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Abstract: In this study, we assessed the change in skin microbiota composition, relative abundance,
and diversity with skin physiology disruption induced by SLS patch. Healthy women declaring to
have a reactive skin were submitted to a 0.5% aqueous sodium lauryl sulfate solution application
under occlusive patch condition for 24 h. Skin properties were characterized by tewametry, cor-
neometry, and colorimetry and bacterial diversity was assessed by 16S rRNA sequencing. Analysis
before and one day after SLS patch removal revealed an increase of skin redness and a decrease of
stratum corneum hydration and skin barrier function. The relative abundance of taxa containing
potential pathogens increase (Firmicutes: Staphylococcaceae; Proteobacteria: Enterobacteriaceae,
Pantoea) while some of the most occurring Actinobacteria with valuable skin protection and repair
capacities decreased (Micrococcus, Kocuria, and Corynebacterium). We observed an impaired skin
barrier function and dehydration induced by SLS patch disturb the subtle balance of skin microbiota
towards skin bacterial community dysbiosis. This study provides new insights on the skin bacterial
composition and skin physiology simultaneously impaired by a SLS patch.

Keywords: SLS patch; skin barrier; dysbiosis; skin microbiota

1. Introduction

The skin, commonly described as the largest organ of our body, is an effective barrier
to external environment. Thus, skin acts as a physical barrier that shields our body from
the harmful effects of solar radiation, pathogenic germs and toxic substances. The skin
locks water within itself to provide a proper moisturization which is mandatory for its
homeostasis. This protective role is not only provided by the physical barrier aspect of
the skin. Indeed, just like other epithelia, skin is colonized by an abundant and diverse
community of microorganisms that collectively have been referred to as the “microbiota” [1].
It is now established that skin and other epithelia are more than passive hosts of this
flora; skin interacts extensively with skin microbiota members to protect the body against
infection from external pathogens. Skin microbiota are composed of bacteria, viruses, and
fungi with differing distribution according to the environmental niche they colonize, e.g.,
dry, moist, or sebaceous [2,3]. These microorganisms can be categorized as resident or
transient with different modes of interaction with the skin: commensal, mutualistic, neutral
or pathogenic. Among skin microbiota members, bacteria residing across all skin fall
into four phyla: Actinobacteria (52%) represented by the genera Cutibacterium formerly
known as Propionibacterium, Micrococcus, Corynebacteria; Firmicutes (24%) represented
by the genera Staphylococcus, Lactobacillus, and Streptococcus; Proteobacteria (16%) that
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include the genera Paracoccus and Sphingomonas, and Bacteroidetes (5%) including the
genera Prevotella and Porphyromonas [4,5]. Resident bacteria are generally described
as commensal. However, there is more and more evidence that they are mutualistic to
skin cells, meaning that skin and microbiota mutually benefit from their cohabitation [6].
Commensal microorganisms have been shown to be beneficial for skin defense and health.
In addition, researches related to skin microbiome showed that a balanced resident skin
microbiota is one of the requirements towards a healthy skin [1,5,7,8].

Our skin is subjected daily to topical care products, like hygiene products, which are
used to remove contaminants on its surface and prevent infection. Although concerns have
been expressed about the possible effects of detergent contained in hygiene and cosmetic
product on the skin integrity and function [9], very few investigations have been conducted
to show how they are impacting the skin barrier function and skin microbiota composition
at the same time. Most of the existing literature and the prevailing understanding of
hygiene in general are based on cultivation method with limited inputs and no taxonomic
information.

Sodium lauryl sulfate (SLS) is a widely used surfactant in cleansing products, cos-
metics at dose ranging from 0.01 to 50% [10] and personal care products [11,12]. SLS is an
anionic surfactant which distorts cell membrane proteins [13]. It is also known to induce
irritation under occlusive patch application starting at 0.5% [14,15] and is regularly used
in this way in cosmetic studies. In order to better understand its effect in the context of
the occlusive patch, we conducted a study to assess the effect of SLS applied as a patch on
skin physiology and skin bacterial community. We used 16S metabarcoding technology
for a deeper exploration on skin bacterial community composition, relative abundance,
and diversity after SLS patch application. This monocentric, open before-after study was
conducted on healthy adult French women declaring to have a reactive skin. Skin physiol-
ogy through transepidermal water loss (TEWL), hydration of the stratum corneum, skin
color, as well as skin bacterial community composition were compared before and after
SLS patch application on the back.

2. Materials and Methods
2.1. Study Design

All study volunteers were fully informed of the study protocol and informed consent
was signed prior to inclusion of study participants. This project was operationally carried
out in Biofortis facility (location authorized by the French regional health agency) before
the application of the Jardé law and was therefore not qualified as having to be approved
by an external ethic committee.

Thirty healthy Caucasian female volunteers with a fair skin (Fitzpatrick skin type II or
III), aged 18 to 45, with body mass index (BMI) between 18.5 and 29.9 kg m−2, and declaring
to have a reactive skin, were recruited in 3 months (December 2016 to February 2017) from
one French site (Biofortis Mérieux NutriSciences, a Contract research organization, based
in Saint-Herblain, France). Women were excluded if they were menopaused; had an active
skin disease on the tested areas, or had scars, tattoos, moles or another patch in the back;
were allergic to cosmetics; or if they suffered from a severe chronic disease, infectious
disease, metabolic disorder, or any other pathology able to disrupt skin health (eczema,
psoriasis, seborrheic dermatitis, . . . ). Exclusion criteria also included antibiotic, antifungal,
immunosuppressive, anti-histaminic or corticosteroid treatments during the 2 months
preceding the study; pre/probiotics treatments during the month preceding the study;
exposition to the sun/UV radiations or participation to a similar cosmetic study during the
previous month of the study.

The design of the study included 3 visits: V0 as a baseline for skin physiology/microbiota
assessment and SLS patch application, V1 for patch removal, V2 for skin physiology/microbiota
assessment. The surfactant SLS (Sigma Aldrich, Saint-Quentin-Fallavier, France) was applied
on a 20 cm2 skin area on the upper back as a patch during visit V0. Two sites approximately 20
cm2 each were selected on each side of the back. On each site, an aqueous 0.5% SLS solution
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was applied on a compress by a nurse to the pre-marked test areas under occlusive adhesive
plaster. After 24 h of SLS patch application, the subjects came back to the study center and
the SLS patch was removed (V1). Volunteers came back again one day after patch removal
(V2) for the assessment of SLS patch effect on skin physiology through clinical and bacterial
community measurement and analysis.

Forty-eight hours before the inclusion visit and during the study, the subjects were
prevented from peeling in the back, bathing and/or swimming in pool or sea. Sauna
and/or hammam, physical exercise involving high sweating, change of life habits (quality
of life, diet, tobacco. . . ), as well as change or start of concomitant treatments were also
excluded. Each morning visit (at V0, V1, and V2), neither washing procedure nor care
product was allowed in the back.

2.2. Skin Clinical Evaluation, Sample Collection and Analysis

Before instrumental measurement and skin bacteria sampling during the visits, sub-
jects remained relaxed and must have had a rest period of 5–10 min in an acclimatized
room (temperature: 21 ± 1 ◦C, humidity: 50% ± 10%). The subjects were lying down,
back unclothed. The measurements were made on the same challenged skin area (both
sides). The endpoints were also measured at baseline and 24 h after patch removal, thanks
to Löffler and Happle’s results showing a maximum skin barrier impairment 24 h after
patch removal.

2.3. Clinical Evaluation

Transepidermal Water Loss (TEWL) was measured by a noninvasive and sensitive
method using tewametry (MPA TewameterVR TM300, Courage & Khazaka, Köln, Ger-
many) to quantify stratum corneum barrier function [16,17]. For this skin parameter, the
probe was put on the skin continuously until the value reached a stability zone which
corresponded to an average value reported by the technician as the TEWL score. There
was one measurement per test area per assessment time.

Skin hydration was determined by corneometry (Corneometer CM825, Courage &
Khazaka, Germany) which measures the electrical capacitance of the skin surface. The
latter is considered a function of the water content in the stratum corneum [18]. Three
measurements were performed in the test areas per assessment time.

Skin aspect namely color and luminosity were assessed using a Colorimeter (Skin
Colorimer CL 400, Courage & Khazaka, Germany) which provides an accurate measure-
ment of color via a * parameter (intensity of red versus green), and of brightness via the L *
parameter (indicating the lightness/darkness).

2.4. Skin Bacterial 16S rRNA Gene Metabarcoding

Skin microbiome was sampled by swabbing an area of 20 cm2 (4 × 5 cm2) of each side
on the back (Copan cotton Swab, VWR, Chevillon-sur-Huillard, France). The location was
determined bya cutaneous marking on the site during the baseline visit. Reproducibility
of the sampling was reached using a known sterile plastic surface placed on the skin of
the volunteers. Swabs were then submitted to DNA extraction using a mechanical lysis
by bead beating (FastPrep-24, MPBiomedicals, Santa Ana, CA, USA), and a chemical lysis
(Tris-SDS) followed by phenol-chloroform DNA isolation. Resulting DNA solutions in
Tris-EDTA were then quantified by fluorimetry (Qubit 2.0 Fluorometer).

Preparation of 16S rRNA gene amplicon libraries, sequencing, and data processing:
PCR amplification was performed using 16S universal primers 341F and 785R [19]

targeting the variable V3-V4 region of the bacterial 16S ribosomal gene. The 16S V3-V4
amplicon size was verified by capillary electrophoresis (2100 BioAnalyzer, Agilent Tech-
nologies, Santa Clara, CA, USA) onto at least 10% of the samples. All of them were purified
with magnetic beads (AMPure XP beads, Beckman Coulter France, Villepinte, France).

Then, for each sample, a sequencing library was generated by addition of dual indices
and Illumina sequencing adapters using Nextera XT Index kit. Each library was cleaned
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up with magnetic beads and the size verified by capillary electrophoresis onto at least
10% of the samples. After quantification by fluorimetry (Qubit 2.0 Fluorometer), libraries
were normalized and pooled before denaturing and sequencing using the Illumina MiSeq
platform using 2 × 250 paired-end Miseq kit V2. Multiplexing was conducted in order to
theoretically reach 50,000 raw reads per sample.

The targeted metagenomic sequences from skin microbiota were analyzed using an
in-house bioinformatics pipeline based on mothur software [20]. Basically, single read
sequences were paired for each sample into longer fragments and cleaned. Sequences
were trimmed and aligned to the V3-V4 region of the 16S rDNA gene of the Greengenes
database formatted by mothur (gg_13_5_99 release). Chimeric sequences were eliminated
using the UCHIME algorithm [21]. Filtered reads were then classified using naïve Bayesian
classifier [22] against the Ribosomal Database Project (RDP) 16S rDNA gene training set v11
with a bootstrap cutoff of 60%. Sequences were then clustered into operational taxonomic
units (OTUs) using furthest-neighbour clustering at a similarity threshold of 97%. Note
that the RDP version used in this study retains name Propionibacterium now renamed
Cutibacterium.

Outlier taxonomic profiles identified by quality control (QC) analysis defaults or
non-biological consistence with skin flora which may be due to sampling processes were
excluded from statistical analysis.

Relative abundances of taxa at the phylum, family and genus classification levels
were produced and graphical representations, such as bar plots, were made based on these
relative abundances (heatmaps are presented as supplementary data). To improve the
readability of graphics, taxa present in average in all samples at a threshold ≥ 0.5% or
present in at least 10% of samples at a threshold ≥ 0.5% were individually represented.
In other cases, taxa were grouped and labelled “other”. In addition, taxa present at a
threshold ≤ 0.01% were not represented in heatmaps due to the logarithmic colorimetric
scale used.

For alpha diversity, the abundance-based coverage estimator (ACE), the Shannon
index, the Fisher’s alpha parameter, and the inverse Simpson index were calculated for
each sample. The ACE index gives an estimation of the real richness of the skin while the
Shannon index, the Fisher’s alpha parameter and the inverse Simpson index are diversity
estimators. The Shannon index integrates both richness and evenness and gives an idea of
the equitability profile of the population. The Fisher’s alpha parameter corresponds to the
number of new OTUs that could be discovered by increasing the sampling effort of 1 log.
The inverse Simpson can be seen as the number of dominant species, equivalent to OTU in
this study.

2.5. Statistical Analysis

Statistical analyzes and graphical representations of clinical data were performed using
SAS software version 9.3 (SAS Institute Inc., Cary, NC, USA). Graphical representations
of microbiome data were generated using R software version 3.2.3. For all statistical
tests (two-sided), the 0.05 level of significance was used to justify a claim of a statistically
significant effect.

Descriptive results are presented as mean ± standard deviation (SD). Study endpoints
(alpha-diversity indices, relative abundances of taxa, TEWL, skin color and corneometry
measurements) were compared before and 1 day after the SLS patch removal (V0 vs. V2)
by using an analysis of variance (ANOVA) model for repeated measurements (SAS PROC
MIXED), taking into account data correlation between measurements from the same subject
(two sides on the back and two visits). Estimated averages are reported with 95% confidence
interval (95%CI). At each taxonomic level, a Benjamini Hochberg procedure was applied
to control the false discovery rate due to multiple hypothesis tests on all taxa (adjusted
p-values are reported).
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3. Results
3.1. Clinical Evaluation

The skin physiology analyzes were carried out on the group of 29 volunteers who
completed the study and who made up a population with an average age of 32.0 ± 6.4 years
(from 21 to 44 years) for TEWL and skin color and capacitance measurement.

Transepidermal Water Loss

An increase in TEWL reflects impairment in skin barrier function. The mean TEWL
value was 5.1 ± 2.3 g m−2 h−1 at baseline (comparable on both sides of the back of each
volunteer) while 42.6 ± 6.8 g m−2 h−1 one day after the SLS patch removal, resulting
in a statistically significant increase of 37.5 g m−2 h−1 [95% CI: 36.1 to 39.0] (p < 0.0001)
reflecting a marked and significant skin barrier function disruption induced by the SLS
patch (Table 1).

Table 1. Change in transepidermal water loss, stratum corneum hydration and skin color from baseline (V0) to the day
following SLS patch removal (V2).

Baseline(V0)
Mean (SD)

24 h after SLS Patch
Removal (V2)

Mean (SD)

Estimated Mean
Change (V2-V0)

[95% CI]
p-Value

TEWL 1 score (g m−2 h−1) 5.1 (2.28) 42.6 (6.79) 37.5 [36.1 to 39.0] <0.0001
Colorimetry score L* (a.u. 2) 65.3 (2.98) 60.7 (2.92) −4.7 [5.2 to 4.1] <0.0001
Colorimetry score a* (a.u.) 10.7 (1.61) 17.5 (1.86) 6.8 [6.4 to 7.2] <0.0001
Corneometry score (a.u.) 45.1 (8.19) 39.7 (10.70) −5.4 [−8.0 to −2.8] <0.0001

1 TEWL: Transepidermal water loss; 2 a.u. arbitrary unit.

3.2. Skin Color, Luminosity and Moisturization

The three studied skin parameters, skin brightness, redness and stratum corneum
hydration were comparable at baseline on both side of the back of each volunteer, and
significantly changed after the SLS patch removal (Table 1).

The average Colorimeter score L* related to brightness was 65.3 ± 3.0 at baseline
while 60.7 ± 3.0 one day after the SLS patch removal, resulting in a statistically significant
decrease of −4.7 [95% CI: −5.2 to −4.1] (p < 0.0001).

The average Colorimeter score a* was 10.7 ± 1.6 at baseline while 17.5 ± 1.9 one
day after the SLS patch removal, resulting in a statistically significant increase of 6.8 units
[95% CI: 6.4 to 7.2] (p < 0.0001) evidencing thus increase in skin redness.

For skin moisturization, values less than 30 a.u. represent very dry skin, 30–40 a.u.
reflect dry skin, and values superior to 40 a.u. are typically associated with normal skin.
Thus, a decrease in Corneometer values corresponds to skin drying effect [23].

The average corneometry score was 45.1 ± 8.2 at baseline while 39.7 ± 10.7 one day
after the SLS patch removal, resulting in a statistically significant decrease of −5.4 units
[95% CI: −8.0 to −2.8] (p < 0.0001). At baseline, the skin areas designated to be treated had
an average Corneometer value corresponding to normal skin. The electrical capacitance
significantly decreased 24 h after SLS patch removal (Table 1).

3.3. Skin Microbiota Analysis

Skin bacterial community data were available for 27 women at baseline (one side of
the back unavailable for one woman and one volunteer did not pass quality control at the
DNA extraction step). Further, 24 women’s skin bacteria data were available one day after
the SLS patch removal (five did not pass quality control at the sequencing step). Alpha
diversity indices are presented in Figure 1.
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The average ACE index was significantly higher after SLS patch (750.8 [95% CI: 115.7
to 1385.9]; p = 0.0211) evidencing an increase in richness after SLS patch. The average
Fisher alpha index was significantly higher after SLS (76.3 [95% CI: 26.3 to 126.3]; p = 0.0032)
evidencing the increase in richness and more specifically the presence of additional bacterial
species at a low relative abundance after SLS patch.

This increase of richness conducted to a higher overall diversity as confirmed by the
Shannon diversity index which was significantly higher after SLS patch application (0.25
[95% CI: 0.11 to 0.39]; p = 0.0005). Finally, there was no statistically significant differences
for the Inverse Simpson index after the SLS patch (0.59 [95% CI: −0.56 to 1.75]; p = 0.3097),
indicating, on one hand, that the cutaneous flora was still dominated by the same small
number of dominant species, and confirming on the other hand that the variation concerned
sub-dominant bacterial species.

Change in skin bacteria community structure was also analyzed. At baseline as
reported in literature more than 90% of resident taxa belonged to Actinobacteria (mean
relative abundance of 68.63% ± 24.84%), Firmicutes (19.69% ± 23.55%) and Proteobacteria
(11.06% ± 13.66%) phyla, with preponderance in Propionibacterium (Cutibacterium),
Staphylococcus, Paracoccus, Enhydrobacter, Micrococcus, and Corynebacterium genera.
After SLS patch, there was significant shifts of skin bacterial community composition at
different taxonomic levels (Figure 2, Supplementary Figures S1 and S2).

The average relative abundance of Actinobacteria (Figure 2A, Figures S1A and S2A),
the major phylum of skin microbiota, were significantly lower after SLS patch compared to
baseline (absolute mean change: −9.67% [95%CI: −14.93% to −4.40%], p = 0.0024). This
variation has also been observed at lower taxonomic levels (Figure 2B,C and Supplementary
Figures S1B,C and S2B,C).

The average relative abundance of Micrococcaceae family significantly decreased after
SLS patch: from 4.67% to 3.07% (absolute average change of −1.59% [95%CI: −2.50 to
−0.68], p = 0.0310) respectively. The same trend has been evidenced with other family
belonging to Actinobacteria like Dermacoccaceae, Propionibacteriaceae, Brevibacteriaceae,
Dermabacteraceae, and Corynebacteriaceae, despite the fact that statistical significance was
not reached (adjusted p-value between 0.05 and 0.10). In addition, at the genus level, the
average relative abundance of Micrococcus (Micrococcaceae, Actinobacteria) and Kocuria
(Micrococcaceae, Actinobacteria) was also lower after SLS patch (absolute mean change of
−1.15% [95%CI: −1.89% to −0.41%], p = 0.0485; and −0.59% [95%CI: −0.89% to −0.29%],
p = 0.0111 respectively).

At the same time, the average relative abundance of Firmicutes phylum significantly
increased after SLS: from 19.02% to 26.11% (absolute average change of 7.09% [95%CI:
2.83% to 11.35%, p = 0.0035). At lower level, a trend in increase was observed for Staphy-
lococcaceae belonging to Firmicutes (absolute mean change of 6.55% [95%CI: 2.10% to
10.99%], p = 0.0579).
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After the SLS patch, Proteobacteria phylum composition was significantly disturbed
for one family and one genus: the Rhodobacteriaceae family and the Paracoccus genus were
significantly lower after SLS (absolute mean change of −1.55% [95%CI: −2.47% to −0.62%],
p = 0.0310; and −1.44% [95%CI: −2.23% to −0.66%], p = 0.0127 respectively). Finally, the
relative abundance of Enterobacteriaceae family and Pantoea genus directionally increased
after SLS patch (absolute mean change of 4.74% [95%CI: 1.18% to 8.30%], p = 0.0579 and
3.73% [95%CI: 0.70% to 6.76%], p = 0.0824, respectively), with this change being especially
marked for some subjects (Supplementary Figure S1B (purple color) and Figure S1C (blue
color), subjects on left hand side).

4. Discussion

SLS is a surfactant used as a cleansing agent in common skincare products [11,12] and
skin contact with detergent like SLS occurs on a daily basis. SLS as well as other synthetic
surfactant can disturb skin lipids composition, remove lipids from stratum corneum surface
and thereby disrupt the skin barrier function [24,25]. We have confirmed in this study, as
already shown by other authors [26,27], that SLS applied as a patch induced skin barrier
dysfunction by increasing TEWL and thus subsequently decreasing natural moisturizing
factor, NMF, in skin moisturization: TEWL increase was significantly higher one day after
SLS patch removal whereas skin moisturization was decreased. As expected, SLS patch
also induced an increase in skin redness. Moreover, we evidenced for the first time a
decrease in skin luminosity after a SLS patch. SLS patch effect on skin barrier and skin
irritation is well documented. However, there are limited knowledge on the effect on skin
bacterial community coming with this skin physiology impairment. Regarding the effect
of some hygiene products on skin bacterial community, namely cleansers used in hospital,
some authors have reported that acute use of cleanser can decrease antimicrobial peptides
synthesis by the skin [28], while others pointed out that frequent washing hand procedures
and the use of some cosmetics lead to changes in skin bacterial community [29,30] but these
later studies gave limited information on the effects of such products on skin microbiota
composition and ecology as they used culture method. Staudinger and coworkers have
shown using 16S sequencing that the use of make-up appeared to interfere with the
composition of bacterial community, but this experience was conducted on a very small
sample size and needs further confirmation [31].

We sought to explore the effects of SLS patch used to disrupt skin physiology on
the skin bacterial communities by analyzing 16S rRNA gene sequences from skin swabs
sampled before and after SLS patch removal. Skin microbiota baseline analysis results were
consistent to reported data [4]: upper back skin was dominated by Cutibacterium formerly
named Propionibacterium followed by Staphylococcus. Back skin is an oily site like the
forehead which normally has low diversity compared to other, less oily parts, like the
forearm [32,33]. Mukherjee and coworkers showed that the diversity and richness of the
skin microbiota decreased with increase in oiliness of the cheek [34] confirming observation
of Li and coworkers. After SLS patch and skin barrier disruption, variations of several
alpha-diversity indices evidencing an increase of richness and a limited modification of
evenness, which means that in addition to appearance of new bacterial taxa, the skin
bacterial keeps a population structure dominated by limited number of genera

Regarding the taxonomical composition of skin bacterial community, significant
changes were observed at the same time than skin barrier disruption.

The relative abundance of Firmicutes phylum and the Staphylococcaceae family in-
creased significantly after SLS patch. This increase in Staphylococcaceae can be linked
to increase of resident commensal species like S. epidermidis or transient opportunistic
pathogenic like S. aureus or both. Indeed, S. epidermidis is known to secrete antimicrobial
peptides that kills some transient opportunistic pathogen like S. aureus [35]. It has anti-
inflammatory actions and promotes skin physical barrier function repair. For S. aureus, the
disruption of skin barrier function with increase in TEWL and a decrease in skin moistur-
ization makes a favorable environment for its growth [29,36]. We have also seen the rise in
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relative abundance of some potential pathogenic like the genus Pantoea (Proteobacteria,
Enterobacteriaceae). Species belonging to Pantoea gram negative genus are known to be
more environmental than resident to human skin [37]. Pantoea agglomerans has been isolated
from lesional skin of children with atopic dermatitis [38] which is positively correlated
with impaired skin barrier function.

Overall, SLS patch induced decrease in major resident commensal genera of different
Phyla like Cutibacterium (Propionibacterium p = 0.082), Micrococcus (p = 0.048), Corynebac-
terium (p = 0.056), Kocuria (p = 0.011), Dermacoccus (p = 0.061) and Paracoccus (p = 0.0127).
These bacteria as the majority of resident commensal participate to skin protection and for
some of them to skin repair. P. acnes (Cutibacterium acnes), which is described as a player in
skin acne, provides protection to skin against other opportunistic pathogen by acidifying
the skin [39]. These reductions in relative abundance were significant for Micrococcus,
Kocuria and Corynebacterium, members of the most occurring Phylum of Actinobacteria
with valuable capacities: Micrococcus luteus (Micrococacceae, Actinobacteria) has protective
effect against UV [40]; it is known for producing an enzyme that can repair DNA damages
induced by UV [41]. Kocuria genus which is resistant to UV are known to produce antiox-
idant enzyme such Superoxide dismutase [42]; we cannot exclude that these properties
of Kocuria and Micrococcus are beneficial to skin protection and repair after different
stresses like UV stress. More interestingly in Corynebacterium genus, another skin resident
Corynebacterium striatum (Corynebacteriaceae, Actinobacteria) has been shown to shift
opportunistic pathogens to commensalism by suppressing the expression of virulence
related genes [43].

The decrease in lipohilic genera, like Propionibacterium, Micrococcus, and Corynebac-
terium, can be linked to the impairment or removal of skin lipids from the skin surface by
SLS patch [44]. Paracoccus (Rhodobacteriaceae, Proteobacteria) depletion after SLS patch
can also be detrimental as some useful and interesting properties have been described
for this genus like its capacity of depollution on polycyclic aromatic hydrocarbons (PAH)
which also deposit on skin [45].

The decrease in some skin commensal bacteria members can be attributed to distur-
bance induced by SLS patch on skin physical and chemical composition (lipids, moistur-
ization) as well as potential SLS cytotoxicity toward skin bacterial community member.
In this study we applied SLS using an occlusive patch to induce skin irritation and skin
barrier disruption. This would have potentially created a temporary humid environment
comparable to dressing or occlusion that could disturb skin bacteria composition and
would have increased population of bacteria taxa living in humid environment like the
armpit. Leow and Maibach reported an increase of TEWL as well as Gram-negative bacteria
(that could be linked to the observed increase of Pantoea within our study) in a review
on the occlusion effect on skin and our study showed an additional effect of SLS on other
genera belonging to Actinobacteria, the most abundant skin bacteria phylum beside the
occlusion [46]. SLS patch disturbs the skin physiology but also the subtle balance of the
skin microbiota bacterial community, and this can may be detrimental for skin health
and beauty. The skin bacterial community, through their interaction with the host’s skin,
protects the skin from some aggressions and helps to repair it when damaged.

5. Conclusions

Today, in Western countries, there is an increase in allergies and some skin conditions
like dermatitis [47], including atopic dermatitis, eczema, or irritant contact dermatitis [48],
that can be linked to skin microbiota variations. For these dermatological conditions,
hygiene habits and particularly the intensive and frequent use of some harsh detergent
account for their appearing [23,49,50]. Redefining new hygiene habits, with low detergent
concentration and choosing mild surfactants with limited impact on the skin integrity,
physiology, and bacterial community microbiome could be helpful to maintain the skin
integrity and microbiota balance for a beneficial interaction with the skin host.
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