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19 for publication as well as online supplementary files
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Journal.
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27 Olivier Join-Lambert, MD, PhD.
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ABSTRACT

Hidradenitis Suppurativa (HS) is a chronic inflammatory disease of the skin associated with
specific lesional dysbiotic features. We studied the microbiome of clinically unaffected typical
HS sites (armpits, inguinal folds and gluteal clefts) in 60 HS patients and 17 healthy
controls.192 samples obtained by swabbing were analyzed by bacterial cultures. 116 randomly
selected samples were studied by 16S rRNA gene amplicon sequencing. Patients and controls
showed similar characteristics, except for smoking (87% vs 6%, respectively). HS skinfolds
were characterized by an increased abundance of anaerobes, predominantly Prevotella, but also
Actinomyces, Campylobacter ureolyticus and Mobiluncus, contrasting with a lower abundance
of skin commensals such as Staphylococcus epidermidis, a major component of the skin
microbiome, Kocuria and Micrococcus luteus. Three independent factors were associated with
high anaerobes abundance by multivariate analysis: samples originating from HS patients (p=
2.1 x 10%), body mass index (p= 5 x 10-) and the sampling site, the gluteal cleft being the most
anaerobic area, followed by inguinal folds and axilla (p= 3 x 10-). The microbiome of clinically
unaffected HS skinfolds is reminiscent, albeit to a minor extent, of the microbiome of chronic

suppurative HS lesions and may fuel inflammation at a preclinical stage of the disease.
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INTRODUCTION

Hidradenitis suppurativa (HS) is a chronic inflammatory disease of the hair follicle (HF),
characterized by recurrent or chronic nodules, abscesses and long lasting suppurative lesions,
typically localized in the armpits, inguinal and perineal folds (Zouboulis et al., 2015). With an
estimated prevalence of 1% in the general population, HS is a frequent disease with a high
impact on quality of life (Janse et al., 2017).

HS pathophysiology is probably multifactorial, involving genetic factors (Pink et al., 2012),
immune dysregulation (Hotz et al., 2016, Wolk et al., 2011), environmental and infectious
factors (Nazary et al., 2011). 16S ribosomal RNA gene amplicon sequencing demonstrated that
HS lesions are associated with anaerobic bacterial species with opportunistic pathogenic traits,
which may fuel the inflammatory process (Guet-Revillet et al., 2014, Guet-Revillet et al., 2017,
Ring et al., 2017, Schneider et al., 2019). In addition, HS keratinocytes display a pro-
inflammatory phenotype with altered production of cytokines and dysregulation of
antimicrobial peptide production which could alter the skin microbiome (Hotz et al., 2016).
Follicular hyperkeratosis, peri-folliculitis, occlusion and dilatation of the deepest portion of the
HF are observed in more than 90% of early HS lesions (Boer and Weltevreden, 1996, Danby et
al., 2013). These HF pathological features are also observed in clinically unaffected HS
skinfolds. Associated with low-grade leucocytic infiltration, they demonstrate pre-clinical
manifestations of the disease (van der Zee et al., 2012, Wortsman and Jemec, 2013). Recent
studies performed in a limited number of patients suggested that the hair follicle and skin
microbiome are altered in HS, depending on the HS area (Naik et al., 2019, Ring et al., 2017,
Schneider et al., 2019). Postulating that skin dysbiosis may precede clinical signs of
inflammation, we conducted a large comprehensive study of the microbiome of clinically
unaffected skinfolds in HS, combining bacterial culture and 16S ribosomal RNA gene amplicon

sequencing.
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RESULTS

Subjects and samples. 60 HS patients and 17 healthy controls subjects were prospectively
enrolled in this study. They showed similar characteristics, except for a high prevalence of
smokers in the HS group (87% vs 6%, p < 0.001, Table 1). Patients comprised 30 Hurley stage
1 (mild HS), 18 Hurley stage 2 (moderate HS) and 12 Hurley stage 3 (severe HS) patients, the
patient’s Hurley stage corresponding to the clinical severity of the most severe HS area (Hurley,
1989). 142 samples were obtained from patients and 50 from controls. The distribution of

sample sites (armpits, inguinal folds and gluteal clefts) was similar in patients and controls.

Bacterial culture results. Similar bacterial species or groups were recovered from patients and
controls. However, some taxa quantitatively differed between the two groups.

In controls’ skinfolds, predominant bacterial populations were coagulase negative
staphylococci (CoNS) (Table 2, Figure S1). Staphylococcus epidermidis was the most prevalent
CoNS species and was recovered at similar rates from patients (70%) and controls (82%).
However, the mean abundances of S. epidermidis and of Staphylococcus hominis were
significantly lower in HS subjects’ skinfolds (FDR = 0.03). Accordingly, the mean abundance
of Cutibacterium acnes was lower in HS samples (FDR = 0.01) and a similar trend was
observed for Cutibacterium avidum (FDR = 0.10).

On the other hand, the mean abundance of anaerobes was significantly higher in HS skinfolds
(FDR: 0.002), and other anaerobic HS pathobionts such as Actinomyces spp and Milleri group
streptococci were seldom cultured from HS skin samples, but never from control subjects.
Our next step was to assess microbiological variations according to HS sites and to the clinical
severity of the disease. The mean abundance of anaerobes was significantly higher in inguinal
folds and gluteal clefts (FDR = 0.001 and 0.01, respectively, Figure S1), but not in the armpits
(FDR =0.53). Contrarily, the decreased abundance of C. acnes was significant in the armpits

(FDR = 2.107), but not in other sites, and the lower abundance of S. epidermidis and S. hominis
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abundances tended to be significant only in the inguinal folds (FDR = 0.05 and 0.09,
respectively). Finally, the mean abundance of Corynebacterium spp correlated with a high
Hurley stage (FDR = 4. 104, Table S1). Conversely, the mean abundances of Cutibacterium
spp and of Actinomyces neuii were lower in severe HS patients’ skinfolds (FDR = 0.05).

Altogether, these data suggest that HS skinfolds are associated with a specific skin dysbiosis,

which differently varies according to the HS site and to the clinical severity of the disease.

16S rRNA gene amplicon sequencing. To refine these results, we performed 16S ribosomal
RNA gene sequencing on 116 randomly selected samples (79 samples from patients and 37
samples from controls, table 1 and Figure S2), allowing to identify 436 different bacterial taxa.
Bacterial richness was similar in the two sample groups (Figure la) but evenness was
significantly higher in HS samples, indicating a different distribution of bacterial taxa. At the
phylum level, Firmicutes and Actinobacteria were the most prevalent taxa both in HS and
controls’ samples (Figure 1b). Considering the 10 top genera, a decreased relative abundance
of staphylococci (17% vs. 27%) was found in HS samples, confirming culture results.
Principal component analysis (PCA) showed that the two sample groups segregated on the first
component (horizontal axis, Figure 1c). Bacterial taxa that contributed to ecological distances
between HS patients’ and controls’ skinfolds microbiomes (Figure 1d) were one the first hand
staphylococci, and on the other hand anaerobes which have been previously associated with HS
lesions (Guet-Revillet et al., 2017).

Univariate analysis performed on all samples showed that HS status, body mass index,
localization of samples and tobacco use correlated with a right shift of microbiomes on the first
component axis (Figure 2a and Figure S3). However, multivariate analysis demonstrated that
HS status (p =2 x 10-4), body mass index (p = 5 x 10-), and sampling site (p = 3 x 10) but not

tobacco use (p = 0.72) independently accounted for this differential distribution of samples
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Considering that 40/46 patients and 1/17 controls were smokers, this study was nevertheless
not powered to identify tobacco use as an independent factor associated with HS dysbiosis.
The second component axis correlated with gender (p = 3 x 108, females being predominantly
associated with a higher abundance of Lactobacillus spp both in patients and controls, Table
S2), and with the clinical severity of the disease (p = 0.003) (Figure 2b and Figure S3).
However, this last association was not significant after adjustment with gender (p = 0.52).

Our next step was to study the distribution of microbiomes among HS patients and controls by
hierarchical clustering analysis. The generated heatmap identified two clusters of samples
(Figure 3a and 3b). Cluster A samples were enriched in anaerobes, predominantly Prevotella,
Porphyromonas, Dialister and Peptoniphilus asaccharolyticus, whereas cluster B (aerobic
cluster) was associated with Staphylococcus and Micrococcus (Table S3). In agreement with
PCA results, 61% of HS samples were associated with the anaerobic cluster A (61% of samples,
Figure 3c), compared to only 22% of controls’ (p=0.0002).

Finally, 14 bacterial taxa statistically discriminated HS from control subjects’ skin samples
(FDR < 0.05, Table 3, Figure 3d), including, at the genus and species level, four previously
identified anaerobic pathobionts of HS lesions (Guet-Revillet et al., 2017): predominantly
Prevotella (FDR=0.019), but also Actinomyces, Campylobacter ureolyticus and Mobiluncus.
Contrarily, the relative abundance of major aerobic skin commensals including S. epidermidis,
Micrococcus luteus and Kocuria was lower in HS skinfolds. Staphylococcus aureus was the
sole bacterial species associated with the clinical severity of the disease (FDR = 0.03, Table
S4). Confirming culture results, Corynebacterium also tended to be associated with severe HS
(p=2x 1073, FDR= 0.09).

Altogether, these data suggest that the microbiome of clinically unaffected skinfolds in HS is
characterized by an anaerobic shift toward previously identified HS pathobionts, contrasting

with a decreased abundance of aerobic skin commensals, particularly S. epidermidis.
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DISCUSSION

The skin microbiome harbors a diversity of microorganisms that likely play an important role
in skin homeostasis (Brestoff and Artis, 2013, Naik et al., 2015). There is increasing evidence
suggesting that skin dysbiosis can promote skin inflammatory diseases. Skin dysbiosis
frequently results from a dominant pathobiont such as Cutibacterium acnes in acne vulgaris
(O'Neill and Gallo, 2018) or Staphylococcus aureus in atopic dermatitis (Chng et al., 2016,
Nakatsuji and Gallo, 2019). In atopic dermatitis, S. aureus colonization precedes the onset of
atopic flares, and the expansion of specific clones correlates with clinical severity (Paller et al.,
2019). In HS, we previously showed that specific pathobionts are associated with HS lesions
according to their clinical severity (Guet-Revillet et al., 2017). The aim of this work was to
investigate the skin microbiome of clinically unaffected skinfolds in HS. Bacterial cultures were
performed to identify bacteria to the species level which cannot always be obtained by16S

sequencing and to semi-quantify bacterial bioburden.

A major finding of this study is the decreased abundance of coagulase negative staphylococci
(CoNS) of HS skinfolds and particularly of Staphylococcus epidermidis, that was quantitatively
observed in bacterial cultures and confirmed by 16S sequencing. These data are in line with the
reported low prevalence of coagulase negative staphylococci biofilms in the stratum corneum
in HS (Ring et al., 2017). S. epidermidis is suspected to be a key guardian of the skin barrier
(Nakamizo et al., 2015). It interacts with skin innate immune system and induces IL-17A1
CD8I1 T cells, that home to the epidermis and enhance innate barrier immunity by stimulating
the production of antimicrobial peptides by keratinocytes, thus limiting the invasion of bacterial
pathogens (Lai et al., 2010, Naik et al., 2015). The decreased abundance of S. epidermidis at
the surface of HS skinfolds may participate in an altered skin barrier function in HS. A lower

abundance of Cutibacterium acnes was observed by the culture method as previously reported
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(Naik et al., 2019, Schneider et al., 2019), contrasting with an increased relative abundance of
the Propionibacteriaceae family by 16S rRNA gene amplicon sequencing. Non-cultured
Propionibacteriaceae species likely account for this discrepancy.

Contrarily, bacterial cultures and 16S rRNA sequencing demonstrated that anaerobes were
more prevalent in HS skinfolds than in controls, Prevotella being the most abundant anaerobic
taxon. Prevotella are anaerobic Gram-negative commensal rods of the oral and gut microbiome.
They show a particular ability to escape the immune system (Doke et al., 2017, Fteita et al.,
2018, Larsen, 2017) and are associated with a wide range of chronic infections, including
secondary skin infections and HS lesions (Brook, 2002, Guet-Revillet et al., 2014, Guet-
Revillet et al., 2017, Ring et al., 2017), chronic sinusitis (Brook, 2006), dental abscesses, and
dysbiotic inflammatory conditions such as periodontal disease (Hajishengallis, 2015, Robertson
and Smith, 2009). In our previous study on the microbiome of chronic HS lesions, Prevotella
relative abundance was significantly higher (15.8%), reflecting suppurative infectious
conditions (Guet-Revillet et al., 2017).

Our results indicate that a low relative abundance of Prevotella can be recovered from healthy
subjects’ skinfolds, confirming previous studies on the human skin microbiome (Costello et al.,
2009). Compared to the dermis, some HF and sebaceous glands are moderately to severely
hypoxic in healthy subjects (Evans et al., 2006). The increased relative abundance of Prevotella
at the surface of HS skinfolds may therefore reflect an increased number of plugged hair follicle
in HS skin. In recent studies, Prevotella were associated with HS lesions, but not with normal
HS skinfolds (Naik et al., 2019, Ring et al., 2017, Schneider et al., 2019). This discrepancy may
be explained by different sampling methods, sampling site criteria or to environmental factors.
Our results also showed that, in addition to HS, an increased body mass index and the gluteal
cleft site all contributed to an anaerobic shift of skin microbiomes. These findings are probably
due to the fact that maceration and surface anaerobic conditions are favored by overweight and

closed skinfolds. Contrarily to the results of a recent study (Naik et al., 2019), our data do not
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support an association between the clinical severity of the disease and the relative abundance
of anaerobes at the HS skin surface. This discrepancy may be explained by the low number of
patients with mild HS in this study (2/12), or of confounding factors such as body mass index.
However, S. aureus carriage on HS unaffected skinfolds was associated with the clinical
severity of disease, as previously reported in HS lesional microbiomes (Guet-Revillet et al.,
2017). Our results also suggest that HS clinical severity correlates with abundance of
Corynebacterium, and inversely with that of Cutibacterium and Actinomyces neuii as
previously reported (Naik et al., 2019, Schneider et al., 2019).

Finally, at the genus or species level, three other anaerobic opportunistic or pro-inflammatory
taxa were associated with HS skinfolds: Actinomyces, Mobiluncus, and Campylobacter
ureolyticus (previously Bacteroides ureolyticus). The genus Actinomyces is associated with a
variety of chronic abscesses in humans, including HS lesions (Guet-Revillet et al., 2014, Guet-
Revillet et al., 2017, Kononen and Wade, 2015). Mobiluncus spp are Gram variable anaerobic
curved rods, closely linked to the genus Actinomyces (Lassnig et al., 1989). They were first
associated with bacterial vaginosis and more recently with HS lesions (Guet-Revillet et al.,
2017, Meltzer et al., 2008, Yeoman et al., 2013). Campylobacter ureolyticus is associated with
other anaerobes in chronic periodontal disease and HS lesions (Guet-Revillet et al., 2017,
Jumas-Bilak et al., 2009, Marchandin et al., 2010, Yu et al., 2016).

A limitation of our study is that patients and controls likely differed according to hygiene habits,
cosmetics use and previous antibiotic treatments. These environmental factors were not
controlled and may therefore be confounders. Importantly, 87% of patients were smokers,
compared to 6% in controls, reflecting the high smoking rate in the general HS population
(Daxhelet et al., 2016). Smoking is a well-recognized risk factor for HS (Akdogan et al., 2018,
Revuz et al., 2008) but the link between smoking and HS is poorly understood. Cigarette
smoking has been shown to alter oral and gut microbiomes (Karabudak et al., 2019, Savin et

al., 2018, Wu et al., 2016). Our study as well as previous reports did not identify smoking as an
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independent factor associated with skin dysbiosis in HS (Ring et al., 2017, Schneider et al.,
2019). This issue needs to be clarified since these studies were not powered to demonstrate such
an association.

To conclude, this study demonstrates that HS skinfolds are characterized by a decreased
abundance of major skin commensals, along with an increased abundance of anaerobes, and
that this anaerobic shift also depends on body mass index and localization. This dysbiosis is
reminiscent, but at a lower extent, of the microbiome of HS lesions (Guet-Revillet et al., 2017).
Whether HS skin dysbiosis simply reflects specific growth condition in occluded hair follicles,
results from and/or fuels low-grade HF inflammation in a vicious circle is an important issue to
solve. The non-invasive assessment of the skin microbiome in HS could be an interesting tool
to assess the risk of flares of the disease which are associated with an increased relative
abundance of Prevotella (Guet-Revillet et al., 2017) and to study the efficacy of medical

preventive treatments.

MATERIAL AND METHODS

Subjects. This study was prospectively conducted between November 2011 and June 2014 at
the Centre d’Infectiologie Necker-Pasteur, a referral center for HS in Paris, France and at
ICAReB platform for the recruitment healthy controls. HS diagnosis was made by an
experienced physician using standard criteria (von der Werth et al., 2000). Main non-inclusion
criteria were age under 18 or over 60, pregnancy, cancer, congenital or acquired
immunosuppression, anti-inflammatory drugs or immunosuppressive treatments and
antibacterial treatment (systemic or topical) within the last month. This study was designed to
obtain real life data on the skin microbiome of HS patients. Patients and controls were advised
not to change their hygiene habits except for the use of deodorant on the day of the sampling

and topical antiseptics one week before inclusion.
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Ethic committee approval. This project was approved by the Ethical Committee “Comité de
Protection des Personnes Ile de France 2” (No IDRCB: 2011-A00536-35). All patients and
controls gave their written informed consent.

Sampling methods. We compared the microbiome from patients’ unaffected skinfolds in the
usual sites of HS lesion (armpits, gluteal cleft and inguinal folds) to those from healthy
volunteers. Samples were obtained by swabbing. For bacterial cultures, a 5 cm? surface was
sampled for 30 seconds using ESwabs (Copan Diagnostics, Brescia, Italy) that maintain the
viability of anaerobic and fastidious bacteria. Samples were transported to the Microbiology
Laboratory of the Necker-Enfants Malades Hospital at room temperature within 4 hours. For
16S rRNA gene sequencing, an adjacent 5 cm? surface was sampled for 1 minute using pre-
wetted Copan 167C swabs (Copan Diagnostics, Brescia, Italy) with ultrapure DNAse free
distilled water (Invitrogen, Carlsbad, Ca, USA). Swabs were immediately discharged in sterile
water and stored at -80°C until DNA extraction.

Bacterial cultures and identification methods. Bacterial cultures were performed, analyzed
and semi-quantified as previously described (Guet-Revillet et al., 2017). 50 ul of the transport
medium were directly seeded on agar plates under aerobic (37 °C, 5% CQO2) and anaerobic
conditions for 2 weeks. Anaerobic cultures were considered positive when the abundance or
diversity of the bacterial culture was increased under anaerobic conditions. Bacterial colonies
were semi-quantified using a scale ranging from 1 to 1000 colonies/sample (Guet-Revillet et
al., 2014, Guet-Revillet et al., 2017). A maximum of 10 different bacterial colonies per sample
was identified by MALDI-TOF mass spectrometry (Carbonnelle et al., 2010).

16S ribosomal RNA gene amplicon sequencing. After thawing, samples were concentrated
to a final volume of 100 pL by centrifugation. Bacterial lysis was performed by adding
proteinase K to lysis buffer using the MagNa Pure LC DNA Isolation kit III (Roche Pharma,
Boulogne-Billancourt, France) and thermal shocks. DNA was extracted and amplified using the

eubacterial universal 16S primer set 27F/338R, targeting the V1 -V2 hypervariable regions of
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the 16S ribosomal RNA gene (Fierer et al., 2008). DNA libraries were purified using Agencourt
AmPure XP beads (Agencourt Bioscience Corporation, Beverly, MA, USA) and sequenced
using 454 GS-FLX Titanium technology (Roche, Basel, Switzerland). We used QIIME
software (Version 1.6.0) for quality filtering of raw sequences, definition of operational
taxonomic units (OTUs) and taxonomic assignment. Chimeric sequences were excluded using
ChimeraSlayer (Edgar et al., 2011). Similar sequences were clustered into OTUs using Uclust,
with a minimum identity of 0.97. Representative sequences of each OTU were aligned and
taxonomy was assigned using the RDP classifier.

Statistical analysis. All statistical analyses were performed using the R software v 3.5
(www.R-project.org). Comparison of bacterial culture profiles and bacterial culture abundance
was performed using the Fisher exact test and the Wilcoxon rank sum test, respectively.

Alpha diversity indexes, plots and analysis of variance were generated with the Phyloseq
package (McMurdie and Holmes, 2013) using non-normalized OTU counts. Hierarchical
ascendant clustering and principal component analysis (PCA) were performed after logarithmic
transformation of relative abundances using the pheatmap and ade4 package, respectively.
Bacterial taxa with a mean relative abundance below 0.4 % of the total number of reads obtained
from all samples were excluded for these analyses. PCA was performed on a relative taxon
abundance correlation matrix. A scree plot of eigenvalues was used to visually identify the
number of components explaining most of the variability in the data. To study bacterial taxa
contributing to ecological distances between microbiomes, both taxa and microbiomes were
projected on PCA ordination plots. Statistical comparisons of principal component coordinates
of microbiomes according to sample characteristics were computed by univariate and
multivariate linear models. Post-hoc subgroup comparison tests were adjusted by the Newman-
Keuls method.

Clustering of samples and taxa was performed on their respective distance matrix, based on

Pearson correlation. Dendrograms were generated using the Ward aggregation criterion.
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Validity of clustering and number of centroids to choose for the data were determined using the
average silhouette score. Results were figured in a heatmap chart where samples and species
are re-ordered according to dendrogram.

To compare taxa relative abundance, we used a negative binomial regression model to take into
account overdispersion of taxa counts between samples (R Bioconductor edgeR package).

All statistical tests were considered as significant if the p-value was below 0.05. For multiple

comparisons procedures, p-values were adjusted by the false discovery rate (FDR) method.
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1

2

3

g Table 1. Subjects and samples

? Characteristics of subjects HS patients Controls P

8 Number of subjects 60 17

9 Gender M/F (sex ratio) 29/31 (0.94) 7/10 (0.70) 0.78!
10 Age, years, mean (SD) 34.7(10.6) 36.6 (10.0) 0.52
N BMI (kg.m2), mean (SD) 25.7 (5.0) 2452.7) 037!
g Clinical severity of HS

14 Hurley stage 1, n (%) 30 (50) na

15 Hurley stage 2, n (%) 18 (30) na

16 Hurley stage 3, n (%) 12 (20) na

17 Familial HS, n (%) 25 (42) na

:g Smokers, n (%) 52 (87) 1 (6) <0.001!
;? Bacterial culture samples

2 Number of subjects 60 17

23 Number of samples 142 50

24 Clinical severity of patients

25 Hurley stage 1, n of samples (%) 87 (61) na

26 Hurley stage 2, n of samples (%) 40 (28) na

;é Hurley stage 3, n of samples (%) 15(11) na

29 Samples localization

30 Armpits, n (%) 51 (36) 17 (34) 097!
31 Inguinal folds, n (%) 47 (33) 17 (34)

32 Gluteal cleft, n (%) 44 (31) 16 (32)

33

34 16S rRNA gene amplicon sequencing samples

g 2 Number of subjects 46 17

37 Number of samples 79 37

38 Age, years, mean (SD) 33.4(10.2) 36.6 (10.0) 0.46°2
39 Gender M/F (sex ratio) 22/24 (0.92) 7/10(0.7) 0.78 !
40 BMI, kg.m-2, mean (SD) 25.4 (4.6) 245(2.7) 0.53?
41 Familial HS, n (%) 20 (43) na

42 Smokers, n (%) 40 (87) 1 (6) <0.001 !
ji Clinical severity of patients

45 Hurley stage 1, n of samples (%) 40 (51) na

46 Hurley stage 2, n of samples (%) 28 (35) na

47 Hurley stage 3, n of samples (%) 11 (14) na

48 Samples localization

49 Armpits, n (%) 24 (30) 11 (30) 093!
g? Inguinal folds, n (%) 32 (41) 14 (38)

52 Gluteal cleft, n (%) 23 (29) 12 (32)

gi ! Fisher exact test (X2)

55

56 2 unpaired t-test

57

g g na: not attributable
60
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Table 2. Bacterial culture results of HS skinfolds compared to controls

Journal of Investigative Dermatology

Bacterial species or groups HS patients Control subjects P FDR
(142 samples) (50 samples)
F mA F mA
S. aureus 8 38 2 2 0.12 0.22
S. epidermidis * 70 334 82 518 0.01 0.03
S. hominis ? 22 101 42 178 0.01 0.03
S. haemolyticus 21 121 18 104 0.66 0.72
S. lugdunensis 25 82 12 30 0.05 0.12
Other CoNS species 2 15 59 34 156 0.003 0.02
Cutibacterium acnes * 1 7 12 49 0.001 0.01
Cutibacterium avidum 25 58 36 205 0.04 0.10
Cutibacterium spp 8 9 4 10 0.37 0.50
C. tuberculostearicum 35 170 40 214 0.42 0.53
Corynebacterium spp 52 426 38 135 0.02 0.06
Dermabacter hominis 44 194 48 214 0.69 0.72
Micrococcaceae 16 36 30 16 0.05 0.12
Enterobacteriaceae 30 143 18 43 0.09 0.19
Enterococcus spp 27 113 18 76 0.20 0.31
Streptococcus agalactiae 6 52 4 21 0.53 0.63
Actinomyces neuii 15 69 14 66 0.84 0.84
Actinomyces spp 2 7 0 0 0.30 0.44
Milleri group streptococci 4 18 0 0 0.18 0.30
Anaerobes ! 53 273 32 21 104 0.002

F: frequency (% of positive samples), mA= mean abundance (number of colonies/sample).
CoNS: coagulase negative staphylococci, FDR: false discovery rate. Taxa in bold: significant
mean abundance difference between the two samples groups (FDR < 0.05). ! taxa statistically

associated with HS patients’ unaffected skinfolds. ? taxa statistically associated with control

subjects’ skinfolds.
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Table 3. Bacterial taxa differentially associated with HS and control subjects’ skinfolds

as assessed by 16S rRNA gene amplicon sequencing

Bacterial taxa associated with HS patients’ skinfolds

[Phylum] Taxa HS Patients Controls
(79 samples) (37 samples)
F mA F mA P FDR
[Bact] [g] Prevotella 80 1.62 41 0.28 | 4.10* 0.019
[Act] [g] Actinomyces 25 0.07 5 1.10° | 2.10* 0.013
[Act] [g] Mobiluncus 33 0.05 0 0 3.107 2.10%
[Pro] [s] Campylobacter ureolyticus 63 0.43 22 0.03 2.10° 4.10*
[Act] [f] Propionibacteriaceae 41 0.26 32 0.01 2.104 0.013
[Fir] [s] Streptococcus agalactiae 19 0.20 3 5.10° | 7.10* 0.027
[Syn] [f] Dethiosulfovibrionaceae 20 0.03 0 0 9.10°3 0.007
[Syn] [g] Pyramidobacter 14 0.02 0 0 2.10°3 0.046
[Pro] [f] Oxalobacteraceae 80 3.73 70 0.52 4.10* 0.019
Bacterial taxa associated with control subjects’ skinfolds
[Phylum] Taxa HS patients Controls
(79 samples) (37 samples)
F mA F mA P FDR
[Fir] [s] Staphylococcus epidermidis 99 13 97 35 3.10* 0.015
[Act] [s] Micrococcus luteus 51 0.23 73 0.91 0.001 0.036
[Act] [g] Kocuria 14 0.01 41 0.19 | 7.10° 0.007
[Pro] [g] Vibrio 1 0.0003 14 0.01 | 5.10* 0.021
[Pro] [g] Rhodanobacter 0 0 16 0.03 | 4.10° 0.001

F: frequency (% of positive samples), mA= mean abundance (%). Act: Actinobacteria, Bact:

Bacteroidetes, Fir: Firmicutes, Pro: Proteobacteria, Syn: Synergistetes, [f]: family, [g]: genus,

[s]: species, FDR: false discovery rate.
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Figure 1 title: Microbiomes of Hidradenitis Suppurativa clinically unaffected skinfolds as

assessed by 16S rRNA gene amplicon sequencing

Figure 1 legend:

a: alpha-diversity metrics of HS (Hidradenitis Suppurativa) and control samples microbiomes.
Box plots represent the 25%—75% interquartile range and the median.

b: main bacterial phyla and top ten taxa (genus level) in HS and control samples.

c: ordination plots of all studied microbiomes (HS and controls). Each dot represents a
microbiome. Computed centroids (mean values) are presented. Inertia ellipses correspond to
two thirds of samples.

d: bacterial taxa accounting for ecological distances.
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Figure 2 title: Variations of skinfolds microbiomes according to sample type (HS vs

controls), body mass index, skin area, tobacco use, gender and clinical severity of HS.

oNOYTULT D WN =

Figure 2 legend

a: distribution of microbiomes on the first component axis (PC1) according to sample type (HS
12 vs controls), body mass index, skin area and tobacco use (horizonal line: median, box: IQR).
14 Clinical factors without significant variations on the first component axis of the ordination plot
are not presented. Corresponding ordination plots: see figure S2.

19 b: distribution of microbiomes on the second component axis according to sample type (HS vs
21 controls), gender and clinical severity of HS (horizonal line: median, box: IQR). Corresponding
ordination plots: see figure S2 Clinical factors without significant variations on the 2™
26 component axis of the ordination plot are not presented.

28 c. Results of univariate (Univar) and multivariate (Multivar) analysis.

30 Smk: smokers’ samples, NSmk: non-smokers’ samples, BMI: kg. m2, ND: not done.
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Figure 3 title: Skin microbiome profiles and taxa associated with HS skinfolds

Figure 3 legend

a. Hierarchical clustering of all samples according to microbiome compositions. On the
heatmap, columns represent samples and lines represent taxa. 2 clusters of samples were
identified. Cluster “A”: anaerobic profile (horizontal cluster 2). Cluster “B”: aerobic profile
(horizontal cluster 1).

b. Representation of cluster A and B samples on the PCA ordination plot.

c. Repartition of anaerobic (cluster A) and aerobic (cluster B) microbiomes among patients and
control samples.

c. Bacterial taxa differentially associated with HS or control subjects’ skinfolds (FDR < 0.05).
Act: Actinobacteria, Bact: Bacteroidetes, Fir: Firmicutes, Fus: Fusobacteria, Pro:
Proteobacteria. [f]: family, [g]: genus, [s]: species. *: bacterial taxa statistically associated with
HS patients’ unaffected skinfolds, +: bacterial taxa statistically associated with control subjects’

skinfolds.
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Table S1. Microbiology of clinically unaffected skinfolds in HS patients according to the

Journal of Investigative Dermatology

clinical severity of the disease as assessed by bacterial cultures

Bacterial species Hurley St. 1 Hurley St. 2 & 3 P* FDR*
samples samples
(n=87) (n=155)
F mA F mA
Corynebacterium spp 38 268 75 676 2.105 4.10*
C. tuberculostearicum 40 193 27 134 0.15 0.35
Cutibacterium acnes 2 12 0 0 0.26 0.53
Cutibacterium avidum 28 58 20 57 0.38 0.63
Cutibacterium spp 13 15 0 0 0.01 0.05
S. aureus 6 36 13 41 0.16 0.35
S. epidermidis 74 352 64 306 0.42 0.65
S. hominis 22 99 22 103 1.00 1.00
S. haemolyticus 25 154 15 67 0.12 0.35
S. lugdunensis 26 82 22 81 0.64 0.85
Other CoNS 18 73 9 37 0.13 0.35
Micrococcaceae 16 16 16 68 0.80 0.94
Dermabacter hominis 37 177 56 223 0.06 0.23
Enterobacteriaceae 32 155 27 125 0.61 0.85
Enterococcus spp 33 135 16 77 0.03 0.16
Actinomyces neuii 22 109 5 0.01 0.05
Actinomyces spp 2 12 2 0.84 0.94
Milleri group streptococci 3 17 4 19 0.96 1.00
Streptococcus agalactiae 5 46 9 62 0.31 0.56
Anaerobes 52 259 55 295 0.85 0.94

F: frequency (% of positive samples). mA= mean abundance (n° of colonies/sample).
CoNS: coagulase negative staphylococci. Taxa in bold: significant mean abundance difference

between the two samples groups.
* Statistical analysis: Hurley stage 1 - vs Hurley stage 2 and 3 patients’ samples.
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Table S2. Bacterial taxa differentially associated with gender (genus and species level,

FDR <0.05)

HS patients Females Males

Taxon F mAb F (%) mAB P FDR
[Fir] [s] Lactobacillus iners * 0.24 0.61 0 0 3.810° 0.005
[Fir] Lactobacillus * 0.24 0.19 0 0 5.0107 0.005
[Act] [s] Kocuria rhizophila * 0.53 0.37 0.32 2.7 102 9.7 103 0.007
[Pro] [g] Ralstonia * 0.38 1.3 0.12 5.1103 2.110* 0.013
[Pro] [g] Trabulsiella * 0.27 0.51 0.06 1.3 103 2.510* 0.013
[Pro] [s] Sphingomonas yabuuchiae * 0.27 23102 | 0.03 6.410* 4.1 10* 0.018
[Pro] [g] Paracoccus * 0.42 0.31 0.24 1.5107 4.7 10+ 0.018
[Fir] [s] Staphylococcus lugdunensis * 0.76 1.3 0.47 0.19 5.310* 0.018
[Pro] [g] Neisseria * 0.20 6.2 102 0.03 6.4 10+ 1.11073 0.032
[Fir] [s] Veillonella dispar * 0.18 1.6 102 0 0 1.3107 0.035
[Bact] [g] Chryseobacterium * 0.18 6.9 102 0.03 6.4 104 1.51073 0.036
[Act] [s] Brevibacterium paucivorans + 0.13 6.9 1073 0.44 0.69 52107 | 2.010*
[Bact] [g] Kaistella + 0 0 0.12 8.5 102 1.4 107 0.036
Controls Females Males

Taxon F mAb F mAB p FDR
[Act] [s] Micrococcus luteus * 0.82 1.57 0.60 6.9 102 2.010* 0.013
[Fir] [g] Lactobacillus * 0.45 5.21072 0 0 2.210* 0.013
[Fir] [s] Lactobacillus crispatus * 0.41 1.67 0 0 8.810° 0.013
[Fir] [s] Lactobacillus iners * 0.45 3.63 0 0 4.0107 0.012
[Fir] [s] Staphylococcus lugdunensis * 0.86 1.9 0.60 0.16 1.910* 0.013
[Fir] [g] Parvimonas + 0.18 4.110-3 0.33 1.8 4.4 10* 0.022

F: frequency (% of positive samples), mA= mean relative abundance (%)

*: taxa associated with females’ skinfolds. +: taxa associated with males’ skinfolds.

FDR: false discovery rate.

[Bact]: phylum Bacteroidetes, [Fir]: phylum Firmicutes, [ Act]: phylum Actinobacteria, [Pro]:
phylum Proteobacteria. [g]: genus, [s]: species
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Table S3. Bacterial taxa significantly associated with clusters A (anaerobic) and B
(aerobic) samples as identified by hierarchical clustering analysis.

Journal of Investigative Dermatology

Cluster A Cluster B
Cluster Phylum Taxa F mA F mA FDR
Actinobacteria [s] Actinomyces europaeus 37.5 0.10 1.67 | 0.0003 5.9 10
Actinobacteria [s] Pseudoclavibacter bifida 21.4 0.02 8.33 0.002 0.03
Actinobacteria [g] Mobiluncus 39.3 0.07 6.7 0.006 0.007
Actinobacteria [s] Varibaculum cambriense 50.0 0.16 16.7 0.010 0.0001
Actinobacteria [f] Propionibacteriaceae 51.8 0.35 25.0 0.020 0.0001
Actinobacteria [g] Actinomyces 58.9 0.10 30.0 0.028 0.03
Actinobacteria [s] Rothia mucilaginosa 50.0 0.47 35.0 0.040 0.0002
Bacteroidetes [o] Bacteroidales [f] S24-7 16.1 0.02 0 0 0.0004
Bacteroidetes [o] Bacteroidales 14.3 0.005 0 0 0.005
Bacteroidetes [g] Kaistella 7.14 0.05 0 0 0.023
Bacteroidetes [s] Bacteroides cacae 5.36 0.28 0 0 0.04
Bacteroidetes [s] Bacteroides fragilis 12.5 0.55 3.33 0.0007 0.007
Bacteroidetes [s] Bacteroides plebeius 32.1 0.19 10.0 0.014 0.04
Bacteroidetes [f] Flavobacteriaceae 10.7 1.60 16.7 0.017 0.02
Bacteroidetes |g] Porphyromonas 83.9 1.94 41.7 0.058 7.7 1012
Bacteroidetes [g] Prevotella 89.3 2.29 46.7 0.129 7.7 1011
Firmicutes [s] Moryella indoligenes 16.1 0.01 0 0 0.0005
Firmicutes [s] Megasphaera geminatus 10.7 0.01 0 0 0.007
= Firmicutes [g] Helcococcus 8.93 0.03 0 0 0.01
"é Firmicutes [s] Eggerthella lenta 8.93 0.02 0 0 0.02
g Firmicutes [f] Coprobacillaceae 8.93 0.01 0 0 0.02
::’ Firmicutes [s] Eubacterium dolichum 7.14 0.006 0 0 0.04
B Firmicutes [s] Dialister micraerophilus 37.5 0.07 3.33 0.003 3.0 107
é Firmicutes [g] Atopobium 19.6 0.04 6.67 0.003 0.02
Firmicutes [g] Peptococcus 30.4 0.05 10.0 0.005 0.01
Firmicutes [f] Veillonellaceae 42.9 0.10 13.3 0.005 105
Firmicutes [g] Parvimonas 41.1 0.61 25.0 0.008 1.2 10%
Firmicutes [g] Clostridium 46.4 0.07 20.0 0.013 0.01
Firmicutes |g] Dialister 69.6 0.34 26.7 0.014 1.1 101
Firmicutes [g] Negativicoccus 58.9 0.17 333 0.025 0.0001
Firmicutes [g] Facklamia 62.5 2.10 33.3 0.064 7.1 10°77
Firmicutes [f] Clostridiaceae 78.6 1.43 48.3 0.0768 1.6 10-1°
Firmicutes [g] Peptoniphilus 76.8 0.90 36.7 0.079 1.8 1077
Firmicutes [s] P. asaccharolyticus 100 3.22 78.3 0.488 8.1101
Firmicutes [s] 4. hydrogenalis 96.4 3.36 81.7 1.139 0.022
Firmicutes [g] Finegoldia 98.2 8.53 88.3 1.431 5.3 1010
Fusobacteria [g] Fusobacterium 48.2 0.84 25.0 | 0.0340 0.0002
Proteobacteria [s] Oligella urethralis 8.93 0.31 0 0 0.008
Proteobacteria [g] Campylobacter 35.7 0.052 8.33 0.0037 0.0002
Proteobacteria [s] C.ureolyticus 78.6 0.594 233 | 0.0256 1.9 10
[f] Dethiosulfovibrionaceae
Synergistetes [g] Pyramidobacter 17.9 0.028 1.67 0.0004 0.002
Synergistetes [f] Dethiosulfovibrionaceae 26.8 0.034 1.67 0.0007 7.0 103
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Cyanobacteria
Firmicutes

= Firmicutes
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3 Firmicutes
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Q . .

& Firmicutes
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= Firmicutes

7] ..

B Firmicutes

Q

[s] Kocuria palustris

[s] Micrococcus luteus

[o] Streptophyta

[s] Staphylococcus equorum
[g] Staphylococcus

[s] Staphylococcus aureus
[s] S. lugdunensis

[s] S. haemolyticus

[s] S.epidermidis

8.93
48.2
12.5

46.4
46.4
57.1
67.9
96.4

0.013
0.159
0.009

0.03
0.04
0.18
0.31
7.18

35.0
66.7
15.0
8.33
91.7
90.0
76.7
96.7
100

0.129
0.735
0.414
0.005
0.192
1.136
1.6214
4.151
32.19

F: frequency (% of positive samples). mA= mean relative abundance (%).
[0]: order, [f]: family, [g]: genus, [s]: species. Taxa in bold: FDR < 1010
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0.04
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31101
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Table S4. Bacterial taxa differentially associated with the clinical severity of the disease
(genus and species level, FDR < 0.1)
Hurley Stage 1 Stage 2 and 3
patients’samples patients’ samples
Bacteria taxa F mAb F mAb P FDR
[Fir] [s] Staphylococcus aureus™ 0.72 0.14 0.51 1.48 8.6 107 0.03
[Act] [g] Corynebacterium* 1.00 26.6 1.00 53.5 2.4.107 0.09
[Act] [s] Pseudoclavibacter bifida* 0.08 0.002 0.23 0.024 2.810°3 0.10
[Pro] [g] Trabulsiella + 0.28 0.56 0.08 0.003 6.210* 0.08
[Act] [s] Actinomyces neuii + 0.60 0.38 0.33 0.06 8.510* 0.08
[Fir] [g] Staphylococcus + 0.70 0.13 0.51 0.04 2.01073 0.09

F: frequency (% of positive samples). mA= mean relative abundance (%).
*: taxa associated with Hurley stage 2 and 3 patients’ skinfolds. +: taxa associated with

Hurley stage 1 patients’ skinfolds. FDR: false discovery rate.

[Fir]: phylum Firmicutes, [Act]: phylum Actinobacteria, [Pro]: phylum Proteobacteria.

[g]: genus, [s]: species
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Figure S1.Predominant bacterial taxa of Hidradenitis Suppurativa clinically unaffected

skinfolds as assessed by bacterial cultures
a
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a: all samples. b: microbiological profiles according to localization.
25 *: bacterial taxa statistically associated with HS patients’ unaftected skinfolds.
26 +: bacterial taxa statistically associated with control subjects’ skinfolds.
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Figure S2. Individual bacterial culture results and samples submitted to 16S ribosomal
RNA gene amplicon sequencing.
HS patients Controls
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Figure S3. Representation of clinical factors associated with microbiomes on the PCA ordination plot
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