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To the Editor,

Twenty-five percent of acne vulgaris patients are prescribed oral antibiotic courses lasting >6
months(Barbieri et al. 2017). These courses can cause significant “collateral damage”
(dysbiosis, antibiotic resistance)(Leyden et al. 2014). Acne antibiotics target Cutibacterium
(formerly Propionibacterium) acnes(Scholz and Kilian 2016). This bacterium is associated
with acne and can cause opportunistic infections(Achermann et al. 2014).

Though antibiotics improve acne, the only “cure” is isotretinoin, a non-
antimicrobial(Weissmann et al. 1981), systemic retinoid. While an isotretinoin course
improves most acne patients, 10-20% of patients require retreatment(Leyden et al. 2014).
Sebum and C. acnes decrease during treatment and then recover to pre-treatment
levels(Leyden and McGinley 1982), while ache remission frequently persists for life. As
such, our understanding of isotretinoin’s mechanism remains unclear.

The post-pubertal lipid-rich pilosebaceous unit (PSU) is dominated by C. acres communities
(1-13 strains/person)(Fitz-Gibbon et al. 2013; Scholz et al. 2014). Specific C. acnes strains
and genomic elements have been associated with normal skin and others associated with
acne(Fitz-Gibbon et al. 2013; Barnard et al. 2016). Until recently though, no studies had
investigated the microbial community response to acne therapy.
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In 2017, two groups reported that short-term acne treatments (6—10 weeks, antimicrobial and
non-antimicrobial) changed the facial skin microbiome (Coughlin et al. 2017; Kelhéla et al.
2017). Neither study examined patients after acne remission or discontinuing treatment. In
parallel with these groups, we have been pursuing work focused on answering these
questions.

We hypothesized that successful acne treatment with isotretinoin would shift an “acne
microbiome” to resemble that found in normal skin. Over ~2 years in St. Louis, MO, we
performed a pilot, observational, prospective study comparing isotretinoin-treated acne
subjects to two untreated controls groups (normal skin, acne) (Table S1). There were no
significant differences in demographics between groups. Exclusion criteria were history of
non-acne facial rash or pre-study exposures that might impact acne, immunity, or microbes
(Figure 1a). Isotretinoin subjects were evaluated before (time point 1: T1, 0 months), during
(T2, 2 months: T3, 5-7 months), and after (T4, +5 months) treatment. Controls were
evaluated at 0, 2, 5, and 10 months. Acne severity (GEA score), skin sampling, control
samples, targeted metagenomic next-generation sequencing (16S rRNA gene V1-V2
hypervariable region), and genomic analyses were performed as previously described
(Figure 1b) (Fitz-Gibbon et al. 2013; Grice et al. 2009; Kong et al. 2017). See Supplemental
Methods for further details.

We designed our sampling protocol to be integrated into a routine, 5-15 minute acne visit.
Subjects were sampled as they presented to clinic (i.e. no standardized skin hygiene
regimen) with only minimal pre-study washout (Figure 1a). We swabbed active facial acne
or malar cheek if no acne was present. Swabs were obtained rapidly (<1 minute), as
compared to follicular caste sampling of the PSU (10-15 minutes). Swab microbiome data
mirrors PSU data and can be used for C. acnes-related characterization(Hall et al. 2018). All
available skin swabs (88) from 17 isotretinoin-treated subjects and 8 untreated controls (4
normal skin, 4 acne) underwent initial processing (Figure 1c, Tables S2-3).

Samples with sufficient microbial DNA (83 swabs, Figures 1c; S1) were first evaluated on a
community level. Bray-Curtis taxa clustering correlated with acne severity and isotretinoin
treatment (Figure S2). Compared to treatment naive subjects, normal subjects and
isotretinoin subjects with prior isotretinoin exposure had significantly more similar
communities (decreased beta-diversity) prior to therapy (Figure S3-4). Following therapy,
isotretinoin subjects had significantly increased beta-diversity (Figure 1d). Alpha-diversity
increased significantly as a function of isotretinoin treatment time and remained elevated 5
months after treatment (Figures 1le; S5) significantly extending a recent report at 6
weeks(Kelhala et al. 2017). Increased alpha-diversity may reflect isotretinoin-mediated
changes in the skin microenvironment (sebaceous—dry). Subgroup analysis of our subjects
with prior isotretinoin exposure (>1 year prior) suggests that this increased alpha-diversity is
temporary (Figure S6).

On a genus level, our culture-independent genomic approach now validates the prior
suggestion of culture-dependent studies that C. acnes globally declines throughout treatment
(Figure S7a). We also observed that Staphylococcal spp. increase initially but then decrease
prior to completing treatment (Figure S7b), an observation not previously reported but in
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line with prior assessments of dry skin(Grice et al. 2009). Four taxa not previously
associated with acne remission increase during therapy and remain elevated (Figures 2a-b;
S7c—e, Table S4 — Rothia, Flavobacterium, Enterobacter, Micrococcus). Interestingly,
isotretinoin T1 appears distinct from the controls (Figure 2a; S7) possibly due to prior acne
treatments.

While Propionibacterium genus globally decreases during treatment, there appears to be
varying effects on sub-taxa within this genus. Our V1-V2 hypervariable region analysis
suggests that Propionibacterium genus de novo VV1-V2 ribotypes (V1V2_RTs) can
differentiate four different Propionibacterium species, as well as three C. acnes subspecies
(Figures 2c—d, S8-10; SUPPLEMENTAL RESULTS, Tables S8-9). V1V2_RT3, one of the
eight most abundant V1V2_RTs, trends upward during and after treatment (Figures S11c,
2e), as compared to acne-associated V1V2_RT6 (Figure S11e). Further, a majority of our
subjects had a distinct Propionibacterium community emerge during and then remain after
isotretinoin treatment (low Propionibacterium — Figure S7a; high V1V2_RT3 - Figures 2e,
S11c). The proportion of the remaining subjects (38%) is similar to that reported for
isotretinoin subjects requiring future oral acne therapy (antibiotics/isotretinoin). We suggest
that isotretinoin creates a Propionibacterium “population bottleneck” that selects for
“healthy” Propionibacterium communities (Figure 2f) and other sebaceous skin taxa that
persist after treatment resulting in long term acne remission (i.e. normal skin).

This investigation confirmed prior work and greatly expands our understanding of acne
pathogenesis by identifying microbial features of isotretinoin-mediated acne remission, yet
many questions still remain. Do “healthy” skin taxa (e.g. V1V2_RT3, Rothia) promote clear
skin or are they only correlated with a clinical phenotype? If they are involved, when must
they be present (before, during, or after therapy), where do they reside, and how long must
they remain? Do post-treatment Propionibacterium communities predict the need for future
treatments? We hope that our work will inspire future studies to answer these questions and
ultimately lead to the development of “prebiotic fertilizers”, strain-selective “weed Killers,”
and/or probiotic Propionibacterium strains that optimize PSU ecosystems while avoiding
antibiotic “collateral damage”.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HMP Human Microbiome Project
LEfSe linear discriminant analysis effect size
PSU pilosebaceous unit
RDP Ribosomal Database Project
rRNA ribosomal ribonucleic acid
RT ribotype
T1 time point 1
T2 time point 2
T3 time point 3
T4 time point 4
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Figure 1. Study design, workflow, processing, and comparison to prior studies.
(a) Prohibited exposures listed by washout time. “Acneiform eruptions” refers to any

medication/exposure reported to cause this presentation. (b) Study workflow from swab
collection to genomic analysis. DDBJ/EMBL/GenBank Accession KCKB01000000. (c)
Flow diagram of study swabs. Missing Swabs: not available due to subjects missing visits.
Excluded Swabs (low quality swabs): poor 16S amplification (<5 ng/ul by gPCR) and/or low
classified 16S sequence count (<2500). Swab numbers are listed by cohort and time point.
(d) Post-treatment beta-diversity is significantly increased (i.e. decreased similarity) for
isotretinoin subjects. (e) Alpha-diversity increases during treatment, remains elevated, and
parallels the changing skin environment due to isotretinoin (sebaceous to dry). TAverage
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Shannon diversity of prior Human Microbiome Project (HMP) study (Grice — sebaceous:
1.2, wet: 2.2, dry: 2.3). Data colored by acne severity (GEA). p-value<*0.05,***<0.001.
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Figure 2. Skin microbiome community changes during isotretinoin therapy.
(a) Swarm plot showing significantly increased Rothia in normal controls and as a function

of treatment/remission. Data colored by GEA. (b) Correlation of previously identified
healthy sebaceous skin taxa with acne remission-associated taxa. (c-e) Eight dominant
Propionibacterium genus V1V2_RTs were identified (Figures S8-9) with a median of 4 per
subject (range 1-7), as compared to prior work on distinct 16S C. acnes RTs (Table S9,
Figure S10) with 3+2 ribotypes/subject(Fitz-Gibbon et al. 2013). (c) T-Coffee alignment and
(d) phylogenetic tree of V1-V2 demonstrating sub-taxa discrimination (C. acnes,
granulosum, avidum, Propionibacterium namnetense, Pseudopropionibacterium
propionicum). (e) V1V2_RT3 increases during and after treatment (Figure S11c) leading to
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Bray-Curtis clustering. Cohort indicated by text color (a). (f) Proposed model for
isotretinoin-mediated remodeling of Propionibacterium communities through skin
environment modulation.
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