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Abstract

Background: Microbial strains such as Cutibacterium acnes have been examined as contributors to the pathogenesis of acne.
Given the prevalence of the disease among adolescents and adults, the overutilization of antimicrobial agents may breed re-
sistance and alter commensal microflora.

Objectives: To characterize the impact of acne treatment on the diversity and relative abundance of the cutaneous micro-
bial community, particularly of the bacterial flora

Methods: An electronic search was conducted of Embase, MEDLINE, and the Cochrane Central Register of Controlled
Trials (CENTRAL) on June 5, 2020. Interventional and observational studies examining patients receiving acne treatment with
culture-independent, community-level analysis of the cutaneous microbiome were included.

Results: Nine studies with 170 treated acne patients were included. Five studies reported a significant change in alpha di-
versity following treatment, 3 of which examining systemic antibiotics reported significant increases in diversity. Two of 3
studies examining effects of benzoyl peroxide reported a decrease in diversity. However, trends in diversity were heteroge-
neous among studies.

Conclusions: While individual variability in microbiome composition, and study-level heterogeneity in study sampling tech-
niques may limit quantitative synthesis, our results support findings that acne treatment, including those not considered to
have antimicrobial properties, alters the composition of the cutaneous microbiome.

PROSPERO registration: CRD42020190629
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Introduction overutilization of antibiotics raises concerns over resistance,
and a 2017 study by Barbieri et al. found that 25% of acne vul-
garis patients are prescribed oral antibiotics for a duration of
longer than 6 months.® Understanding the effect of acne treat-
ments on the cutaneous microbiome can inform clinicians on
the unintended results of treatment.

Thus, in this systematic review, we seek to characterize the
impact of acne treatment on the cutaneous microbial

Acne is one of the most common skin diseases, primarily affect-
ing young adults and adolescents, and involving the piloseba-
ceous unit in a complex interplay of host inflammation, sebum
production, hyperkeratinisation of follicles, and colonization of
bacteria.! For instance, Cutibacterium acnes (C. acnes, for-
merly known as Propionibacterium acnes) is a particular target
of acne treatment as colonization of C. acnes has been shown to
promote inflammation in acne patients, among other precipitat-
ing factors. However, C. acnes, along with other microbial spe-
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community, specifically of the bacterial flora, and examine the
resultant changes in abundance and diversity of microbial
strains.

Material and Methods

This systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The protocol for this review
was prospectively registered on PROSPERO
(CRD42020190629).

Search Strategy

We searched Embase via Ovid, MEDLINE via Ovid, and
Cochrane Central Register electronic databases from their
respective dates of conception through to June 5, 2020, limiting
our search to English records and human studies. Our search
strategy is comprised of key terms for acne, acne treatments,
and microbiome. Our detailed search strategy can be found in
Supplemental Tables S1-S3. Cited studies from included studies
and relevant review articles were screened for additional studies
not included in the original search.

Study Selection and Data Abstraction

Interventional and observational studies examining acne
patients treated with benzoyl peroxide, topical or systemic anti-
biotics, and retinoids (isotretinoin or tretinoin) with culture-
independent, community-level analysis of the cutaneous
microbiome were included. Culture-based methods were
excluded due to risk of overrepresentation of bacteria that have
a greater tendency to thrive and proliferate in laboratory culture
conditions. Studies limiting their investigations to specific taxo-
nomic units were excluded. Studies examining samples from
other regions including the nasal cavity or oropharynx were also
excluded.

Two investigators (M.L. and A.H.) independently screened
titles and abstracts for relevance and assessed full texts for eligi-
bility. The citations of relevant studies and review articles were
manually screened for additional citations not identified from
electronic searches. Discrepancies between reviewers were dis-
cussed until full consensus was reached and senior authors (P.F.
and C.W.L.) were consulted if necessary.

We extracted the following data from each study using a
standardized form: study characteristics (author, year of publi-
cation, country, study design, treatment, methodology), partici-
pants demographics (number of participants, age, % female,
BMI or obesity, Fitzpatrick skin phototype, race, acne severity),
and outcomes (location of samples, taxonomic units reported,
bacterial strains with a significant % difference with treatment,
alpha diversity and % change).

Outcomes

The primary outcomes of this review are (i) to characterize the
change in community microbiome diversity after acne

treatment, (ii) to characterize the changes in relative abundance
of bacterial strains following treatment, and (iii) to characterize
the changes in relative abundance of Cutibacterium following
treatment.

The outcome of diversity was measured through alpha diver-
sity, which represents the microbial diversity within an individ-
ual sample and can be represented through the Shannon diversity
index and the inverse Simpson index, both of which take into
account the total number of species in the sample and the pro-
portion of the total sample taken up by each species.

Quality Assessment of Studies

Risk of bias of studies was assessed using the Newcastle-Ottawa
scale for nonrandomized studies and the Cochrane Risk of
Bias-2 (ROB-2) tool for randomized controlled trials. The
Newcastle-Ottawa scale scores studies out of a total of 9 stars
for cohort and case-control studies, while the ROB-2 tool
assigns an overall risk of bias of low, moderate, or high based on
the risk of bias judgement for each of five domains.

Results

Our initial literature search yielded a total of 2,672 studies, of
which 729 were removed as duplicates (Supplemental Figure
S1). A total of 1,943 studies were screened based on titles and
abstracts, where 1732 studies were excluded. 211 studies were
assessed for eligibility based on full texts. 202 studies were
excluded, with most studies excluded based on a lack of
community-level analysis (n = 95). Other reasons for exclusion
include an irrelevant study population (n = 18), wrong treat-
ment? (n = 17), and using culture-based methods to analyze the
microbiome (n = 12).

Study Characteristics

After screening, a total of 9 studies were included with 2 cohort
studies, 4 nonrandomized interventional studies, 1 case-control
study, and 2 randomized controlled studies. A total of 170
treated acne patients were included with a mean age of 18.4
years and a mean proportion female participants of 75%.
Four studies included a healthy control comparison group, and
31 healthy control patients were included. One study included
an untreated acne group of 4 patients. Two studies included only
pediatric subjects, ranging from 7 to 12 years of age. Three stud-
ies included only females in their treatment group.

Five studies reported Fitzpatrick skin phototype for their par-
ticipants and 5 studies reported participant race (Supplemental
Table S4).

Eight out of 9 studies collected samples using cotton swabs
and all studies included skin samples from cheeks. All studies
used 16S rRNA sequencing, targeting the V1-V2,” V1-V3.%
V3-V4 41912 and V4 regions.
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A detailed summary of study and participant characteris-
tics can be found in Supplemental Table S5.

Quality Assessment of Studies

For nonrandomized studies assessed using the Newcastle-
Ottawa scale, all studies were found to have a risk of bias
rating of 5 stars or above (5 stars, 12 6 stars,'* 7 stars™'?).
For randomized controlled studies assessed using the ROB-2
tool, 1 moderate’ and one low' risk of bias judgement was
assigned. A summary of scoring distribution for risk of bias
of included studies can be found in Supplemental Table S6.

Primary Outcomes

In total, 8 of the 9 included studies reported changes in alpha
diversity following treatment, where 7 studies used the
Shannon index and 2 studies used both the Shannon and
Inverse Simpson indices.

Taxonomic strains that were reported to show statistically
significant changes in abundance with treatment can be
found in Supplemental Table S7. Given the heterogeneity
between studies, meta-analyses of the data were unable to be
performed and qualitative rather than quantitative synthesis
was performed. A summarized overview of study outcomes
can be found in Supplemental Table S8.

Antibiotics. Four studies examined the microbiome before
and after treatment with systemic or oral antibiotics, includ-
ing minocycline,*"" doxycycline,'® and lymecycline.® Two
of these studies included healthy control groups,®!! and one
of these studies compared the use of oral lymecycline with
isotretinoin.®

All 4 studies examining changes to the skin microbiome
with oral antibiotic use reported alpha diversity measure-
ments. Overall, 3 of the studies found an increase in alpha
diversity, and 1 reported a decrease.

Two studies found a statistically significant increase in
alpha diversity of acne patients’ microbiota following treat-
ment in both the Shannon and Inverse Simpson indices.®!°
Park et al. reported a significant increase in alpha diversity in
the after-treatment group, compared to before treatment, fol-
lowing 6 weeks of oral doxycycline (Shannon index, 1.27-
fold increase, P = .03, 95% CI 0.1-1.4; Inverse Simpson,
1.11-fold increase, P = .03, 95% CI 0.005-0.014)."’ Kelhala
et al. found significant increases in alpha diversity after treat-
ment in back (P <.05) and cheek samples (P <.01) following
6 weeks of treatment with either lymecycline or isotretinoin,
although the specific treatment was not specified in the study
for this analysis. However, the study also found a significant
decrease in diversity in armpit samples after treatment (P <
.01).® Another study by Thompson et al. reported increased
alpha diversity in comparison to baseline levels (P = .153)
and acne-free controls (P = .264) using the Shannon index,

although the changes were not statistically significant." In
contrast, Chien et al. reported a decrease in diversity follow-
ing antibiotic treatment and while the overall change was not
significant, analyses of individual patients revealed statisti-
cally significant decreases in alpha diversity for 2 of its 4
participants.’*

Three of the 4 studies reported a significant decrease in
abundance of the Cutibacterium genus.*>'° Two of the stud-
ies reported a significant decrease in C. acnes abundance
from baseline to following treatment,*'® and the study by
Thompson et al. reported a significant decrease in C. acnes in
the after-treatment group compared to healthy controls.'

The study by Dreno et al. examining topical 4% erythro-
mycin use did not report changes in alpha diversity following
treatment, but found a significant decrease in Cutibacterium
in comedones following treatment. "

Retinoids. A total of 3 studies investigated the use of ret-
inoids, where 2 studies examined isotretinoin treatment,7’8
while 1 study used tretinoin.’

The 2 studies examining treatment with isotretinoin
reported increases in alpha diversity, while the study by
Coughlin et al. which used topical tretinoin found a decrease
in diversity. Coughlin et al. reported a significant decrease in
alpha diversity to level similar to control participants, based
on number of observed species and phylogenetic diversity,
following 7 to 10 weeks of treatment with tretinoin or BP.”

Both studies examining treatment with isotretinoin
reported decreases in abundance of Cutibacterium. Kelhala
et al. reported a significant decrease in Cutibacterium lev-
els,” and similarly, McCoy et al. found relative abundance of
Cutibacterium to be significant less at all time points follow-
ing treatment compared to untreated acne and control
groups.”

The study by Coughlin et al. which examined topical treti-
noin did not report overall changes in relative abundance, or
statistical significance, following treatment.’

Benzoyl Peroxide. Three studies examined treatment with
benzoyl peroxide products and 2 of the studies reported a
decrease in phylogenetic (alpha) diversity following treat-
ment.”'*!* Coughlin et al. found a significant decrease in
diversity based on the number of observed species and phy-
logenetic diversity. The decrease in diversity reported by
Ahluwalia et al. was not significant (P = .368). The study
by Karoglan et al. was the only study examining benzoyl
peroxide to find an increase in diversity following treatment
from 2.3 to 2.6 using the Shannon diversity index, but did not
report statistical significance.

Coughlin et al. and Karoglan et al. reported a decrease in
relative abundance of Cutibacterium following treatment
with BP. Ahluwalia et al. did not report overall changes in
relative abundance, or statistical significance, following
treatment.



96

Journal of Cutaneous Medicine and Surgery 26(1)

Microbiome Diversity of Acne Skin Compared to
Healthy Controls

Alpha diversity of acne skin samples compared to healthy con-
trol groups was reported in 4 studies.” !" Three of the 4 studies
reported no significant differences between untreated acne
patients and controls with respect to the Shannon index of alpha
diversity, " with the fourth study reporting a higher alpha
diversity in untreated acne patients compared to controls.’
However, in general, notable differences were observed in the
relative abundance of several microbial taxa, including
Cutibacterium.

Discussion

This systematic review highlights the impact of acne treatment
in altering the host microflora, including therapies which are not
conventionally associated with antimicrobial properties such as
topical retinoids. Alterations in the diversity of community
microbes and the relationship between resident microorganisms
and the host response are important considerations in the treat-
ment of acne, particularly given the link between the disease
and dysbiosis. This mutualistic relationship and equilibrium of
the microbiome have been documented to contribute to the
health of the host skin, where the loss of diversity has been asso-
ciated with chronic inflammatory skin conditions including
atopic dermatitis, psoriasis and acne.>"*

The composition of one’s skin flora varies with past treat-
ment exposure, age, and differs depending on body site,'>™”
as does one’s responsiveness to antibiotic treatment.” It is
possible that these individual variances contributed to the
heterogeneity of the results reported in our included studies.

The increase in microbial diversity following treatment
could have been attributed to a decrease in relative abundance
of C. acnes, allowing other microbial strains to proliferate.®
Most studies included in this review reported a decrease in C.
acnes, and 1 study in particular found that a negative correlation
between C. acnes levels and pseudomonas species levels,* sug-
gesting that the strains, along with others, may be competing for
the same niche environment. The role of commensal C. acnes in
inhibiting the invasion of pathogenic strains such as staphylo-
coccus aureus also suggests a mechanism of niche competi-
tion.>'*!® The duration of the follow-up period would have
influenced the degree of change in relative abundance of spe-
cies, and thereby the overall diversity of the microbiome. While
most included studies had a follow-up period of 4 to 6 weeks,
the studies with the longest (5, 7 months),” and the shortest
(1 week)* follow-up periods both noted an increase in diversity,
suggesting that multiple factors, in addition to the antimicrobial
properties of treatment, are involved; however, additional data
is needed to draw firm conclusions.

While benzoyl peroxide has antibacterial and comedolytic
properties, the effects of topical and systemic retinoic acids on
microbial activity is not as well established. A study by Oprica

et al. reported that isotretinoin demonstrated superior antimicro-
bial efficacy in relation to C. acnes abundance, compared to tet-
racycline.'” In this review, the studies examining isotretinoin
treatment found a significant difference in bacterial diversity
following treatment. Additionally, Coughlin et al. states that the
decrease in bacterial diversity found with treatment with topical
tretinoin suggests that topical retinoids may indeed influence
the cutaneous microenvironment, thus altering the composition
of resident microorganisms.’

Limitations

Our study had several limitations. First, the major limiting fac-
tor contributing to heterogeneity between studies is variations in
methodology between studies, particularly where different
regions of the 16S gene were sequenced in different studies.
Additionally, 8 out of 9 studies included used skin swabs, which
may have failed to sample the bacterial community in the
pilosebaceous follicles.*'’ However, a 2018 study by Hall et al.
that surface and follicular sampling methods demonstrated no
difference in C. acnes associated factors.?’ Second, this review
examined on intra-sample diversity (alpha diversity) to charac-
terize the effects of acne treatment, but further exploration on
individual- and treatment-level, inter-sample diversity (beta
diversity) may yield additional insight into how individual vari-
ability may impact treatment influence on microbiota. The stud-
ies examined in this review included acne patients of all ages,
skin types, and geographic regions, variability between partici-
pants made firm conclusions difficult. Despite the high preva-
lence of acne in adolescent and adult populations world-wide,
the literature examining the interdependence between bacterial
flora and acne pathogenesis is limited, particularly with studies
examining the change in microbiome following topical retinoid
usage.

Conclusion

Acne treatment plays a complex role in influencing the compo-
sition of the cutaneous microbiome, including systemic antibi-
otics and treatments not conventionally associated with
antibacterial properties. , The heterogeneity of included studies
made forming meaningful conclusions difficult, and highlights
the need for future studies using high-quality methodologies,
clear metadata fields, and extended sampling to better character-
ize long-term impacts on the cutaneous microbiome following
acne treatments.
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