Received: 7 April 2021 | Revised: 24 June 2021

Accepted: 22 July 2021

DOI: 10.1111/jocd.14362

ORIGINAL ARTICLE

D,
Co;?;;re[‘:i: Dermatology W I L EY

Continuous clinical improvement of mild-to-moderate
seborrheic dermatitis and rebalancing of the scalp microbiome
using a selenium disulfide-based shampoo after an initial
treatment with ketoconazole

Philippe Massiot PhD' | Cécile Clavaud PhD? | Marie Thomas MSc? | Alban Ott MSc? |
Audrey Guéniche Pharm D, PhD® | Ségoléne Panhard MSc! | Benoit Muller PhD? |
Céline Michelin MSc! | Delphine Kerob MD* | Anne Bouloc MD* | Pascal Reygagne MD’

1’Oréal Research & Innovation, Saint-
Ouen, France

21’Oréal Research & Innovation, Aulnay-
sous-Bois, France

3’'Oréal Research & Innovation, Chevilly-

Larue, France

“Vichy Laboratoires, Levallois-Perret,
France

SCentre Sabouraud, Paris, France

Correspondence

Cécile Clavaud, L'Oréal Recherche et
Innovation, 1 Avenue Eugéne Schueller,
Aulnay-sous-bois 93601, France.

Email: cecile.clavaud@rd.loreal.com

Funding information

This study was funded by Vichy
Laboratoires, Levallois, France and
supported by L'Oréal Research and
Innovation.

Abstract

Obijective: Scalp seborrheic dermatitis (SD) is a chronic, relapsing, and inflammatory
scalp disease. Studies indicate a global bacterial and fungal microbiota shift of scalp
SD, as compared to healthy scalp. Ketoconazole and selenium disulfide (SeS,) improve
clinical signs and symptoms in both scalp dandruff and SD.

Aim: The main objective of this study was to investigate the changes in the scalp mi-
crobiota diversity and counts in subjects with scalp SD during a two-phase treatment
period.

Material and methods: The scalp microbiota and clinical efficacy were investigated
in 68 subjects with mild-to-moderate scalp SD after an initial one-month treatment
with 2% ketoconazole, and after a 2-month maintenance phase, either with a 1% SeS,-
based shampoo or its vehicle.

Results: Thirty one subjects in the active and 37 subjects in the vehicle group par-
ticipated. Ketoconazole provided an improvement of clinical symptoms (adherent
(-1.75 p < 0.05), non-adherent (-1.5, p < 0.05)) flakes and erythema (scores 1.67-0.93,
p < 0.001), in an increased fungal diversity and in a significant (p < 0.005) decrease
of Malassezia spp. SeS, provided an additional clinical improvement (-0.8; p = 0.0002
and -0.7; p = 0.0081 for adherent and non-adherent flakes, respectively, at Day 84)
compared to the vehicle associated with a low Malassezia spp. count and an additional
significant (p < 0.001) decrease of the Staphylococcus spp. level.

Conclusion: Selenium disulfide provides an additional benefit on the scalp microbiota
and in clinical symptoms of SD and dandruff after treatment with ketoconazole. The
results confirm the role of Staphylococcus spp. in scalp SD and open possible perspec-

tives for preventing relapses.
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1 | INTRODUCTION

Seborrheic dermatitis (SD) is a chronic and relapsing inflammatory
skin condition of sebum-rich areas such as the scalp. It is charac-
terized by erythema, mild-to-moderate scaling resulting in greasy
and flaky scalp, and is sometimes associated with pruritus.! In the
adult population, its prevalence is up to 5%, with a higher prevalence
in immunocompromised patients and in patients with neurologic
diseases.?® When only mild scaling without visible inflammation is
observed, SD is called dandruff (D). The prevalence of dandruff in
the general population has been estimated at 15%-20%.1 Various
environmental, intrinsic and host immune factors may contribute to
the development of SD, leading to an alteration of the sebaceous
gland activity and sebum composition, epidermal barrier function,
and skin surface fungal colonization, which ultimately leads to in-
flammation. Among these factors, lipophilic Malassezia yeasts may
play a key role.

At a species level, M. restricta and M. globosa are the most frequent
species associated with a healthy scalp.*> Specific strains of M. re-
stricta have been associated with lesional skin of SD patients at the
genotypic level.® In addition, Malassezia spp. is able to metabolize and
oxidize sebum-derived lipids such as triglycerides, squalene, and fatty
acids into inflammatory compounds and to produce indole derivatives
(malassezin, indolocarbazole), while an activity against aryl hydrocar-
bon receptors may impact skin inflammation.”® Malassezia species,
especially M. restricta, are able to induce cytotoxicity to keratinocytes
in vitro, suggesting an active role in the accelerated flake formation.’

Moreover, bacterial skin microbiota changes may also be in-
volved in the pathogenesis of SD.1°*2 The healthy scalp microbi-
ota is characterized by a low bacterial diversity, as compared to the
other body sites, and is dominated by Cutibacterium acnes (formerly
Propionibacterium acnes), Staphylococcus epidermidis, and yeasts,
especially Malassezia spp.13'14 In D/SD scalp, bacterial changes cor-
respond to a higher diversity.?>® This corresponds to a disequilib-
rium between the 2 dominant bacteria Staphylococcus (higher) and
Cutibacterium (lower).”"2° These modifications are correlated to se-
verity of scaling and, to an extent, to the forehead of SD patients.'
Additional microbial markers such as Aspergillus and Pseudomonas
have been also proposed.21 Similar to skin diseases related to a mi-
crobiome imbalance such as atopic dermatitis and acne vulgaris,
deviation from the healthy scalp microbiome may trigger an inflam-
matory response in scalp SD.!

Current SD treatments consist of topical applications of antifun-
gals and anti-inflammatory agents.?? Ketoconazole is a fungistatic
agent, which limits Malassezia restricta, M. globosa, and M. furfur
growth, without inhibiting S. epidermidis or S. aureus.?® In vivo, the
clinical efficacy of ketoconazole used at 1%-2% resulted in a reduc-
tion in Malassezia spp. loads supporting the contribution of these
fungi in the physiopathology of SD.2%?> When ketoconazole treat-
ment is stopped, SD symptoms relapse.?#%¢
Selenium disulfide shampoo (SeSz) is another effective means in

the treatment of dandruff, a milder form of seborrheic dermatitis.?’

SeS, has antifungal properties against Malassezia furfur and also
inhibits Staphylococcus epidermidis growth in vitro.?>?% Past re-
ports on the treatment of scalp SD/D have focused on Malassezia
spp and counts, while bacterial microbiota changes have only been
poorly described.?”3® Moreover, the SeS,-based shampoo contains
salicylic acid, known for its keratolytic activity, allowing to reduce
flakes on the scalp.?>3! We performed an 8-week maintenance
study to investigate the clinical benefit and effect of SeS, on the
scalp microbiota, compared to its vehicle after a 4-week initial treat-
ment with ketoconazole. The present study provides insights into
the effect of ketoconazole and SeS, on the scalp microbiota using
next-generation sequencing and gPCR quantification of the 3 major
microbial markers of SD/D scalp: Staphylococcus, Cutibacterium, and
Malassezia.'® We also hypothesized that using a treatment that acts
on the bacterial microbiota of the scalp may provide additional ben-

efits for scalp SD symptoms.

2 | METHODOLOGY

double-blind,
lel group study. The study was approved by an Institutional
Review Board (CPP Sud-Ouest & Outremer llI) and the French
Agency for Security of Health Products (ANSM) (ID-RCB number:
2017-A00148-45). The study was registered in the clinical trial data-
base under the number NCT04057950 (www.clinicaltrials.gov). All
subjects provided written informed consent prior to enrollment in
the study.

This was a randomized comparative, paral-

2.1 | Subject selection and study design
Seventy-seven (77) subjects, aged between 18 and 65 years, were
recruited in the outpatient dermatology clinic of a public hospital
(51 subjects) and at one investigational site (26 subjects), both lo-
cated in Paris. Suitable subjects had to have mild-to-moderate SD on
the scalp with high flake severity corresponding to an adherent flake
score of 22.5 (ranging 0-5) and total (adherent + non-adherent) flake
score of 24 (ranging from O to 10).%?

The study was organized in two phases: a treatment phase (DO to
D28) during which all subjects received a 2% ketoconazole foaming
gel (6 g monodose sachets, Ketoderm®, Janssen-Cilag™) to be ap-
plied twice a week for 4 weeks. During the maintenance phase (D28
to D84), subjects were randomized in 2 groups. One group (active
group, n = 35) received a SeS,-1% salicylic acid shampoo (Dercos®
DS anti Dandruff, Vichy Laboratoires) and the 2nd group (vehicle
group, n = 42) received the vehicle; products were to be applied for
8 weeks three times a week for 8 weeks. Subjects were asked to
wash their hair with the shampoo or its vehicle and to rinse the hair
immediately after washing and to re-apply the shampoo or its vehi-
cle and to leave it on the scalp for 2 min prior to rinsing and drying
of the hair.
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2.2 | Clinical evaluations

Clinical assessments were performed at DO, 14, 21, 28, 56, 70, and
84. The severity of scaling was assessed according to a 0-5 grading
flake for adherent flake (0: no flakes, 5: flakes in very large quan-
tity or in thick layers on the scalp) and a 0-5 grading scale for non-
adherent flakes as described previously. A 0-5 grading scale (from O:
none to 5: severe) was used for scalp erythema and for irritation, and
a 1-5 grading scale (1: very dry to 5: very oily) was used for greasi-
ness. Clinical grading was performed on 8 different sites symmetri-
cally distributed on the left and right side (4 sites each) of the upper
part of the scalp. Gradings were summed up and averaged, yielding
an overall clinical grading of the scalp status. In addition, subjects
self-assessed the flake severity of their scalp and the intensity of
scalp pruritus through a 0-9 grading scale (0: absent; 9: intensely

perceived) at 3 time points (at day O, 28, and 84).

2.3 | Scalp microbiota analysis

The detailed microbiota analysis protocols are described in earlier
reports.t>” Briefly, 2 areas of the scalp were sampled per subject
at every time point using 2 separate sterile cotton swabs for QPCR
quantification and NGS analysis, respectively. Subjects were asked not
to wash their scalps for the 2 days prior to the sampling procedure.
Samples from the scalp area (vertex or crown) with a squamous score
>2.5 were obtained at baseline (DO0), at the end of the treatment phase
(D28), and during the cosmetic shampoo phase at 2 visits (D56, D84).
To ensure the repositioning of the sampling on the same scalp loca-
tion during follow-up, the hair from the sampling area was cut at 5 mm
from the scalp surface every 2 weeks. To limit the variability during
sampling, the same technician sampled the subject during the study.
Sampling was conducted as previously described with minor modifica-
tions.'” A sterile cotton swab soaked in a solution containing collection
solution (0.15 M NaCl and 0.1% Tween 20) was rubbed onto the scalp
surface (among the hair) with a zig-zag pattern, to cover a total surface
of 4 cm? in a non-overlapping manner. At the end of the procedure, the
head of each swab was cut from the handle and placed into a tube con-
taining 5 ml of collection buffer. These wet swabs were stored at 4°C
and processed for DNA isolation within 24 h followed by QPCR analy-
sis. In parallel to scalp samples, sterile cotton swabs were cut from
the handle and placed in the collection buffer and further processed
using an identical procedure, as negative controls. For NGS, sampling
was conducted as described above, except that swabs were kept dry
(dry swabs) at the end of the sampling in an Eppendorf sterile tube and
stored at —80°C until DNA extraction and NGS analysis. Similarly, a
few sterile cotton swabs were kept as negative controls.

For NGS, 16S and ITS amplicon libraries were prepared using spe-
cific bacterial 16S rRNA (V1-27S and V3-535R) and specific fungal
ITS1 (ITS-18SF and ITS-5.851R) hypervariable regions and sequenced
on an lllumina Miseq system for 300 pb paired-end sequencing at the
Genomics Center, CHU de Québec-Université Laval Research Center,
Canada. Sequence processing and bioinformatics are described in
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S| Materials and Methods. gPCR was performed on all the samples

using primers and TagMan MGB probes as previously reported.”

2.4 | Statistics
Descriptive statistics were carried out on raw data at DO, D28, and
D84 and other times (D14, D21, and D70) for clinical assessments.

To show the ketoconazole treatment effect, a time effect anal-
ysis was performed on the whole study population using the linear
mixed model with each study parameter as dependent variable; time
as fixed and repeated factor: overall time effect and comparisons
Dx versus DO with adjustment for multiple comparison according to
the Bonferroni procedure; subject as random variable, unstructured
model as covariance matrix, checking of residuals distribution nor-
mality assumption using normal QQ plot. The measurements homo-
geneity between the active and vehicle groups at DO and D28 was
tested using unpaired t-test or Mann-Whitney test if the distribution
normality assumption was rejected.

For the maintenance phase, a time effect analysis was performed
using the linear mixed model according to the same design as de-
scribed above, but here, the analysis was split by product and each
Dx was compared to D28 with adjustment for multiple comparison
according to the Bonferroni procedure if required. The compar-
ison between the 2 investigational products was performed using
ANCOVA with difference Dx-D28 for each study parameter as de-
pendent variable; fixed factors: center, treatment, and interaction
center—treatment (as there was no significant interaction between
center and treatment for any of the study criteria, the interaction
was removed from model); covariate: measurements at D28.

A gap compared to residuals distribution normality was found
for raw data of QPCR (Staphylococcus, Cutibacterium, Malassezia), a
log10 transformation of data, was therefore applied to obtain nor-
mally distributed residuals for each QPCR variable.

For sequencing data analysis, R software was used (vegan:
Community Ecology Package. R package version 2.4-5.3% pairwise
analysis of Similarities (ANOSIM*®) was applied to assess differences
based on treatment and time point. ANOSIM global R value ranges
from 1 to -1 (R ~ O indicates the same level of variation within and
between groups). ANOSIM test was performed using a = 0.05 for
statistical significance. Alpha diversity (Shannon) was analyzed fol-
lowing the same method as for clinical parameters (linear mixed
model, see above). Benjamini-Hochberg procedure was used for

multiple comparisons adjustment.

3 | RESULTS

3.1 | Patient demographic and baseline data

From the 77 recruited subjects, 68 subjects completed the study:
31 subjects (21 women, 10 men, mean age 40 + 2 years) in the active
group and 37 subjects (29 women, 8 men, aged 42 years + 2) in the
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vehicle group. Nine (9) subjects were either lost to follow-up or had

major protocol deviations.

3.2 | Clinical efficacy on flake,
seborrhea, and erythema

During treatment with ketoconazole, a significant (p < 0.05) reduc-
tion in the scaling of the scalp was observed, as measured by adher-
ent flakes (average decrease: -1.75) and not adherent flakes (average
decrease: -1.5) at D28 compared to DO (Figure 1A). During the main-
tenance phase, a significant additional reduction in flake scores was
observed in the active group, compared to the vehicle group at D70
(average decrease: -0.9; p = 0.0019 and average decrease: -0.8;
p = 0.0011 for adherent and non-adherent flakes, respectively) and
D84 (average decrease: -0.8; p =0.0002 and average decrease: -0.7;
p = 0.0081 for adherent and non-adherent flakes, respectively).

Scalp seborrhea did not change significantly during the entire
duration of the study, (data not shown).

Erythema significantly decreased (p < 0.001) between DO and

D28 (average scores 1.67-0.93) and continued to decrease during
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the maintenance phase. However, the decrease was not significant
in the active group (from 0.88 to 0.57; Figure 1B). Irritation scores
showed a similar trend.

Self-assessments paralleled the clinical assessments: subjects
perceived a strong decrease in flakes and pruritus at the end of the
first phase (D28), as compared to the baseline (average scores from
6.47 to 2.72, p < 0.0001 for the flakes and 5.47 to 1.84, p < 0.0001
for pruritus) and an additional significant decrease of both flakes and
pruritus in the active group at D84 compared to D28 (average scores
from 2.77 to 1.12, p < 0.0001 for the squamous status and from 2.16
to 0.81, p < 0.0004 for pruritus). Conversely, at D84 compared to
D28, there was no significant additional decrease with the vehicle
for flakes (average scores from 2.78 to 2.61, p = 0.8845) and for
pruritus (from 1.57 to 1.89, p = 0.3496).

3.3 | Scalp microbiota changes during
ketoconazole and SeS, treatment

The bacterial and fungal microbiota of 68 subjects was analyzed

for the treatment and maintenance phase. At the genus level,

Time effect for non-adherent squames
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FIGURE 1 Changes inthe scores of adherent and non-adherent flakes from DO to D84, during the two phases of the study. Scores,
established on 8 different scalp regions, are expressed as mean + SD). (Phase 1, ketoconazole treatment: Large dot line; Phase 2, vehicle

treatment: small dot line and active treatment: full line)
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Cutibacterium spp. and Staphylococcus spp. were the 2 most abun-
dant bacterial genera in scalp SD subjects (>75% of the reads at
all-time points, Figure 2A). Malassezia genus comprised the major-
ity of fungi in almost all of the samples (>80% of the reads in scalp
SD samples at DO; Figure 2B). Taxonomic assignment of Malassezia
taxa at species level allowed to identify Malassezia restricta, M. glo-
bosa, M. sympodialis, and M. slooffiae, M. restricta being the most
abundant species in the scalp SD samples (>70%; Figure S1).
Differences between the fungal and bacterial profiles, after keto-
conazole treatment, showed a decrease of the relative abundance
of Malassezia genus in the 2 study groups compared to DO. In the
maintenance phase, Staphylococcus abundance had decreased at
D56 and D84 only in the active group, compared to D28. To further
characterize the scalp microbiota, comparisons between the initial
and maintenance phase, bacterial and fungal diversity analyses were
made.

Changes in the alpha diversity (Shannon index, Figure 3A) of
the bacterial microbiota during ketoconazole treatment were minor
(<+0.10), while the beta diversity (ANOSIM comparison, Figure 4A,B)
did not show any difference between DO and D28.

During the maintenance period, a weak decrease of the Shannon
index (Figure 3A) was measured at D56 (p < 0.05) and D84 (p < 0.05)
compared to D28 in the active group, while no significant difference
was observed with the vehicle. When comparing the beta diversi-
ties, significant differences were observed in the active group at
D56 (R=0.098; p < 0.05) and D84 (R = 0.088; p < 0.05) compared to
D28, for unweighted unifrac distances (Figure 4C,D). The 2 groups
were significantly different for the beta diversity (weighted and un-
weighted unifrac distance) at D56 (R = 0.059; p < 0.05) according to
the ANOSIM test. Only the active shampoo was associated with a
decrease in the bacterial diversity and significant modifications of
the bacterial community composition.

Ketoconazole treatment led to a significant increase in the alpha
diversity of the fungal microbiota (median: +1.26 and +1.47 in the
active and vehicle group, respectively; Figure 3B) and to a signif-
icant difference (ANOSIM test: R = 0.37; p < 0.005 and R = 0.51;
p < 0.005 in the active and vehicle group, respectively; Figure 5A,B).

The Shannon index remained stable at D56 and D84 compared
to D28 in the active group (Figure 3B), while a significant decrease
was observed at D56 and D84 with a value close to DO (before treat-
ment) in the vehicle group. Moreover, the fungal alpha diversity at
D56 and D84 was significantly lower in the active group compared
to the vehicle group (p < 0.05). Similar trends were observed using
the ANOSIM comparison (Figure 5C,D).

3.4 | SeS,shampoo efficacy is associated with an
additional decrease in Staphylococcus spp.

A significantly lower amount of Malassezia spp. (from 5.059 to
2.791 Iogio(cells/cmZ) (median value), p < 0.001) and Staphylococcus
spp. (from 5.036 to 4.566 Ioglo(cells/cm2) (median value), p < 0.01)
was observed at D28, after a treatment phase with ketoconazole
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compared to DO with no effect on the Cutibacterium spp. load
(Figure 6).

During the maintenance phase, in the active group, the Malassezia
load remained low at 2.668 and 2.736 Ioglo(cells/cmz) (median value)
at D56 and D84, while the Staphylococcus spp. load continued to
decrease significantly at D56 and D84 (from 4.566 to 3.640 and
3.658 Ioglo(cells/cmz) (median value), p < 0.001) compared to D28.
Conversely, in the vehicle group, Malassezia spp. increased signifi-
cantly at D56 and D84, as compared to D28 (from 2.734 to 4.090
and 4.673 log,, (cells/cm?; median value), p < 0.001) although flake
scores were low. Staphylococcus spp. and Cutibacterium spp. counts
remained unchanged in the vehicle group.

The Malassezia/Cutibacterium spp. ratio was significantly lower
(p = 0.005) after ketoconazole treatment (mean ratio = 0.7) as com-
pared to DO (mean ratio = 1.1) (Figure 6) and remained low in the
active group during maintenance; while in the vehicle group, the
ratio had increased at D84, returning to almost baseline values. The
Staphylococcus/Cutibacterium ratio decreased significantly (p < 0.05)
solely with active shampoo at D84 compared to D28 (mean ratio
from 1.02 to 0.75; Figure 6).

4 | DISCUSSION

Both ketoconazole and SeS, are effective against dandruff and scalp
SD.?” However, little is yet known regarding their impact on the
scalp microbiome in vivo.

The present characterization of the bacterial and fungal microbi-
ome of subjects with SD scalp shows that ketoconazole significantly
decreases the Malassezia load and enriches the fungal diversity,
including genera such as Penicillium, Debaryomyces, Cladosporium,
Rhodotolura, Aspergillus, and Candida, which are all common scalp
colonizers. 1617 Moreover, ketoconazole does not impact on the bac-
terial diversity.

Maintenance with SeS, maintained a very low level of Malassezia
spp. counts and a high fungal diversity. In addition, the bacterial
composition was slightly modified (beta diversity), consisting mainly
of a significant decrease of the Staphylococcus spp. load close to that
of reported healthy scalp levels."” Not surprisingly, this was asso-
ciated with an additional clinical improvement of the flake severity,
probably due to the keratolytic agent salicylic acid contained in the
shampoo. Staphylococcus spp. is considered to be strongly correlated
with the severity of D/SD.2%3* The present findings confirm that
Staphylococcus spp. is a microbial marker for D/SD improvement.

Staphylococcus spp., presumably S. epidermidis, according to pre-
vious reports on European scalps, exhibits dual roles on the skin as
either colonizer or as pathogen.?”% It participates in the reinforce-
ment of tight junctions (TJ) and in the decrease of inflammation.®®
Recent reports suggest that the overabundance of S. epidermidis
observed in atopic patients may play a role in the process of dam-
aging the skin barrier by expressing a particular cysteine protease
able to degrade the tight junction protein desmoglelin-l.37 Our data
may allow to support the second hypothesis, because 2 weeks after



2220 ]C
20 | wiLEy i
osmetic Dermatology

ACTIVE

(A)

100%

75%

50%

Relative abundance

25%

MASSIOT ET AL.

VEHICLE

o
(]

D28
D56

s 8 & 8
a a o

Other
Mesorhizobium
Sphingomonas
c__Chloroplast
Finegoldia
Lactobacillus
Variovorax

Kocuria

Paracoccus
{__Micrococcaceae
Anaerobacillus
Arthrobacter
o__Corynebacteriales
Rhizobium
Streptococcus
Corynebacterium
o__Bacillales

k__Unassigned
Gordonia

Staphylococcus
Propionibacterium

Relative abundance

Cé

VEHICLE

D28
D56

g o
8 o

D28
D56

&
a)

Other
o__Spondiobolales
o__Hypocreales
Melampsora
Candda
Aspergilius
Eurotium
Aureobasidium
Rhodotorula
1__Pleosporaceae
Clagosporium
Debaryomyces
Coniophora
p__Basidiomycota
Emericella

Penicillium

p.__Ascomycota
K__Unassigned
| K__Fungi

Malassezia

FIGURE 2 The top 20 most represented bacterial (A) and fungal (B) genera over time for the active and the vehicle group

Bacterial diversity

shannon
H

ve

shannon

n

ﬁﬁ

Fungal diversity
*

B ACTIVE
] VEHICLE

00

5
VISIT

&
VISIT

§

FIGURE 3 Alpha diversity: variations of the Shannon index for bacterial (A) and fungal (B) microbiota over time, for the active and vehicle
group (*: significant p-value adjusted)

the decrease in Staphylococcus spp. counts, a decrease of the flake

severity was observed. However, we cannot exclude the presence

of other Staphylococcus species, such as S. aureus, that have been

associated with other inflammatory scalp diseases, such as folliculitis

decalvans and scalp psoriasis.38'43 Moreover, Basler et al. showed

that chronic exposure to an over-colonization of S. aureus can induce

a decrease of TJ.*4

Therefore, a clear definition at a taxonomic level

of Staphylococcus species associated to scalp SD may help to develop

optimal management strategies of scalp SD.

Dysbiosis has been associated with various chronic inflamma-

tory diseases; disorders such as atopic dermatitis and psoriasis with

a loss of bacterial diversity and increase in Staphylococcus spp. have

been reported in comparison with healthy subjects.*>**® In scalp D/

SD, existing data suggest a different phenomenon, as the microbial

FIGURE 4 Beta diversity for Unifrac distances. The variation of the Unifrac distances (describing the variation of the beta diversity for
the bacterial species) is presented as PCoA (A,C), along with the comparison table between time points and groups using ANOSIM analysis
(B,D). Two sets of indexes were investigated: the weighted and unweighted unifrac distances which give information focused on the relative
abundance and species presence/absence respectively. BH: Benjamini-Hochberg procedure was used for multiple comparisons adjustment
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FIGURE 5 Beta diversity using the Bray-Curtis index. The variation of the Bray-Curtis index (describing the variation of the beta diversity
for the fungal species) is presented as PCoA (A,C), along with the comparison table between time points and groups using ANOSIM analysis
(B,D). Two sets of indexes were investigated: Bray-Curtis weighted and Bray-Curtis unweighted indexes which give information focused on
the relative abundance and species presence/absence respectively. BH: Benjamini-Hochberg procedure was used for multiple comparisons
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FIGURE 6 Quantitative changes in Malassezia; Cutibacterium and Staphylococcus counts (log10(cells /cm?) during initial treatment
with ketoconazole and during maintenance with either active or vehicle shampoo and changes in the ratios between microbial species

Malassezia/Cutibacterium and Cutibacterium/Staphylococcus

diversity is particularly low, compared to other body sites and a loss
of balance between the three species Malassezia, Staphylococcus,
and Cutibacterium can be observed.!®**1720 Decreasing Malassezia
spp. counts is beneficial for scalp with SD. Our study shows that
suppressing, at least partially, Staphylococcus spp., leads to an ad-
ditional improvement. Furthermore, studies of Staphylococcus spp.
species in a more extensive taxonomical analysis and functional
characterization of the bacterial-scalp interactions might generate
novel hypotheses and open new perspectives regarding the patho-
genesis of scalp D/SD. Moreover, a maintenance regimen with an
active shampoo once a week could be of interest in the context of
a chronic condition.

In addition to these results regarding the impact of ketoconazole
and SeS, on the scalp microbiome, the present study confirms
the clinical efficacy of ketoconazole on the management of scalp
SD symptoms, while a maintenance treatment using SeS, sham-
poo may provide an additional, significant improvement of SD
symptoms.z“'26

In 2019, Suchonwanit et al.*’ provided new insights about bio-
physical characteristics in subjects with scalp SD. The authors
showed that transepidermal water loss, stratum corneum hydration,
skin surface pH, and skin surface lipids were impacted in subjects
with scalp SD. Thus, in addition to the disturbed skin microbi-
ota which we observed in our study, these disturbed biophysical

characteristics play a role in the skin barrier disruption and skin

inflammation and suggesting that rebalancing the scalp microbiota
will help to restore scalp homeostasis.

Further research in a larger population may be necessary to con-
firm our observations and those made by Suchonwanit et al through a

clinical study assessing, biophysical, clinical, and microbial features.*’

5 | CONCLUSIONS

The present study confirms the additional benefit of SeS, shampoo
in the maintenance setting on the scalp, microbiota, and clinical
symptoms in SD and dandruff after an initial treatment with keto-
conazole. The results also highlight the role of Staphylococcus spp.
in the management of scalp SD and open possible perspectives for
preventing relapses.
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