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Abstract

Acne vulgaris is a pervasive skin disease characterized by inflammation of seba-
ceous units surrounding hair follicles. It results from the complex interplay between
skin physiology and the intricate cutaneous microbiome. Current acne treatments,
while effective, have major limitations, prompting a shift towards microbiome-
based therapeutic approaches. This study aims to determine the relationship be-
tween acne and the cutaneous microbiome, assess the effects of current treatments
on the cutaneous microbiome and explore the implications for developing new ther-
apies. A systematic review was performed using PubMed and SCOPUS databases
within the last 10 years. Methodological quality was assessed independently by two
authors. The search retrieved 1830 records, of which 26 articles met the inclusion
criteria. Meta-analysis of alpha diversity change was assessed using fixed and ran-
domized effect models per therapeutic group. Eight studies pertain to the role of
the cutaneous microbiome in acne, identifying C. acnes, S. aureus and S. epidermidis
as key contributors through overproliferation, commensalism or dysbiosis. Eleven
studies discuss current acne treatments, including doxycycline (1), topical benzoyl
peroxide (BPO) (4), isotretinoin (2), sulfacetamide-sulfur (SSA) (2) and aminole-
vulinic acid-photodynamic therapy (ALA-PDT) (2), identified as modulating the
cutaneous microbiome as a mechanism of efficacy in acne treatment. Seven studies
discuss new treatments with topical probiotics, plant derivatives and protein de-
rivatives, which contribute to acne clearance via modulation of dysbiosis, inflam-
matory markers and diversity indexes. A meta-analysis of the effects of existing
therapeutics on the cutaneous microbiome identified benzoyl peroxide as the only
treatment to facilitate significant change in diversity. Despite the heterogeneity of
study types and microbiome classifications limiting the analysis, this review under-
scores the complexity of microbial involvement in acne pathogenesis. It delineates
the effects of acne therapeutics on microbial diversity, abundance and composition,
emphasizing the necessity for personalized approaches in acne management based
on microbiome modulation.
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ACNE AND THE CUTANEOUS MICROBIOME

INTRODUCTION

Acne vulgaris, colloquially referred to as acne, is a pervasive
dermatological pathology, affecting individuals of diverse
backgrounds and ages. It is characterized by the inflam-
mation of sebaceous units within hair follicles. Beyond its
cutaneous manifestation, acne has profound psychosocial
implications, significantly diminishing the quality of life
for those it affects.' In 2019, the Global Burden of Disease
Report estimated a staggering 117.4million cases of acne
vulgaris worldwide, underscoring its global prevalence.

The consequences of acne extend beyond the confines
of personal health, reaching into the economic domain as
well. The American Academy of Dermatology (AAD) cal-
culated that the economic burden of acne surpassed $1.2 bil-
lion, encompassing expenses related to medical treatments,
skincare products and the loss of productivity due to psycho-
social distress.” Acne's complexity lies in its connection to
skin physiology and the intricate skin microbiome.

Changes in microbiome are often measured by means of
diversity indexes. Alpha diversity refers to the diversity of
microbial species within a specific environment, indicat-
ing changes in microbial richness (the number of different
species) and evenness (how evenly these species are distrib-
uted).! Extensive research focuses on the role of bacteria in
acne development, with potential therapeutic implications.

Current acne treatments, while effective, have major lim-
itations, potentially prompting a shift towards microbiome-
based approaches and prospective application to precision
medicine.” This review aims to comprehensively evaluate
the relationship between acne and the cutaneous microbi-
ome, address current conventional therapeutic options for
acne and explore challenges in developing new treatments.

METHODS

A systematic review was conducted following PRISMA
guidelines to investigate the current understanding of cuta-
neous microbiome in acne development and the impact of
various treatments on the microbiome.® This manuscript
is registered on PROSPERO, ID: CRD42023488844. The
search encompassed articles published within the past dec-
ade, from 2013 to 2023, to ensure the most up-to-date find-
ings, given the profound expansion of microbiome literature
in recent years. It was carried out using the PubMed and
SCOPUS databases. In adherence to the established inclu-
sion criteria, selected studies were in the English language,
had full-text availability, involved human subjects and rep-
resented primary original literature. Systematic reviews, lit-
erature reviews, books, other non-primary literature sources
and sources discussing the gut microbiome were excluded
from this review. A bibliography review was not conducted.
To identify relevant studies, the following search terms were
utilized in PubMed and SCOPUS: (“acne” OR “acne vul-
garis”) AND (“cutaneous microbiome” OR “cutaneous mi-
crobiota” OR “skin microbiome” OR “skin microbiota”). The

Key points

Why was the study undertaken?

o This study aimed to investigate the relationship
between acne vulgaris and the cutaneous micro-
biome, focusing on how the microbiome influ-
ences acne development and treatment outcomes.

What does this study add?

o This review provides a comprehensive analysis
of recent literature, revealing specific bacterial
changes associated with acne and the effects of
various treatments on microbiome diversity.
It also identifies the role of future therapeutics
that function via modulation of the cutaneous
microbiome.

What are the implications of this study of disease
understanding and/or clinical care?

o The findings suggest that targeting the cutaneous
microbiome could enhance acne treatment strate-
gies, offering a refreshed perspective on manag-
ing acne through microbiome modulation and
personalized therapeutic approaches.

titles, abstracts and full-texts of the articles retrieved were
then screened by two independent reviewers (A.P. and I.T.)
for the inclusion and exclusion criteria. Full-text screening
assessed each potential study for inclusion using a data ex-
traction sheet defining the study design, interventions and
final decision for inclusion or exclusion.

The selected articles were subjected to a thorough review
of their findings regarding the clinical outcomes of acne
and the cutaneous microbiome and compared to each other.
Primary outcomes were multifaceted, relating to specific
bacterial community presence or absence in acne, microbi-
ota changes after using specified acne treatments, or clinical
acne improvement post-therapeutic intervention. Additional
outcomes include changes in diversity indexes. The studies
were evaluated to ascertain their level of evidence and po-
tential sources of bias. The risk of bias was assessed by A.P.
and LT. using JBI Critical Appraisal Checklist, allowing as-
sessment of risk grading, scored at low, moderate or high.
Any disagreements related to quality ratings were resolved
by a third reviewer (J.S).” Both qualitative and quantitative
analyses were conducted. For result sections regarding the
overall role of the cutaneous microbiome in acne (I) and the
role of future treatments (III), a qualitative analysis was cho-
sen due to the heterogeneity of sampling methodologies and
by nature of including multiple aspects of the cutaneous mi-
crobiome with different levels of classification, such as genus
or species.
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Quantitative analysis was conducted for result section II,
regarding effects of existing treatments on the cutaneous
microbiome. A meta-analysis of changes between pretreat-
ment and post-treatment cutaneous microbiome diversity
was performed. Studies that reported quantitative results
on changes to alpha diversity in a cohort before and after
treatment were included. In studies that used multiple alpha
diversity measures, results from the Shannon diversity index
were used. In studies with multiple treatment arms, each
treatment arm was analysed as an independent result. When
the statistical significance of results was expressed as below a
threshold value, the upper bound of the significance cut-off
was used to characterize the result; for example, a study stat-
ing a result was significant to ‘p <0.05” and was interpreted
as p=0.05 for the meta-analysis. Changes in alpha diversity
measures between pretreatment and post-treatment were
normalized to ‘Standardized Mean Change’, defined as:

(pre -treatment mean) - (post -treatment mean)

)

(Standard deviation of the change score)

where the standard deviation of the change score is calculated
as:

\/ SDpye? = SDpog® — 2 X 1i X SDpye X SDpog - (2)

The term i’ represents the correlation between mea-
surements at the two measurement occasions as outlined by
Gibbons et al.®

Meta-analysis was performed using the R ‘metafor’ package.’
To assess changes in alpha diversity in acne treatment generally,
the standardized mean changes of the included studies were in-
corporated into both fixed effect and randomized effect mod-
els. To assess changes in alpha diversity for specific treatment
types, additional fixed effect meta-analyses were performed on
studies that used the same treatment type. The results of the
models were the combined standardized mean change in alpha
diversity between pretreatment and post-treatment for all stud-
ies. Results and 95% confidence intervals were reported.

RESULTS

The PRISMA diagram of the study selection process is avail-
able in Figure 1.° By including time parameters in the first
search, 1830 records were identified, and after the removal
of duplicates, 499 were abstract-screened. Out of these, 229
progressed to full-text screening. Overall, 26 articles met the
inclusion criteria and were included in this article. Key rea-
sons articles were excluded pertain to article type, including
animal models, or pertaining to the gut microbiome rather
than the cutaneous microbiome.

PubMed:
e Databases (n = 1830)
* Registers (n = 0)

c
]
=
©
o
=
=
=
)
k-]

Records identified from SCOPUS and

Records removed before screening:
¢ Duplicate records removed (n = 1331)

\ 4

* Records marked as ineligible by automation
tools (n/a)

(n=499)

Records screened

* Records removed for other reasons (n/a)

Records excluded**

\

(n=270)

(n = 499)

Reports sought for retrieval

Reports not retrieved

(n=0)

Reports excluded:
¢ Article type (i.e.review) (n = 128)

¢ Animal studies (n =40)
e Gut microbiome (n = 35)

e etc.

- \/
E Reports assessed for eligibility
=) (n = 229)
w

— \
c Studies included in review
.g (n=26)
3 Reports of included studies
2 (n=0)

FIGURE 1

PRISMA diagram of the systematic study selection process.

B5UBD| 7 SUOLILLIOD A0 3|0edtdde sy Aq pausenob afe sajoie YO ‘3sn JO S3|NJ 4oy Akeiq 1 UIUQ AS]IAA UO (SUO I IPUOD-PUR-SLUBIALIOD A3 | 1M AReq U 1|UO//SANY) SUORIPUOD pUe SLWS | 83U} 38S " [1202/0T/20] Uo Areidi aUlUO ABIIM ‘2EE0E APITTTT OT/I0p/W0d A3 1M ARelq 1|1 UO//SANY WoJ) papeojumod ‘0 ‘€80E89YT



+ |

ACNE AND THE CUTANEOUS MICROBIOME

Levels of evidence for papers range from 2b (Cohort
Studies) to 1b (Randomized Controlled Trials/RCT), with a
mixed predominance of each (Tables 1-3). The basis of lev-
els is outlined according to The Centre for Evidence-Based
Medicine Levels of Therapeutic Studies."

Role of cutaneous microbiome in acne vulgaris
C. acnes, and others

Eight studies explored the cutaneous microbiome's role in
acne, focusing on bacterial species and diversity changes.
One study found Cutibacterium acnes (C.acnes) as the pre-
dominant strain in both acne and non-acne lesions, with
distinct strain patterns: ribotypes RT4, RT5, RT8 and RT10
were more common in acne lesions, while RT6 was linked
to healthy skin (p<0.05)."" Another study observed signifi-
cant alpha and beta diversity changes during puberty, with a
higher prevalence of C.acnes in late puberty (p <0.05)."

A metagenomic analysis suggested a probiotic role for
C.acnes and Cutibacterium granulosum (C. granulosum)
in skin balance, noting fewer virulence factors in C. gran-
ulosum and the modulation role of C.acnes phages in older
subjects."”> Another study found elevated C. acnes antibodies
(p<0.001) and reduced Staphylococcal aureus (S. aureus) an-
tibodies (p <0.01) in acne patients.**

TABLE 1 Role of cutaneous microbiome in acne vulgaris.

Role of cutaneous microbiome in acne vulgaris

Further research identified a high prevalence of the IA1
phylotype in acne patients, linked to increased biofilm ad-
hesion, biomass, antibiotic tolerance and reduced alpha
diversity (p<0.0001) (Table 4).1> Another study confirmed
the presence of C.acnes and Staphylococcus epidermidis
(S.epidermidis) inbothinflammatoryand non-inflammatory
acne lesions, with S.epidermidis persisting in non-acne le-
sions, emphasizing C. acnes' role in acne pathogenesis.'®

Alpha diversity

Microbial diversity is often discussed as a means of alpha
and beta diversity, and dysbiosis refers to an imbalance or
disruption in the normal microbial community.”"” Dagnielie
et al. examined differences in microbial diversity between
acne locations, particularly the back and face. Significant
variations in alpha diversity were found in back lesions
among patients with severe acne (p=0.001), and significant
bacterial divergence was identified on the face (p=0.008)."®
Enterococcaceae were overwhelmingly present on both face
and back lesions. Elevated percentages of Staphylococcal spe-
cies were observed in acne patients, especially on the face,
endorsing the concept of dysbiosis and inflammation as pri-
mary mechanisms in acne development.”'®

Li et al. discerned species, including Faecalibacterium,
Klebsiella, Odoribacter and Bacteroides, gram-negative

Outcome(s)

RT4, RT5 ribotypes of C. acnes associated
with acne samples; RT6 ribotype seen with

Type of study/level of evidence

Cross-sectional genomic
sequencing analysis; 2b

non-acne samples

Increased amounts of C.acnes,

Cross-sectional pilot study; 2b

C.granulosum and S. epidermidis in acne
lesions compared to non-acne controls

RT4, RT5 and RT8 ribotypes of C.acnes
associated with acne; RT1, RT2 and RT3
ribotypes of C.acnes associated with
non-acne

Increased C.acnes and its antibodies, with
decreased S. aureus antibodies in patients
with acne

Alpha diversity significantly reduced in
inflammatory acne lesions compared to
healthy skin

S.epidermidis found to be most common
species in both inflammatory and non-
inflammatory acne

Enterococcaceae were overwhelmingly
present on both face and back; alpha
diversity significantly decreased in severe

Main contributor Authors No. participants
C.acnes Fitz-Gibbon et al."! 78
Schneider et al." 48
Barnard et al.”® 83
Huang et al."* 15
Cavallo et al.” 20
S.epidermidis Jusuf et al.'® 40
Diversity index Dagnelie et al."® 36
acne
Lietal.” 76

Alpha diversity in acne patients was greater
than that of healthy individuals.

Cross-sectional genomic
sequencing analysis; 2b

Cross-sectional genomic
sequencing analysis; 2b

Cross-sectional genomic
sequencing analysis; 2b

Cross-sectional observational
study; 2b

Cross-sectional observational
study; 2b

Cross-sectional genomic
sequencing analysis; 2b
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TABLE 4 Summary of key clinical implications.

Effects of therapeutics on « Doxycycline decreases C.acnes prevalence and increases alpha diversity.*'

microbiome: o BPO decreases alpha diversity in acne patients and tends to lead to increases in S. aureus prevalence.
o Isotretinoin is found to decrease C.acnes prevalence with mixed outcome regarding diversity.

20,23-25
27,28

o SSA decreased prevalence of Staphylococcal species and pro-inflammatory markers with one study showing

increases in diversity.”"**

o ALA-PDT decreased Corynebacterium and Cutibacterium and increased alpha diversity.

34,35

Potential therapeutics: « Probiotic therapies (Lactobacillus, Enterococcus faecalis, non-acne causing C. acnes strains) and other
modulators (poly-L-lysine dendrimer, plant extracts) were found to modulate the microbiome and may have a

role in acne treatment.

Future studies must be directed specifically towards:

« mechanisms of existing therapies and their changes on the microbiome

36-39,41,44,46

« considerations of how hormonal and locational differences contribute to microbiome changes and acne
« the development of targeted and personalized therapies that account for individual microbial profiles

species, to be more prevalent in patients having severe acne.
In this study, increased alpha diversity in acne patients."”
Zhou et al. explored the role of epidermal barrier integrity in
acne pathogenesis. Skin samples from acne patients exhib-
ited increased transepidermal water loss, sebum, pH levels,
erythema and decreased microbial diversity.”* Correlations
between the presence of the 20 most prevalent bacterial gen-
era and these parameters highlighted varying positive and
negative correlations.'

Existing acne therapeutics and the cutaneous
microbiome

Antibiotic therapy

Park et al. investigated the effects of doxycycline on the cu-
taneous microbiome. Using 100mg oral doxycycline, the
study demonstrated clinical improvement, correlated with a
decrease in C.acnes presence (p=0.01), and an increase in
alpha diversity.*' At baseline, the two most prevalent species
were C.acnes and S.epidermidis, and following treatment,
S.epidermidis was more prevalent.

Benzoyl peroxide

Four articles investigated the effects of benzoyl peroxide
(BPO) on the cutaneous microbiome and acne development
in this review. BPO, a potent oxidizing agent with presumed
comedolytic action, induces alterations in skin microbiota
composition.”> One study showed that 5% topical BPO led
to an increase in Staphylococcus and Actinobacter, coupled
with a decrease in Corynebacterium, and decreased alpha
microbial diversity post-treatment (p <0.005).2° In another
study, 4% topical BPO wash led to a decrease in an over-
all number of acne lesions, but no significant difference in
alpha diversity.”> 5% BPO was tested against topical treti-
noin 0.025% in another study, and both BPO and tretinoin
treatments were found to significantly disrupt alpha diver-
sity (p<0.001), with a nonsignificant decrease in coloniza-
tion abundance.**

A randomized controlled study explored three topical
treatments, including BPO in mild acne. A significant re-
duction in alpha diversity was observed in the BPO group
(p=0.004), along with decreased Cutibacterium and in-
creased Staphylococcus. Clinical acne appearance signifi-
cantly improved in the BPO group (p=0.007).>

Isotretinoin

Isotretinoin, an oral retinoic acid derivative, treats refrac-
tory acne by reducing sebaceous gland function and kerati-
nization.”® Two studies explored its impact on the cutaneous
microbiome, revealing potential implications for acne treat-
ment. In one study, elevated levels of antibiotic-resistant
C.acnes strains were identified in samples, including re-
sistance to previously used antibiotics. Post-treatment, a
significant decrease in C.acnes indicated a potential influ-
ence of the changed local environment on bacterial survival
(p<0.05).”” In the second study, beta diversity was increased
without affecting alpha diversity, and C.acnes was the only
significantly impacted bacterium, with identified alterations
in key metabolic pathways, including amino acid and folate
synthesis and histidine and pyrimidine metabolism.*®

Supramolecular salicylic acid

Salicylic acid (SA), a monohydroxybenzoic acid, is utilized
for acne treatment, with the newer formulation supramo-
lecular salicylic acid (SSA) found to improve solubility and
reduce xerotic side effects.” Its mechanism involves anti-
sebum actions, reducing nuclear factor kappa-B, and in-
flammation reduction.*® Two studies explored the effects of
SSA on the cutaneous microbiome and acne pathogenesis.
In the first study, 2% SSA was assessed on moderate
acne and was found to significantly increase alpha and beta
diversity and clinically improve acne lesions (p<0.001).
Staphylococcus, Ralstonia and Streptococcus species de-
creased in relative abundance post-treatment.”’ In the sec-
ond study, the effects of 30% SSA were analysed after four
SSA peeling sessions. Improvements in skin parameters,
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including pH, sebum production, transepidermal water loss
and redness, were noted post-treatment. Alpha diversity was
not significantly affected, a decrease in the relative abun-
dance of Staphylococcal species was observed, and C.acnes
levels remained unaffected. Additionally, the study identified
significantly decreased levels of pro-inflammatory markers
(IL-1a, IL-6,IL-17, TGFp, TLR2) in the post-treatment group
(p<0.05).*

Photodynamic therapy

Photodynamic therapy (PDT) for acne involves using a pho-
tosensitizer and light source to generate reactive oxygen spe-
cies. While the exact mechanism is not fully understood, it is
believed to impact sebaceous gland secretion and inflamma-
tion.”® Two studies in this review explored the effects of PDT
on the cutaneous microbiome.

In one study, patients with severe acne were treated with
(ALA) PDT over 3 consecutive weeks. Despite subjective clin-
ical improvements in acne appearance, there was no signif-
icant difference in C.acnes levels between healthy and acne
groups. A relative decrease in C.acnes was noted through-
out treatment, along with differences in the skin microbial
composition among post-treatment groups (p< 0.05).**
The dominant pretreatment flora included Staphylococcal,
Corynebacterium and Cutibacterium, with a decrease in
Corynebacterium and Cutibacterium in the Week 1 to Week
3 treatment group.’* In a second study, C.acnes dominated
the pretreatment follicular microbiome, while Bacillus sp.
and Lactobacillus sp. dominated the epidermal microbi-
ome.” Post-treatment, a significant decline in C.acnes,
along with an increase in Bacillus sp. and Lactobacillus sp.,
was observed, with an increased alpha diversity in the follic-
ular sample(p=0.003).%

Eight studies examined changes in alpha diversity be-
tween patients pretreatment and post-treatment. Ten treat-
ment arms were described in the eight studies. A fixed effect
model of the 10 treatment arms showed acne treatment
caused a nonsignificant standardized mean change (SMC)
of 0.11 (95% CI —0.03 to 0.25) to alpha diversity. A random
effect model of all studies also showed a nonsignificant SMD
of 0.20 (95% CI —0.18 to 0.58). A forest plot showing a sum-
mary of the studies, fixed effect model and random effect
model can be seen in Figure 2.

Meta-analysis was performed on groups of studies cate-
gorized by treatment type. The treatment groups analysed
were benzoyl peroxide and salicylic acid. Isoretinoic acid,
topical retinoids and oral doxycycline treatments were only
represented in one study each; thus, a meta-analysis could
not be performed on these treatments. Three studies exam-
ining benzoyl peroxide as a treatment were analysed; a fixed
effect model showed a significant SMC of 0.32 (95% CI 0.21
to 0.53). Two studies using salicylic acid as a treatment were
analysed; a fixed effect model showed a nonsignificant SMC
of —0.12 (95% CI —0.40 to 0.15). Forest plots for the treatment
subanalysis can be seen in Figure 3.

Potential therapeutic targets
Probiotic therapy

In an RCT by Tsai et al., Lactobacillus plantarum-GMNL6
was found to enhance collagen synthesis, upregulate genes
for skin integrity, inhibit S.aureus biofilm formation and
suppress C. acnes proliferation.”

Antibiotic-resistant C. acnes and skin microbiome disrup-
tions are growing challenges in acne treatment. Enterococcus
faecalis, a probiotic, showed antimicrobial effectiveness
against C.acnes. In a randomized, placebo-controlled, split-
face study, one side of participants' faces was treated with
E. faecalis CBT SL-5 extract lotion and the other with a
vehicle. The E. faecalis-treated side showed significant im-
provement at 2 weeks (p=0.009) and 6weeks (p<0.0005).”’
Transepidermal water loss and skin hydration did not differ
significantly, and skin microbiota diversity decreased non
significantly, suggesting E. faecalis CBT SL-5 extract as a vi-
able option for mild-to-moderate acne.””

A pilot study using formulations with specific non-acne
causing C.acnes strains resulted in a shift in skin microbi-
ome composition, reduced non-inflamed lesions, decreased
skin pH and improved comedone counts without adverse
effects.”®

One study with a topical cream containing live
Lactobacillus strains demonstrated a significant decrease
in inflammatory lesions, which was not seen in the placebo
group of a double-blind study.*

Another study examined a formulation with Lactobacillus
plantarum, mannitol, hyaluronic acid and vitamin B1. Tested
ex vivo on human sebocytes, it significantly decreased pro-
inflammatory cytokines (IL-1a, IL-6, IL-8), sebum production
and the prevalence of C.acnes and S.epidermidis, suggesting
an anti-inflammatory and microbiome-modulating mecha-
nism for acne treatment.***'

Other modulators

Rhodomyrtus tomentosa (RT) is a South Asian native plant
with antibacterial components, including piceatannol,
malic acid, quinic acid and acyl phloroglucinol rhodomyr-
tone.*””** One study observed a decreased abundance of
C. granulosum, increased microbial diversity and signifi-
cant clinical improvement in blackheads, papules and both
inflammatory and non-inflammatory lesions, highlighting
the potential of RT in acne management (p <0.05).**

A poly-l-lysine dendrimer (G2 dendrimer formulation)
was previously identified as having antimicrobial activity.*’
One study compared a 1% G2-containing cream to 10%
benzoyl peroxide (BPO), and the G2 formulation exhibited
favourable effects on non-acne-producing C.acnes strains
without impacting other commensal skin bacteria. It targeted
acne-inducing strains of C. acnes, did not affect S. epidermidis,
S. hominis or Corynebacterium species and led to a significant
decrease in IL-8 production.*®
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Alpha Diversity - All Studies with FE and RE Model Results

Ahluwalia et al - BP — -
Coughlin et al - BP & Tretinoin
Park et al - PO Doxy oom
Wongtada et al - DC ———
Wongtada et al - VAA —_——
Wongtada et al - BP —_—
Bilal et al - SSA —a—
Nolan et al - isotretinoin .
Shao et al - SSA —_—
Zhou et al - BP —a—
Fixed Effect Model 0 0.11[95% ClI: -0.03 - 0.25]
Random Effect Model e 0.20[ 95% Cl: -0.18 - 0.58]
[ I I I I 1
-2 -1 0 1 2 3

Standardized Mean Changes

FIGURE 2 Forest plot of standardized mean change to cohort pretreatment and post-treatment alpha diversity in eight studies. Confidence bounds
represent the 95% confidence intervals. Treatment types per study are abbreviated: benzoyl peroxide (BPO), oral doxycycline (PO Doxy) and salicylic acid
(SSA). The Wongtada et al.”® study includes three treatment arms, which were analysed as separate results: Benzoyl peroxide (BP), retinoic acid (VVA)
and a commercial cream-gel dermo-cosmetic (DC). Results of a fixed effect and random effect meta-analysis are displayed with 95% confidence intervals.

DISCUSSION

Traditionally, C.acnes in sebaceous glands and follicles has
been seen as a primary acne contributor. This gram-positive,
anaerobic, lipophilic bacteria contributes to acne through its
lipophilic activity and helps maintain the natural epidermal
barrier by preventing pathogenic colonization and main-
taining pH.47’48

This review highlights the critical role of the cutaneous
microbiome in acne vulgaris. Differences were noted be-
tween inflammatory and non-inflammatory lesions, age
groups and microbial species dysbiosis. Increased alpha di-
versity correlated with improved acne lesions, suggesting a
balanced microbiome promotes skin homeostasis and host
defence.">*~! Some studies found higher alpha diversity
in acne patients, with successful treatments like doxycy-
cline, SSA and ALA-PDT showing varying effects on diver-
sity, suggesting multiple mechanisms at play,'®>*4252952:53
Commonly identified species include C. acnes, S. epidermidis
and S.aureus. Specific C.acnes ribotypes (RT4, RT5, RTS,
RT10) were prevalent in acne, while RT6 was associated with
healthy skin. RT4 and RT5 may increase virulence.!"'>**>
Increased porphyrin production during puberty worsened
inflammatory lesions, and the IA1 phylotype was linked to
biofilm adhesion, biomass and antibiotic tolerance in acne
patients.13’15’56

C.acnes interacts with C. granulosum, potentially lead-
ing to acne, and its relationship with S.aureus enhances

virulence. S.epidermidis maintains a symbiotic relation-
ship with C.acnes, supporting healthy skin. Tetracycline
antibiotics favoured C. granulosum and S.epidermidis,
promoting skin health.!>'®?*?%¥ Gram-negative species
(Faecalibacterium, Klebsiella, Odoribacter, Bacteroides) were
more prevalent in severe acne, suggesting skin barrier de-
struction as a potential mechanism.'”*® Dysbiosis likely
affects barrier integrity, contributing to increased transepi-
dermal water loss, sebum, pH levels and erythema.
Treatments including doxycycline, topical BPO, retinoids,
isotretinoin, SSA and ALA-PDT alter the skin microbiome.
BPO disrupts species directly, while retinoids and isotreti-
noin affect the local environment and metabolic pathways.
SSA stabilizes the microbiome and reduces inflammation,
while ALA-PDT inhibits C.acnes and diversifies the micro-
biome 24283323439 Beny oyl peroxide was the only identi-
fied treatment to yield significant results in meta-analysis,
with findings of significant alteration in diversity index
(Figure 3a). This is likely due to its known antimicrobial and
bactericidal activity, acting through the oxidation of bacte-
rial proteins to damage bacterial proteins.**®" Furthermore,
it exhibits comedolytic and keratolytic activities, helping to
reduce sebum in the pilosebaceous unit and significantly
altering the microenvironment for bacterial proliferation. It
is not clear if the nonsignificant findings in the other stud-
ied therapeutics (i.e. isotretinoin, SSA) were due to clinical
insignificance or rather inconsistencies in how the studies
measured diversity indexes and limited sample sizes. SSA
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(a) Alpha Diversity - Benzoylperoxid Studies with Fixed Effect Results
Ahluwalia et al - BP — .
Wongtada et al - BP
Zhou et al - BP ]
Fixed Effect Model ——mmm—  0.30[95% CI: 0.12 - 0.53]
[ I I I 1
-0.5 0 0.5 1.0 15
Standardized Mean Changes
(b) Alpha Diversity - Salicylic Acid Studies with Fixed Effect Results
Bilal et al - SSA ' |
Shao et al - SSA £ = .
Fixed Effect Model ————  -0.12 [95% CI: -0.40 - 0.15]
[ | I I I |
-1.5 -1.0 -0.5 0 0.5 1.0
Standardized Mean Changes
FIGURE 3 Meta-analysis results for studies using the same treatment agent. (a) Forest plot of standardized mean change to alpha diversity in 3

studies that used benzoyl peroxide for treatment. Fixed effect meta-analysis results are shown with 95% confidence intervals. The meta-analysis showed
a significant standardized mean change (p=0.002). (b) Forest plot of standardized mean change in alpha diversity in two studies that used salicylic acid
for treatment. Fixed effect meta-analysis results are shown with 95% confidence intervals. The meta-analysis showed no significant standardized mean

change (p=0.381).

is known to have antimicrobial properties, along with the
ability to remove lipids, reduce keratinocyte adhesions and
has been shown to reduce sebum levels.>®* Isotretinoin is
believed to have an indirect antimicrobial effect through
sebum reduction and subsequent bacterial reduction.* As
such, one may expect to see more statistically significant
differences in these measures. However, additional research
would be warranted to further explore these therapeutics as
they did show clinical improvement in lesions and qualita-
tive changes in microbiota.

Probiotics and plant derivatives, such as L. plantarum-
GMNLE, lactobacilli, and RT, also modulate the microbiome
and reduce inflammation.*******>%> A5 changes, such as

those in sebum and hydration, are known to impact acne de-
velopment, temporal relationships must be further explored
to delineate the changes to the microenvironment and sub-
sequent effect.®®

Furthermore, a systematic review by Lam et al. discussed
acne treatment impacts on the skin microbiome, focusing on
treatments like lymecycline and minocycline and analysing
changes in diversity index, particularly Cutibacterium.®®
Our review expands on baseline microbiota characteristics
and future microbiome-based therapeutics.

Preliminary evidence suggests promising acne manage-
ment through microbiome modulation, using probiotics,
non-acne-inducing bacterial strains, tailored formulations

B5UBD| 7 SUOLILLIOD A0 3|0edtdde sy Aq pausenob afe sajoie YO ‘3sn JO S3|NJ 4oy Akeiq 1 UIUQ AS]IAA UO (SUO I IPUOD-PUR-SLUBIALIOD A3 | 1M AReq U 1|UO//SANY) SUORIPUOD pUe SLWS | 83U} 38S " [1202/0T/20] Uo Areidi aUlUO ABIIM ‘2EE0E APITTTT OT/I0p/W0d A3 1M ARelq 1|1 UO//SANY WoJ) papeojumod ‘0 ‘€80E89YT



PODWOJNIAK ET AL.

11

and natural compounds to reduce inflammation and ad-
dress acne. Further investigation is needed to explore their
efficacy and mechanisms, considering study design hetero-
geneity, microbial classifications and acne categorization
variations. Future research should focus on existing therapy
mechanisms, microbiome changes and the impact of hor-
monal and locational differences on acne.
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