezia species, which are 
known to be involved in the pathogenesis of seborrheic 
dermatitis, were used to determine the 26S rDNA PCR- 
RFLP pattern of Malassezia yeasts in this study4,5. The 
standard strains were purchased from Centralbureau Boor 
Schimmelcultures (CBS, Utrecht, Netherlands), Biological 
Resource Center and included M. furfur (CBS 1878), M. 
restricta (CBS 7877), M. obtusa (CBS 7876), M. sympo-
dialis (CBS 7222), M. slooffiae (CBS 7956) and M. globosa 
(CBS 7966).

Subjects

A total of 140 subjects, including 40 seborrheic dermatitis 
(with scalp involvement) patients and 100 healthy 
volunteers as controls, were enrolled in this study (Table 
1). Seborrheic dermatitis on the lesions of the scalp was 
clinically diagnosed, with seborrhea, greasy, yellowish, 
pityriasiform scaling related to irregular sharply delimited 
erythematous plaques. Some seborrheic dermatitis pa-
tients had pronounced seborrhea and inflamed erythe-
matous folliculitis. The patients without scalp lesions or 
with only dandruff on the scalp lesions were excluded. 
We included only those patients who had not used any 
topical or oral treatment during the previous 2 months. No 
concomitant diseases were registered. The mean age was 
significantly higher in the seborrheic dermatitis group 
(42.5, range 25∼54) than in the control group (35.7, 
range 22∼66) (p=0.001). The proportion of males was 
significantly higher in the seborrheic dermatitis group 
(65.0%) than in the control group (60.0%) (p=0.045).

Sample preparation

Scalp scales were collected by swabbing in both the 
seborrheic dermatitis and normal control group. A sterile 

cotton swab was moistened in 100μl of the detergent 
fluid containing 0.1% Triton X-100 in 0.075 mol 
phosphate buffer (pH 7.9), and was rubbed five times 
against a round area of 3 cm diameter on the scalp skin. 
Then, only the fiber-tipped part of the swab was cut and 
placed in 900μl of the detergent fluid. This was placed 
into a shaker for 30 seconds to evenly disperse the 
Malassezia yeasts in the solution. Approximately 100μl 
of sampled skin was mixed with 900μl of the detergent. 
From this, 100μl was taken and applied evenly on 
Leeming & Notman culture medium, and incubated at 
34oC for 14 days.

Genomic DNA isolation

Genomic DNA isolation was perfomed by the glass beads 
method. The obtained Malassezia yeasts from the patients 
were suspended in 400μl lysis buffer (100 mM Tris-HCl 
pH 8.0, 1.0% SDS, 2.0% Triton X-100, 10 mM EDTA, 100 
mM NaCl). A total of 400μl P/C/I (phenol: chloroform: 
isoamyl alcohol=25:24:1, v/v) and 400 mg glass beads 
(diameter 0.5 mm) were added. This mixture was vortexed 
for 10 minutes and centrifuged at 15,000 rpm for 10 
minutes. Total DNA was precipitated from the aqueous 
fraction with isopropanol and centrifuged at 15,000 rpm 
for 15 minutes. The DNA pellet was washed in 70% 
ethanol and resuspended in sterile water.

26S rDNA PCR

Primers were designed to amplify the 26S rDNA region of 
all six species of Malassezia. The sequences were forward, 
5’-TAACAAGGATTCCCCTAGTA-3’ and reverse, 5’-ATTA-
CGCCAGCATCCTAAG-3’. The conditions of the early 
stage of reaction were as follows: pre-denaturation at 95oC 
for 14 minutes, denaturation at 94oC for 45 seconds, 
annealing at 55oC for 45 seconds, extension of 35 cycles 
at 72oC for 1 minute, and final extension at 72oC for 7 
minutes. Amplified DNA was confirmed by electro-
phoresis on a 1.5% agarose gel stained with ethidium 
bromide (0.5μg/ml) by using 1 × TAE migrating buffer 
(pH 8.0, 40 mM Tri-acetate 1 mM EDTA).
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Fig. 1. 26S rDNA PCR in the six Malassezia standard strains.
The size of PCR products were almost 580 bp. Lane M: marker,
lane 1: M. furfur, lane 2: M. globosa, lane 3: M. restricta, lane
4: M. obtusa, lane 5: M. sympodialis, lane 6: M. slooffiae.

Fig. 2. 26S rDNA PCR-RFLP pattern
in the six Malassezia standard 
strains. 26S rDNA PCR products 
were digested with two restriction 
enzymes. (A) Hha1; all the six 
standard strains showed different 
RFLP patterns. (B) BstF51; M. 
globosa and M. obtusa showed the 
same RFLP patterns. The other four 
strains all showed different patterns. 
Lane M: marker, lane 1: M. furfur, 
lane 2: M. globosa, lane 3: M. 
restricta, lane 4: M. obtusa, lane 5: 
M. sympodialis, lane 6: M. slooffiae.

RFLP analysis

The amplified 26S rDNA was purified using the Accu-Prep 
PCR purification kit (Bioneer, Daejeon, Korea). Two 
restriction enzymes, Hha I (Takara Biomedicals, Otsu, 
Japan) and BstF51 (SibEnzyme, Novosibirsk, Russia) were 
used. The restriction enzyme reaction was performed with 
10 × PCR buffer, 10 U of the restriction enzyme, and 7.5
μl of the PCR products. After the reaction, the RFLP 
pattern was analyzed with DNA fragments in gel electro-
phoresis.

Statistic analysis

Chi-squared test was conducted for the data obtained from 
26S rDNA PCR-RFLP analysis to statistically determine the 
difference in the frequency and distribution of Malassezia 

species in the seborrheic dermatitis and control group.

RESULTS
Confirmation of six standard strains by 26S rDNA 
PCR-RFLP analysis

Using colony PCR to amplify the 26S rDNA of Malassezia 
standard strains, 580 bp PCR bands were confirmed in all 
of the six standard strains including M. furfur, M. globosa, 
M. restricta, M. obtusa, M. sympodialis, and M. slooffiae 
(Fig. 1). All the six standard strains showed different RFLP 
patterns using the restriction enzyme Hha1. With the 
restriction enzyme BstF51, M. globosa and M. obtusa 
showed the same RFLP pattern, whereas the other four 
strains showed different patterns (Fig. 2). Therefore, we 
confirmed that these six standard strains can be identified 
and differentiated by 26S rDNA PCR-RFLP analysis.

Malassezia species identified in the seborreic derma-
titis group vs. the control group

Malassezia yeasts of the seborrheic dermatitis group were 
cultured in 34 out of 40 specimens, (identification rate 
85%). In the seborrheic dermatitis group, M. restricta 
(47.5%) was most commonly recovered, and M. globosa 
(27.5%) was the second most commonly recovered 
species. M. furfur and M. sympodialis were identified in 
7.5% and 2.5% of the seborrheic dermatitis patients, 
respectively. M. obtusa and M. slooffiae were not recover-
ed in any of the seborrheic dermatitis patients.
Malassezia yeasts of the control group were cultured in 81 
out of 100 specimens, and thus the identification rate was 
81%. In the control group, M. globosa (32.0%) was most 
commonly recovered, and M. restricta (25.0%) was the 
second most commonly recovered species. The complete 
set of results for the recovered species is shown in Table 
2. Only the most abundant species for each individual 
was counted, not accounting for the combined infection 



Malassezia in Korean Seborrheic Dermatitis

Vol. 23, No. 2, 2011 159

Table 2. Malassezia species identified in the seborrheic derma-
titis and control group

Malassezia 
species*

Seborrheic dermatitis
No. (%)

Healthy control
No. (%)

M. restricta 19 (47.5)  25 (25.0)
M. globosa 11 (27.5)  32 (32.0)
M. furfur  3 (7.5)   8 (8.0)
M. obtusa  0 (0)   6 (6.0)
M. sympodialis  1 (2.5)   4 (4.0)
M. slooffiae  0 (0)   6 (6.0)
No growth  6 (15.0)  19 (19.0)
Total 40 (100) 100 (100)

*Only the most abundant species in each individual was 
counted, not accounting for the combined infection of two or
more species.

Table 3. Co-colonization of Malassezia species in the seborrheic
dermatitis and control group

Malassezia species
Seborrheic 
dermatitis
No. (%)

Healthy 
control
No. (%)

M. restricta＋M. globosa 2 (5.0)  8 (8.0)
M. restricta＋M. obtusa 2 (5.0)  6 (6.0)
M. restricta＋M. slooffiae 1 (3.0)  0 (0)
M. restricta＋M. sympodialis 1 (3.0)  4 (4.0)
M. globosa＋M. furfur 0 (0)  3 (3.0)
Total 6 (15.0) 21 (21.0)

of two or more species.
In comparison to the seborrheic dermatitis group with the 
control group, the prevalence of M. restricta was signi-
ficantly higher in the seborrheic dermatitis group (47.5%) 
than in the control group (25.0%) (p＜0.05). The other 
five species, M. furfur, M. globosa, M. obtusa, M. 
sympodialis, and M. slooffiae, did not show the significant 
differences in prevalence between the seborrheic derma-
titis group and the control group.

The prevalence of co-colonization with two or more 
Malassezia species

The prevalence of co-colonization of two or more 
Malassezia species was 15.0% in the seborrheic dermatitis 
group, and slightly higher in the control group, at 21.0%. 
This difference was not statistically significant (p=0.339). 
The recovered species are shown in Table 3. Co- 
colonization of M. restricta with M. globosa was the most 
common in both groups.

Differences in the distribution of Malassezia species 
according to age and sex

The identified Malassezia species did not show significant 
differences among the different age groups (20∼29, 30∼
39, ≥40) both in the seborrheic dermatitis and control 
group. According to sex, Malassezia species neither 
showed significant differences in either the seborrheic 
dermatitis or control group.

DISCUSSION

Recently, various molecular biological methods have been 
applied for the identification of Malassezia species, such 
as nested PCR, real-time PCR, RFLP, and sequencing 
analysis6-13. 26S rDNA PCR-RFLP is one such method that 
uses 26S rDNA containing highly conserved sequences 

yet enough sequence variation for specific interspecies 
identification. This method requires only PCR and one or 
two restriction enzymes. Therefore, it is less demanding 
than most the other molecular biological approaches13. 
There are five reports of the successful use of 26S rDNA 
PCR-RFLP for the identification of Malassezia species13-17. 
In this study, we also confirmed the accuracy and 
effectiveness of this method.
Seborrheic dermatitis is a chronic skin disease affecting 
the seborrheic areas of the body including the scalp, face, 
and upper trunk. It manifests as erythema, scales, and 
follicular papules. In seborrheic dermatitis patients, Mala-
ssezia yeasts show a significantly higher count and density 
on the lesional skin than on the normal skin of the same 
patient and on the skin of healthy controls4. The yeast 
density is considered the basic difference between normal 
skin and skin with seborrheic dermatitis. However, this 
does not correlate positively with the severity of the 
disease4,18. In previous reports, the species distribution of 
Malassezia in seborrheic dermatitis showed geographical 
peculiarities. In Japan and USA, M. globosa was most 
frequently isolated in seborrheic dermatitis, whereas M. 
restricta was the second most frequently isolated. In 
Eastern Europe, M. obtusa was the most frequently 
recovered species4. As for the species distribution of 
Malassezia in Korean seborrheic dermatitis patients, there 
has been only one report by Lim et al.19. In this report, M. 
restricta was most commonly identified, in eight of 10 
patients, and M. globosa was recovered in only one 
patient. In our study, 34 Korean seborrheic dermatitis 
patients were investigated, and M. restricta was also most 
commonly identified (55.9%), showing a significantly 
higher recovery rate compared to the normal controls 
(30.9%). However, Jang et al.13 recently reported M. 
restricta was identified in 56.8% of healthy Korean scalp 
skin samples. Their results also showed a higher 
prevalence of M. restricta in older age groups, in contrast 
to a higher prevalence of M. globosa in younger age 
groups. Because our seborrheic dermatitis patients had a 
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higher age than the healthy controls, we cannot com-
pletely exclude that the age difference between the two 
groups may act as a confounding factor.
Age may affect the prevalence of Malassezia infection, 
because Malassezia species are lipophilic fungi, and 
therefore, the growth of Malassezia greatly depends on 
the sebum content which differs according to age. The 
recovery rate of Malassezia is known to be highest in the 
twenties when sebaceous glands show greatest activity20. 
However, there have not been many reports regarding the 
age-dependent difference of Malassezia species in se-
borrheic dermatitis. Jang et al.13 reported the results of 
healthy individuals, not of seborrheic dermatitis patients, 
which showed predominance of M. globosa in the 
younger age groups and M. restricta in older age groups. 
However, in another study with 770 healthy Japanese, M. 
restricta predominated in younger ages, whereas M. 
globosa predominated in older ages, which is inverse to 
the Korean report13,20. We can confirm that the distri-
bution of Malassezia species is greatly influenced by 
geographical locations or ethnic groups. In our study, 
identified Malassezia species did not differ significantly 
according to age groups. This could be due to the 
relatively small number of the subjects and the narrow 
range of the participants’ age in our study.
 As for the gender-dependent difference of Malassezia 
infection in seborrheic dermatitis, there have been no 
reports yet. In our study, there was no gender-dependent 
difference in the distribution of Malassezia species in the 
seborrheic dermatitis or control group. As for healthy skin, 
there have been a few reports regarding the gender- 
dependent difference of Malassezia distribution13,20. In a 
Japanese study, M. globosa to M. restricta ratio changed 
noticeably after 16 years in males, and 23 years in 
females20.
In our study, 15.0% of seborrheic dermatitis patients 
showed co-colonization of two or more Malassezia 
species. This was similar to the previous report by 
Gaitanis et al.21, which showed that 18% of Greek 
seborrheic dermatitis patients were co-infected with M. 
globosa, the most commonly identified species in Greeks, 
together with other Malassezia species21. However, as a 
higher prevalence of co-colonization was found in our 
healthy volunteers (21.0%), co-colonization of two or 
more Malassezia species may not be important in the 
development of seborrheic dermatitis.
In our study, only the six reference strains of Malassezia 
species, which have been reported to be related to 
seborrheic dermatitis, were used, and the newly reported 
species, including M. yamatoensis, M. nana, M. japonica, 
M. equine, M. caprae and M.dermatis, were not included. 

As there have been a few reports regarding the roles of 
these new species in seborrheic dermatitis, further studies 
will be important.
This study is a culture-based study on data gathered from 
Korean subjects to examine distribution of Malassezia 
yeast. Culture-based techniques are expected to be useful 
in the clinical assessment of Malassezia species associated 
with other fungal infections. However, this conventional 
method was complex in culture conditions and had a 
lower chance of successful culture. The assessment of 
additional types of clinical samples is indicated to deter-
mine the broad applicability of the approach. Recently, 
non-culture based techniques which avoided the culture 
process and directly extracted fungal DNA and differen-
tiated Malassezia species was introduced22,23. Further 
studies are required to evaluate this new technique and 
compare the differences in the rate of successful iden-
tification on the scalp in seborrheic dermatitis patients.
In conclusion, M. restricta appears to be the most im-
portant Malassezia species in Korean seborrheic dermatitis 
patients. Age and gender do not seem to greatly influence 
the distribution of Malassezia species. This was a pioneer 
study which first investigated more than ten Korean 
seborrheic dermatitis patients. Further studies including a 
larger numbers of patients will be needed to confirm our 
results.
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