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Microbiology, L’Oréal Research and Innovation, Chevilly Larue, France

Abstract

The bacterial and fungal communities associated with dandruff were investigated using culture-independent
methodologies in the French subjects. The major bacterial and fungal species inhabiting the scalp subject’s were identified
by cloning and sequencing of the conserved ribosomal unit regions (16S for bacterial and 28S-ITS for fungal) and were
further quantified by quantitative PCR. The two main bacterial species found on the scalp surface were Propionibacterium
acnes and Staphylococcus epidermidis, while Malassezia restricta was the main fungal inhabitant. Dandruff was correlated
with a higher incidence of M. restricta and S. epidermidis and a lower incidence of P. acnes compared to the control
population (p,0.05). These results suggested for the first time using molecular methods, that dandruff is linked to the
balance between bacteria and fungi of the host scalp surface.
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Funding: This study was supported by a grant from L’Oréal – Research & Innovation and has been performed on the basis of a scientific collaboration. The panels
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Introduction

Dandruff is a scalp disorder occurring in about 17–50% of

human individuals depending on the population tested [1–3].

Dandruff is characterized by an abnormal flaking of the scalp,

related to mild inflammatory reaction, where stratum corneum is

altered exhibiting disrupted cohesion between the corneocytes and

cell hyperproliferation [4–6]. Although previous reports have

suggested that dandruff was due to the presence of M. restricta and

M. globosa [2,7–9], discrepancies exist between studies: for

example, Gemmer et al. [9] reported that the most prevalent

fungal species found in the dandruff scalps were M. restricta and M.

globosa; according to Paulino et al. [10], M. restricta was the most

abundant Malassezia species on the scalp of healthy (non-dandruff)

population; recently, Park et al. [11] reported that Filobasidium

floriforme was the main fungal species isolated from dandruff scalps,

whereas Acremonium spp. was identified in the non-dandruff scalps.

In addition to fungi, human scalp is also colonized by bacterial

populations [12] but their association with dandruff has not been

shown earlier.

Here, in a sample of French population, we identified the major

bacterial and fungal species present in the scalps of healthy and

dandruff subjects and showed that dandruff is significantly

associated with a higher amount of both M. restricta and S.

epidermidis and a lower amount of P. acnes in dandruff population

compared to control population.

Results

Major Species Found on Scalps with or without Dandruff
Culture-independent methods to identify microbial scalp

inhabitants have been scarcely used. However, direct charac-

terization of DNA from scalp samples avoids any bias due to

the culture step which has been shown to often under-evaluate

the count of skin microbial inhabitants especially for Malassezia

spp. [13,14]. Cloning and sequencing of the conserved

ribosomal unit regions (16S for bacterial and 28S-ITS for

fungal) lead to the identification of the major bacterial and

fungal scalp colonizers. The two major bacterial genera found

in the scalps whatever their dandruff status were: Propionibacte-
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rium and Staphylococcus. These bacterial genera, i.e. Propionibacteria

and Staphylococci, accounted respectively for 49% and 40% of all

sequences retrieved. Interestingly, the sequences of Propionibac-

terium spp. consisted in P. acnes (99.7%) and P. granulosum (0.3%)

and the sequences of Staphylococcus spp. mainly included S.

epidermidis (99.1%) and S. caprae (0.5%). The remaining 11% of

the sequences identified included species present in minor

amount (each species representing less than 2% of the total

number of bacterial sequences), belonging to the genera

Streptococcus, Acinetobacter, Corynebacterium, Pseudomonas and Moraxella

(Figure 1A, Table S1).

Malassezia restricta was the major fungal species present on the

scalps with or without dandruff (97% and 84% of the sequences

obtained from the normal and dandruff subjects, respectively)

(Figure 1B, Table S2). M. globosa and M. sympodialis accounted for

less than 1% of all sequences retrieved. M. slooffiae (4% all the

fungal sequences) was found on the scalp of one volunteer only.

The remaining sequences identified belonged to the genera

Exophiala, Penicillium, Rhodotolura and other Malassezia spp. (Table

S2).

Figure 1. Distribution of bacterial and fungal species in 10-normal and 9-dandruff scalps from set-1. (A) Distribution of 2,122 sequences
(,1500 bp) of 16S rDNA and (B) 2,225 sequences (,1500 bp) of ITS-28S rDNA between the normal scalps and dandruff–affected scalps. Results are
presented as the percent (%) of total sequences recovered per species. The predominant species are presented on this figure, while the detailed list
of the sequences identified is presented in the Supporting Information (Table S1 and S2).
doi:10.1371/journal.pone.0058203.g001
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The Presence of Dandruff is Associated with
Disequilibrium in the Proportion of the Major Bacterial
and Fungal Populations Colonizing the Scalp

Since three major microbial species were found on the scalps,

their quantitative distribution was analyzed among individuals

with or without dandruff. The analysis was performed on two

distinct population samples at two times of the year for a better

statistical validation of the results. These species were quantified by

Quantitative-PCR (Q-PCR) using specific primers and TaqMan

MGB probes targeting a specific region of the bacterial 16S rDNA

sequences and the fungal ITS-28S rDNA sequences. The PCR

primers used for quantification (Table S3) were specific of the

Propionibacterium and Staphylococcus genera but since P. acnes and S.

epidermidis accounted for .99% of all Propionibacterium and

Staphylococcus species identified, we considered in our analysis that

the counts of Propionibacterium and Staphylococcus corresponded to P.

acnes and S. epidermidis. The 28S primers used for Malassezia were

specific of the genus whereas the ITS primers permitted species

discrimination, especially the accurate identification of the species

M. restricta and M. globosa. Similarly, it was verified that the M.

restricta primers did not amplify DNA from other Malassezia species

including M. globosa and that there is no bias in DNA extraction or

cloning of genomic DNA between M. restricta and M. globosa (data

not shown). M. globosa was either not detected or not significant

when checked by qPCR in 38 samples (data not shown); so, this

species was not included further in the statistical analysis. No cross-

reactivity was seen for P. acnes and S. epidermidis with other possible

cutaneous microorganisms since none of the species of Streptococcus,

Corynebacterium, Acinetobacter and Malassezia tested were amplified in

our PCR assay (data not shown). In addition, using artificial

mixtures of S. epidermidis and P. acnes or M. restricta in various ratios

ranging from 1:1 to 1:1000, the same cell count was obtained

when the three microorganisms were analyzed alone or in

combination (Figure 2), indicating that our Q-PCR quantification

method was reliable for the quantification of mixtures of the major

microbial species found in the scalp.

Distance-based ANOVA analysis of the differences in the

number of bacterial and fungal cells showed a significantly lower

amount of P. acnes (from 3.5 105 to 1.4 105 cells/cm2, p = 0.002), a

significantly higher amount of M. restricta (from 1.6 103 to 1.3 104

cells/cm2, p = 0.04) and S. epidermidis (from 2.1 104 to 6.7 104 cells/

cm2, p = 0.02) in dandruff scalps than in non-dandruff scalps

(Figure 3A). Dandruff was also associated with changes in the

proportion between fungal and bacterial populations. The ratio M.

restricta/P. acnes was significantly higher (p = 0.005) in subjects with

dandruff (mean ratio = 0.37) as compared to individuals without

dandruff (mean ratio = 0.012) (Figure 3B). In the bacterial

communities, the S. epidermidis/P. acnes ratio was also significantly

higher in the subjects with dandruff as compared to non-dandruff

subjects (mean ratios were equal to 2.56 and 0.33, respectively;

p = 0.004) (Figure 3B).

These differences were confirmed intra-individually, within a

panel of dandruff subjects, when the microbial population of an

area (M1) with dandruff was compared to that of an area (M2)

without dandruff from the same scalp (Figure 3C). The differences

in the microbial populations between the samples collected in M1

and M2 on the same individual were similar to the differences

observed among the subjects with or without dandruff: M1 areas

exhibited a significantly higher incidence of M. restricta (from 1.9

103 in M2 vs 7.0 103 cells/cm2 in M1, p = 0.0006) and S. epidermidis

(from 3.1 104 in M2 vs 6.7 104 cells/cm2 in M1, p = 0.002) and a

lower incidence of P. acnes (from 3.4 105 in M2 to 1.4 105 cells/cm2

in M1, p = 0.002). Accordingly, a higher M. restricta/P. acnes ratio

(mean values 0.18 and 0.33, respectively; p = 0.03) was observed in

the samples collected in M2 compared to M1.

Discussion

This study is the first comprehensive comparison of bacteria and

fungi in dandruff subjects using culture-independent methodolo-

gies. The data presented here showed that the major fungal species

found in the scalp of the French population is M. restricta and that

dandruff is associated to an increase in the amount of this species.

With the exception of an older and unrefined non-exhaustive

study by McGinley et al. [15] in 1975 wherein molds were not

quantified, the bacterial colonization of the dandruff scalp has not

been investigated since the generally accepted rule was that

dandruff was exclusively associated to the presence of M. restricta

and M. globosa [9,16,17]. Identification of the cutaneous bacterial

species has been often linked to skin diseases but the role of a

mixed bacterial population on clinical skin syndromes has been

poorly investigated [18]. In our study, P. acnes and S. epidermidis

were the two major bacterial species found in dandruff or non-

dandruff scalps. The presence of these two major bacterial species

has been previously reported on human skin microbiota, with P.

acnes being shown to be predominant in sebaceous rich body sites

[19]. The present data show that in contrast to other studies

dandruff is not only associated to the higher incidence of one

particular Malassezia species but also to differences in the balance

between the fungal and bacterial populations on the scalp [15,16].

Such a finding and the ability to quantify quickly and accurately

by a Q-PCR method the three species associated to the occurrence

of dandruff should be useful for the development of new anti-

dandruff strategies. A modification of the scalp microbial ecology

either due to chemicals or changes in the host skin general

physiology may improve the dandruff situation of the scalp. For

dandruff treatment this is a new concept and the read out of this

new managing strategy will be based on the quantification of the

three targeted species.

Identification of the fungal species truly associated with dandruff

or even inhabiting the normal scalp surface has been controversial

in the past studies by Mc Ginley et al. (1975), Gemmer et al. (2002),

Lee et al. (2006), Ashbee, et al. (2007) and Park et al. (2012)

[9,11,15,20,21]. Several issues may be responsible for that: (i)

problems in the isolation of the fungi and/or difficulties to grow

them; (ii) uncertainty in the dermatological diagnosis and

uncompleted or erroneous species identification especially since

the nomenclature of Malassezia spp. has continuously evolved over

the last 20 years; (iii) different origin of the sampled populations

(North America, Korea or France) and it is known that the

environment or ethnicities and food may influence the composi-

tion of a microbiome in the oral cavity, vagina and gut [22–24]

and (iv) the identification techniques used in the different studies

were different. The culture-independent methods are, to date, the

most accurate to identify microbial scalp inhabitants since direct

characterization of DNA from scalp samples avoid any bias as in

the culture method which has been shown to be often a real

problem for the identification of scalp microbial inhabitants.

Discrepancies observed between our study and the mycobiota

analysis reported by Park et al. (2012) could be explained by a

different origin of the subjects or a different selection of primers

sets for amplification of the ribosomal DNA [11]. Moreover, the

three major fungal genera identified in their study (Didymella,

Acremonium and Filobasidium) are the common airborne saprotrophic

species which raised some concerns on the conclusion of the study.

In addition, in contrast to the present report, Park’s recent study

only focused on fungi and did not consider bacteria.

Major Bacterial and Fungal Species on Human Scalp
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Although it has not been investigated in our study, it appears

that the diversity of the species identified in the scalp was higher in

dandruff scalps than in non dandruff scalps. Although this can be

just a consequence of higher bacterial and fungal counts in the

dandruff scalps, it can also indicate a higher propensity for the

scalp of dandruff subjects to be colonized by a wide variety of scalp

microbial contaminants. It will be now essential to study the

specific interactions within this microbial community and the

ability of the microbiota to interact with the two other etiologic

facets of dandruff, which are host susceptibility and sebum

metabolization [17]. A metagenomic study of a larger panel of

volunteers would certainly help our understanding of the

interactions of these microbial communities during dandruff

formation.

Materials and Methods

Subject Recruitment
The study was conducted in compliance with the World

Medical Association Declaration of Helsinki, national and EU

regulations and L’Oréal Research and Innovation’s procedures

based on ICH guidelines for Good Clinical Practice. According

to the national ‘‘Arrêté du 11 mai 2009 relatif aux définitions

de certaines catégories de recherches biomédicales’’, this non-

interventional study without tested product nor invasive

assessment method did not require Regulatory Approval.

However, this study has been approved by L’Oréal’s Ethic’s

Group (studies number: 1) 2010-0152 and 2) ACR/PASFLO/

1111). All volunteers received verbal and written information

concerning the study in accordance with the applicable local

regulations, guidelines and the current SOP. This information

explained the nature, purpose and risks of the study and

emphasized that participation in the study was voluntary and

that the volunteer might withdraw from the study at any time

and for any reason. The volunteer’s written informed consent to

participate in the study was obtained prior to any study related

procedure being carried out. All data was analyzed anony-

mously and steps were taken to protect the identities of all

participants. According to national law ‘‘Informatique et liberté’’

dated January 6th 1978, modified by law No 94–548 dated July

1st 1994, and law nu 2004–801 dated August 6th 2004, the

subject database is declared to the ‘‘Commission Nationale de

l’Informatique et des Libertés’’ (the national commission of data

processing and freedom)’’.

Figure 2. Q-PCR quantification of artificial mixtures containing genomic DNA extracted from S. epidermidis and P. acnes or M.
restricta in various ratios. (A) quantification of P. acnes alone or in combination with S. epidermidis (ratios 1:1; 1:10; 1:100 and 1:1000) or M. restricta
(ratios 1:0.01; 1:0.1; 1:1 and 1:10); (B) quantification of S. epidermidis alone or in combination with P. acnes or M. restricta in the same ratios and (C)
quantification of M. restricta alone or in combination with P. acnes or S. epidermidis (ratios 1:100; 1:1000; 1:10000 and 1:100000). Q-PCR quantification
showed the same cell count when the three microorganisms were analyzed alone or in a mixture with the other major skin contaminants.
doi:10.1371/journal.pone.0058203.g002
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Sample Collection
Three weeks before sampling, the volunteers who participated

in this study were given the same particular neutral shampoo

(without any treating agent of perfume, similar to ‘‘DOP Ultra

Doux’’) to be used three times a week at home to avoid any bias in

the results due to shampoo. Volunteers were not allowed using any

other product on their hair or scalp during this 3-week wash-out

period. The last shampoo was performed three days before the

sampling procedure. The presence or absence of dandruff in the

scalp of the subjects was assessed following Van Abbe’s method

with modifications [25]: dandruff score equal to 0, 1, 2 or 3 was

assigned as compared to reference pictures (Figure S1) on eight

different sections of the scalp examined. The final score was the

average of these eight values. Inclusion criteria were: a) for

Dandruff volunteers, clinical aspect was determined as score 1, 2

or 3, and b) for control volunteers, no dandruff was observed and

score was equal to zero as described in Table S4 and Figure S1.

For sample collection, we used the swab method as reported

previously [19,26] with few modifications to sample the scalp

surface. A 16 cm2 area was sampled as follows: 8 segments of 4 cm

length were successively isolated by separating hair fibers with a

comb. Sterile cotton swabs were soaked in the tube containing

5.0 ml of NaCl (0.15 M)–Tween 20 (0.1%) solution and rubbed

along one segment by making four passages. The same procedure

was repeated on each of the 8 lines to cover the total surface in a

non-overlapping manner. The head of each swab was cut from the

handle, placed into the tube containing the NaCl-Tween solution.

Scalp samples were stored at 4uC and processed for DNA isolation

within 24 h. As negative controls, sterile cotton swabs were cut

from the handle, placed into NaCl–Tween 20 solution (5.0 ml)

and further processed according to identical conditions without

any contact with scalp.

Forty-nine volunteers (22–63 years old; 40% male) were

recruited to provide samples. Two independent sets of samples

were collected in May 2010 for Set-1 and March 2011 for Set-2.

Set-1 consisted of samples from 10 non-dandruff and 9 dandruff

subjects which were analyzed for identification of the microbial

population followed by Q-PCR quantification. Set-2 gathered

samples from 10 non-dandruff and 20 dandruff-affected subjects.

In addition, each dandruff scalp from Set-2 was collected in two

areas: an area with dandruff (M1) and an area without dandruff

(M2). Characteristics of the selected dandruff and control subjects

are shown in Table S1 and S2.

Fungal and Bacterial DNA Extraction
The protocol for DNA isolation was as follows: 2 ml of

bacterial-fungal cells suspension from the scalp were pelleted by

centrifugation for 20 min at 13500 rpm. The collected cells were

resuspended in 400 ml of lysis buffer (20 mM Tris-HCl, 250 mM

NaCl, 25 mM EDTA, 1%SDS (w/v), 1%Triton6100 (w/v);

pH 8.0) containing 5 ml of proteinase K (10 mg/ml, Roche) and

incubated for 16 h at 55uC, then for 5 min in a boiling water-bath.

Cells were transferred to screw-capped tubes, 250 ml of glass beads

(0.17–0.18 mm, Sartorius) were added and the samples were

broken in a FastPrep (MP Biomedicals) by making three cycles of

vortex for 60 s, speed 6.0. Supernatants were further supplement-

ed with phenol and chloroform (400 ml each) and vortexed. After

centrifugation for 20 min at 13500 rpm, the aqueous phase was

removed and treated with an RNAase (2 ml, 10 mg/ml, Roche) for

3 h at 37uC. DNA was finally precipitated by adding ammonium

acetate (5 mM, final concentration) and pure ethanol (1 ml) (at

220uC for 24 h). The resulting DNAs were pelleted by

centrifugation (for 20 min at 13500 rpm), washed with ethanol

70% (700 ml) and finally suspended in 40 ml of ultra-pure DNAse-

RNAse free water. DNA content was measured by Qubit dsDNA

HS kit (Invitrogen). Our DNA extraction method was validated

since genomic DNA extraction of a range of species tested

separately gave similar amount of DNA per cell (Table S5). In

particular, DNA of the same number of cells (106 cells) of M.

restricta strains (CBS7877) and of M. globosa strains (CBS7874) were

extracted with this protocol. The same amount of DNA per cell

was recovered for both Malassezia species (Table S5). In addition,

in the nineteen volunteers (N1–N10 and D1– D9), the DNA

quantification by using Q-PCR or by cloning and sequencing the

ribosomal unit regions (16S and 28S-ITS) gave similar values.

PCR Amplification
For each scalp sample from Set-1, two different PCR products

were prepared from genomic DNA. The fungal ITS1-5.8S-ITS2

and part of the 28S (D1/D2) region were amplified with universal

primers ITS1f and TW13 (Table S3, [27]). 16S rDNA was

amplified using the sets of primers: CIP-pA and CIP-pH (Table

S3, [19]). Both PCR products (,1,500 bp) were then cloned

individually. Amplification method was as follows: 5.0 ml of 106
buffer (Amersham Bioscience), 5.0 ml of dNTP mix (25 mM each,

Roche), 1 ml of each primer (10 mM), 1 ml of DMSO, 1 ml of

genomic DNA (20 ng) and 0.3 ml of rTaq Polymerase (Amersham)

qsp 50 ml of water. For thermocycling, initial denaturation at 95uC
for 5 min, followed by 35 cycles of a 60-sec 95uC denaturation, 60-

sec annealing at 60uC, and 1.5 min elongation at 72uC, all

followed by final extension for 15 min at 72uC. PCR products

were purified using Qiaquick purification kit (Qiagen) as per the

manufacturer’s instructions. As a control the same amount of

genomic DNA of each strains M. restricta and M. globosa were mixed

and PCR amplified using universal primers ITS1f and TW13

(Table S3, [27]) PCR fragments was cloned further as described

below.

Cloning and Sequencing
Fresh purified PCR products were cloned into the pCR2.1-

TOPO vector (Invitrogen) as per manufacturer instructions using

1 ml of PCR product (20 ng DNA). Plasmid DNA purifications

were performed using the Montage Plasmid Miniprep96 kit

(Millipore). Sequencing reactions were performed with M13

Figure 3. Quantification of the three major microbial species found on the scalp surface by Q-PCR. Box plots comparing the density of P.
acnes, S. epidermidis and M. restricta found on the scalp surface (in number of cells per cm2 of the scalp surface detected by Q-PCR) - (A) Variations of
the microbial populations between nineteen subjects from Set-1 and thirty subjects from Set-2 accounting for a total of 29 individuals with dandruff
and 20 controls without dandruff; (B) Ratios M. restricta/P. acnes and S. epidermidis/P. acnes were significantly higher in dandruff scalps compared to
non-dandruff scalps and (C) Intra-individual variations of the microbial populations within the 20 dandruff volunteers of Set-2. Box plots comparing
the density of P. acnes, S. epidermidis and M. restricta quantified by Q-PCR on areas M1 (dandruff area) and M2 (non-dandruff area). M. restricta, S.
epidermidis and M. restricta/P. acnes ratio were significantly higher and P. acnes incidence was lower in dandruff areas (M1) compared to non-dandruff
areas (M2). Asterisk indicates a significant statistical difference (p,0.01). Note that the PCR primers used for quantification of the Propionibacterium
and Staphylococcus were only genus-specific but since P. acnes and S. epidermidis accounted for 99% of all Propionibacterium and Staphylococcus
species identified respectively, it was considered that the counts of Propionibacterium and Staphylococcus populations corresponded mainly to P.
acnes and S. epidermidis.
doi:10.1371/journal.pone.0058203.g003
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Forward and Reverse primers using ABI Prism BigDye Termina-

tor cycle sequencing-ready reaction kits and run on an ABI

37306l Genetic Analyzer (Applied Biosystems). Base calling and

quality clipping of the sequence traces were done using the script

Assembler Tool Kit [28]. After excluding low quality sequences,

2,122 bacterial and 2,225 fungal sequences (,1500 bp) of 16S

rDNA and ITS-28S rDNA, respectively (which corresponded to

200 sequences in average per subject), were analyzed further at the

phylum, genus, and species levels. For bacterial identification, the

Ribosomal Database Project – II release 10, update 29 [29]) was

used. For a first line of identification of fungal species, the Silva

database was used [30]. To refine fungal identification since

no 28S or ITS database existed for fungal species found on human

skin, a custom database was designed with a selection of ITS and

28S fungal sequences of skin fungi [9,26,31–33]. Distribution of

the 4,347 sequences obtained from the genomic DNA of the 19

subjects from Set-1 and 30 subjects from Set-2 are presented in

Table S4. Accession numbers of highest homology matches used

for the confirmation of identity of major bacterial and fungal

species found in this study are presented in Table S6. Moreover,

we demonstrated that there was no experimental bias when

cloning genomic DNAs of M. globosa or M. restricta; we could

recover equal amounts of M. globosa and M. restricta after PCR

cloning of a DNA mix (in 1:1 ratio) from both the species.

Confirmation experiments were performed by PCR using specific

primer pairs Mrest-F and Mrest-R or Mglo-F and Mglo-R (Table

S3) to detect M. restricta species and of M. globosa species,

respectively.

Stability of Bacterial and Fungal Cell Suspension and
Scalp Samples

Stability of DNA under storage at 4uC or 220uC for 24 h was

investigated using scalp samples and also M. restricta, P. acnes and S.

epidermidis cells grown in vitro and resuspended in the sampling

buffer (107cells/ml). Each sample was separated into three equal

fractions. First fraction was extracted directly as described above,

second fraction was extracted after 24 h at 4uC and third fraction

was extracted after 24 h at 220uC. To assess the amount of

bacterial and fungal genomic DNA extracted after the storage

step, PCR amplification was performed by using universal primers

ITS1f and TW13 or primers CIP-pA and CIP-pH (Table S3),

followed by quantification of the PCR products by using Qubit

dsDNA HS kit (Invitrogen). We obtained 25% reduction of the

fungal PCR product after storage at 220uC, while there was no

significant decrease in the amount of fungal and bacterial products

after 24 h storage at 4uC. For the three strains, the amount of

genomic DNA extracted was measured directly by using Qubit

dsDNA HS kit (Invitrogen). Results showed equivalent amount of

DNA recovered without storage and after storage for 24 h at 4uC.

All the results were obtained in triplicate. Further, all the

volunteer’s samples were stored at 4uC and their genomic DNA

was extracted within 24 h. Moreover, the effect of cotton swabs on

PCR reaction has been tested. DNA extraction of the three major

species M. restricta, P. acnes and S. epidermidis has been performed in

presence or absence of cotton swab and DNA content was

measured by Qubit dsDNA HS kit (Invitrogen) after amplification

using specific primers (Table S3). Results showed equivalent

amount of DNA recovered with or without cotton swab.

Quantitative PCR
The three major species identified in the scalp environment, P.

acnes, S. epidermidis and M. restricta, and also the M. globosa species

were quantified with Quantitative-PCR using specific primers and

TaqMan MGB probes targeting a specific region of the bacterial

16S rDNA sequences or the fungal ITS-28S rDNA sequences. For

the quantification of S. epidermidis, Staph-P probe [34] was used in

combination with a set of new primers (Table S3). For P. acnes, new

primers and probes were designed. All new primers and probes

were designed by using primer express 4 (Applied Biosystem) and

the corresponding bacterial 16S rRNA sequences obtained in this

study. The 28S primers used for Malassezia were specific of the

genus whereas the ITS primers permitted species discrimination

and especially the accurate identification of the species M. restricta

and M. globosa [35] (Table S3). The reaction mix consisted of 20 ml

of TaqMan Universal Master Mix II without UNG (Applied

Biosystem), 200 nM of each primer (Table S3), 250 nM TaqMan

probe (Applied Biosystem) and DNA (0.5–5 ng). Amplification and

detection were performed with the iCycler iQ (BIO-RAD) with the

following cycle parameters: 55uC for 2 min, 95uC for 10 min, and

40 cycles of 95uC for 30 sec and 55uC for 30 sec, for Malassezia sp.

or 55uC for 2 min, 95uC for 10 min, and 40 cycles of 95uC for

30 sec and 55uC for 45 sec for bacterial species. Every sample was

run in triplicate. It was verified that there was a direct linear

correlation between the concentration of M. restricta, M. globosa, P.

acnes and S. epidermidis cells (between 102 to 107 cells) and the cycle

threshold (Ct) values. The regression lines were respectively,

Ct = 23.26 log(number of cells)+39 (r2 = 0.995) for M. restricta,

Ct = 23.66 log(number of cells)+9 (r2 = 0.995) for P. acnes and

Ct = 23.06log(number of cells)+38 (r2 = 0.97) for S. epidermidis.

Statistical Methods
ANOVA was used for statistical analysis in this study. The effect

of dandruff status on the number of bacterial and fungal cells was

tested with Type III Sum of Squares. Normality of the residuals

and homogeneity of the variance were visually checked on plots.

All statistical analysis were calculated by using R software [36].

Supporting Information

Figure S1 Dandruff scoring according to the modified
Van Abbe’s method. A) Score 0, no dandruff. B) Scalp with

dandruff: 1 minimal level of dandruff observed and 3, highest level

of dandruff observed.

(TIF)

Table S1 Distribution of the bacterial 16S rDNA
sequences from 19 subjects (N1-10, controls without
dandruff; D1-9 subjects with dandruff).

(DOCX)

Table S2 Distribution of the fungal ITS-28S rDNA
sequences from 19 subjects (N1-10, controls without
dandruff; D1-9 subjects with dandruff).
(DOCX)

Table S3 Sets of primers used in this study and primers
and probes that were used to quantify M. restricta, M.
globosa, Propionibacterium sp. and Staphylococcus sp.

(DOCX)

Table S4 Distribution of the 4,347 sequences obtained
by cloning and sequencing PCR products from the
genomic DNA of the 19 subjects from Set-1 and
characteristics of the 30 subjects from Set-2.

(DOCX)

Table S5 Genomic DNA isolation of individual bacterial
and fungal species: list of the strains used to establish
the DNA extraction method and genomic DNA amount
obtained for each species.
(DOCX)
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Table S6 GenBank accession numbers of major bacte-
rial and fungal species found in this study. Accession

numbers of highest homology matches used for the confirmation

of identity are presented.

(DOCX)
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Dr Audrey Guéniche (L’Oréal Research & Innovation, Aulnay-sous-Bois,

France) for providing the pictures of the scalp from normal and dandruff

afflicted volunteers.

Author Contributions

Subject’s recruitment: FP CER. Conceived and designed the experiments:

IM JPL LB RJ. Performed the experiments: CC IM MT. Analyzed the

data: CC CB IM ABH JPL. Contributed reagents/materials/analysis tools:

FMS JG. Wrote the paper: CC IM JPL.

References

1. Misery L, Rahhali N, Duhamel A, Taieb C (2012) Epidemiology of Dandruff,
Scalp Pruritus and Associated Symptoms. Acta Derm Venereol-In press.

2. Pierard-Franchimont C, Xhauflaire-Uhoda E, Pierard GE (2006) Revisiting

dandruff. Int J Cosmet Sci. 28: 311–318.
3. Xu J, Saunders CW, Hu P, Grant RA, Boekhout T et al. (2007) Dandruff-

associated Malassezia genomes reveal convergent and divergent virulence traits
shared with plant and human fungal pathogens. Proc Natl Acad Sci U S A. 104:

18730–18735.

4. Kerr K, Darcy T, Henry J, Mizoguchi H, Schwartz JR et al. (2011) Epidermal
changes associated with symptomatic resolution of dandruff: biomarkers of scalp

health. Int J Dermatol. 50: 102–113.
5. Pierard-Franchimont C, Hermanns JF, Degreef H, Pierard GE (2000) From

axioms to new insights into dandruff. Dermatology. 200: 93–98.
6. Warner RR, Schwartz JR, Boissy Y, Dawson TL Jr. (2001) Dandruff has an

altered stratum corneum ultrastructure that is improved with zinc pyrithione

shampoo. J Am Acad Dermatol. 45: 897–903.
7. Ashbee HR, Evans EG (2002) Immunology of diseases associated with Malassezia

species. Clin Microbiol Rev. 15: 21–57.
8. Aspiroz C, Moreno LA, Rezusta A, Rubio C (1999) Differentiation of three

biotypes of Malassezia species on human normal skin. correspondence with M.

globosa, M. sympodialis and M. restricta. Mycopathologia. 145: 69–74.
9. Gemmer CM, DeAngelis YM, Theelen B, Boekhout T, Dawson JT Jr. (2002)

Fast, noninvasive method for molecular detection and differentiation of
Malassezia yeast species on human skin and application of the method to

dandruff microbiology. J Clin Microbiol. 40: 3350–3357.
10. Paulino LC, Tseng CH, Blaser MJ (2008) Analysis of Malassezia microbiota in

healthy superficial human skin and in psoriatic lesions by multiplex real-time

PCR. FEMS Yeast Res. 8: 460–471.
11. Park HK, Ha MH, Park SG, Kim MN, Kim BJ et al. (2012) Characterization of

the fungal microbiota (mycobiome) in healthy and dandruff-afflicted human
scalps. PLoS One. 7: e32847.

12. Grice EA, Segre JA (2011) The skin microbiome. Nat Rev Microbiol. 9: 244–

253.
13. Akaza N, Akamatsu H, Sasaki Y, Kishi M, Mizutani H et al. (2009) Malassezia

folliculitis is caused by cutaneous resident Malassezia species. Med Mycol. 47:
618–624.

14. Sugita T, Suto H, Unno T, Tsuboi R, Ogawa H et al. (2001) Molecular analysis

of Malassezia microflora on the skin of atopic dermatitis patients and healthy
subjects. J Clin Microbiol. 39: 3486–3490.

15. McGinley KJ, Leyden JJ, Marples RR, Kligman AM (1975) Quantitative
microbiology of the scalp in non-dandruff, dandruff, and seborrheic dermatitis. J

Invest Dermatol. 64: 401–405.
16. Dawson TL Jr. (2007) Malassezia globosa and restricta: breakthrough under-

standing of the etiology and treatment of dandruff and seborrheic dermatitis

through whole-genome analysis. J Investig Dermatol Symp Proc. 12: 15–19.
17. DeAngelis YM, Gemmer CM, Kaczvinsky JR, Kenneally DC, Schwartz JR et

al. (2005) Three etiologic facets of dandruff and seborrheic dermatitis: Malassezia

fungi, sebaceous lipids, and individual sensitivity. J Investig Dermatol Symp

Proc. 10: 295–297.

18. Gallo RL, Nakatsuji T (2011) Microbial Symbiosis with the Innate Immune
Defense System of the Skin. J Invest Dermatol. 131: 1974–1980.

19. Grice EA, Kong HH, Conlan S, Deming CB, Davis J et al. (2009)

Topographical and temporal diversity of the human skin microbiome. Science.

324: 1190–1192.

20. Ashbee HR (2007) Update on the genus Malassezia. Med Mycol. 45: 287–303.

21. Lee YW, Yim SM, Lim SH, Choe YB, Ahn KJ (2006) Quantitative investigation

on the distribution of Malassezia species on healthy human skin in Korea.

Mycoses. 49: 405–410.

22. Ghannoum MA, Jurevic RJ, Mukherjee PK, Cui F, Sikaroodi M, et al. (2010)

Characterization of the oral fungal microbiome (mycobiome) in healthy

individuals. PLoS Pathog. 6: e1000713.

23. Kau AL, Ahern PP, Griffin NW, Goodman AL, Gordon JI (2011) Human

nutrition, the gut microbiome and the immune system. Nature. 474: 327–336.

24. Ravel J, Gajer P, Abdo Z, Schneider GM, Koenig SS, et al. (2011) Vaginal

microbiome of reproductive-age women. Proc Natl Acad Sci U S A. 108 Suppl

1: 4680–4687.

25. Van Abbe NJ (1964) The investigation of dandruff. J Soc Cosmetic Chemists. 15:

609–630.

26. Paulino LC, Tseng CH, Strober BE, Blaser MJ (2006) Molecular analysis of

fungal microbiota in samples from healthy human skin and psoriatic lesions. J

Clin Microbiol. 44: 2933–2941.

27. Taylor DL, Booth MG, McFarland JW, Herriott IC, Lennon NJ, et al. (2008)

Increasing ecological inference from high throughput sequencing of fungi in the

environment through a tagging approach. Mol Ecol Resour. 8: 742–752.

28. Clermont D, Diard S, Bouchier C, Vivier C, Bimet F, et al. (2009) Microbacterium

binotii sp. nov., isolated from human blood. Int J Syst Evol Microbiol. 59: 1016–

1022.

29. Cole JR, Wang Q, Cardenas E, Fish J, Chai B, et al. (2009) The Ribosomal

Database Project: improved alignments and new tools for rRNA analysis.

Nucleic Acids Res. 37: D141–D145.

30. Pruesse E, Quast C, Knittel K, Fuchs BM, Ludwig W, et al. (2007) SILVA: a

comprehensive online resource for quality checked and aligned ribosomal RNA

sequence data compatible with ARB. Nucleic Acids Res. 35: 7188–7196.

31. Dekio I, Hayashi H, Sakamoto M, Kitahara M, Nishikawa T, et al. (2005)

Detection of potentially novel bacterial components of the human skin

microbiota using culture-independent molecular profiling. J Med Microbiol.

54: 1231–1238.

32. Gao Z, Tseng CH, Pei Z, Blaser MJ (2007) Molecular analysis of human

forearm superficial skin bacterial biota. Proc Natl Acad Sci U S A. 104: 2927–

2932.

33. Gupta AK, Batra R, Bluhm R, Boekhout T, Dawson TL Jr. (2004) Skin diseases

associated with Malassezia species. J Am Acad Dermatol. 51: 785–798.

34. Gao Z, Perez-Perez GI, Chen Y, Blaser MJ (2010) Quantitation of major human

cutaneous bacterial and fungal populations. J Clin Microbiol. 48: 3575–3581.

35. Sugita T, Tajima M, Tsubuku H, Tsuboi R, Nishikawa A (2006) Quantitative

analysis of cutaneous malassezia in atopic dermatitis patients using real-time

PCR. Microbiol Immunol. 50: 549–552.

36. R Development Core Team (2010) R: A Language and Environment for

Statistical Computing. R Foundation for Statistical Computing Vienna Austria

(2010).

Major Bacterial and Fungal Species on Human Scalp

PLOS ONE | www.plosone.org 8 March 2013 | Volume 8 | Issue 3 | e58203


