
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Original Paper 

 Dermatology  
 DOI: 10.1159/000320234 

 Cutaneous  Malassezia  Microbiota in 
Atopic Dermatitis Patients Differ by 
Gender and Body Part 

 Narifumi Akaza    a     Hirohiko Akamatsu    b     Yasuyuki Sasaki    c     Shiori Takeoka    c     
Masataka Kishi    c     Hiroshi Mizutani    c     Akiyo Sano    a     Keiko Hirokawa    a     
Satoru Nakata    c     Kayoko Matsunaga    a  

 Departments of  a    Dermatology and  b    Applied Cell and Regenerative Medicine, Fujita Health University School of 
Medicine,  Toyoake , and  c    Research Laboratories, Nippon Menard Cosmetic Co. Ltd.,  Nagoya , Japan 

 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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 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. 
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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  8  20 years, 
range 14–80 years, and 47 females of age 33  8  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 2  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 identified 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  Malas-
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-

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,  Malasse-
zia restricta  CBS 7877,  Malassezia sympodialis  CBS 7222,  Malas-
sezia furfur  NBRC 0656,  Malassezia obtusa  CBS 7876,  Malassezia 
slooffiae  CBS 7956,  Malassezia dermatis  JCM 11348,  Malassezia 
japonica  JCM 11963 and  Malassezia yamatoensis  CBS 9725 count-
ed beforehand using a bacterium counting chamber. The detection 
limit of the culture method was 5 colony-forming units (CFU)/
cm 2 , and that of the nonculture method was 50 cells/cm 2   [26] .

  Quantitative Analysis of   Staphylococcus   Species 
 Each 0.05-ml aliquot of the 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  S. aureus  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. aureus  (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 A TC 
TAT TAG GTT AT-3 �  and 5 � -TAT ATT CTT CGT TAC TCA TG C 
CAT AC-3 � . The mecA specificity of the primers was confirmed 
by amplification and melting temperatures using  S. aureus  JCM 
8702 (MRSA), JCM 8703 (MRSA), JCM 8704 (MRSA), ATCC 6538 
(methicillin-susceptible  S. aureus ),  Staphylococcus epidermidis 
 NBRC 12993 and 6 strains of clinically isolated methicillin-sus-
ceptible staphylococci.

  Quantitative Analysis of Other Cutaneous 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 2 ; culture method for  Malassezia  species: 5 CFU/cm 2 ; 
culture method for other cutaneous resident microorganisms:
10 CFU/cm 2 ) was assumed to be 10 0 /cm 2 . Student’s t test and the 
paired t test (nonlesion area vs. lesion area) were used.

  Results 

 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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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-

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 
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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-
tients are shown. The samples from 20 AD 
males and 47 AD females were examined. 
Error bars: SD.  * Significant difference
versus upper trunk (p  !  0.05);  † signifi-
cant difference versus female (p  !  0.05); 
 # significant difference versus nonculture 
method (p  !  0.05). 

  Fig. 2.  Numbers of  S. aureus,  CNS and  Pro-
pionibacterium  species on the skin of AD 
patients. The total numbers of  S. aureus,  
CNS and  Propionibacterium  species by the 
culture method in AD patients are shown. 
The samples from 20 AD males and 47 AD 
females were examined. Error bars: SD. 
 * Significant difference versus upper trunk 
(p  !  0.05);  † significant difference versus
female (p  !  0.05);  # significant difference 
between nonlesion and lesion areas (p  !  
0.05). 
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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-

bacterium  species on males were greater than those on 
the face of females, although there were no significant 
differences 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 2 , and there 
were no significant differences by gender or body part 
(data not shown).

  For the numbers of total  Malassezia  species (assessed 
by both 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). 
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  Fig. 3.   Malassezia  species detected from 
the skin of AD patients by the nonculture 
method. The samples from 20 AD males 
( a ) and 47 AD females ( b ) were examined. 
 M. slooffiae, M. japonica  and  M. yama-
toensis  were not detected in any samples. 
Error bars: SD.                



 Cutaneous  Malassezia  Microbiota in 
Atopic Dermatitis Patients 

Dermatology 5

   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-

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.

Table 1. R ecovery 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

T he 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.
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  Fig. 4.  Number of  S. aureus  for each clini-
cal severity of AD. 10 severe AD males, 6 
moderate AD males, 4 mild AD males, 19 
severe AD females, 16 moderate AD fe-
males and 10 mild AD females were exam-
ined. Error bars: SD. I = Mild AD patients; 
II = moderate AD patients; III = severe AD 
patients.            * Significant difference between 
each clinical degree (p  !  0.05);  † significant 
difference versus nonlesion area (p  !  0.05).     
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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 

discrepancies. It was considered that it is 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 
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  Fig. 5.  Total number of  Malassezia  species 
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-
vere AD females, 16 moderate AD females 
and 10 mild AD females were examined. 
Error bars: SD. I = Mild AD patients; II = 
moderate AD patients; III = severe AD
patients.            * Significant difference between 
each clinical degree (p  !  0.05).         
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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 that in 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  species in AD pa-
tients assessed by the nonculture 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 renewal in 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 

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 pediatric AD 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 the medical facilities 
and environment of these different studies.

  In conclusion, this study clarified that cutaneous  Ma-
lassezia  species on AD patients differ by gender, body 
part and analytical method. This result indicates 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  microbiota in AD 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 may be greater, 
but there was no difference in  Malassezia  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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