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Background: Associations between acne and gastrointestinal
comorbidities suggest that microbial dysbiosis and intestinal
permeability may promote inflammatory acne, a condition
often managed with oral antibiotics. Objective: We per-
formed a case-control study to investigate the skin and gut
microbiota in 8 acne patients before and after receiving oral
minocycline compared to controls matched by age +5 years,
sex, and race. Methods: DNA was extracted from stool sam-
ples and facial skin swabs. Sequencing of the V3V4 region of
the bacterial 16S rRNA gene was performed using lllumina
MiSeq and analyzed using QIIME/MetaStats 2.0 software.
Results: Acne patients included 7 female and 1 male, ages 20~
32. Shannon diversity was not significantly different be-
tween the skin (p=0.153) or gut (p <0.999) microbiota of
acne patients before and after antibiotics. The gut microbiota
in pre-antibiotic acne patients compared to acne-free con-
trols was depleted in probiotics Lactobacillus iners
(p=0.001), Lactobacillus zeae (p=0.001), and Bifidobact-
erium animalis (p=0.026). After antibiotics, the gut micro-
biota of acne patients was depleted in Lactobacillus salivar-
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ius (p=0.001), Bifidobacterium adolescentis (p=0.002),
Bifidobacterium pseudolongum (p=0.010), and Bifidobact-
erium breve (p=0.042), while the skin microbiota was en-
riched in probiotics Bifidobacterium longum (p=0.028) and
Leuconostoc mesenteroides (p=0.029) and depleted in
Staphylococcus epidermidis (p=0.009) and Prevotella ni-
grescens (p=0.028). At the phylum level, significant enrich-
ment of Bacteroidetes in stool of acne patients following anti-
biotic treatment (p=0.033) led to a decreased Firmicutes to
Bacteroidetes ratio. Conclusion: Minocycline produces sig-
nificant derangements in the microbiota of the skin and gut,
including many probiotic species, highlighting the potential
for more targeted antimicrobial treatments for acne. (Ann
Dermatol 32(1) 21~ 30, 2020)
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INTRODUCTION

Emerging patterns of antibiotic resistance worldwide have
called into question the use of both topical and systemic
antibiotics in the routine treatment of acne. Dermatolo-
gists write more antibiotic prescriptions per provider than
any other specialty' with the majority of prescriptions be-
ing given for chronic, non-infectious skin diseases such as
acne and rosacea’. Multiple studies have demonstrated
that prolonged antibiotic use in the treatment of acne not
only breeds resistance to Cutibacterium acnes>* resulting
in decreased treatment efficacy’, but also promotes changes
in microbiota at remote sites, including the back, nares,
and oropharynx®’.
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Associations between acne and gastrointestinal (Gl) dys-
function (halitosis, gastric reflux, bloating, and constipa-
tion) in adolescents are widely reported®. Furthermore, mi-
crobial dysbiosis in the Gl tract has been considered as a
potential etiology for acne for nearly 90 years, since Stokes
and Pillsbury’ first suggested that disruptions in gut micro-
biota caused by stress could increase intestinal perme-
ability, thus leading to systemic inflammation affecting the
skin. Overgrowth of bacteria in the small intestine has been
shown to increase intestinal permeability, while treatment
with antimicrobials can partially restore the integrity of the
intestinal border'. Increased intestinal permeability may
allow increased passage of lipopolysaccharides (LPS) from
gram-negative intestinal bacteria into the systemic circu-
lation'", promoting inflammation and the development of
acne lesions through their action on toll-like receptors (TLR)
2 and TLR4, which are significantly upregulated in inflam-
matory acne'’.

Derangements in the gut microbiota have been demon-
strated in patients with acne. Compared to controls, pa-
tients with acne display a decreased diversity of gut micro-
biota and a decreased ratio of Firmicutes to Bacteroidetes
(F/B)". Various investigations comparing the Gl micro-
biota between different populations have yielded mixed
results, but the majority of studies'*"” indicate that the
Western diet (high in animal protein, sugar, starch, and fat
and low in fiber)'® is associated with gut microbiota en-
riched in Bacteroidetes. As of yet, it is unclear whether the
enrichment of gut Bacteroidetes in individuals consuming
a Western diet has a coincidental or causal relationship in
the development of acne, and what effect, if any, anti-
biotics have on gut Bacteroidetes levels.

This study uses 16S rRNA gene polymerase chain reaction
(PCR) amplification and sequencing followed by taxo-
nomic classification of these sequences to evaluate the
skin and gut microbiota in acne patients both before and
after systemic antibiotic treatment compared to controls to
investigate the relationship between microbiota and the
pathophysiology and treatment of acne vulgaris.

MATERIALS AND METHODS
Study design

A single-center, observational, case-control study was ap-
proved by the Johns Hopkins Institutional Review Board
(IRB no. NA 00083373), and all participants provided
written informed consent. Participants included 8 patients
with moderate-to-severe acne vulgaris as determined by
the Leeds revised acne grading system (RAGS)'® matched
to 8 acne-free controls. The study was designed to eval-
uate the skin and GI microbiota of acne patients before
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and after antibiotic treatment compared to that of controls
matched by age +5 years, sex, and race. Stool and skin
sampling was completed at the baseline clinic visit. Acne
patients were prescribed oral minocycline (100 mg twice
daily) and followed for 4 weeks, after which stool sam-
pling and skin swabbing were repeated.

Inclusion criteria for all participants included: age =18
years, current diagnosis of moderate-to-severe acne for acne
patients or lack of acne for healthy controls, and willing-
ness to follow study protocols. Exclusion criteria included:
inability to provide informed consent; significant medical
history or concurrent illness; current or recently treated (7
days for topical antibiotics/steroids and 2 months for sys-
temic antibiotics) skin diseases; intake of proton pump in-
hibitors, H2 receptor antagonists, laxatives, non-steroidal
anti-inflammatory drugs, antacids, or antidiarrheal medi-
cations within 2 weeks of enrollment; history of facial sur-
geries or cosmetic procedures within 6 months; history of
chronic Gl disease, diabetes mellitus, cardiac disease, or
immunodeficiency; history of major surgery of the Gl tract
within 5 years; unwillingness to avoid facial washing and
cosmetics for 12 hours prior to sampling; known hyper-
sensitivity to tetracyclines or minocycline; and pregnancy.

Sample collection

Skin swabs were obtained by vigorously swabbing the
skin of three acne-prone regions of the face (bilateral cheeks,
nose, and chin) with a sterile cotton-tipped applicator. Each
area was separately swabbed for 30 seconds. Swabs were
then individually stored in sample tubes and frozen at -80°C
within 24 hours of sample collection.

Stool collection kits were provided to each participant pri-
or to the baseline clinical visit. Stool from a single bowel
movement within 24 hours of the clinical visit was col-
lected by the subject and brought in to the clinical visit. A
1~2 g portion of the sample was immediately dispersed
in RNALater (Ambion, Austin, TX, USA) and stored at
-80°C until processed.

After initial stool and skin samples were obtained, only
the patients with acne initiated oral minocycline. After 4
weeks, patients with acne provided repeat stool and skin
samples using the same procedures as above. Patients were
instructed to return their empty pill bottles to verify medi-
cation compliance.

DNA extraction and sequencing

Extraction of metagenomic DNA (mgDNA) was conducted
from skin swabs as previously described”®?’
ples were transferred aseptically to Lysing Matrix B tubes
(MP Biomedicals, Solon, OH, USA). Lysozyme, mutanolysin,
proteinase K, and lysostaphin enzymatic bacterial lysis was

. Thawed sam-



followed by bead-beating mechanical lysis. mgDNA was
further purified using a Zymo fecal DNA kit (Zymogen,
Irvine, CA, USA). Spectrophotometric measurements on the
NanoDrop system (NanoDrop Technologies, Wilmington,
DE, USA) and gel electrophoresis were used for DNA
quality assurance. Phosphate-buffered saline negative ex-
traction controls were included in sample processing. The
V3V4 hypervariable region of the 16S rRNA gene was
PCR amplified. The Illumina MiSeq 300-bp paired-reads
platform (Illumina, San Diego, CA, USA) was used for se-
quencing as previously published**.

Statistical analysis
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QIIME1 and MetaStats 2.0 software packages were used
to construct bacterial community profiles of each sample,
compute alpha- and beta-diversity, and identify differenti-
ally abundant taxa. Prior to analysis, reads were demulti-
plexed and filtered to remove low quality data, vector con-
taminants, and chimeric reads. The two reads in a pair
were joined together based on overlap, yielding between
13,450 and 472,193 fragments per sample with an aver-
age of 134,544 fragments. Open clustering with the Green-
Genes database (at 99% sequencing identity) was used to
assign reads to operational taxonomic units (OTUs). Tax-
onomic frequency profiles were constructed to represent
the community’s OTU composition at each phylogenetic
level. A maximum sample depth of 12,390 was used for
both alpha and beta diversity. Rarefaction plots of alpha
diversity were created for the Shannon diversity metric.
Alpha diversity comparison between groups was com-
puted using t-tests with Monte Carlo permutations through
QIIMET. Beta diversity was calculated using weighted and
unweighted UniFrac similarity measures, and statistical
significance was computed within QIIME1 using analysis
of similarity (ANOSIM)*, distance-based redundancy anal-
ysis (dbRDA), and adonis. Bacterial community profiles at
each phylogenetic level, from phylum to species, were
compared using the MetaStats 2.0 package to identify taxa
that were statistically enriched or depleted in one group
compared to another. For all comparisons, p<0.05 was
considered statistically significant.

RESULTS

Participant demographics

The 8 acne patients included 3 Caucasian, 3 African Ame-
rican, and 2 Asian individuals, ages 20~ 32, while acne-
free controls ranged from age 23 ~34. Both groups had
comparable average body mass index (acne=25.5+4.3,
controls=23.4+2.8). Baseline acne severity ranged from
Leeds RAGS grade 3~5.

Skin and Gut Microbiota in Acne

Sequencing dataset

Our complete sequence dataset contained 11,722,597 to-
tal read counts, of which 10,677,175 were matched to
OTUs. 572 species-level OTUs were identified among the
baseline skin samples of acne patients, while 527 were
identified in controls. 288 species-level OTUs were identi-
fied in stool samples of acne patients at baseline, and 292
species-level OTUs were identified in controls. We identi-
fied the following unique, named taxa: 20 phyla, 45 classes,
85 orders, 156 families, 355 genera, and 236 species.

Alpha diversity

Alpha diversity, or intrasample diversity, was computed
for each sample using the Shannon diversity metric.
Combining all skin sites, swab samples from acne patients
after 4 weeks of antibiotics displayed higher mean alpha
diversity, though not to a statistically significant degree,
compared to acne patients at baseline (p=0.153) and acne-
free controls (p=0.264) (Fig. 1). The mean alpha diversity
of acne-free controls (all skin=5.344) and acne patients at
baseline (all skin=5.283) was highly similar (p <0.999).
The mean alpha diversity of stool samples was compar-
able across all groups, with acne cases at baseline (8.199 +
0.493) displaying slightly higher mean alpha diversity com-
pared to acne cases following 4 weeks of antibiotics (8.166 +
0.816, p<0.999) and acne-free controls (8.103+1.511,
p<0.999).

Beta diversity

Beta diversity can be used to measure the similarity in
ecological community membership between samples. We
used principal coordinates analysis of weighted UniFrac
distances to compute beta diversity, or intersample diver-
sity, of stool and skin samples among each participant
community: acne-free controls, acne patients at baseline,
and acne patients following 4 weeks of antibiotics (Fig. 2).
Three principal coordinates (principal coordinates [PC]1,
PC2, and PC3) were used to visualize ecologic similarity
between communities, with clustering of samples close to
one another on these coordinates representing similar bac-
terial composition between those samples. No significant
clustering was observed among skin samples. Significant
clustering was observed, however, among stool samples
(ANOSIM, R=0.138, p=0.013; dbRDA, p=0.003), signi-
fying that bacterial microbiota structure of stool samples
was significantly different between each subject group.

Relative abundance distribution by phylum
Among the skin microbiota, Proteobacteria, Firmicutes, and

Actinobacteria dominated each group with varying rela-
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Fig. 1. Rarefaction plots of mean alpha diversity were created with the Shannon diversity index metric to compare microbiota of

the skin (all sites) and gut in controls, acne patients at baseline, and acne patients after 4 weeks of minocycline.
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tive abundances. Proteobacteria was universally present in
the highest mean relative abundance: post-antibiotic acne
patients (51.523 +25.726%), acne-free controls (50.7603 +
15.666%), and baseline acne patients (50.199 +24.100%).
In acne-free controls, Proteobacteria was followed by Acti-
nobacteria (31.156+ 18.160%) then Firmicutes (13.954 +
11.322%), while in acne patients, Proteobacteria was fol-
lowed by Firmicutes (baseline: 23.670+21.412%; week
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4: 20.196+17.297%) and then Actinobacteria (baseline:
22.677 +15.320%; week 4: 20.810+17.225%).

The most abundant phylum among the gut microbiota in
each group was Firmicutes (controls: 55.228 +22.455%;
baseline cases: 54.648 +15.943%; week 4 cases: 49.070 +
8.457%) followed by Bacteroidetes (controls: 18.017 +
9.528%; baseline cases: 28.207 + 14.166%; week 4 cases:
41.931+8.338%) (Fig. 3). Bacteroidetes was significantly

Unassigned;other
k_Archaea;p_Euryarchaeota
k_Bacteria;other
k_Bacteria;p_Actinobacteria
k_Bacteria;p_Bacteroidetes
k_Bacteria;p_Cyanobacteria
k_Bacteria;p_Firmicutes
k_Bacteria;p_Fusobacteria
k_Bacteria;p_Proteobacteria
k_Bacteria;p_TM7
k_Bacteria;p_Tenericutes
k_Bacteria;p_Verrucomicrobia

Fig. 3. Phylum level relative abun-
dance distribution of gut microbio-

ta in controls, acne cases at base-
line, and acne cases after 4 weeks
of minocycline.

Table 1. Significantly enriched and depleted species in acne patients compared to controls

Acne patients at baseline p-value Acne patients after 4 weeks of antibiotics p-value
Skin

Enriched
Staphylococcus pettenkoferi 0.001 Brevibacterium casei 0.001
Roseomonas mucosa 0.001 Eubacterium dolichum 0.001
Enterobacter cowanii 0.001 Alcaligenes faecalis 0.001
Actinobacillus parahaemolyticus 0.001 Klebsiella oxytoca 0.006
Psychrobacter sanguinis 0.001 Rothia dentocariosa 0.009
Paracoccus marcusii 0.007 Ruminococcus bromii 0.019
Prevotella nigrescens 0.008 Bifidobacterium breve 0.036
Prevotella melaninogenica 0.035 Roseburia faecis 0.036
Rothia mucilaginosa 0.043 Parabacteroides distasonis 0.039

Rothia aeria 0.047

Depleted
Anoxybacillus kestanbolensis 0.001 Corynebacterium kroppenstedtii 0.001
Prevotella copri 0.012 Anoxybacillus kestanbolensis 0.001
Acinetobacter johnsonii 0.025 Cutibacterium acnes 0.007
Kocuria rhizophila 0.028 Bosea genosp. 0.032
Brevundimonas diminuta 0.032 Kocuria rhizophila 0.035
Coprococcus eutactus 0.049 Coprococcus catus 0.036

Gut

Enriched
Ruminococcus gnavus 0.023 Bacteroides plebeius 0.002
Bacteroides acidifaciens 0.033 Parabacteroides distasonis 0.028
Ruminococcus gnavus 0.034

Depleted
Lactobacillus iners 0.001 Bifidobacterium adolescentis 0.001
Lactobacillus zeae 0.001 Janthinobacterium lividum 0.001
Bifidobacterium animalis 0.026 Akkermansia muciniphila 0.020
Rothia mucilaginosa 0.049 Clostridium hiranonis 0.021
Bifidobacterium pseudolongum 0.041
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enriched in the gut microbiota after 4 weeks of antibiotics
compared to acne patients at baseline (p=0.033) and
acne-free controls (p=0.001). The mean ratio of F/B in the
gut microbiota was highest in pre-antibiotic acne cases
(3.988 +5.950) followed by controls (3.652+2.702) and
post-antibiotic acne cases (1.242 +0.425).

Relative abundance distribution by species

The most abundant species among the skin microbiota of
each group was consistently C. acnes, with the highest
mean relative abundance in the control group (28.179 +
18.557%) followed by acne patients before (19.055+
15.459%) and after (14.544+15.403%) 4 weeks of anti-
biotics. The most abundant species within the gut micro-
biota of acne patients was Prevotella copri both before
(4.719+13.346%) and after (4.768+12.936%) antibiotic
treatment. The most abundant species in the gut micro-
biota of acne-free controls was Faecalibacterium prausnit-
Zii (6.320+5.244%).

Significant differences in relative abundance of both skin
and gut microbial species were identified between acne-
free controls, acne patients at baseline, and acne patients

Table 2. Significantly enriched and depleted species in acne
patients following antibiotic treatment compared to acne patients
at baseline

Acne Patients after 4 weeks of antibiotics p-value
Skin
Enriched
Blautia obeum 0.001
Eubacterium dolichum 0.001
Klebsiella oxytoca 0.001
Comamonas terrigena 0.013
Roseburia faecis 0.015
Bifidobacterium longum 0.028
Leuconostoc mesenteroides 0.029
Dorea formicigenerans 0.041
Depleted
Bacillus flexus 0.001
Paracoccus marcusii 0.001
Actinobacillus parahaemolyticus 0.001
Acinetobacter rhizosphaerae 0.001
Staphylococcus epidermidis 0.009
Prevotella nigrescens 0.028
Gut
Enriched
None
Depleted
Lactobacillus salivarius 0.001
Bifidobacterium adolescentis 0.002
Bifidobacterium pseudolongum 0.010
Bifidobacterium breve 0.042
Clostridium hiranonis 0.04995
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following antibiotic treatment (Table 1, 2). Species with
fewer than 15 total reads in both control and acne case
groups as well as species present in 2 or fewer individual
samples per comparison were excluded.

DISCUSSION

Oral antibiotics are part of the standard of care for moder-
ate-to-severe acne. As of yet, it is unknown whether the ef-
ficacy of oral antibiotics in the treatment of acne is due to
systemic absorption and action directly within the acne le-
sion or indirectly by action upon the local intestinal mi-
crobiome®. In this study, we sought to better understand
the gut and skin microbiota in acne patients and whether
it is impacted by antibiotic treatment.

The mean alpha diversity of skin microbiota was slightly
higher in post-antibiotic acne patients compared to con-
trols and pre-antibiotic acne patients, indicating no sig-
nificant skin microbial dysbiosis, generally marked by de-
creased alpha diversity, between any participant commu-
nities. The response of the skin microbiota to antibiotics
has been shown to be subject to intrapersonal variabil-
ity””. Establishing a clear relationship between antibiotic
treatment and skin microbial dysbiosis may require more
participants than were sampled in this preliminary study.
Alpha diversity of gut microbiota was similar across all
participant groups, likewise demonstrating no significant
gut dysbiosis in our acne participants before or after anti-
biotics. Investigation of beta diversity of skin microbiota
demonstrated no significant similarities across participant
groups. Beta diversity of gut microbiota, however, demon-
strated statistically significant similarity between the eco-
logical diversity of members within each participant com-
munity (controls, cases at baseline, and cases after 4 weeks
of antibiotics). This demonstrates that the ecological com-
munity of the gut microbiota in acne patients is more af-
fected by antibiotic treatment than it is by the identity of
the participant.

While no species were enriched in the gut following anti-
biotics, the skin microbiota was enriched in probiotics
Bifidobacterium longum and Leuconostoc mesenteroides.
B. longum is a probiotic species colonizing the human gut®.
Enrichment of the gut microbiota with B. longum has been
associated with reduced depression scores in irritable
bowel syndrome patients®® and reduced daily stress and
improved memory in healthy volunteers®. L. mesenter-
oides is a probiotic lactic acid bacteria widely used in dai-
ry fermentation®' that produces an exopolysaccharide im-
munostimulant that enhances mucosal immunoglobulin A
(IgA) production®” and inhibits several inflammatory medi-
ators such as nuclear factor-kappa B (NF-« B) that may
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have a role in acne’™””. NF-« B is a transcription factor

that promotes the transcription of proinflammatory
cytokines. Certain strains of C. acnes are known to pro-
voke significant inflammation in acne. C. acnes directly
induces the activation of NF-« B, which upregulates ex-
pression of proinflammatory interleukin-8 (IL-8). IL-8 is a
neutrophilic chemokine that promotes the significant neu-
trophilic infiltration observed in inflammatory acne®.
Enrichment of the skin microbiota with L. mesenteroides
and its subsequent inhibition of C. acnes-induced in-
flammatory signaling pathways may therefore be involved
in the anti-inflammatory properties of minocycline in
acne.

After antibiotics, the skin microbiota was depleted in
Staphylococcus epidermidis and Prevotella nigrescens. S.
epidermidis is a biofilm-producing gram-positive coccus
that colonizes normal human skin and has been shown to
inhibit C. acnes growth®® and C. acnes-induced inflam-
mation in the skin®’. P. nigrescens is a black-pigmented
rod found in the oral cavity that is a predominant organ-
ism in gingivitis®®. It is unclear whether depletion of these
organisms with antibiotics is coincidental or beneficial in
acne treatment.

The gut microbiome in acne patients, at baseline relatively
enriched in the phylum Bacteroidetes compared to con-
trols, underwent a statistically significant increase in Bac-
teroidetes levels following antibiotic treatment. Enrichment
with Bacteroidetes has been suggested as the “enterotype”
of the Western diet'*"”, and this finding has been shown
to be more common in acne patients than in acne-free
controls'. The role of diet in acne has long been under in-
vestigation. A high-protein, low glycemic-load diet has
been associated with a decrease in total acne lesion counts
compared to a conventional Western high glycemic-load
diet®. It has been suggested that the increase in Bacteroi-
detes in the gut microbiome in individuals consuming a
Western diet is therefore associated with the development
of acne lesions. We found that treatment of acne with
antibiotics did not return Bacteroidetes abundance down
to the level that is present in acne-free controls; on the
contrary, Bacteroidetes was significantly enriched follow-
ing antibiotics. This important finding suggests that, while
the gut microbiome in acne patients differs from that of
acne-free controls, it is not the enrichment with Bacteroi-
detes that is directly correlated with the presence of acne
lesions. The association between the Western diet and the
enrichment of the gut microbiota with Bacteroidetes may
therefore be coincidental, rather than causal, in the devel-
opment of acne in the absence of antibiotic therapy.

The gut microbiota in baseline acne patients compared to
controls was depleted in probiotic gram-positive rods Lacto-
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bacillus iners*, Lactobacillus zeae*', and Bifidobacterium
animalis**. After antibiotics, the gut microbiota of acne pa-
tients was depleted in Lactobacillus salivarius, Bifidobac-
terium adolescentis, Bifidobacterium pseudolongum, and
Bifidobacterium breve. L. salivarius and B. adolescentis
are lactic acid bacteria frequently isolated from the human
Gl tract that are thought to have probiotic activity*™*°.

B. pseudolongum is associated with promoting the thick-
ness of the intestinal mucus layer’, perhaps playing a pro-
tective role in inflammatory bowel disease’'. The intes-
tinal mucous layer acts as a physical barrier that mini-
mizes contact between intestinal bacteria and the in-
testinal epithelium®. Secretory IgA, abundantly present in
the mucus layer, traps bacteria and protects the intestinal
epithelial cells from enteric toxins®’. Disruption of the in-
testinal barrier increases translocation of pathogens and
other antigens from the intestinal lumen to the lamina
propria, stimulating an inflammatory response’*. Increased
passage of LPS into the systemic circulation and its action
on TLR2 and TLR4 may promote the development of in-
flammatory acne'"'?. B. breve is a probiotic that can stim-
ulate intestinal cells in vitro to produce the cytokines IL-6
and IL-10, reducing inflammation.”””” Administration of B.
breve in celiac disease has been shown to temporarily de-
crease production of tumor necrosis factor alpha (TNF-
@)®. C. acnes stimulates the release of proinflammatory
cytokine TNF-a , which is significantly upregulated in nod-
ular acne compared to papulopustular lesions, suggesting
that its expression may be correlated with the severity of
acne’. Because these probiotic species have a natural role
in decreasing inflammation, including pathways associ-
ated with inflammation in acne, the depletion of these
species with antibiotics is undesirable.

In a study investigating the efficacy of probiotics in allevi-
ating the adverse effects of antibiotics in acne treatment,
an oral probiotic mixture containing Lactobacillus acid-
ophilus, Lactobacillus delbrueckii ssp. bulgaricus, and Bi-
fidobacterium bifidum was demonstrated to have a syner-
gistic effect with minocycline in decreasing lesion counts,
suggesting a role for probiotics in the treatment of inflam-
matory acne®®. While antibiotics have an important an-
ti-inflammatory role in the treatment of acne, consider-
ation should be given to replenishing the probiotic species
that are depleted by this treatment.

This study was limited by a small participant size and a
lack of strain-level resolution. Future work including addi-
tional participants and advanced sequencing techniques
would provide valuable insight in this area. Additionally,
our study focused on bacterial microbiota. Studies exam-
ining viruses and fungi would be needed to compre-
hensively profile the microbiota in acne.
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This study investigated the differences in the microbiota of
the skin and gut between acne patients before and after
antibiotic treatment compared with acne-free controls. Oral
minocycline produced significant derangements in the gut
microbiota, including the undesirable depletion of multi-
ple probiotic species: L. salivarius, B. adolescentis, B. pseu-
dolongum, and B. breve. We identified several probiotic
species that are significantly enriched in the gut micro-
biota of acne-free controls compared to acne patients that
could potentially serve as targeted probiotic therapies for
acne: L. iners, L. zeae, and B. animalis. Understanding the
role of the gut microbiota in acne can provide insight into
new treatment modalities.
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