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Abstract. Acne vulgaris is a skin disease with a high prevalence, whose pathophysiology involves
microbiome dysbiosis, inflammation, and dysregulation of skin barrier function. The long-term
use of antibiotics as the primary therapy can raise concerns about resistance, necessitating
alternative approaches based on microbiome modulation. Objective: This narrative review aims
to synthesize the latest primary evidence on biotic interventions (prebiotics, probiotics,
postbiotics, and synbiotics) for acne vulgaris, administered via both oral and topical routes, and
to compare the mechanisms of action, benefits, and limitations of each route of administration.
Methods: Primary literature search in several databases, such as PubMed, MDPI, SpringerLink,
Wiley Online Library, ScienceDirect, and Google Scholar. Priority literature examples are RCTs
(randomized controlled trials) or clinical trials published within the last 7 years that discuss the
use of biotic interventions for acne vulgaris. Results: Data synthesis indicates that topical biotic
interventions containing postbiotics provide faster and more consistent clinical improvement in
reducing inflammatory lesions, acne severity scores, and sebum parameters. Conversely, oral
biotic interventions show longer-lasting and more variable effects, primarily through modulation
of the gut-skin axis and systemic inflammation. Conclusion: Biotic interventions have potential as
an alternative or supportive therapeutic approach for acne vulgaris, with oral postbiotics
showing the most consistent benefit profile. However, further research with standardized designs
and direct comparative testing is needed to strengthen the clinical evidence and its mechanistic
action.
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INTRODUCTION

Physical appearance, particularly the face, remains one of the aspects that receives
considerable attention from most individuals worldwide (Todorov et al., 2015; Little, 2014). One
common problem is the occurrence of acne, or Acne vulgaris. Recent studies show that the global
prevalence of Acne vulgaris among populations aged 10-24 years has increased significantly,
particularly among those aged 15-19 years (Zhu et al,, 2025). Prevalence data in Indonesia show
a similar pattern, with this condition occurring in 83-85% of females aged 14-17 years and 95%
of males aged 16-19 years (Latifah et al., 2024; Isfandari, S., & Lolong, 2014; Rahman & Fajar,
2024).

This disease may develop into scarring and potentially have negative impacts on an
individual’s quality of life (De La Garza et al,, 2025; Tan et al,, 2022). Proper management of Acne
vulgaris before it progresses to scarring is therefore important to prevent these consequences.
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Pathophysiologically, this condition arises from a complex interaction among follicular
hyperkeratinization, sebum production, immune response, and microbiome alterations within
the skin pilosebaceous unit (Vasam et al., 2023; Mosca et al., 2025; Malicka et al., 2026; Kreouzi
etal, 2025).

One treatment for Acne vulgaris is conventional therapy using antibiotics (Vasam et al,,
2023). However, recent studies indicate that long-term antibiotic use as therapy for Acne vulgaris
may lead to increased antibiotic resistance (Paul et al., 2025). This has resulted in a paradigm
shift in the treatment of Acne vulgaris. One alternative to antibiotic therapy for Acne vulgaris is
the use of biotic interventions, including prebiotics, probiotics, postbiotics, and synbiotics, which
focus on restoring microbiome balance and suppressing inflammatory pathways through both
local and systemic mechanisms (Sanchez-Pellicer et al, 2022; Niedzwiedzka et al., 2024;
Wojciechowska & Dos, 2025; Chia et al., 2026; Umekar et al., 2026).

Although this paradigm shift is positive, it still has limitations and challenges. These can
be seen in the substantial heterogeneity of current literature study designs, including variations
in strains and formulations, differences in dosage and duration, and differences in clinical
outcomes, all of which affect the formulation of firm clinical recommendations (Mohamed et al.,
2025; Tjiu & Lu, 2025).

Based on this background, this narrative review was prepared to synthesize the latest
primary evidence on biotic interventions for Acne vulgaris through oral and topical routes, as well
as to compare the mechanisms of action, benefits, and limitations of each route, with the
expectation that it may guide further experimental or clinical studies.

METHODS
Literature Search Strategy

The writing of this narrative review article was conducted through a search for
international studies published in reputable journals from various databases, including PubMed,
MDPI, SpringerLink, Wiley Online Library, ScienceDirect, and Google Scholar. The database
search used variations of keywords such as “("acne vulgaris" OR acne OR pimple) AND (probiotics
OR prebiotics OR postbiotics OR synbiotics) AND (oral OR topical) AND (efficacy OR "healing
duration") AND ("randomized controlled trial")”.

Inclusion and Exclusion Criteria

The literature in the form of experimental studies used as primary data in this narrative
review article was selected based on inclusion and exclusion criteria. The inclusion criteria
applied to the literature included research articles with a true experimental design, such as
randomized controlled trials and clinical trials, published in reputable international English-
language journals, and discussing the treatment of acne vulgaris using biotic interventions. The
included literature also had to be published within the last seven years to ensure high scientific
relevance. The exclusion criteria included non-English international articles, articles that were
irrelevant or did not discuss the scope of data to be synthesized, and articles published more than
seven years ago. For evidence synthesis, eligible reports were classified into three categories:
direct controlled evidence (randomized, placebo-controlled, split-face, or active-comparator
studies enrolling participants with acne vulgaris and reporting clinical acne outcomes), direct
exploratory evidence (open-label, pilot, self-controlled, or uncontrolled studies with acne-specific
clinical outcomes), and indirect/supportive evidence (studies with non-acne populations,
biomarker-only outcomes, or very small acne subgroups). Indirect/supportive evidence was used
only for mechanistic interpretation and was not treated as proof of clinical efficacy.

RESULT AND DISCUSSION
Study Selection and Evidence Classification

After duplicate and clearly irrelevant records had been removed during search
management, 15 unique primary reports were formally identified and screened. All 15 reports
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were assessed in full text. Twelve studies met the criteria for direct clinical evidence because they
enrolled participants with acne vulgaris and reported acne-related clinical outcomes. Three
reports were excluded from the direct clinical-efficacy synthesis but retained as
indirect/supportive evidence: Tsai et al. (2021) enrolled healthy adults and evaluated general
skin-health outcomes; Rahmayani et al. (2019) enrolled participants with acne but primarily
reported serum IL-10 without a direct clinical acne outcome; and Rybak et al. (2023) included
only seven participants with acne within a broader study population. The study-selection flow
was therefore 15 records screened, 15 full texts assessed, 12 studies included in the direct
synthesis, and three studies retained only as indirect/supportive evidence.

Among the 12 direct studies, nine used controlled designs, including randomized,
placebo-controlled, split-face, or active-comparator approaches, whereas three were direct
exploratory studies with pilot, open-label, or self-controlled designs. The direct evidence
comprised prebiotics (n = 1), probiotics (n = 3), synbiotics (n = 2), and postbiotics (n = 6). The
three indirect/supportive reports evaluated probiotic interventions. Direct clinical outcomes
included acne severity scores, total and inflammatory or non-inflammatory lesion counts, sebum
parameters, and skin-barrier measures. Biomarker-only and general skin-health outcomes were

described separately and were not combined with direct acne efficacy outcomes.

Table 1. Characteristics and Evidence Classification of Primary Literature

Interventi Evidence
Reference Study Design Study Subjects on
. category
Duration
. Open-label n = 64 (F and M); aged 18- .
(Majeed et comparative 35 years; mild to moderate 3 weeks Direct
al,, 2020) controlled
RCT acne
(Ho etal, RCT érlloz 2e(:jlr(sF Eﬁ?dbgg;;%ilil}at 4 weeks Direct
2022) y ’ acne controlled
(Sathikulpak Double-blind | ™= 104 (F apd M); aged 18- Direct
dee et al,, 45 years; mild to moderate 4 weeks
RCT controlled
2022) acne
n =20 (F and M); aged 19- .
(Hanetal, . . Direct
2022) Split-face RCT | 39 years; mild to moderate 4 weeks controlled
acne
(Cui etal,, Pilot clinical n =30 (F an.d M); aged 18- Direct
45 years; mild to moderate 4 weeks
2022) study exploratory
acne
1etal, elt-controlle N . ; - irect
(Li 1 Self led | ™ 20 (mostly F); aged 18 D
35 years; mild to moderate 4 weeks
2025) study acne exploratory
zal et al., en-labe - . ' - irect
(Afzal 1 Open-label n =30 (F and M); aged 18 D
. 40 years; mild to moderate 7 weeks
2025) prospective . exploratory
non-cystic acne
(Tsai etal,, Clinical trial + | ™= 36 healthy adults (Fand Indirect/suppo
o M); aged 20-50 years; not 8 weeks .
2021) in vitro study . ) rtive
diagnosed with acne
(Rahmayani Pre-post 25: 3e?';1r(§ 22261\2;;%?3 13;( 30 davs Indirect/suppo
etal, 2019) clinical study y ’ Y y rtive
reported
(Kim et al, Double-blind, n=30(F an.d M); aged 19- Direct
2021) placebo- 39 years; mild to moderate 12 weeks controlled
controlled RCT acne
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Prospective n = 25 total (7 with acne; F :
(Rylz)gl;;)t al, placebo- and M); aged 18-45 years; 8 weeks Indlri;t‘{esuppo
controlled acne severity not reported
(Rinaldi et Double-blind rz; 114 [F ar.ll?j IZI); aggd 13_ 3 K Direct
al, 2022) RCT years; m:;cneo moderate weexs controlled
(Eguren et Double-blind, n=74 (F. an.d M); aged 12- Direct
al, 2024) placebo- 30 years; mild to moderate 12 weeks controlled
) controlled RCT acne
(Min etal, Comparative 25= 3e6agr'1(r)ric1121, '2 ;rigg(:rla?; 8 weeks Direct
2025) RCT y ’ : controlled
non-cystic acne
(Atefi et al, Double-blind n =80 (F and M); aged 18- 3 months Direct
2025) RCT 35 years; moderate acne controlled

Topical studies generally used shorter intervention periods than oral studies. Most direct
topical studies lasted 3-7 weeks, whereas controlled oral studies commonly assessed outcomes
after 8-12 weeks or three months. This descriptive difference should not be interpreted as proof
that topical biotics act faster, because route of administration was confounded by study design,
comparator selection, formulation, outcome definitions, and timing of assessment. No head-to-
head trial directly comparing oral and topical biotic interventions was identified.

Within the direct controlled evidence, topical postbiotic studies reported reductions in
inflammatory lesions, acne severity scores, porphyrin levels, and sebum-related parameters
(Majeed etal., 2020; Ho etal., 2022; Sathikulpakdee etal., 2022; Han etal., 2022). These controlled
studies provide the strongest support for a local clinical effect, although confidence remains
limited by small samples, short follow-up, and, in the study by Majeed et al. (2020), an open-label
design. Direct exploratory studies also reported lesion reduction, sebum improvement, or better
skin-barrier parameters (Cui et al., 2022; Li et al,, 2025; Afzal et al., 2025), but the absence of an
adequate control group means that treatment effects cannot be separated from natural acne
fluctuation, concurrent skincare, regression to the mean, or placebo effects. The findings of Tsai
et al. (2021) regarding porphyrin reduction and hydration were classified as supportive rather
than direct evidence because the participants were healthy adults without acne vulgaris.

For oral interventions, controlled studies reported improvements in lesion counts or acne
severity after probiotic or synbiotic supplementation, either alone or as an adjunct to
conventional therapy (Kim et al., 2021; Rinaldi et al., 2022; Eguren et al., 2024; Min et al., 2025;
Atefi et al., 2025). Nevertheless, the consistency of this evidence is reduced by differences in
strains, multi-agent formulations, concomitant treatment, comparator groups, and outcome
definitions. Rahmayani et al. (2019) was interpreted only as mechanistic support because an
increase in serum IL-10 does not by itself demonstrate clinical acne improvement. Rybak et al.
(2023) was also classified as supportive because the acne analysis was based on only seven
participants, resulting in low precision and limited generalizability. Accordingly, controlled oral
studies suggest potential benefit, but biomarker-only findings and small subgroup analyses
should not be interpreted as equivalent to evidence from adequately powered acne-specific trials.

Table 2. Clinical Outcome Results from Primary Data

Biotic Strain / Main Clinical
Reference Route Mechanism Limitations
Type Component . Outcomes
of Action
Antibacterial | | comedones,
(Majeed et . . Bacillus ac‘F1V1ty papulesj, Sho.rt '
al, 2020) Postbiotic | Topical coagulans against C. sebum; duration;
v (LactoSporin®) acnes, 5a- comparable open-label
reductase to BPO
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Main

Reference Biotic Route Strain / Mechanism Clinical Limitations
Type Component . Outcomes
of Action
inhibition, |
sebum
Antimicrobial,
TYCAO6/AP- | ﬂaf;‘r;‘; or ! Small
(Hoetal, Postbiotic | Topical 32/CP-9 co- effects (1 y inflammation, | sample; no
2022) p fermentation + TSLP, IL-33) porphyrin, active
collagen ’ " | acnelesions | comparator
wound
healing
\)
L paracasei inflammatory
(Sathikulpa P Antibacterial lesions Did not
. : MSMC 39-1 L
kdee et al., | Postbiotic | Topical (cell-free activity, comparable assess the
2022) supernatant) TNF-a to BPO; microbiome
p milder side
effects
(Han etal Enterococcus Microbiome | acne scores Limited
” | Postbiotic | Topical | faecalis CBT SL- | modulation, L barrier
2022) _ ! dysbiosis
5 ferment bacteriocins parameters
! sebum, |
. Lactiplantibacill ’ L No control
(Cui etal, Postbiotic | Topical us plantarum TEWL’ . Slgmflca'nt L group; pilot
2022) antibacterial | acne lesions
ferment lysate L study
activity
Barrier
(Lietal, Postbiotic | Topical Lactobacillus repair, :S%I;GST No control
2025) p ferment lysate microbiota 2 group
. satisfaction
modulation
Selection of
.y healthy C | total and Open-label;
(Afzal et al,, . . Prebiotic gel acnes strains, | .
Prebiotic | Topical . inflammatory no
2025) cream T genetic )
. lesions comparator
barrier
function
. Skn.l ! porphyrin, T
. microbiome . Not an acne-
(Tsaietal Lactobacillus modulation, | hydration, specific
” | Probiotic | Topical plantarum ! improved
2021) GMNL6 C. acnes and S. skin study; small
aureus, T condition sample
collagen
: Did not
(Rahmayan T systemic IL- measure
. i Multi-strain, not 10 anti- Significant T .
ietal, Probiotic Oral specified inflammator 1L-10 direct
2019) P y clinical
response outcomes
it L ptacara | S umeran | i
" | Probiotic Oral CJLP55, 10*° ’ severity of 5aMmple;
2021) sebum TG, T 4 indirect
CFU/day ) acne lesions .
ceramide biomarkers
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L . Main .
Reference Biotic Route Strain / Mechanism Clinical Limitations
Type Component . Outcomes
of Action
(Rybak et Spore-based Gut-skin axis, L acne Small acne
y Probiotic Oral p . ’ lesions, | )
al,, 2023) probiotic T SCFA subanalysis
sebum trend
) . B. breve, L. casei, | Rebalancing | . L Specific
(Rinaldi et C o o inflammatory effects
Sinbiotik Oral L. salivarius + of gut . .
al,, 2022) . . . lesions and difficult to
botanicals microbiota
sebum separate
L. rhamnosus + ! non- Did not
(Eguren et Probiotik Oral Arthrospira . T SCFA, l 1nﬂa.mmatory assess the
al,, 2024) latensis inflammation | lesions and skin
p GAGS microbiome
Multi-agent
. Multi-strain + Gut-skin axis, | Significant! | formulation;
(Min etal,, o . .
2025) Sinbiotik Oral botanicals and androgen total acne mechanism
prebiotics regulation lesion count difficult to
isolate
Multi-strain, N Greater | .
(Atefi et al,, _— Oral Lactobacillus Antibiotic GAGS Did not
Probiotik ) synergy, | evaluate the
2025) adjuvant and inflammation compared microbiome
Bifidobacterium with control

Strength of Evidence According to Study Design

The highest level of evidence in this review came from double-blind placebo-controlled
or randomized controlled studies that enrolled acne-specific populations and measured clinical
lesion or severity outcomes (Dall’Oglio et al., 2021; Sugandhi & Bharata, 2025; Jaiswal et al,,
2024). These studies support the potential efficacy of both topical and oral biotic interventions,
but they do not establish superiority of one administration route because no direct oral-versus-
topical comparison was available. Open-label comparative and split-face studies provide useful
but more moderate evidence because outcome assessment may be influenced by lack of blinding,
short follow-up, or within-person treatment effects.

Pilot, open-label uncontrolled, self-controlled, biomarker-only, and small-subgroup
studies were treated as hypothesis-generating evidence. Their results may clarify biological
plausibility and inform future trial design, but they cannot independently establish treatment
efficacy or equivalence with benzoyl peroxide, antibiotics, or placebo. Consequently, the synthesis
gives greater interpretive weight to controlled acne-specific trials and uses exploratory or
supportive studies only to contextualize mechanisms, feasibility, and research gaps.

Mechanisms Underlying Topical and Oral Routes of Biotic Product Intervention

The differences in clinical outcomes examined in the two interventions, namely the oral
and topical routes, may be caused by mechanisms of action that depend on effector molecules
(Lebeer et al., 2018). Effector molecules are molecules that can influence the regulation of other
molecules, either by inhibiting or activating them, such as proteins, hormones, immune
responses, and others (Arce-Sillas et al.,, 2016; Ramirez-Valdespino et al.,, 2019; Abdul et al,,
2020). This has been explained in previous studies, in which examples of probiotic effector
molecules from Lactobacillus and Bifidobacterium strains include anatomy-specific pili, S-layer
proteins, exopolysaccharides, muropeptides, and metabolites produced by these strains (Lebeer
et al, 2018). Studies by(Han et al., 2022) showed differences in phylogenetic diversity that may
act as effector molecules in each sample taken from the skin of participating subjects. These were
measured based on alpha diversity, which quantifies the variety of microbiomes at one site on the
skin, and beta diversity, which describes differences in microbiome variety across several skin
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sites within the same individual or between different individuals. These findings indicate the
influence of clinical outcome severity between participants who were satisfied with topical
therapy and those who were not satisfied (Han et al., 2022).

Another factor is the difference in target pathways of action. The oral route does not
directly target microbiome variation on the skin, but works systemically and contributes to the
improvement of overall inflammatory conditions in the individual’s body, rather than focusing
only on the skin (Deng et al., 2024). The topical route may have a faster onset and a shorter
estimated duration of therapy because it offers the advantage of allowing biotic products to
interact directly with the skin microbiome of individuals with acne vulgaris (Deng et al.,, 2024;.
Zhao et al., 2023). This is consistent with the study by Li et al. (2025), which showed that a
combination of postbiotic formulation and microneedling technology improved skin microbiome
repair, reduced sebum and inflammation, and enhanced skin barrier function in a shorter
duration (Li et al., 2025).

Mechanistically, the oral route works systemically by modulating the gut microbiome,
which affects the systemic immune response, lipid metabolism, and interactions with metabolites
produced by microbes in the body. These processes indirectly influence sebaceous gland activity
and skin inflammation (Salem et al., 2018; Zhao et al., 2025). Although this systemic mechanism
provides the main basis for the use of oral biotic products in acne vulgaris, oral route
interventions may produce delayed outcomes and allow significant variation between
individuals. This occurs because each individual may respond differently, especially when the
intervention is delivered orally and enters the systemic circulation, where the level of tolerability
and sensitivity varies among individuals. These mechanistic differences between topical and oral
route interventions contribute to a slower onset and greater heterogeneity in the clinical
outcomes of clinical trials using oral biotic products (Kim et al., 2021; Rinaldi et al., 2022).

Postbiotics as a Primary Modality in Topical Therapy

In the field of topical formulation research, postbiotics have become an increasingly
attractive therapeutic modality. Compared with probiotics, which contain live beneficial bacterial
strains, postbiotics usually consist of dead bacteria, metabolites, or fermentation products that
retain the biological activity of the biotic product itself without concerns related to microbial
viability, contamination, and storage stability of the formulation (Dini¢ et al., 2025; Hashemi et
al,, 2025).

Two controlled studies evaluated topical postbiotic formulations against conventional
topical management. Majeed et al. (2020) used an open-label randomized comparative design,
whereas Sathikulpakdee etal. (2022) used a randomized controlled design. Both reported clinical
improvement broadly comparable to benzoyl peroxide with favorable tolerability; however,
these findings should be interpreted as preliminary comparative evidence rather than definitive
equivalence because of short treatment periods and limitations in blinding, sample size, and
outcome standardization.

From a mechanistic perspective, products with postbiotics as the main active ingredient
offer multifaceted activities, including antimicrobial effects against C. acnes, modulation of
inflammatory signaling pathways, and improvement of skin barrier function (Dini¢ et al., 2025;
Li et al.,, 2025). Other experimental studies have also shown that specific postbiotic components,
such as bacteriocins and short-chain fatty acids, can exert immunomodulatory effects on
keratinocytes without inducing cytotoxicity (Dinié et al., 2024; Huang et al., 2021; Pat et al., 2026).

However, the term postbiotic is still defined inconsistently across different studies. There
is often considerable variability in fermentation processes, strain selection, and non-standardized
metabolite composition, creating substantial limitations and research gaps. These challenges
must be addressed before postbiotic-based treatment can be widely implemented in clinical
practice.

Clinical Role and Limitations of Oral Probiotics and Synbiotics
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Oral probiotic and synbiotic preparations were generally evaluated as complementary
therapies or as components of multi-agent regimens rather than as uniform monotherapies. The
most persuasive findings came from controlled acne-specific trials reporting reductions in lesion
counts or severity (Kim et al.,, 2021; Rinaldi et al., 2022; Eguren et al., 2024; Atefi et al., 2025).
Comparative findings from Min et al. (2025) were considered direct controlled evidence, but the
multi-component formulation makes it difficult to isolate the effect of the synbiotic component.
Biomarker-only and small-subgroup studies were not used to establish clinical efficacy.

However, because oral probiotics and synbiotics show significant heterogeneity in strain
composition, dosage, and formulation, their clinical utility remains difficult to generalize for
broader therapeutic application. Many studies still only use the term “multi-strain,” which
hinders the actual synthesis of evidence regarding which strains play the most important role and
how they work in the treatment of acne vulgaris (Rinaldi et al., 2022). Several studies have also
directly assessed changes in the skin microbiome or the correlation between systemic
biomarkers and local skin outcomes, meaning that the clarity of the mechanisms of action of oral
probiotics or synbiotics remains limited. Therefore, the limitations of oral probiotics and
synbiotics include the absence of an established optimal formulation, variability in intervention
dosage, and uncertainty regarding patient criteria suitable for this therapy.

Methodological Considerations and Research Implications

Methodological heterogeneity substantially limits the certainty and comparability of the
available evidence. The 15 reports included nine direct controlled studies, three direct
exploratory studies, and three indirect/supportive studies. Common limitations included small
samples, short intervention periods, incomplete blinding, non-standardized acne severity
measures, variation in strains and formulations, concomitant therapies, and inconsistent
microbiome assessment. Because this narrative review applied a design-based evidence
classification rather than a formal risk-of-bias instrument, the categories indicate relative
evidentiary strength but should not be interpreted as a complete methodological quality score.

From a scientific perspective, future studies need to prioritize standardized reporting,
including biotic composition, dosage, and formulation stability, accompanied by the use of clinical
and microbiological outcomes. The integration of skin and gut microbiome analyses, combined
with metabolomic approaches, has the potential to provide a deeper understanding of the
mechanisms through which biotic interventions work. Efforts to address these limitations not
only strengthen the evidence base but also open opportunities for relevant further research,
particularly in the fields of formulation science, dermatology, and clinical pharmacology.

CONCLUSION

Overall, controlled acne-specific studies indicate that biotic interventions may contribute
to the management of acne vulgaris through microbiome and inflammatory modulation. Topical
postbiotic interventions showed relatively consistent short-term reductions in inflammatory
lesions, severity scores, and sebum-related parameters, whereas controlled oral probiotic or
synbiotic studies suggested more variable improvements over longer assessment periods. These
conclusions are based primarily on direct controlled evidence; exploratory studies and the
indirect/supportive reports by Tsai etal. (2021), Rahmayani et al. (2019), and Rybak et al. (2023)
were not treated as independent proof of clinical efficacy. Based on the consistency of findings,
postbiotics derived from Lactobacillus plantarum, Lactobacillus paracasei, and Bacillus coagulans
show strong potential, particularly when applied as topical preparations compared with the use
of live probiotics, which tend to produce effects over a longer duration. In line with the objective
of this narrative review, the synthesis of current evidence confirms clear differences between oral
and topical biotic interventions in terms of mechanisms of action, clinical benefits, and
methodological limitations. Future research should focus on the standardization of biotic types
and dosages, direct comparative clinical trials between routes of administration, and the use of
standardized clinical outcomes to support the development of more effective and applicable
microbiome-based therapies for acne vulgaris.
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